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Date

MINUTES OF THE HOUSE COMMITTEE ON AGRICULTURE.

The meeting was called to order by Chairperson Joann Flower at 3:30 p.m. on February 17, 1999, in Room
423-8S of the Capitol.

All members were present except:

Committee staff present: Raney Gilliland, Legislative Research Department
Gordon Self, Revisor of Statutes
Kay Scarlett, Committee Secretary

Conferees appearing before the committee:
Steven M. Graham, Assistant to the Dean and Director, K-State Research and Extension, Kansas
State University
Dr. Jay Ham, Associate Professor, Department of Agronomy, Kansas State University
George Teagarden, Livestock Commissioner, Animal Health Department

Others attending: See attached list

Chairperson Flower asked committee members to review the minutes of February 10. Ifthere were corrections
or additions, members were asked to contact the committee secretary before 10:00 a.m., February 18, or they

will stand approved as presented.

Steven Graham, Assistant to the Dean and Director, K-State Research and Extension, Kansas State University,
provided an overview on their research and findings relating to 1998 HB 2950. This law requires K-State to
provide technical information, educational programs, and research data on several aspects of swine waste
management. He discussed the tasks K-State Research and Extension has identified to meet their obligations
and their response to legislative, state agency, and citizen concerns over the issues related to swine waste
management and land application.

Mr. Graham reported that they have completed the literature review and are in the process of deep sampling
soils where manure has been applied. They are providing technical input to the Department of Agriculture
and Department of Health and Environment in the development of regulations. He discussed three areas that
have been identified for future work: 1) Modeling transport of water and solutes from animal waste lagoons;
2) Odor control and air quality; and 3) Facility closure protocols. He also reviewed their budget in regard to
the animal waste management initiative. (Attachment 1)

Dr. Jay Ham, Associate Professor, Department of Agronomy, Kansas State University, provided a slide
presentation and update on their research efforts in regard to seepage and nitrogen movement from animal-
waste lagoons in Kansas. Movement of nitrates into local drinking water supplies is of particular concern.
He said their research has included: 1) Measurement of seepage and subsurface nitrogen losses from
commercial lagoons; 2) Laboratory evaluation of soils used to construct compacted liners; 3) Survey of water
chemistry in wells located adjacent to confined animal operations; 4) Computer modeling nitrogen movement
in the soil under lagoons; and 5) Developing best management practices for land application of waste. He
discussed future research priorities and said that additional reports are planned for April and December, 1999.
(Attachment 1, pages 23-38)

Hearing and action on HB 2321 - Contagious or infectious diseases among domestic animals.

Chairperson Flower opened the hearing on HB 2321.

George Teagarden, Livestock Commissioner, Animal Health Department, testified in support of HB 2321
which would add goats, llamas, poultry, birds, nonhuman primates, and ferrets to the definition of domestic

Unless specifically noted, the individual remarks recorded herein have not been transcribed verbatim. Individual remarks as reported herein have not been submitted
to the individuals appearing before the committee for editing or corrections. Page 1



CONTINUATION SHEET

MINUTES OF THE HOUSE COMMITTEE ON AGRICULTURE, Room 423-S Statehouse, at 3:30 p.m.
on February 17, 1999.

animals. The livestock commissioner has the authority to control movement of diseased animals within the
state and this bill would give him the authority to quarantine and require treatment for these animals. At the
suggestion of legislative research staff, Mr. Teagarden offered an amendment to clarify language in the
statute: beginning on line 15, strike everything after "shall"; strike all of line 16; and strike everything on line
17 before the word "be." (Attachment 2)

Chairperson Flower closed the hearing on HB 2321.

Representative Schwartz moved to adopt the amendment to HB 2321 as suggested by legislative research
staff. Seconded by Representative Feuerborn, the motion carried.

Representative Schwartz moved to pass HB 2321 as amended. The motion was seconded by Representative
Showalter. The motion passed.

The meeting adjourned at 5:00 p.m. The next meeting is scheduled for February 22, 1999.

Unless specifically noted, the individual remarks recorded herein have not been transcribed verbatim. Individual remarks as reported herein have not been submitted

to the individuals appearing before the committee for editing or corrections. Page 2
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l. EXECUTIVE SUMMARY

K-State Research & Extension Response to HB2950.
An Animal Waste Management Research & Extension Initiative

Bill Hargrove, Director of the Kansas Center for Agricultural Resources and the
Environment (KCARE)

In response to Kansas HB2950, we have identified the following tasks for K-State Research and
Extension in meeting our obligations and in responding to legislative, state agency, and citizen concerns
over the issues related to swine waste management and application to land:

1. Conduct a literature review on land application of animal wastes focused on Kansas and similar
environments, and prepare a summary of technical information on land application of animal wastes,
especially related to the potential for contamination of groundwater.

2. Assist KDA in developing guidelines for nutrient utilization plans and related regulations through
meetings and providing technical information and review, as requested by KDA.

3. Assist KDHE in designing a training/certification program for waste managers and personnel
applying animal waste to land.

4. Conduct the necessary lab/field research to support the guidelines for “agronomically appropriate
application rates” and conduct an educational program on land application of animal wastes.
5. Investigate wastewater recycling through irrigation systems.

6. Conduct “deep sampling” on fields where swine waste has been applied in order-to determine the
potential for groundwater contamination.

7. In ongoing lagoon evaluations, focus on determining the amount and fate of chemicals “seeping”
from lagoons. This should include direct measurement of concentrations of solutes below lagoon liners
by deep coring and modeling the fate of water and solutes leaving lagoons.

8. Design and evaluate “best management practices” for closing facilities and associated lagoons in
environmentally safe ways.

9. Expand our educational efforts in odor management and control.

Of these tasks, #1,2,3, and 6 are more short-term in nature and #4,5,7, 8, and 9 are more long-term in
nature. We have developed a unified Plan of Work that describes our objectives and plans for
accomplishing the above tasks. It is presented as Attachment I. We summarize in the following pages
our progress and key findings in several important areas over the past 12 months.

Seepage Losses and Nitrogen Export from Animal-Waste Lagoons - Dr. Jay Ham, Leader

We have now measured seepage rates on a total of nine lagoons (7 swine and 2 cattle). The seepage
rates for the nine lagoons ranged from <0.01 to 0.10 inch/day with a mean of 0.05 inch/day (the KDHE
maximum is 0.25 inch/day). Sludge that accumulates on the bottom of the lagoon plays a role in
reducing the permeability of the liner and reducing the seepage rate at least over the first year of initial
use. Most of the nitrogen leaving the lagoons via seepage is in the ammonium form, a relatively
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immobile form in soil. Though the total amounts of N leaving lagoons as ammonium can be large (1 to 6
tons of ammonium-N/yr), we hypothesize that most of this ammonium will be held by soil below the
lagoon liner as long as the soil texture is medium to fine (silt loam to clay). Results from coring beneath
a lagoon show this to be the case. Most of the ammonium is held by the soil to a depth of about 10 feet
below the clay liner. When a facility is closed or a lagoon is no longer in use, exposure of the
ammonium-saturated soil to air will result in conversion of the ammonium to nitrate, posing a significant
environmental risk. For more information, see Attachment III.

Assistance to KDHE and KDA in Developing Regulations, and Nutrient Management
Planning - Prof. Pat Murphy and Dr. Dave Whitney, Leaders

We provided technical information and input to new regulations drafted by KDHE and KDA as
required by HB2950. The requirements for nutrient management plans can be found in Attachment IV.
We are in the process of developing and planning the certification training program in collaboration with
KDHE. The plan is to begin offering those training sessions in summer, 1999. We have also developed
an educational program in nutrient management planning; a brochure is attached, outlining the program
and identifying the dates and venues for the programs. See Attachment [V.

Literature Review: Environmental Impact of Land Application of Animal Wastes - Dr.
Alan Schlegel, Leader

Over 100 scientific journal articles from around the country and relating to all livestock manure, not
just swine, were reviewed. The important environmental issues related to land application of animal
waste include: nitrate leaching, phosphorus in surface runoff, salt accumulation and leaching, and heavy
metal accumulation, especially zinc and copper.

There has been no reported research from Kansas that evaluates application of swine waste with
respect to nitrate leaching. However, there have been several reported studies of beef cattle waste
application and nitrate leaching. From research around the country and on a variety of types of animal
manure, the risk of significant amounts of nitrate leaching is a function of the rate of manure application,
regardless of manure type. Applications that result in nitrogen amounts exceeding the crop requirement
result in nitrate leaching. When manure applications are limited to the crop N requirement, there is no
indication of nitrate leaching or a threat to groundwater, regardless of manure type.

With respect to phosphorus losses in runoff, not only is rate of application important, as with
Nitrogen, but also the timing of manure applications is very important. The major portion of P loss in
runoff generally results from one or two intense storms. Thus, the length of time between manure
applications and the first runoff-causing storm is important. Phosphorus loss can be minimized by
incorporation of manure through tillage or injection. Data from Oklahoma shows that soil test P levels of
200 ppm resulted in 1ppm P in runoff, while results from Arkansas showed soil test levels of 100 ppm
resulted in 1ppm P in runoff. Applying manure based on crop N requirements alone results in P
accumulation in the soil. Thus, most states are using P as the basis for manure application.

Salt content of manure or wastewater can sometimes be high enough to cause crop damage when
applied to land. However, no reports of a human health threat or environmental damage other than crop
injury were found. There are published reports of plant injury form Zn or Cu in situations where
municipal sludge have been applied to cropland, but no reports of damage from animal waste.

The complete literature review is presented as Attachment V.

Impact of Land Application of Animal Wastes on Soil Chemical, Biological, and Physical
Properties - Dr. Alan Schlegel, Leader

Soil chemical properties were measured in irrigated fields in western Kansas with a history of animal
waste applications. The fields varied in the type of waste applied (solid cattle manure or effluent water
from swine or cattle wastewater lagoons) and the duration of application (from 3 to 30 years). At most
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sites, soil phosphorus (P) levels were increased (up to 150 ppm) by waste applications, indicating that
application rates exceeded crop P demands. The highest P concentration was 200 ppm Bray-1 P in the
surface soil (0 to 6 inch depth), which is the maximum level established for continued application of
swine waste. Soil nitrate levels were also increased (as much as 100 ppm) by waste applications. At
some sites, considerable nitrate (30 to 50 ppm) had leached past the crop root zone to a depth of at least
10 feet. To determine the extent of nitrate movement, deeper soil cores (up to 50 ft) will be taken at
selected sites. Soil chloride (C1) was higher following manure application but, in most instances, CI
content was less than 35 ppm and would not be considered a problem (the drinking water standard is 250
ppm Cl). Extractable copper was about 2 ppm in fields receiving swine waste compared to about 1 ppm
in non-manured fields. Extractable zinc was less than 2 ppm at sites receiving swine wastes compared to
less than 1 ppm in the non-manured sites. The complete report is presented as Attachment VI.

Use of Subsurface Drip Irrigation with Lagoon Wastewater - Dr. Freddie Lamm and Dr.
Todd Trooien, Leaders

Use of subsurface drip irrigation (SDI) with water from animal waste lagoons has many potential
advantages, including less human contact with wastewater, no runoff, no surface accumulation of
immobile nutrients like phosphorus, greater application uniformity, fewer climatic application
constraints, and less irrigation system corrosion. A pilot study was conducted by K-State Research and
Extension at Midwest Feeders, Ingalls, KS, to measure the performance of a filtering system and five
different dripline types for delivering beef feedlot runoff lagoon water to a cornfield. Of the five dripline
types tested, the three largest emitter sizes (0.4, 0.6, and 0.92 gal/hr/emitter) showed little sign of
clogging. The two smaller emitter sizes (0.15 and 0.24 gal/hr/emitter) showed some signs of emitter
clogging. The disk filter and automated backflush controller operated well in 1998. These results show
that SDI has potential for use with lagoon wastewater. It appears that the smaller emitter sizes normally
used with groundwater in western Kansas may not be appropriate for use with lagoon wastewater. These
smaller emitter sizes may be prone to clogging when used with wastewater. The results of this study,
while very encouraging, should be considered preliminary. A full report is presented as Attachment VIL

Future Work: Issues that Need Expanded Efforts - Prepared by Bill Hargrove

Three topics need expanded efforts and are identified for future work. These include: 1) Modeling
transport of water and solutes from animal waste lagoons; 2) Odor control and air quality; and 3) Facility
closure protocols. We present proposed ideas for work on modeling and odor control in Attachment
VIII. We plan to work with KDHE to develop some plans for evaluating remediation of abandoned
lagoon sites and closure protocols.
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98/99 BUDGET - Special Appropriations for Animal Waste Management

Personnel Equipment Total
Allocations $237,225 $237,500 $474,725
Obligations To Date @ | = —— |  — |
Land Applicaton |  —— | e | e
Lit Review $6,054 $0 $6,054
Survey Sampling $12,750 $26,775 $39,525
Rates of Application $27,625 $20,000 $47,625
Lagoon Evaluation | = —— | e e
Modeling $51,484 $19,794 $71,278
Seepage & Contaminant Loading $37,714 $170,931 $208,645
Facility Closure $27,000 $0 $27,000
Total $162,627 $237,500 $400,127
Non-Obligated $74,598 $0 $74,598
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Proposed Budget 1999/2000 - Animal Waste Management Initiative

Personnel Operating Total
Proposed Allocation $189,780 $47,445 $237,225
Waste Lagoon Evaluation | = —— | e |
(1) Research Assistant
(.5) Lab Assistant $93,750 $20,000 $113,750
(1) Grad Student
(1) Technician
Land Application of Manure |  —— | |
(1) Field Assistant ,
(.5) Lab Assistant $69,030 $27.,445 $96,475
(1) Grad Student
Facility Closure $27,000 | - $27,000
Total $189,780 $47.,445 $237,225
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Animal Waste Lagoons

Left: A floating lysimeter and meteorlogical station
used to measure evaporation from lagoons

- Below: A research assistant adjusts instrumentation
. to measure subsurface water temperatures.

S

Above: Organic sludge layer that ha
been deposited along the sides and
bottom of a cattle feedlot runoff lagoon.
Photo taken when lagoon was emptied
for cleaning.

Right: Collecting soil cores from an 11-year-
old lagoon using a direct-push soil probe.
The lagoon had been dried and sludge
removed prior to sampling.
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Applying Animal Waste to Land

Above: Tractor applying liquid
manure through a rubber hose
to underground injectors.

Left: Tank wagon with soil injectors
for liquid manure.

Right: A tractor pulls a traditional
manure spreader.
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Use of Subsurface Drip Irrigation with Lagoon Water

The experiment site as viewed from across the lagoon. Electrical controls
are located on the reverse side of the mounted white panels. The floating
pump is shown in the lagoon. Water is pumped up the hose on the left. A
booster pump adds pressure. Excess wastewater volume returns to the
lagoon in the middle hose. The hose on the right is also return flow to the
lagoon and is used only for testing. After wastewater passes through the disk
filter (red), it enters a manifold and is directed to individual corn plots in the
background. The blue and white injection pumps and tanks for acid and
chlorine are shown on the right.
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ll. K-State Research and Extension Response to HB2950:
Plan of Work

Introduction:

The 1998 Kansas State Legislature enacted a law providing for environmental regulations and
restrictions on large swine production facilities in Kansas (HB2950). The law requires Kansas State
University to provide technical information, educational programs, and research data on several aspects
of swine waste management. Through discussions amongst faculty over the past few weeks/months, we
have identified the following tasks for K-State Research and Extension in meeting our obligations and in
responding to legislative, state agency, and citizen concerns over the issues related to swine waste
management and application to land:

1.) Conduct a literature review on land application of animal wastes focused on Kansas and similar
environments, and prepare a summary of technical information on land application of animal
wastes, especially related to the potential for contamination of groundwater.

2.) Assist KDA in developing guidelines for nutrient utilization plans and related regulations
through meetings and providing technical information and review, as requested by KDA.

3) Assist KDHE in designing a training/certification program for waste managers and personnel
applying animal waste to land.

4.) Conduct the necessary lab/field research to support the guidelines for “agronomically appropriate
application rates” and conduct an educational program on land application of animal wastes.

5.) Investigate wastewater recycling through irrigation systems.

6.) Conduct “deep sampling” on fields where swine waste has been applied in order to determine the
potential for groundwater contamination.

7.) In ongoing lagoon evaluations, focus on determining the amount and fate of chemicals “seeping”
from lagoons. This should include direct measurement of concentrations of solutes below lagoon
liners by deep coring and modeling the fate of water and solutes leaving lagoons.

8.) Design and evaluate “best management practices” for closing facilities and associated lagoons in
environmentally safe ways.

9.) Expand our educational efforts in odor management and control.

Of these tasks, #1,2,3 and 6 are more short-term in nature and #4,5,8 and 9 are more long-term in nature.
We have identified key faculty to work on these various tasks; and we have organized small teams to
begin the work. Furthermore, we have identified key short-term personnel that could help us achieve our
short- and long-term obligations, and have begun the process of recruiting. These positions will be
funded from a combination of resources on hand plus state resources made available through HB2950.
We have completed the literature review and are in the process of deep sampling soils where manure has
been applied. We have been working with KDA and KDHE in providing technical input to the
regulations that have been developed.
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For our long-term efforts, we have developed a unified plan of work that describes our objectives and
plans. The following pages describe this plan of work; it will serve as our “roadmap” for the future. The
plan of work is presented in four parts:

L Impact of Land Application of Animal Waste on Soil Chemical and Biological Properties

II. Utilization of Livestock Wastewater through Irrigation

1., Modeling Water and Solute Transport to Assess the Impact of Animal Waste Containment on
Groundwater Quality

V. Sampling and Analysis of Soil Cores Collected Beneath Animal Waste Lagoons
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Impact of Land Application of Animal Waste on Soil Chemical, Biological and Physical
Properties
FY 98-99

Principal Investigators

Dr. Alan Schlegel, Professor, Southwest Research-Extension Center
Dr. Chuck Rice, Professor, Agronomy Department

Dr. Gary Pierzynski, Associate Professor, Agronomy Department
Dr. Mahbub Alam, Assistant Professor, Southwest Area Extension

Introduction

Application of animal wastes can enhance soil chemical and biological properties and serve as a valuable
nutrient source for crop production. In areas where manure is available in sufficient quantities, it can
supply a significant proportion of crop nutrient requirements. However, ineffective use of manure results
in waste of valuable nutrients and can adversely affect the environment. Two environmental concerns
from land applications of manure are surface runoff from manured fields causing eutrophication of
surface water and leaching of nitrates through the soil profile into the groundwater. With an increase in
the number of large confined animal feeding operations, there is a perception of increased risk to the
environment from animal wastes. The purpose of this study is to sample fields that have received land
application of animal wastes (swine, beef, dairy or poultry) and compare the soil chemical and biological
properties to similar fields that have not received manure applications. The results of this study will be
used to evaluate the impact of past manure applications on soil properties and to guide future research
needs of land application of animal wastes.

Objectives
Determine the impact of land application of animal wastes on:
1.) Soil chemical properties to include levels of
a. Phosphorus (soil test P, total P, and organic P)
b. Nitrogen (inorganic [(NO3) and (NH4)] and organic N)
o] Chloride (CI)
d DTPA-extractable zinc (Zn) and copper (Cu) [for soils that have received swine
or poultry manure]
e. Carbon (organic C and soluble organic C)
f. Soluble salts

2) Soil biological properties to include
Total bacteria counts
Microbial biomass C and N
Denitrifier counts and activity
Nitrifier counts and activity
Mineralizable C and N

oo o

Approach and Methods

Fields with a known history of land application of animal wastes will be identified as sampling sites
along with adjacent similar fields that have not received manure applications. It is anticipated 6 to 10
fields representing a range of manure application practices in diverse geographic regions will be
identified for soil sampling. The criteria for site identification will include a.) known history of animal
waste application including estimates of manure nutrient content, application rates, and duration of
application; b.) soils that represent geographic regions that routinely receive land application of animal
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wastes; c.)} soils that are common to large parts of the state; and d.) availability of adjacent fields with
similar soil characteristics that have not received manure applications.

Each field site will be divided into several subfields to account for variability within each field caused by
inherent differences in soils within a field. Four cores will be taken from each subfield and composited
for analyses. Soil cores will be collected to a depth of 10 feet (at most locations) with a hydraulic soil
probe. The surface foot of soil will be divided into 0-2 inch, 2-4 inch, 4-6 inch, 6-8 inch, and 8-12 inch
samples. The deeper soil samples (1 to 10 ft. depths) will be divided into 12-inch increments. In
addition, sites with a long history of manure application may be sampled to a depth of up to 50 ft.

Soil samples will be collected in September and October 1998. Personnel from Kansas State University
will conduct most of the sampling; however, ServiTech (Dodge City) may conduct some of the deeper
soil samples. The chemical and biological analyses will be performed at KSU. The results of the
analyses should be completed by December and made available to the cooperators. The results of the
study will be used to evaluate the impact of animal waste applications on soil chemical and biological
properties and to guide future research efforts in land application of animal wastes. When using or
reporting the results of the research, the sampling sites will be identified by soil type and county location
and not by the name of the cooperator or landowner. The cooperation of land owner/operators is
essential to the project and their names will be kept confidential.



Utilization of Livestock Wastewater Through Irrigation
FY 98-99

Principal Investigators

Freddie Lamm, Irrigation Engineer, Northwest Research-Extension Center
Todd Trooien, Irrigation Engineer, Southwest Research-Extension Center
Mahbub Alam, Extension Specialist, Southwest Arvea Extension Office

The pilot project evaluating the potential for livestock wastewater use through SDI at Midwest Feeders
Inc., Ingalls, Kansas will be continued through the fall of 1998. This project is evaluating 5 different
dripline emitter flow rates under replication conditions. This project is funded through special funds
from the legislature and USDA. It is not funded by HB2950.

It is proposed that the next project entail evaluating the SDI filtration system requirements for different
types of livestock wastewater. Although the equivalent mesh or particle size handled by the filtration
system is dictated by the dripline characteristics, there are still many unknowns about the required filter
area and backflush cycles for different types of wastewater. We propose to conduct the test on 15
lagoons (8 swine, 5 beef feedlots and 2 dairies). Water samples will be taken before and after the
filtration system. The samples will be analyzed for N, P, K, Calcium, Calcium Carbonate, Sodium and
other salts, TDS, and Total Suspended Solids. A test filtration system will be constructed to allow the
simultaneous evaluation of three different filtration mesh sizes when pumping livestock wastewater.
Differential pressure across each of the three filters will be recorded with a data logger from test
initiation until plugging or until a predetermined differential pressure is attained. Water will be
discharged back to the lagoon and will not be utilized through a SDI system in this study. The study will
result in information about sizing of SDI filtration systems for typical wastewater. Additionally, more
information will be gained on the composition of typical livestock wastewater in lagoons in Kansas.
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Modeling Water and Solute Transport to Assess the Impact of Animal Waste
Containment on Groundwater Quality
FY 98-99

Principal Investigators
Lakshmi Reddi, Civil Engineering
David Steward, Civil Engineering

Problem Statement

Containment of animal waste in lined lagoons has become a topic of intense debate at state, regional, and
national levels. Public awareness of this practice is very high in several states including Kansas, Texas
and North Carolina. The leachates from animal waste lagoons pose a potential health risk since they will
migrate from the lagoon to the underlying drinking water supplies. To protect groundwater resources
underlying the lagoons, various states regulate the seepage quantities from lagoon liners. The maximum
allowable seepage rate varies from 1/56 inch/day (Minnesota and Missouri) to 1/4 inch/day (Nebraska
and Kansas). The wide range of regulated seepage rates reflects the degree of uncertainty in the current
state of knowledge on fate and transport of animal waste through the lagoon liners and the underlying
natural soils. Some regulatory agencies are inclined to allow higher seepage rates in anticipation of the
time-dependent liner clogging/sealing and the subsequent attenuation of contaminant concentrations.

The impact of animal waste storage on groundwater quality is dependent not only on the integrity of
lagoon liners but also on the regional hydrogeology. Some of the important parameters governing this
impact are:

1) Quality of leachate from the containment system (in addition to the quantity which is mandated
by regulatory agencies)

2) Time-dependent rate at which the leachate is released from the liner bottom
3) Mass transfer (physicochemical and biological) and transport (advection and diffusion)
4.) Characteristics of soils underlying the lagoon

5) Depth to the groundwater table

The problem requires an interdisciplinary approach involving both science and engineering perspectives.
In response to the need expressed by the Kansas Department of Health and Environment (KDHE) and the
Kansas Water Office, some preliminary studies have been conducted thus far on the transport of animal
waste in porous media. These studies were restricted to experimental studies involving site-dependent
conditions. The proposed work plan will broaden the scope of these studies to address the problem in a
comprehensive manner.

Objectives

The broad objective of the proposed study is to develop methods needed to assess the impact of animal

waste containment on groundwater quality. Specific objectives are:

1) To determine the fate and transport of animal waste in an engineered liner system typical of a
lagoon bottom
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2) To determine the fate and transport of animal waste in the natural soils underlying the liner sides
and the bottom

3.) To assess the impact of animal storage on groundwater quality for a wide range of operating
conditions of the lagoon and hydrogeological scenarios

Method

The first two objectives will be fulfilled by setting up mathematical models. To fulfill the first objective,
and Advection-Dispersion-Reaction (ADR) type equation will be solved analytically to determine the
fate and transport through the liner. A unique feature that differentiates this task from other ADR
solutions available for compacted liners will be the incorporation of liner sealing mechanisms (which
cause reductions in porosity and advective velocity). The experimental data gathered from previous
studies on the breakthrough curves of Nitrate, Chlorine, and Phosphorous through liner samples showed
evidence of time-dependent pore occlusion. The mathematical model will be validated using the
experimental data. Composite liners (consisting of compacted clays and geosynthetics) and alternative
liners (often constructed using natural soils amended with bentonite or animal manure) will also be
studied. Recent trends indicate increasing use of such liners in animal waste management practices. The
model will be used to determine the extent by which such liners inhibit seepage. The model will be
capable of predicting pore occlusion as a result of physicochemical and biological clogging of the liner.
This feature will be useful in the second task (described below) where the bacterial constituents in
leachate from the liner may tend to occlude the pores of the natural soils underlying the liner and
overlying the water table.

The second objective will involve numerical solution of reactive and decaying solute transport equations
in the unsaturated regime. Time-dependent flux from the first model will form boundary conditions for
this model. The problem will be addressed using two different computer programs that simulate
contaminant transport in unsaturated flow. The first computer program will consist of a one-dimensional
implementation of the governing equations. The Richards equation will be used to simulate the
advection, longitudinal dispersion, and decay of contaminants in the unsaturated zone. This program will
be run over a range of parameters (e.g., depth of water table, rate of leaching yielded by the first model,
decay coefficients, etc..) to obtain estimates of the contaminant concentrations that reach groundwater
tables under diverse scenarios. The boundaries for the domain of study will be groundwater tables at the
bottom and the lagoon liner profile at the top. The lagoon liner profile may require three-dimensional
treatment of the problem. Analytical techniques for treatment of three-dimensional saturated flow are
available in the literature. These techniques will be used to treat the three-dimensional problem under
the lagoon assuming that the hydraulic conductivity of the unsaturated soils is piece-wise constant and
using panel-doublets in the flow domain. The resulting three-dimensional model will allow accurate
predictions of streamlines in the unsaturated zone. Fate and transport will be simulated using the flow
rates along these streamlines coupled with terms representing advection, longitudinal dispersion, mass
transfer and decay.

The models will be validated using the field data available on nitrate levels in groundwater wells
monitored in close proximity of lagoons in Southwest Kansas. A survey of the data was conducted
recently in an ongoing KDHE investigation. After due validation with the available experimental and
field data, the mathematical models will be used to simulate a number of hypothetical scenarios, thus
fulfilling the third objective.

It is expected that the computer models developed in this project will be useful in other related problems.
In particular, these models could be used to quantify the rates of nitrate that reach the saturated
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groundwater table due to the application of animal wastes in fields. Terms could also be incorporated in
this model to reproduce the sink that occurs due to plants removing phytoremediation to contain nitrate in
abandoned feedlot lagoons.

Deliverables

Results from the proposed study will be disseminated in two ways. First, it is conceivable to develop a
nomogram which can be used in an inverse manner to obtain design and operating conditions of the
lagoon such that the groundwater quality is not impacted beyond a specified value (based on risk
assessment). This will be useful for both practitioners and regulators in minimizing the impact of animal
waste storage on groundwater quality. Second, the results will be used to generate a siting map to
delineate the regions vulnerable to animal waste contamination (and therefore not suitable for lagoon
placement). Such a map will be useful in site selection for lagoon construction and design.

Logistics and Resources

The work outlined above will be conducted as a cooperative effort between Civil Engineering and
Agronomy faculty. Faculty members in the Agronomy department working in the areas of Soil
Chemistry and Soil Microbiology will be contacted for input on mass transfer and decay mechanisms,
which need to be incorporated into the models. The funding required to carry out this work plan is in the
following categories: i) personnel (one-month salaries for two faculty during summer), ii) salaries for a
post-doctoral research associate and a doctoral graduate student, iii) two Pentium/workstations, and iv)
nominal funds for travel, communication, and duplication.

The first modeling task (fate and transport through lagoon liner) outlined in the preceding sections is
currently in progress; it is one of the tasks being performed in the active project funded by Kansas Water
Office. A Post-Doc (Dr. Bonala) was hired to initiate the modeling tasks. Funds are requested from this
project to sustain support for Dr. Bonala until at least the middle of 1999 by which time the first
objective will be fulfilled.
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Sampling and Analysis of Soil Cores Collected Beneath Animal Waste Lagoons
FY 98-99

Principal Investigators

J. M. Ham, Department of Agronomy

G. M. Pierzynski, Department of Agronomy

C. W. Rice, Department of Agronomy

J. P. Murphy, Department of Biological and Agricultural Engineering

Introduction

Anaerobic lagoons are used to contain and treat livestock waste at many concentrated animal operations
(CAOs). Lagoon effluent often contains high concentrations of nitrogen and other nutrients. Most of
these compounds are applied to nearby farmland as fertilizer or are lost to the atmosphere from the

lagoon surface. However, in earthen-lined lagoons, a small portion of the effluent seeps through the
bottom and sides of the basin and into the soil beneath the facility. Determining the fate and transport of -
this leachate is critical for assessing the impact of waste lagoons on local groundwater quality. Of
particular interest is the movement of ammonium- and nitrate-nitrogen.

Water balance studies of five animal waste lagoons in Kansas showed that seepage losses (whole-lagoon
infiltration rates) were small, ranging from 0.5 to 2.5 mm/d (Ham et al., 1998). However, the
concentrations of ammonium in the swine lagoons were quite high, averaging 678 mg/L. Sample
calculations show that chemical fluxes from the lagoons ranged from 1,297 to 5,784 kg NH,-N/ha/y.
Thus, for a 2.5 ha lagoon, nitrogen export over 20 years of operation could exceed 289,200 kg NH,-N.
Determining the factors affecting the absorption, transformation, and transport of this mass of nitrogen is
a critical aspect of evaluating lagoons and performing risk assessments.

Our approach for investigating chemical transport from a lagoon is analysis of soil cores collected
beneath the soil liner. Miller et al. (1976) evaluated soil nutrient profiles beneath four swine lagoons that
had been operated for two, eight and ten years. The 2-year old lagoons on fine textured soil had high
ammonium concentrations of 300 to 900 mg/g, concentrated in a 0 to 8 inch layer directly below the
lagoons. Concentrations returned to background levels by 0.4 m under the liner. However, older lagoons
in medium to course-textured soil, had high ammonium concentration that persisted down to the
maximum sampling depth of 4 m. Similar results were obtained by Culley and Phillips (1989) who found
ammonium concentrations between 600 and 1400 mg/kg in a distinct, 0-8 m soil zone below earthen pits
that had been used to contain dairy waste for three years. Negligible traces of nitrate were found in both
studies.

The objective of the proposed research is to collect and analyze soil cores collected beneath animal waste
lagoons in Kansas. This data will be evaluated in combination with water balance and modeling studies
to help predict the fate and transport of effluent that infiltrates in the soil under earthen lagoons.

Materials and Methods
Sampling Procedures

Soil cores will be obtained from swine, cattle-feedlot, and dairy waste lagoons when access to a suitable
site is permitted. There are two sampling options that might prove useful. First, lagoons are sometimes
emptied and dried to allow the removal of sediments and organic sludge. If a lagoon can be identified
that is scheduled for cleaning, then soil cores could be collected from the bottom of the lagoon when only
a slurry remained in the basin. It is imperative that cores be collected before the liner dries in order to
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obtain representative samples of the NH, and NO, profiles. Bore holes could be filled and recompacted
with a soil-bentonite mixture and/or a grout formulated for filling soil cavities. A second option would
be to collect vertical cores along the perimeter of a functioning lagoon near the shoreline. Effluent depth
is sometimes low as the result of waste removal for irrigation. Thus, coring straight down under these
conditions may provide an indication of horizontal nutrient transport at the lagoon periphery. One
advantage of this approach is that cores could be collected periodically over the life of the lagoon. The
bore holes could be filled and plugged as mentioned earlier.

Soil samples will be collected using a combination of hand and mechanical sampling. Deep cores will be
collected with Geoprobe Model 540M Probing Machine (Geoprobe Systems, Salina KS). The Geoprobe
System uses direct-push, pneumatic-hammer technology that allows core sampling with minimal static
machine weight and no contamination from the sides of the probe hole. Soil cores will be collected using
the Geoprobe large-bore or macro-bore tool string to depths of 10 to 15 m when conditions are suitable.
Bore samplers will be equipped with polymer liners to improve data integrity. Each push of the tool
string (incremental samples) will obtain a core approximately 3.8 cm in diameter and 75 cm in length. If
necessary, the bore hole will be filled with a cement-bentonite grout using a high-solids injector pump
designed for use on the 540M (GS1000, Grout Machine, Geoprobe Systems). Details of the soil
sampling plan (number of samples, depth, etc..) Will be customized once a lagoon has been selected.

Waste samples from the lagoon being sampled (or a nearby lagoon at the same CAQO) will be obtained at
multiple depths using a 1.2 L. Kemmerer sampler. Samples will be chilled to near
0C*® and transported to a laboratory for analysis.

The sampling project hinges on obtaining permission from cooperators with an acceptable lagoon.
Assuring cooperators that the soil coring procedures will not compromise lagoon performance (i.e.,
create a leak in the soil liner) is critical.

Soil Analysis :

A limited amount of data is available for the complete chemical characterization of lagoon water. One
such analysis shows the cation composition of the water to be dominated by NH," followed by K, Na, Ca,
and Mg. On a charge basis the NH," to K and the NH," to Na ratios are 4:1 while the NH," to Ca ratio is
11:1 and the NH," to Mg ratio is 33:1. Total cation concentrations sum to 80 meg/liter. Assuming a soil
cation exchange capacity of 10 meq/100g and bulk density of 1.35 g/em?, the depth of soil required to
absorb all the cations is considerably less than the depth of soil that would be saturated for a given rate of
seepage from a lagoon. These estimations suggest that the water at the leading edge of the wetting front
would have much lower cation concentration than the original leachate from the lagoon, assuming that all
of the cations in the water had the opportunity to interact with the cation exchange sites in the soil.
Conversely, the water has fairly high CI" concentrations and CI" may be useful as a tracer to estimate the
approximate depth of leaching. However, uncertainty in the soil moisture profile will make predicting
leachate movement difficult. Large differences in hydraulic conductivity between the compacted-soil
liner and the underlying soil may result in the formation of an unsaturated zone in or immediately below
the liner. The soil moisture profile will also be measured from the core samples.

The lagoon water has low NO,-N concentrations and high NH,"-N concentrations, in agreement with
other observations (Miller et al., 1976), and indicative of the anaerobic environment in the lagoon and the
potential for NO;-N problems should the soil beneath the lagoon ever become aerobic. The high
biological and chemical oxygen demands of the water suggest high concentrations of dissolved organic
C, which may be another useful tracer for estimating the approximate depth of leaching. Phosphorus
concentrations are also quite high although the potential environmental problems from this are not
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certain. The distribution of the P into inorganic and organic forms will have an influence on the relative
mobility of the P in the soil. It is likely that the majority of the P will be in inorganic forms with a low
mobility. No information is available on metals at this time. The primary metals of concern would be Cu
and Zn, which are added to the swine rations. It is not likely that the metals would move very far in the
soil although this would have to be confirmed with soil analysis. Given the composition of the lagoon
water and the anticipated chemical and microbial processes in soil, the following analyses will be
conducted on soil samples collected from beneath the waste lagoons:

Total P Aerobic Bacteria
Bray Pl-extractable P Anaerobic Bacteria
Water soluble P Fecal Coliform
Organic P E. Coli
KC1-extractable NH,"-N and NO;-N Denitrifying Bacteria
Ammonium acetate-extractable Ca, Mg, K and Na Nitrifying Bacteria
Soluble salts Microbial Activity
Soil texture Total Zn

Cation exchange capacity Soluble C

Total organic carbon

Total Cu

Analysis of the liquid waste (lagoon liquor) will include: NO;-N,NH,-N, total N, organic N, pH, total P
Cl, Mg, Ca, Na, K, biological oxygen demand, chemical oxygen demand, total suspended solids, and
electrical conductivity.

L]

Time Line:
Analysis of at least one lagoon before December 31, 1998.

Assignment of Responsibility: :
J.M. Ham and Pat Murphy: Identification of Cooperators; Collection of Soil Cores;
Waste Sample Collection

Gary Pierzynski and Chuck Rice: Analysis of Soil and Waste Samples
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lll. Seepage Losses from Animal Waste Lagoons:

Potential Impacts On Groundwater Quality
Research Update: February 11, 1999

Principal Investigator
Jay M. Ham, Ph.D., Associate Professor, Department of Agronomy, Kansas State
University, Manhattan, KS

Introduction

* Anaerobic lagoons are an integral part of the waste management system at many
concentrated animal operations (CAOs). Lagoon waste contains high concentrations of
nitrogen, phosphorus, salts, and other nutrients that are eventually applied to farmland as
liquid fertilizer. However, while the waste is being stored and treated in the lagoon,
subsurface seepage losses may affect soil and water quality near the facility. Of
particular concern is the movement of nitrates into local drinking water supplies. Kansas
State University 1s conducting research to determine how construction methods, soil type,
local geology, and other factors affect the relationship between the lagoon use and
groundwater quality. Components of the research project include: (1) measurement of
seepage and subsurface nitrogen losses from commercial lagoons, (2) a laboratory
evaluation of soil used to construct compacted liners, (3) a survey of water chemistry in
wells located adjacent to CAOs, (4) computer modeling of nitrogen movement in the soil
under lagoons, and (5) developing best management practices for land application of
waste. This report provides an abbreviated update on measurement of seepage and
nitrogen movement from lagoons in Kansas. Results represent progress to date and are
not final conclusions. More detailed results are provided elsewhere (see references).
Additional reports are planned for April and December, 1999.

Whole-lagoon Seepage Rates

Regulations in Kansas stipulate that soil-lined lagoons used for animal waste should
be constructed so that seepage is less than 1/4 or 1/8 inch per day, depending on where
and when the facility was built. Kansas State University developed instrumentation to
measure whole-lagoon seepage rates using water balance methods. New research by
Ham (1999) shows that this technique can measure seepage to within + 0.02 inch per day.
To date, these methods have been used to collect data from seven swine waste lagoons
and two cattle feedlot lagoons. Seepage rates from the Kansas lagoons ranged from 0.01
to 0.10 inch per day; thus, seepage was below the 1/4 and 1/8 inch standards in all cases
(Table 1). Data suggest that, when proper soils and clays are used to construct the liner, it
is feasible to build soil-lined lagoons that will keep seepage rates below 1/16 inch per
day, even when waste depths are near 20 feet and sandy soils exist beneath the compacted
liner. Ham and DeSutter (1999) found that organic sludge on the bottom of the lagoon
apparently reduced the permeability of soil liners, especially in medium- and coarse-
textured soils. However, there was also evidence that seepage may have been more
pronounced along the side embankments (shoreline) where erosion and other processes
compromised the integrity of the liner. Because of side seepage, it may be impractical to



build soil-lined lagoons that have seepage rates less than 1/32 inch per day. In summary,
seepage losses from many earthen lagoons in Kansas are probably less than 1/10 inch per
day. However, seepage rates from soil-lined lagoons are not zero, and questions remain
regarding the movement of nitrogen that does penetrate the liner and move into the
subsoil surrounding the facility. The implications of this process will be discussed in later
sections.

Waste Chemistry

- The potential impact of a lagoon on groundwater quality is not directly governed by
the seepage rate, but is dependent on nitrogen input loading and the vulnerability of the
local aquifer. For waste lagoons, input loading represents the rate at which ammonium,
nitrate, and other soluble compounds flow from the reservoir of liquid waste into the
underlying soil. Thus, the nitrogen export rate from a lagoon is essentially the seepage
rate times the concentration of nitrogen in the waste. Table 2 shows the average chemical
properties of lagoon waste collected from swine and cattle-feedlot operations in Kansas
(DeSutter and Ham, 1999). Almost all the nitrogen in the lagoon is in the form of
ammonium (NH4+). There are only traces of nitrate (NO3-) in the liquid, which would
be expected under anaerobic conditions. The most notable finding was that nitrogen
concentrations in swine-waste lagoons were, on average, seven times higher than in
cattle-feedlot lagoons. Waste in cattle feedlot-lagoons is diluted because it is primarily
runoff from precipitation that falls on the open-air pens. Conversely, liquid in swine
lagoons is waste that was collected in pits beneath the animal barns and then flushed into
the lagoon (no dilution). In summary, there are differences in the nitrogen content of
lagoon effluent from swine and cattle-feedlot operations. If a swine-waste lagoon and a
cattle-feedlot lagoon were seeping at the same rate, the amount of nitrogen deposited into
the underlying subsoil would be significantly higher at the swine site. This does not
mean that swine lagoons are hazardous and cattle lagoons are not. Our data simply show
that these differences exist.

Subsurface Nitrogen Losses Into Soil Under Lagoons

The movement of effluent-nitrogen into the soil surrounding the lagoon is not only
dependent on the seepage rate and the nitrogen concentration, but also is affected by the
chemical and physical properties of the soil. Ammonium has a positive charge, while
clay particles in soil are negatively charged. Objects with opposite charge attract; thus,
NH4+ ions that leak from a lagoon are often strongly adsorbed onto the surface of clay
particles in the soil profile. Conversely, negatively charges ions, such as chloride, are not
attracted to soil particles and tend to move through the soil profile unimpeded. The
ability of a soil to adsorb positively charged ions is described by the Cation Exchange
Capacity (CEC). Soils with high clay contents have CECs near 30 meq/100 g and very
sandy soils have CECs near 5 meq/100 g. If two lagoons were seeping at the same rate,
but one was built above a sandy soil and the other above a clayey soil, one might expect
the NH4+ to travel 6 times farther from the lagoon built at the sandy site. This is not
exactly what happens in the field because other factors affect solute transport, but it does
demonstrate the importance of soil CEC. To gain a better understanding of subsurface
nitrogen dynamics, Kansas State University plans to sample and analyze the soil beneath



lagoons. Figure 1 shows the average NH4+ concentration from four soil cores collected
at an 11-year old cattle-feedlot lagoon in southwestern Kansas. The lagoon had been
dried and the organic sludge removed prior to sampling. Ammonium concentrations
were near 400 ppm near the original bottom of the lagoon and then decreased rapidly to
about 30 ppm at 16 feet. The shape of the concentration curve demonstrates how NH4+
was adsorbed in the soil profile. There were essentially no nitrates in any of the soil
samples. Thus, almost all the nitrogen that had been lost from the lagoon was still in the
NH4+ form and about 90% of that nitrogen was still within 10 feet of the soil liner.
‘However, in one area of the lagoon the subsoil was very sandy, and NH4+ concentrations
were 66 ppm at 16 feet. This shows how a lower CEC allowed nitrogen to move to lower
depths. Ammonium could potentially move directly into the groundwater at sites built
above shallow aquifers in sandy soils. In summary, preliminary data suggest that
nitrogen losses through a lagoon liner will, in many cases, be deposited as NH4+ in a
rather shallow soil zone near the periphery of the lagoon liner. The amount of nitrogen
and size of the deposit will be dependent on the seepage rate, concentrations of nitrogen
in the waste, CEC of the underlying soil, local geology, and lagoon age.

Lagoon Closure

Field measurements have shown that seepage losses from many lagoons occur very
slowly. However, over 20 to 40 years of operation, even a low seepage rate can deposit a
large mass of nitrogen beneath a lagoon. For example, Ham and Desutter (1999) showed
that the total nitrogen deposited in soil beneath a 5-acre swine lagoon could potentially
exceed 250,000 1bs. over a 20 year period. When a lagoon is eventually emptied and
closed, the nutrient-laden zone of soil under the lagoon will tend to become dry and
aerobic , especially in western Kansas where potential evaporation is much greater than
precipitation. Under dry soil conditions the NH4+ may convert to NO3-, which is very
mobile in the soil (Figure 2). Over time, seasonal precipitation and intermittent water
movement (drainage) through the soil profile could transport this newly formed NO3-
toward the groundwater. However, a fraction of the nitrogen may be converted to
harmless N2 gas and released into the atmosphere (denitrification). It is difficult to
predict the ultimate fate of nitrogen in the NH4-laden soil surrounding lagoons. It may
be feasible to phytoremediate the soil profile with plants. Salt tolerant crops like barley
or perhaps constructed wetlands might be capable of absorbing large portions of the
nitrogen and also stimulate denitrification. Furthermore, it is not clear if the nutrient-
laden soil under a lagoon poses a significant risk to the groundwater, especially when the
depth to groundwater is large (e.g., 100 ft). Much of the nitrogen may be lost to the
atmosphere even without a phytoremediation plan. In summary, older lagoons that are
closed and abandoned will initially have a deposit of NH4+nitrogen in the soil under the
facility. Additional research is needed to determine if this nitrogen will affect
groundwater quality, and how the risk of contamination is affected by soil and geologic
conditions. Best management practices for lagoon closure should be explored.

Future Research
The Kansas State University research team will continue the study of animal waste
lagoons in 1999. Research priorities include: (1) measuring whole-lagoon seepage in



different regions of Kansas to evaluate the effect of soil type and geology on lagoon
performance; (2) periodically measuring whole-lagoon seepage at new facilities to
document the change in seepage over time; (3) collecting soil cores beneath older
lagoons to document the extent of side seepage and size of the NH4-laden soil zone; (4)
modeling nitrogen movement in the soil and groundwater surrounding lagoons using
computer simulation; (5) formulating strategies for lagoon closure and remediation; and
(6) measuring the movement of ammonia and other odorous gases emitted from the
surface of lagoons.
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Table 1. Whole-lagoon seepage rates from lagoons in Kansas.

Facility Seepage Rate mm/day in./day
Swine, Nursery* 1.1 0.04
Swine, Finish 0.4 0.02
Swine, Finish* 0.8 0.03
Swine, Sow* 1.1 0.04
Swine, Sow* 1.5 0.06
Swine, Sow* 2.0 0.08
Swine, Sow* 2.3 0.09
Cattle 2.5 0.10
Cattle 0.2 <0.01

* waste depth was near maximum capacity
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Table 2. Average chemical characteristics of lagoon waste from swine units and
cattle feedlots.

Measured
Parameters Swine Cattle
(mg L-1)
NO3--N 1.0 0.5
NH4++NH3-N 672.8 98.3
Total N 792.4 184.2
Organic N 118.8 85.6
Calcium 79.8 144.9
Magnesium 19.5 87.8
Potassium 647.0 551.9
Sodium 270.3 147.7
Total P 42.5 47.5

Chloride 2756 568.8
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Figure 1. Ammonium-nitrogen profile in soil beneath an 11-year-old cattle feedlot
lagoon.
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Figure 2. Potential conditions after lagoon closure.
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Seepage Losses and Nitrogen Export
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K-State Research Effort

* Field Measurements at Existing Lagoons
* Laboratory Studies of Soil Liners

* Water Quality Survey

* Literature Review

* Land Application of Waste

* Modeling contaminant Transport

Waste Lagoons and Ground Water Quality

* Nitrogen Export
* Aquifer Vulnerability

Methods

* Whole-Lagoon Water Balance
Seepage = Change in Depth - Evaporation
* Soil Coring Beneath Existing Lagoons
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Seepage Losses From Waste Lagoons !

Relative Depth (inches)
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Facility Seepage Rate
mm/day m/day
Swine, Nursery* 1. 0.04
Swine, Finish 0.4 0.02
Swine, Finish* 0.8 0.03
Swine, Sow* 1.1 0.04
Swine, Sow* 1.5 0.06
Swine, Sow* 2.0 0.08
Swine, Sow* 2.3 0.09
Cattle 2.5 0.10
Cattle 0.2 <0.01

* near maximum depth
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Nitrogen 1n Lagoon Waste

Compound Swine- Waste Cattle Feed yard
(mg/L) Lagoons Runoff Lagoons

Nitrate 1.5 1

Ammonium 657 84

Total N 771 160

Organic N 114 76

Nitrogen Export From Swine-Waste Lagoons

Lagoon Ammonium-N Export
(Ibs/yr) (Ibs/20-yr)
A 3,612 72,240
12,535 250,700
C 10,344 206,858
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Summary

* Seepage rates are low (<0.1 inch per day)

* Sludge does reduce permeability of liner

* Some nitrogen does move into the subsoil

* In many cases, much of this nitrogen will
remain close to the lagoon

* The storehouse of nitrogen under the lagoon
could become mobile and move toward the
groundwater when the lagoon is emptied and
dried (closure)

Research Plan

* Continue seepage studies and soil coring
* Perfect and simplify methods for measuring seepage
* Modeling movement of chemicals beneath
the lagoon (Site-Specific Risk Analysis)
* Test new system for measuring gas emissions
(odor) from the lagoon surface

Possible Products

* Geographic maps of optimal lagoon locations

* Site-specific lagoon designs

* Improved lagoon construction strategies

* Best management for lagoon closure
(accounting for the long-term fate of nitrogen)

* Improved rationale for setback distances
(odor and air quality)
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V. House Bill 2950 - KDHE and KDA Environmental
Regulations

Team Leader
James P. Murphy, Biological and Agricultural Engineering

---House Bill 2950 (HB2950), passed during the 1998 legislative session, defines environmental
regulations for large Kansas swine producers. During the legislative session, technical, best management
practices, and general swine production information were delivered to various environmental
committees, which were crafting the bill. The objective of the effort was to supply technical information
to the legislature without influencing the outcome of the bill. The Kansas Center for Agricultural
Resources and the Environment (KCARE) coordinated specialists from civil engineering, biological and
agricultural engineering, animal science and industry, and agronomy departments to supply the
information. The information supplied dealt with swine manure storage, lagoon seepage, odors, dead pig
disposal, facility closure, and application of manure to land.

The delivery of the information made the legislative committees more aware of the role, function,
and capabilities of Kansas State University. Most of the information was also utilized by other state
agencies such as the Kansas Department of Health and Environment and the Kansas Department of
Agriculture. Other interested groups included commodity and environmental organizations.

HB2950 specifies K-State involvement to meet the new regulations. Approximately 150 Kansas
producers will be required to meet the new regulations. A manure application plan along with six hours
of instruction will be required for certification of swine producers to apply manure to their land. Other
plans included in HB2950 are dead animal disposal, odor, closure, emergency response, lagoon seepage,
and manure storage. Extension programs in cooperation with KDA and KDHE will be developed next
year to educate swine producers about HB2950 requirements.
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New Kansas Swine Environment
Laws: Implementing Them on Your

Farm

Linn, Kansas
* American Legion
Wednesday, February 24, 1999

‘Garden City, Kansas
Finney County 4-H Building
Thursday, February 25, 1999

Newton, Kansas
Courthouse Community Room
Wednesday, March 3, 1999

Seneca, Kansas
Valentino’s Restaurant
Thursday, March 4, 1999

Sponsored by
K-State Research & Extension

Kansas Dept. of Agriculture
Kansas Dept. of Health & Environment
Kansas Pork Producers Council

: Lcic_:gl:Exténsion Councils in
Washington, Finney, Harvey
and Nemaha Counties



Linn, Wednesday, February 24, 1999
Newton, Wednesday, March 3, 1999
Seneca, Thursday, March 4, 1999

6:00 to 6:45

6:45 to 6:50

6:50to 7:20

7:20 to 7:30

7:30 to 8:00

8:00 to 9:30

Meal

Welcome-Local County Ag Agent
Duane Toews, K-State Research
and Extension,Washington County
Ron Graber, K-State Research and
Extension, Harvey County

David Key, K-State Research and
Extension, Nemaha County

Overview of Laws, Plan
Requirements, and Timetable for
Implementation.

Jeff Clark, Kansas Department of
Health and Environment

Overview of NPPC on-Farm
Environmental Assessment
Program. -

Tim Stroda, Kansas Pork
Producers Council

Reducing Nutrient Excretion
Jfrom Swine Facilities.

Bob Goodband, K-State Research
and Extension

The Ins and Quts of Nutrient
Management Plans.

Pat Murphy, K-State Research and
Extension '

Garry Keeler, Kansas Department
of Agriculture

Garden City, Thursday, February 25, 1999

1:00to 1:10

1:10 to 1:40

1:40 to 1:50

1:50 to 2:20

2:20to 4:00

Welcome
Dean Whitehill, K-State Research
and Extension, Finney County

Overview of Laws, Plan
Requirements, and Timetable for
Implementation.

Jeff Clark, Kansas Department of
Health and Environment

Overview of NPPC on-Farm
Environmental Assessment
Program.

Tim Stroda, Kansas Pork
Producers Council

Reducing Nutrient Excretion
JSrom Swine Facilities.

Bob Goodband, K-State Research
and Extension

The Ins and Outs of Nutrient
Management Plans.

Pat Murphy, K-State Research and
Extension

Garry Keeler, Kansas Department
of Agriculture

—
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Registration :
New Kansas Swine Environmental Laws:
Implementing Them on Your Farm

Registration Fee is $10.00
Payable at the door

No Registration Fee will be charged for the
meeting in Garden City because a meal will
not be included

Preregister by contacting the local extension

agent by the following dates.

Linn by February 19, 1999
Duane Toews (785)325-2121

Garden City by February 22, 1999
Dean Whitehill (316)272-3670

Newton by March 1, 1999
Ron Graber (316)284-6930

Seneca by March 1, 1999
David Key (785)336-2184



Kansas Department of Agriculture

Nutrient Utilization Plan Form
Published by the Kansas Secretary of Agriculture December 15, 1998

This form is required by House Bill 2950 (1998 Session) and the Kansas Chemigation
Safety Law, K.S.A. 2-3302 et seq. You must complete this form if:
1. you have an animal unit capacity of 1000 or more hogs; and
2. manure or wastewater (swine waste) from your swine facility is applied to land by
any means oI process.
This completed form together with all attachments must be approved by the Kansas

Secretary of Agriculture BEFORE a permit for your swine facility will be considered for renewal
or issuance.

For KDA Office use only:
Date form Received by Secretary of Agriculture:

L]

month day  year

Date plan approved by secretary (effective date of plan):

]

month day  year

Plan expires on: . . KDHE application number .

month day  year

KDHE permit number

The goal of nutrient utilization is to protect all ground and surface water and the soils and
public health of this state from impairment from swine facilities. To that end, all application of
swine waste must be in accordance with agronomic application rates determined by the Kansas
secretary of agriculture. This form will be used to address site-specific conditions for land
application of manure, wastewater and other nutrient sources and must comply with Section 6 of
House Bill 2950.

Please complete the following form. PLEASE PRINT OR TYPE.

L Name, address, and telephone number of the facility that plans to supply swine waste to
be applied to land.
Name
Address Zip
County Phone

animal unit capacity for facility

December 15, 1998
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Please identify all land areas to which swine waste may be applied. (Attach additional
pages as needed to identify all land areas.)

Section Township Range
Section Township Range
Section Township Range
Section Township Range
Section Township Range
Section Township Range
Section Township Range
Section Township Range
Section Township Range
Section Township Range

Is the swine facility the owner of the land to which swine waste will be applied?
yes no

If you answered no above, who is the owner of the land?

Name
Address
County Phone

Please provide a detailed description of the method of the application of swine waste to
land:

Does your method of application include mixing swine waste with irrigation water?
yes no

If you answered yes to number six, do you have a valid chemigation permit?
yes no

December 15, 1998 Page 2
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10.

11.

12,

13.

Do you agree not to apply swine waste to frozen or saturated soil except where soil
conservation practices to control runoff are followed?
yes no

Do you agree not to apply swine waste to highly erodible land except in accordance with
a conservation plan that complies with the federal food security act of 19857
yes no

Do you agree to incorporate swine waste into soil within 24 hours after applying to bare
ground if the application is within 1,000 feet of any habitable structure, wildlife refuge or
city, county, state or federal park?

yes no

If you answered no to number 10 above, please identify whether you have a KDHE
approved odor reduction plan, a KDHE approved innovative treatment plan, or have been
provided with a written waiver by the owner of the habitable structure?

Do you agree not to apply swine waste during a rain storm unless soil conservation
practices to control erosion and runoff are employed?
yes no

Name, address and telephone number of individual who ensures that the correct
agronomic application rate is used.

AMENDMENTS

Any changes to this form between the effective date of the plan and the expiration date of the
plan must be attached as an Amendment. Each Amendment must clearly specify which section
of the form it amends.

REQUIRED ATTACHMENTS:

A.

B.

G

A site map for the intended location of waste application
Copies of all written agreements with parties involved in the application of waste.

Description of crop rotations on all land to which swine waste is applied

December 15, 1998 Page 3
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Baseline and annual records of soil tests for each successive year. Each baseline and
annual sampling event shall include a completed chain of custody form and laboratory
report. Each chain of custody form must include, the date of sampling, a description of
each sample collected, including the location, requested analytical method(s), the
signature of the person who conducted the sampling, and all other relevant or appropriate
information. Each laboratory report shall include the date of analysis, a sample
identification that can be matched with the chain of custody, the analytical method(s)
used, the result and corresponding units, the signature of the person conduction the
analysis, and all other relevant or appropriate information.

Baseline and annual records of manure nutrient analysis for the two years following
approval of the plan. Each baseline and annual sampling event shall include a laboratory
report. Each laboratory report shall include the date of analysis, the analytical method(s)
used, the result and corresponding units, the signature of the person conducting the
analysis, and all other relevant or appropriate information. If book values are used, cite
the publication from which the values were derived.

Calculations comparing manure nutrient analysis with soil test results to calculate needed
fertility and application rates for pasture production and crop target yields (completed
work sheet.)

Rates, methods, frequency and timing of application of manure, wastewater and other
nutrient sources

Amounts of nitrogen and phosphorus applied.

Precipitation records and amounts of irrigation and other water applied.
Inspection and maintenance records.

Training records.

Conservation plans for each field applicable to numbers 8, 9 and 12 of this plan.

December 15, 1998 Page 4
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Nutrient Utilization Plan Workshect (One per field) Year:
New []
Producer/Farm Name: County:
Amended [
Estimated Annual Swine Waste Application (Tons or Gallons):
KDHE Permit Field ID: Acreage:
or
Application No: Category: Maximum P Soil Test Level (ppm P):
Col A Col B ColC ColD Col E Col F Col G ColH Col l Col J Col K
Year Crop/Veg Expected Estimated Estimated Soil Test Basis of Allowable Swine Waste Net Total
Yield N Removal P,O; P (ppm P) | Application | N or P,0O; Application Addition Swine Waste
Removal Rate Application Rate (loss) Applied
Bray-1 P,O.
Mehlich-3 Solids tons/ac Solids - Tons
Units/acre | Ibs/acre Ibs/acre Oisen N or P,0O; Ibs/acre Lq 1000 galfac | Ibs P,Os/ac | Lq -1000 gal
“wnlﬁw %‘W N Factor (Table 2, P,0O, Factor Circle Above | Table 3, Instructions Circle Above Col I X P,Os Circle Above
page 9) x Col C (Table 2, page 9) From lab page 10 Page 7 Col H / Factor Factor(Table 4,
x Col C Analysis (Table 4, page 11) page 11)-Col E | Col | x Acres

/-4
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. Ltructions For Nutrient Utilization Plan Worksheet

/-4

I. TITLE BOX OF WORKSHEET:

1. KDHE Permit or Application No:
Enter the appropriate number if it is available

2. Field ID and Acres:

Use a name or number to identify the field and record the number
~ of acres in the field.

3. Category and Maximum P soil test level (ppm P):
Bray-1; Mehlich-3 or Olsen equivalent.
This is the category and soil test P level above which no swine
waste should be applied.
Reference: Table 1, page 8

COLUMN A: Year

Enter the year(s) for which you are estimating the
nutrient application and removal.

COLUMN B: Crop/Veg

Enter the crop(s) to be grown for the year listed
in Col A.

COLUMN C: Expected Yield

Enter the expected yield of the crop listed in Col B.

COLUMN D:

COLUMN E:

COLUMN F:

COLUMN G:

Estimated N Removal
(If using P,0O, removal, use Col E).

Reference: Table 2, page 9
Select the crop and N removal per unit of crop and
multiply the N factor by Col C.

Estimated P,O; Removal
(If using N removal, use Col D).

Reference: Table 2, page 9
Select the crop and P,0, removal per unit of crop and
multiply the P,O; factor by Col C.

Soil Test P (ppm P)

Enter beginning Soil Test P Level (ppm P) from soil test
analysis for the first year (Circle the test used).

For subsequent years, refer to Column F on page 2.

Basis of Application Rate
Reference: Table 3, page 10

Enter the basis for the optimum swine waste application
rate.

December 15, 1998
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UMN H: Allowable N or P,0; application
4. If Col G is based on N recommendation use A (below)
5. If Col G is based on P,0; recommendation use B (next
column)

A. NRec=(YG x Factor x STA) - PCA - PYM - PNST

N Rec =
YG =
Factor =

STA =

PCA =

PYM =

PNST =

Nitrogen recommended in Lbs/A.
Yield Goal (Col C)
From Table 5, page 11 (attached) depending on
the crop.
If the crop is a legume go to B (next column).
Soil Texture Adjustment:
1.1 for sandy soil
1.0 for medium & fine textured soil.
Previous Crop Adjustment
100 1bs/A for Alfalfa or Sweet Clover
50 Ibs/A for Red Clover
30 Ibs/A for Soybeans
20 Ibs/A for Fallow
0 Ibs/A for all other crops
Previous Year’s swine waste
50 1bs for last year
20 1Ibs for 2 years ago
0 1bs for no swine waste history
Profile Nitrogen Soil Test Results
(For the required 24 inch sampling depth)
Where:
Surface: ppm N x .3 x depth (inches) = Ibs/A
Subsoil: ppm N x .3 x depth (inches) = Ibs/A
Total: = Surface + Subsoil in 1bs/A

Example: If the crop is corn and the expected yield is 140
Bu/A, soil texture is silt loam, previous crop is corn, no
previous swine waste and the soil test results are 12 ppm for
the surface and 6 ppm for the subsoil.
Then: PNST is (12 ppm N x .3 x 6 inches) +
(6 ppm N x .3 x 18 inches) = 54 1bs/A
N Rec= (YG x Factor x STA) - PCA - PYM - PNST
(140x135x1.0)-0-0-54
(189 - 54) =135 Ibs/A
If the swine waste application basis is Soil Test P:
1. ColE (x) Col G
2. If the Soil Test P Level is below 50 ppm P, use 1.5
times P,0; removal rate for a perennial legume
crop, or 1 times agronomic N rate for an annual
legume crop or previous to establishment of a
perennial legume crop.

COLUMN 1I: Swine Waste Application (tons/acre or 1000 gal/acre)

1. If Col Gis N basis, then Col H divided by N Factor
(Table 4, page 11)

2. If Col Gis P basis, then Col H divided by P,0Os
Factor (Table 4, page 11)

COLUMN J: Net Addition (loss) of P,0;

1. If Col Gis N basis, then Col I x P,O; Factor (Table
4, page 6) - Col E
2. IfCol GisP basis, then (Col H - Col E)

COLUMN F: For the following year: (estimated)

Bray-1 or Mehlich-3: (Col J divided by 11.5 +
current year Col F).
Olsen: (Col J divided by 30.0 + current year Col F).

COLUMN K: Total Swine Waste Applied(tons or 1000 gal)

(Col I x Acres in field)

December 15, 1998
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able 1: Maximum P Soil Test Level (ppm P)

Enter in the top section of the Nutrient Utilization Plan Worksheet

A. Category Number

B. Maximum P level (The Soil Test P level above which no Swine Waste should be applied)

Average Annual Rainfall

_

0 to 5%

Greater
than 5 %

Maximum P level
200
Mehlich-3: 200

Bray-1:

Olsen:

Category 2
Intermediate Vulnerability
for Runoff

Maximum P level
150
Mehlich-3: 150

Bray-1:

Olsen:

76

57

December 15, 1998

Maximum P level
Bray-1: 150
Mehlich-3: 150

Olsen: 57

Category 3

Greatest Vulnerability

for Runoff

Maximum P level

Bray-1: 100

Mehlich-3: 100

Olsen: 38

Land slope
in Percent Less than 22 inches 22 to 30 inches: Greater than 30 inches
Category 1 Category 2
Lowest Vulnerability Intermediate Vulnerability
for Runoff for Runoff

Category 3

Greatest Vulnerability

for Runoff

Maximum P level

Bray-1: 100
Mehlich-3: 100
Olsen: 38

/-417.

Page 8



/-50

Table 2. Nitrogen & P,O5 Removed in Harvested Crop
Crop Unit N P,0; Crop Unit N P,04
Feed Grains: B Small Grains: —
Com lIbs/bu .80 39 Barley, Spring lbs/bu 1.10 39
Grain Sorghum Ibs/cwt 1.50 .76 Oats lbs/bu .80 25
Grain Sorghum Ibs/bu 84 41 Rye lbs/bu 117 34
Triticale lIbs/bu LiE 34
Forages: Wheat lbs/bu 1.40 .50
Bermudagrass (hybrid) Ibs/ton 46.00 12.00
~ Bromegrass Ibs/ton 36.00 13.01 Specialty Crops:
Corn Silage Ibs/ton 8.30 3.45 Canola Ibs/bu 1.88 .92
Fescue, Tall Ibs/ton 38.00 18.00 Cotton Ibs/bale 31.00 12.09
Sorghum/Sudangrass Ibs/ton 40.00 15.00 Flax Ibs/bu 2.00 .85
Wheat Silage lbs/ton Potatoes Ibs/cwt 35 .16
Sugar Beets Ibs/ton 4.20 1.49
Legumes: Sunflowers Ibs/cwt 3.60 1.69
Alfalfa Ibs/ton 56.00 15.00
Clover, Red 1bs/ton 40.00 10.08
Soybeans lbs/bu 4.00 .80
From: Plant Food Uptake (PFU) for Great Plains Crops, Potash &
Phosphate Institute.

December 15, 1998
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Table 3:

Soil Test Phosphorus Level (ppm P)

Basis for Swine Waste Application Rate

Enter in Column G:

Runoff Vulnerability Category from Table 1

Bray-1 or Mehlich-3

Olsen Category 1

Category 2

] Category 3

Use 1.5 x P,0, removal rate:

For legumes: (alfalfa, soybeans, clover, etc)

Use 1.0 x Agronomic N Require: Annual legumes or prior to establishment of perennial legume.

Perennial legume crops.

For all other crops

0-19 Use 1.0 x Agron N Require. Use 1.0 x Agron N Require. Use 1.0 x Agron N Require.
51-75 20-29 Use 1.5 times P,0, removal Use 1.5 times P,0, removal Use 1.5 times P,0, removal
76 - 100 30-38 " Use 1.5 times P,0; removal Use 1.5 times P,0; removal Use 1.0 times P,0, removal
101 - 150 39-57 Use 1.5 times P,0, removal Use 1.0 times P,0, removal Use No Swine Waste
151 - 200 58 -176 Use 1.0 times P,0; re_mm}al Use No Swine Waste Use No Swine Waste
Over 200 Over 76 Use No Swine Waste Use No Swine Waste Use No Swine Waste

December 15, 1998
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ble 4. Available N & P From Swine Manure

Solid Handling System N P,0;
Without Bedding: Ibs/ton Ibs/ton
Incorporated 5.8 9.2
Surface Applied 2.8 9.2
With Bedding:
Incorporated 4.7 7.1
Surface Applied e 7.1
I{El-lid Handling System 1bs/1000 gal. 1bs/1000 gal.
Liquid Pit:
Incorporated 94.6 LIS
Surface Applied 40.7 113.1
Lagoon:
Incorporated 10.8 8.6
Surface Applied 4.6 8.6

Conversion factor: 27,154 gallons = 1 acre-inch

From: Ohio State Bulletin AGF-208-95
25% of NH,-N available when surface applied

Assumptions:

75% of NH,-N available when incorporated
i 33% of organic N available the first year

Table 5. Factors for Calculating Nitrogen
Requirement of Different Crops Based
on Expected Yield

Crop Yield in Units Factor

Barley, grain bu/acre 1.05

Bermuda grass tons/acre 40.00

Brome grass tons/acre 40.00

Corn, grain bu/acre 1.35

Cormm, silage tons/acre 9.00

Fescue, hay tons/acre 40.00

Grain Sorghum, grain bu/acre 1.25

Grain Sorghum, silage tons/acre 9.00

Oats, grain bu/acre 1.05

Sunflowers cwt/acre 5.00

Wheat, grain bu/acre 1.75

For any crop not listed, consult the KS Dept. Of Agriculture

December 15, 1998
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V. Environmental Impact of Land Application of Animal Wastes

Team Leader
Alan Schiegel, Professor, Southwest Research-Extension Center

Summary

Animal wastes have been successfully used as agricultural soil amendments and nutrient sources
for centuries. The potential for animal wastes to recycle nutrients, build soil quality, and maintain crop
" productivity is well established. A growing concern is that changes in livestock production systems, larger
and more concentrated operations, may create potential environmental problems because of excessive
amounts of animal wastes in localized areas.

The number of swine in Kansas was more than 2 million hogs and pigs in 1989 compared to about
1.6 million head in 1998. The number of swine producers has decreased by about 50% since 1993
although the size of operations has increased. The concentration of animal feeding is not limited to the
swine industry since about 90% of the fed cattle in Kansas are marketed by large feedlots (more than 8000
head capacity). Daily manure production has been estimated to be about 1 million pounds (dry matter)
from finishing swine and more than 10 million pounds from feedlot cattle.

The only viable alternative, in most instances, for disposal of animal wastes is land application.
There is been growing public concern that land application of animal wastes may adversely affect the
environment. Two particular concerns are nitrate leaching into the groundwater and phosphorus running
off into surface waters. Nitrates in groundwater are a human health concern while phosphorus in surface
water increases eutrophication, which decreases the waters use for drinking, wildlife, and recreation. Since
animal wastes are bulky and expensive to transport, there is an economic incentive to dispose of them as
near as possible to the feeding facilities. With increases in large confined feeding operations, there is
increased concern for excessive application of manure causing environmental degradation.

Nitrate is a mobile form of nitrogen (not adsorbed to soil particles) and will move freely in water.
Therefore, whenever water moves through soil it will pick up and transport nitrate (nitrate leaching).
Nitrate leaching will pose greater problems in well-drained soils (such as sands) that receive abundant N
applications (either from manure or commercial fertilizer) in areas with high rainfall (or irrigation) and
with shallow depths to groundwater.

In Kansas, there has been no reported research evaluating application of swine waste on nitrate
leaching; however, there have been several studies that examined the impact of beef wastes on nitrate
movement. In a study near Pratt, four years of beef manure applications at high rates (300 ton/year) caused
nitrate movement to a depth of about 7 feet, but little indication of deeper movement. This high rate of
manure depressed crop growth and contained more than 5,000 Ib N/acre or about 20 times the amount
needed for crop growth. Application of manure at a rate that corresponded to crop requirements (about 12
ton/acre) or even several times greater increased crop growth with little or no nitrate accumulation below
the crop root zone. Similar results were reported in Texas where 10 ton/acre of cattle manure was the
optimum rate for corn and sorghum production (Mathers and Stewart, 1974). Application of effluent water
from a beef lagoon at a rate of 6 inch/yr produced maximum corn forage yield in Kansas without nitrate
accumulation in the soil (Wallingford et al., 1974). The rate of effluent water that could be safely applied
would vary because of differences in N concentration in effluent water. For instance, N concentrations in
lagoons sampled in Kansas ranged from 16 to 543 ppm, with 90% in the ammonium form (Murphy et al.,
1973).

The amount of nitrate leaching is a function of N applied rather than type of manure. Nitrate
movement was found to be similar for beef and swine manure when compared at similar N rates (Evans et
al., 1977). In Oklahoma, Sharpley et al. (1991) found minimal nitrate leaching following long-term (up to
15 years) application of poultry and swine manure at moderate rates (100 to 275 1b N/acre).

Land application of animal wastes at rates greatly exceeding crop requirements increased the
potential for nitrate leaching. However, when manure applications were limited to the crop N -
requirements, there was little indication that nitrate leaching was a threat to groundwater from any manure
source. This indicates that land application of animal manures using a ‘utilization’ approach rather than as



a disposal mechanism will minimize potential nitrate leaching problems.

Another environmental concern associated with animal manures is phosphorus runoff into surface
waters. Unlike nitrate, phosphorus loss from soil is not a human health concern. Instead, the concern is
that P increases eutrophication of fresh water streams and lakes. The problems are most severe where
water movement from soil to surface water is greatest and where soil P levels are highest.

Surface water runoff is the major cause of P loss from soil, although P losses are generally less
than 5% of applied P. Surface water runoff contains both particulate and dissolved P. Particulate P is the
P associated with soil particles and P loss is part of soil erosion during runoff events, As erosion increases,
the particulate P concentration of runoff increases. From cultivated fields, particulate P in sediments
...constitutes 60 to 90% of the P loss. In grasslands, with little soil erosion, dissolved P is the major form of
P loss. Dissolved P can also be the major loss mechanism in no-till systems.

The timing of P applications affects P loss in runoff. The major portion of P loss in runoff
generally results from one or two intense storms. When P applications are made during the time of the year
when intense storms are most likely, then the potential for greater P loss is increased (Edwards et al.,

1992). Another factor that influences P loss from manure is the length of time between manure application
and the first storm. Westerman and Overcash (1980) found a 90% reduction in P loss from poultry and
swine manure applications when simulated rainfall was delayed from 1 hour to 3 days after manure application

Phosphorus loss from agricultural land can be minimized by controlling runoff and erosion.
Phosphorus loss in runoff can be 5 times greater with surface applications of manure than with injection or
incorporation. Conservation tillage can reduce erosion and runoff; however, soluble P losses can be
greater from no-till than conventional tillage systems. Additional measures to control runoff include buffer
strips, riparian zones, terraces, contour tillage, and cover crops. These practices are generally more
efficient in controlling particulate than dissolved P loss

Loss of dissolved P is dependent on the soil P content of the surface soil. Sharpley et al. (1996)
showed a highly significant linear relationship between dissolved P concentration in runoff and soil P
content of the surface soil (0 to 2-inch depth). They showed that 1 ppm dissolved P concentration in runoff
would be associated with a soil test P (Mehlich 3) of about 200 ppm. This soil test value is about four
times greater than needed to produce optimal crop growth.

Applying manure based on crop N requirements increases P accumulation in the soil. The N:P
ratio of fresh manure is about 3:1 for swine and beef and about 2:1 for poultry. However, the N:P
requirement of grain crops is about 8:1. So, even if all of the nutrients in fresh manure were available for
crop growth (and for N, generally less than 50% is available the first year), manure applied at rates to meet
crop N requirements would result in P rates several times greater than crop needs. A compounding
problem is that manure N is much more subject to loss in storage and application than is manure P. The
magnitude of N losses in storage have been reported to be 30-90% for aerated systems, 10-75% for
anaerobic systems, and 25-99% from feedlot surfaces (Vanderholm, 1975). Also, surface applications of
manure without incorporation may result in N losses up to 90% compared to less than 15% with disk
incorporation. '

The most direct method for reducing P accumulation in soil is to apply lower rates of manure.
Basing manure application rates on crop P rather than N requirements reduce application rates several-fold,
which prevents excessive P accumulation and reduces the risk of nitrate leaching. However, this approach
requires more land area for manure application and increases handling and transportation costs.

Soluble salts and sodium from animal wastes can cause problems for crop growth and soil tilth
when excessive levels accumulate in the soil. The salt content of the soil should be routinely monitored
when applying animal wastes. However, salinity problems can generally be avoided by limiting application
of animal manures to rates that meet, but don’t exceed, crop nutrient requirements.

Land application of animal manures may also impact the heavy metal status of soils. Copper (Cu)
and zinc (Zn) are added to swine feed to improve animal performance, which increases the concentration in
the waste. However, the use of animal wastes generally poses less of a problem with heavy metal
contamination than the use of municipal wastes. Toxicity problems from Cu and Zn can be avoided by
limiting their use as feed additives and avoiding excessive rates of manure application.



Introduction

Animal wastes have been successfully used as agricultural soil amendments and nutrient sources
for centuries. For almost 2,000 years, until the advent of chemical fertilizers in the 1940°s, animal wastes
were one of the primary sources of plant nutrients for the world’s agriculture (Sims, 1995). The potential
for animal wastes to recycle nutrients, build soil quality, and maintain crop productivity is well established.
A growing concern is that changes in livestock production systems may create potential environmental
problems because of excessive amounts of animal wastes in localized areas. The trend in animal
production is towards confined feeding operations concentrated in specific geographic regions.

The number of hogs and pigs in the U.S. increased 7% from 1996 (56 million head) to 1997
(about 60 million head) [Kansas Agricultural Statistics 1997]. However, this increase was not uniform
across the country. Of the 17 major swine producing states, the number of hogs and pigs increased 15% in
Iowa and 24% in Oklahoma, in contrast to a decrease of 10% in Georgia and 9% in Wisconsin.

The number of swine in Kansas declined from more than 2 million hogs and pigs in 1989 to about
1.2 million head in 1995 (Kansas Agricultural Statistics, 1990, 1996). Since then, the number of hogs and
pigs has increased to about 1.4 million in 1996 and 1.59 million in 1998 (Dec. 1) [Kansas Agricultural
Statistics, 1998]. However, the number of swine producers has steadily decreased. There were about
5,300 swine operations in Kansas in 1993 compared to about 2,600 in 1998. This decrease occurred for all
size groups, except for those in excess of 5,000 head. The number of small operations (less than 500 head)
has decreased from 4,700 in 1993 to about 2,200 in 1998. These small operations accounted for about
35% of the swine inventory in 1993 compared to only 14% in 1998. In contrast, operations having more
than 2,000 hogs and pigs accounted for 36% of the inventory in 1993 compared to 71% of the hog and pig
inventory in 1998. The swine operations that are increasing in number are those with more than 5,000
hogs and pigs, while few in number (30), they accounted for 49% of the hog and pig inventory in Kansas in
1997.

The number of cattle in Kansas has also increased during the past five years. In 1993, there were
5.9 million cattle compared to over 6.5 million in 1997. An area that has seen greater growth is the number
of fed cattle marketed which increased from 4.2 million in 1993 to 5.2 million in 1997. In fact, the
concentration of cattle feeding in large operations is more pronounced than with swine. Cattle feedlots
with capacities greater than 8,000 head market about 90% of the fed cattle in Kansas.

With the large numbers of livestock in Kansas, there are considerable amounts of manure
produced. Daily manure production (wet weight) from various animals is about 65 1b/animal unit (1,000 1b
live weight basis) for growing swine, 60 b for beef cattle, 82 Ib for dairy cattle, and 300 Ib for poultry
(Midwest Plan Service, 1985). Livestock manures are about 10 to 15% dry matter. The N content of fresh
manure is about the same (10 to 14 Ib/ton wet weight) for swine, beef and dairy cattle, and poultry. For
perspective, 80 finishing pigs, 18 feedlot steers, 12 dairy cows, or 2,400 broilers produce one ton of
manure-N/year. Phosphorus content is more variable with about 1.7 1b/ton (wet weight basis) for dairy
manure, 3 Ib/ton for beef cattle and poultry wastes, and 4.8 Ib/ton for swine manure. Manure production in
Kansas has been estimated to be about 1 million pounds (dry matter) from finishing swine and more than
10 million pounds from feedlot cattle daily. Another consideration is that not all of the nutrients in manure
are readily available for plant growth. For instance, most of the N in manure is organic N, which must be
mineralized to inorganic N before being taken up by plants. In a study in western Kansas, Herron and
Erhart (1965) found that less than half of the N in beef feedlot manure was available for plant growth the
first year after application (11 out of 31 1b N/ton). But they also reported a residual benefit from manure
lasting up to four years.

Land application of animal wastes

The only viable alternative, in most instances, for disposal of animal wastes is land application.
During the past decade, there has been growing public concern that land application of animal wastes may
adversely affect the environment. Two concerns in particular involve water contamination, either
groundwater contamination by nitrate that has leached through the soil or contamination of surface water
by phosphorus that has been transported from manured fields by surface runoff. This has been exacerbated
by the continued concentration of animal production in large operations in localized areas. Animal wastes
are bulky, heterogeneous, and relatively low analysis fertilizer materials. This creates tremendous
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logistical problems to store, handle, transport, and apply animal wastes in an economic manner regardless
of environmental concerns. Therefore, there is an economic incentive to apply animal wastes as near as
possible to the feeding operation at high rates, in effect a disposal approach. Since excessive applications
of animal wastes can cause environmental degradation, the potential for environmental degradation is
greater for large confined animal feeding operations. Following is a review of the literature (emphasizing
research conducted in Kansas) as it pertains to the impact of land application of animal waste on the
environment. The particular focus was the impact of swine waste on environmental quality.

Potential Environmental Problems

Nitrate leaching

Nitrate-N in water can cause a public health risk (methemoglobinemia) associated with
consumption of water containing high nitrate-N by infants. The public health standard for
nitrate-N in drinking water is 10 mg/L (ppm). Nitrate is a mobile form of nitrogen (not adsorbed
to soil particles) and will move freely in water. When water moves through soil it will pick up
and transport (leach) nitrate if it is present. This becomes a problem when the downward
movement of nitrate exceeds the crop rooting depth. Therefore, nitrate leaching will pose greater
problems in well-drained soils (such as sands) that receive abundant N applications (either as
commercial fertilizer or animal wastes) in areas with high rainfall (or irrigation) and with
shallow depths to groundwater. Numerous studies have evaluated the potential for accumulation
and movement of nitrate through the soil profile caused by application of animal manures. A few
specific studies are described below to illustrate the potential impact of land application of
animal wastes on nitrate leaching.

In Kansas, there has been no reported research evaluating application of swine waste on
nitrate leaching; however, there have been several studies that examined the impact of beef
wastes on nitrate movement. Beginning in 1969, beef feedlot waste was applied to a silty clay
loam soil at rates that after 4 years ranged from 114 to 2750 metric tons/ha (50 to 1230 tons/acre)
near Pratt, KS (Wallingford et al., 1975). The objectives of the study were to determine the
impact of disposal of beef feedlot manure on irrigated corn and soil chemical properties. The
manure was either applied annually at rates of about 28 to 688 metric tons/ha (12.5 to 307
tons/acre) or a single application of 123 to 590 metric tons/ha (55 to 263 tons/acre) applied at the
start of the study. Average N concentration of the manure was 0.92%, which would have
supplied a total of 1050 to 25,000 kg N/ha (or 940 to 22,500 1b N/acre). All treatments except
the lowest one supplied N in excess of what could be removed by the corn forage and the excess
N was subject to leaching. After three years of annual applications, all treatments except the
lowest one showed evidence of nitrate movement to 160 cm (64 inches). The higher rates of
annual manure application also showed nitrate movement to 190 cm (76 inches), but little
indication of leaching to lower depths. Significant nitrate leaching was also observed from a
single manure application. Nitrate analysis taken 3 years after a single manure application of 230
metric tons/ha (103 tons/acre) found increased nitrate at the 160 to 200 cm (64 to 80 inches)
depth under plots that had received 481 metric tons/ha (215 tons/acre). The nitrate concentration
was over 20 ppm at the 200 cm (80 inches) depth for the 481 metric tons/ha (215 tons/acre) rate
compared to less than 5 ppm for the control. There was also some indication of elevated nitrate
levels to 300 cm (120 inches). With respect to crop response, corn forage yield was enhanced by
annual manure rates of 28 to 68 metric tons/ha (12.5 to 30 tons/acre) and depressed by higher
rates.

In a companion study in the same area, Wallingford et al. (1974) also evaluated the effect
of lagoon water from a beef feedlot on corn forage and soil chemical properties. Lagoon water at
rates of 0, 8, 15, 26, and 46 cm/yr (0, 3, 6, 10, and 18 inches/yr) were applied for 2 years. The N
concentration of the lagoon water averaged 59 ppm ammonium and 16 ppm nitrate-N. However,
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they noted considerable variability in N concentration of the lagoon water used during the study
with ammonium concentrations ranging from 4 to 179 ppm and nitrate concentrations ranging
from 1 to 63 ppm. To determine if this amount of variation was typical, they sampled lagoons at
12 other locations and found similar variation in composition from one year to the next and
between lagoons. Total inorganic N (ammonium plus nitrate) in the other lagoons ranged from
16 to 543 ppm with over 90% in the ammonium form (Murphy et al., 1973). After 1 year of
application, all plots that received lagoon water had higher nitrate-N concentrations at the 10 and
30 cm (4 to 12 inches) depths than did the control plots, although there was no indication of
..nitrate leaching past 30 cm (12 inches). After 2 years, soil nitrate was increased to a depth of 50
cm (20 inches) for all rates of application. The 26 and 46 cm/yr (10 and 18 inches/yr) rates
caused particularly high nitrate concentrations at 10 and 30 cm (4 to 12 inch) depths (above 20
ppm). A nitrate peak (above 10 ppm) was also observed at 100 cm (40 inch) under the plots that
received 46 cm/yr (18 inch/yr) and a less well defined peak at 240 cm (96 inches). They
concluded that disposal rates of 26 cm/yr (10 inches/yr) or more caused significant accumulation
of nitrate in the soil profile and that maximum yield of corn forage was obtained with a rate of 15
cm/yr (6 inches/yr).

In a later study in Kansas, Schlegel (1992) evaluated the effect of composted beef feedlot
manure on sorghum growth and soil chemical properties. The application rates in this study were
much lower than the previous studies to better evaluate utilization rather than disposal of manure.
Composted manure was applied annually at rates up to 16 metric tons/ha (7.2 tons/acre) alone or
with commercial N fertilizer at rates up to 180 kg/ha (160 Ib/acre) to a furrow-irrigated silt loam
soil near Tribune, KS. The compost had a N content of about 1.4%, which corresponded to an
annual N rate of about 225 kg N/ha (200 Ib/acre) for the highest compost rate. Soil nitrate
measurements taken after four years of annual application found no increase in soil nitrate at any
depth to 300 cm (120 inches) from compost applications. However, increases in soil nitrate
below 150 cm (60 inches) were observed after 4 years from application of commercial N
fertilizer at the 180 kg/ha (160 1b/acre) rate. Sutton et al. (1978) reported similar results when
comparing liquid swine waste to inorganic fertilizer in Indiana. They found greater downward
movement of nitrate from inorganic fertilizer than from liquid swine manure even though the N
application rate of the swine manure was over twice the amount in the inorganic fertilizer.
Although in both instances the amount of nitrate movement was relatively small and not
considered detrimental.

Researchers in other states have also evaluated the effect of manure disposal from beef
feedlots on nitrate leaching. Mathers and Stewart (1974) applied beef feedlot manure at rates 0,
22,45, 112, and 224 metric tons/yr (0, 10, 20, 50, and 100 tons/acre) annually for 3 successive
years to irrigated corn in western Texas. The N content of the manure ranged from 1.0 to 1.8%
with an average of 1.37%. The total amount of N added in manure in the 3 years was 900 to
9000 kg/ha (800 to 8000 Ib/acre). The 22 and 45 metric tons/ha (10 and 20 tons/acre) rate
maintained soil nitrate at a fairly constant level over the 3-yr period, but higher rates caused large
accumulations of nitrate in the soil profile. Accumulations of soil nitrate were small the first
year but increased markedly each successive year. After 3 years of applying 224 metric tons/ha
(100 tons/acre) , there was over 1300 kg/ha (1160 Ib/acre) of nitrate in the top 180 cm (72
inches) of soil compared to about 200 kg/ha (180 Ib/acre) at the start of the study. For the 112
metric ton/ha (50 tons/acre) rate, soil nitrate was over 900 kg/ha (800 Ib/acre) in the top 180 cm
(72 inches) of soil. They noted a peak of nitrate concentration at a depth of about 45 cm (18
inches) of 60 and 85 ppm nitrate-N for the 112 and 224 metric ton/ha (50 and 100 tons/acre)
rates, respectively; and significant nitrate accumulation below 180 cm (72 inches) to a depth of
360 cm (144 inches). Nitrate concentrations were above 10 ppm at the 360 cm (144 inches)
depth for the 112 and 224 metric tons/ha (50 and 100 tons/acre) application rates. Only small
differences in nitrate levels were observed below 360 cm (144 inches) to a depth of 600 cm (240
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inches) indicating that only small amounts of nitrate had leached below 360 cm (144 inches).
Total nitrate in the soil from 30 to 360 cm (12 to 144 inches) was 1260 kg/ha (1125 Ib/acre) for
the 112 metric ton/ha (50 tons/acre) rate and 1730 kg/ha (1550 Ib/acre) for the 224 metric ton/ha
(100 tons/acre) rate. This represented about 28 and 19% of the total N added by the two
application rates, respectively. With respect to corn response, the optimum rate of manure was
22 metric tons/ha (10 tons/acre). A companion study was conducted at the same location using
grain sorghum instead of corn as the test crop and similar results were reported (Mathers et al.,
1972).

§ In the study described above (Mathers and Stewart, 1974), manure was also applied at
rates of 448 and 896 metric tons/ha (200 and 400 tons/acre) for 2 years which added a total
amount of N of 12,500 and 25,000 kg/ha (11,200 and 22,400 Ib/acre) , respectively. For
application rates of 224 metric tons/ha (100 tons/acre) or less, soil nitrate increased with
increased application rates. However, this trend did not continue when manure was applied at
higher rates. The authors concluded that application rates could be so great as to inhibit
nitrification, thereby preventing mineralization of ammonium to nitrate. After two applications
of 896 metric tons/ha (400 tons/acre), they found 65 ppm nitrate-N in the top 30 cm (12 inches)
of soil. However, in the next 150 cm (60 inches) of soil, the nitrate-N concentration averaged
only 2.5 ppm. After one season without manure application, the nitrate-N increased to 118 ppm
in the top 120 cm (48 inches) of soil and considerable nitrate was found to 360 cm (144 inches).
They suggested that denitrification occurs when very large applications of manure are made each
year and that when applications stop the large residual N supply is nitrified causing nitrate
accumulation and movement in the soil.

In a more recent study in Colorado, Davis et al. (1997) examined soil properties from 41
fields in the South Platte River Basin that had a history of beef feedlot manure applications.
They categorized the fields by soil type, either sandy soils (22 fields) or clay soils (19 fields).
The manure application rates were 40 to 66 metric tons/ha (18 to 30 tons/acre) for the sandy soils
and 44 to 77 metric tons/ha (20 to 34 tons/acre) on the clay soils. Consequently, they found
greater residual nitrate-N in the clayey than the sandy soils. However, the N content of the
irrigation water was considerably greater for the sandy than clay soils (23 vs. 7 ppm nitrate-N).
So when considering both residual soil N and irrigation water N, the sandy soils had N in excess
of crop needs of 521 kg/ha (465 lb/acre) compared to 292 kg/ha (260 lb/acre) for the clay soils.
They concluded that soil nitrate was excessive and susceptible to leaching losses.

In a higher rainfall area, Evans et al. (1977) compared the effect of disposal of beef
(liquid and solid) and swine (liquid) manures to a silt loam soil in Minnesota. The annual
application rates (wet weight basis) were 224 metric tons/ha (100 tons/acre) for the solid beef
manure and 636 metric tons/ha (284 tons/acre) for the liquid beef and swine manures. Total N
content averaged 3.2% for the solid beef manure, 7.7% for the liquid beef, and 9.8% for the
liquid swine manure (dry weight basis). Because of the difference in N content and total solids
in the wet manures, the total amount of N applied was considerably greater with the liquid beef
manure than the other two. The total amount of N in the manure applications each year was
about 2150 kg/ha (1920 Ib/acre) for solid beef, 5170 kg/ha (4616 Ib/acre) for liquid beef, and
2390 kg/ha (2134 Ib/acre) for liquid swine (far exceeding any crop N requirement indicating
manure disposal rather than utilization was the priority). After one year of manure application,
the nitrate-N levels in the top 90 cm (36 inches) of soil were increased by liquid beef and liquid
swine manures. A peak in soil nitrate concentration was observed at a depth of 45 cm (18
inches) with about 100 ppm nitrate-N for liquid swine and nearly 200 ppm nitrate-N for liquid
beef reflecting the greater amount of N applied in the liquid beef manure treatment. Little
movement of nitrate past 90 cm (36 inches) was reported. After two years of application, nitrate-
N levels were increased to a depth of 240 cm (96 inches) by application of liquid beef manure.
The nitrate levels following application of solid beef and liquid swine manures were similar to



each other but lower than liquid beef, but still nitrate-N levels were increased to a depth of 210
cm (84 inches) compared to a non-manure treatment that received the recommended amount of
inorganic fertilizer. One year after manure applications were stopped, nitrate-N levels to depths
of 360 cm (144 inches) were higher in plots receiving liquid beef manure than from all other
treatments. Nitrate levels in solid beef and liquid swine manure treatments were higher to depths
of 240 cm (96 inches) compared to the inorganic fertilizer treatment. The total amount of N
applied in solid beef manure and liquid swine manure was about the same and nitrate
accumulation in the soil profile were similar in most instances. This indicates that nitrate
...leaching is a function of total N applied rather than type of manure. They concluded that the
application rates were excessive for all manures, resulting in significant nitrate movement below
the rooting depth of corn, usually about 150 cm (60 inches). Greatest nitrate movement occurred
in years with above normal precipitation.

Further north, Gangbazo et al. (1995) evaluated water contamination by swine manure
and commercial fertilizer in Quebec, Canada. Swine manure was applied at twice the crop N
requirement in the fall, spring, or split between the fall and spring. The manure treatments also
received the recommended amount of N as commercial fertilizer, 180 kg N/ha (160 1b/acre) for
corn, so the total N applied was 540 kg/ha (480 Ib/acre) for all manure treatments (3 times the
recommended rate). They found that 98% of nitrate-N loss was by leaching, while 85 to 90% of
ammonium-N loss was by runoff. However, total ammonium-N losses were minimal and never
exceeded 4 kg/ha (3.6 Ib/acre) annually. In contrast, nitrate-N losses were very substantial.
During the second year, fall application of swine manure produced a total annual loss (runoff
plus drainage) of 161 kg nitrate-N/ha (144 Ib/acre) or about 40 mg/L (ppm) compared to 95 kg
nitrate-N/ha (85 lb/acre) or about 24 mg/L (ppm) for fertilizer alone. Nitrate-N losses from
spring manure applications were 176 kg /ha (157 1b/acre) and the highest nitrate-N loss of 196
kg/ha (175 Ib/acre) were with the split application. The amount of nitrate-N loss, in excess of
that from fertilizer alone, represented 18 to 28% of the N contained in the manure. In this study,
nitrate loss was considerable for all treatments, even when fertilizer was applied without manure
at the recommended rate, and application of manure at twice the recommended N rate only
increased the problem.

The potential for nitrate leaching was also reported from excessive applications of swine
lagoon effluent to a loamy sand soil in North Carolina (King et al., 1990). Lagoon effluent was
applied weekly throughout the growing season by sprinkler irrigation to Coastal bermudagrass at
rates to supply approximately 335, 670, and 1340 kg N/ha/yr (300, 600, and 1200 lb/acre/yr) or
approximately 1, 2, and 4 times the recommended N rate for Coastal bermudagrass. After 11
years of application, nitrate-N was significantly increased in the 60 to 210 cm (24 to 84 inches)
depth by the high application rate of effluent indicating excessive effluent application. From a
crop perspective, the high effluent rate was also a problem. Nitrate-N content in the forage at the
end of the study from plots receiving the high effluent rate approached or exceeded the toxic
threshold level for feeding to some ruminant animals (Burns et al., 1990). In the treatments
receiving low and medium rates of effluent, the soil nitrate-N levels were below 5 ppm and
similar to those of the control treatment (no effluent applied). However, earlier in the study, soil
nitrate-N levels ranged up to 20 ppm with the medium effluent rate indicating that this rate of
application may also be excessive (King et al., 1985). The low rate of effluent application (335
kg N/ha/yr or 300 Ib/acre/yr) was not considered to be a risk for groundwater pollution and also
produced acceptable forage yields (Burns et al., 1985).

In the same study, Westerman et al. (1985) reported that the amount of N loss by rainfall
runoff was low. The amount of nitrate-N in rainfall runoff averaged only 2 kg/ha/yr (2
Ib/acre/yr) at the highest effluent rate; therefore rainfall runoff of N was not a serious concern for
surface water pollution. They found similar results when swine manure slurry and lagoon
effluent was applied to tall fescue with less than 2% of applied N loss in runoff (Westerman et



al., 1987). As a component of the effluent application to ‘Coastal’ bermudagrass study, Evans et
al. (1984) reported on subsurface drainage after 5 years of effluent application. In this region a
surface soil (sandy) with high infiltration rate overlays a less permeable clay layer. Most rainfall
(or irrigation water) rapidly infiltrates the surface soil (less than 1% surface runoff) but
downward movement is restricted by the underlying clay layer causing lateral movement as
shallow subsurface flow (about 25% of water input) along the surface of the clay layer.
Subsurface flow tends to establish stream flow or leaches to the groundwater. They found that
the concentration of nitrate-N in subsurface flow was 6, 18, and 27 mg/L for effluent rates
__supplying 325, 650, and 1300 kg N/ha/yr (290, 580, and 1160 lb/acre/yr), respectively. The low
effluent rate (representing the recommended rate of N application for coastal bermudagrass)
maintained the subsurface soil-water quality to within the 10 mg/L standard. They concluded
that effluent rates in excess of crop N requirements were excessive and greatly increased the
potential for contamination of streams and groundwater. '

In a study closer to Kansas (Sharpley et al., 1991) examined the effect of long-term (up
to 15 years) poultry and swine manure application to three Oklahoma silt loam soils. The sites
selected were producers fields with a history of manure applications and were representative of

soils in northeast Oklahoma. Swine manure had been applied at all three sites. The amount of N

applied annually averaged 111, 241, and 308 kg/ha (100, 215, and 275 Ib/acre) at the three sites.
They found no consistent effect of swine manure application on N content of any soil. Although
some nitrate-N (about 10 ppm) was found below 150 cm (60 inches) in one soil. Poultry manure
was applied to one soil at 5.6 metric tons/ha/yr (2.5 tons/acre/yr). The total amount of N applied
annually in the poultry manure was 256 kg/ha (230 1b/acre) and the producer also applied an
additional 200 kg/ha (180 1b/acre) of fertilizer N (the crop was fescue pasture). This was the
highest loading rate of N and nitrate accumulated in the soil with 25 ppm nitrate-N in the 168
to188 cm (67 to 75 inches) depth and 13 ppm in the 188 to 221 ecm (75 to 88 inches) depth
compared to 6 ppm or less in the same soil without manure. In general, they concluded that the
potential contribution of N from the manures to groundwater was minimal but that a greater
concern would be surface water runoff of N and P. :

The potential for nitrate leaching from land application of animal wastes was evident in
all of the research studies reviewed. However, when manure applications were limited to the
crop N requirements, there was little indication that nitrate leaching was a threat to groundwater
from any manure source. Nitrate leaching can be a problem when manures (or any other N-
containing materials) are applied at excessive rates. Land application of animal manures using a
‘utilization’ approach rather than as a disposal mechanism should minimize potential nitrate
leaching problems.

Phosphorus loss from soil

Unlike nitrate, phosphorus loss from soil is not a human health concern. Instead, the
concern is that P increases eutrophication of fresh water streams and lakes. Eutrophication is the
overenrichment of waters with mineral nutrients. Phosphorus is generally the limiting nutrient
for biological productivity in fresh water streams and lakes (in contrast, N is usually most
limiting in marine waters). Excess biological productivity increases growth of undesirable algae
and aquatic weeds, which causes oxygen shortages when they senesce and decompose. This
deteriorates the waters use for drinking, fisheries, recreation, and industry. Limiting P transport
into surface waters is a critical component for reducing eutrophication of fresh water lakes and
streams. Eutrophication has been identified as the critical problem in surface waters in the USA,
with agriculture the major source of nutrients in 50% of the lakes and 60% of the rivers (Parry,
1998). The problems are most severe where water movement from soil to surface water is
greatest and where soil P levels are highest. Since animal manures contain significant quantities



of P, the potential for P loss following manure applications is apparent.

A recent symposium dealt with the issue of P loss and eutrophication (ASA-SSSA-CSSA
1996 Annual meetings in Indianapolis, IN). From this symposium, came several articles that
dealt with the various factors of this issue (Cassell et al., 1998; Correll, 1998; Daniel et al, 1998;
Ertl et al., 1998; Gburek and Sharpley, 1998; Lentz et al., 1998; Parry, 1998; and Sims et al.,
1998). The impact of land application of animal manures on P loss and eutrophication is
reviewed below with some of the information coming from the symposium.

Surface water runoff is the major cause of P loss from soil. Subsurface drainage can
...cause P loss in some soils (such as sandy soils overlaying a clay layer or high organic matter
soils), but not generally a problem with soils in Kansas. Surface water runoff contains both
particulate and dissolved P. Particulate P is the P associated with soil particles and P loss is part
of soil erosion during runoff events. As erosion increases, the particulate P concentration of
runoff increases. The relationship between erosion and particulate P was similar for both
unfertilized grassland and fertilized conventionally tilled wheat fields, although soil and
particulate P loss was approximately two orders of magnitude greater with cultivation (Sharpley
etal., 1992). From cultivated fields, particulate P in sediments constitutes 60 to 90% of the P
loss. In grasslands, with little soil erosion, dissolved P is the major form of P loss. Dissolved P
can also be the major loss mechanism in no-till systems. As soil P increases, the potential for P
loss (both particulate and dissolved) increases. Also, during detachment and movement of soil in
runoff waters, finer-sized soil particles are preferentially eroded. This results in eroded material
having higher P content than the source soil, a process referred to as enrichment. Under
simulated rainfall, the enrichment of total P in runoff from several soils ranged from 1.2 to 2.5
and soil test P from 1.2 to 6.0 (Sharpley, 1985)

Although P losses in runoff are generally less than 5% of applied P, concentrations of
dissolved and total P often exceed critical values associated with accelerated eutrophication (0.05
for dissolved P and 0.1 mg/L for total P) [Sharpley et al. 1994]. In some cases, the background
concentration of P in runoff may exceed these threshold values even for unfertilized native grass
watersheds. Also, P inputs in rainfall can contribute to freshwater eutrophication (Sharpley et
al., 1994). Therefore, water quality criteria should include factors other than just P
concentrations in runoff, such as proximity of P-sensitive waters, runoff potential, and land use
(Daniels et al., 1998). For perspective, the average concentration of P in soil solution is about
0.05 mg/L; however, a solution P concentration of 0.2 to 0.3 mg/L is needed to obtain maximum
yields of some crops (Tisdale et al., 1993).

Field research has shown a relationship between P loss in runoff and rate and method of
P application. An increase in P loss in runoff has been reported with increasing application rate
of fertilizer (Romkens and Nelson, 1974), dairy manure (Mueller et al., 1984), poultry litter
(Edwards and Daniels, 1993; Westerman et al., 1983), and swine manure (Edwards and Daniels,
1994). Phosphorus loss in runoff is much greater with surface applications than when the P-
containing material (fertilizer or manure) is injected or incorporated. The dissolved P
concentration of runoff from areas receiving broadcast fertilizer P were 100 times greater than
when the fertilizer had been injected below the soil surface (Baker and Laflen, 1982).
Incorporation of dairy manure reduced total phosphorus loss in runoff five-fold compared to
broadcast applications without incorporation (Mueller et al., 1984).

The timing of P applications also affects P loss in runoff. The major portion of P loss in
runoff generally results from one or two intense storms. When P applications are made during
the time of the year when intense storms are most likely, then the potential for greater P loss is
increased (Edwards et al., 1992). Runoff P loss was reported to be the greatest during the spring
planting season; a time with intense rains, high P application, and minimum crop cover (Burwell
etal, 1975). Another factor that influences P loss, particularly from manure, is the length of
time between manure application and the first storm. Westerman and Overcash (1980) found a
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90% reduction in P loss from poultry and swine manure applications when simulated rainfall was
delayed from 1 hour to 3 days after manure application. This reduction in P loss was attributed
to increased time for P sorption. However, if manure is applied during the winter (no active
plant growth) and not incorporated, sorption and plant uptake do not occur which increases the
potential for P loss during spring rainstorms. Although, in some cases, manure winter-applied to
plowed land may decrease soil erosion and runoff (Young and Mutchler, 1976).

Loss of dissolved P is dependent on the soil P content of the surface soil. Sharpley et al.
(1996) showed a highly significant linear relationship between dissolved P concentration in

_runoff and soil P content of surface soil (0 to 5 cm or 0 to 2 inch depth). They showed that 1
mg/L dissolved P concentration in runoff would be associated with a soil test P (Mehlich 3) of
about 200 mg/kg (ppm). A flow-weighted-annual dissolved P runoff concentration of 1 mg/L for
agricultural runoff has been proposed in many areas of the country, which is similar to that
required of sewage treatment plants. The |1 mg/L concentration of dissolved P associated with
200 mg/kg soil test P (Mehlich 3) represents an environmental soil test value four-fold greater
than the agronomic critical value of about 50 mg/kg above which addition of fertilizer P will
usually not produce an economic crop response.

Long-term application of P fertilizers and manures at rates that exceed the amount of P
removed by crops results in elevated soil test P levels. Application of dairy manure has
contributed to 200 mg/kg soil test P (Bray-1) levels in Wisconsin (Motschall and Daniel, 1982).
Sharpley et al. (1991) found soil test P (Bray-1) levels of up to 279 mg/kg on soils in Oklahoma
after long-term application of poultry manure and 121 to 147 mg/kg on soils receiving long-term
application of swine manure. King et al. (1990) reported 450 mg/kg soil test P (Mehlich-1) in the
surface soil after 11 years of applying high rates of swine lagoon effluent (total P application was
6100 kg/ha for the 11-year period). This would be about 10 times the level above which no
response to P fertilization would be expected. Schlegel (1992) reported that soil test P (Bray-1)
increased from an initial level of 13 mg/kg up to 67 mg/kg after 3 annual applications of 16
metric tons/ha (7.2 tons/acre) of composted beef manure. Mathers and Stewart (1974) reported
soil test P (sodium bicarbonate) levels in the plow layer of more than 200 mg/kg after 3 years of
applying 224 metric tons/ha (100 tons/acre) of beef manure, but no increases in lower depths.
Application of effluent water (46 cm/year or 18 inch/yr) from a beef feedlot lagoon increased soil
test P (Bray-1) in the surface soil (0 to 10 cm or 0 to 4 inch depth) to about 100 mg/kg after 2
years, but no movement was observed below 10 cm (Wallingford et al. 1974).

Excessive levels of soil test P following long-term manure applications are generally
associated with either manure disposal (excessive rates to minimize land area for application) or
when the application rate has been based on crop N requirements. The N:P ratio of fresh manure
is about 3:1 for swine and beef and about 2:1 for poultry (USDA Agriculture Fact Sheet 345).
However, the N:P requirement of grain crops is about 8:1 (White and Collins, 1982). This
indicates that even if all of the nutrients in fresh manure were available for crop growth (and for
N generally less than 50% is considered available the first year), manure applied at rates to meet
crop N requirements would result in P rates several times greater than crop needs. A
compounding problem is that manure N is much more subject to loss in storage and application
than is manure P. The magnitude of N losses in storage have been reported to be 30-90% for
aerated systems, 10-75% for anaerobic systems, and 25-99% from feedlot surfaces (Vanderholm,
1975). Also, surface applications of manure without incorporation may result in N losses up to
90% compared to less than 15% with disk incorporation. In Kansas, surface applied effluent
from swine lagoons are assumed to have an available N:P ratio of about 1.2:1 when not
incorporated (Kansas Dept. of Agriculture Nutrient Utilization Plan Form). One means of
reducing nutrient loss is to add amendments to manure. Addition of slaked lime or alum to
poultry manure has been shown to reduce ammonia loss and P solubility by several orders of
magnitude (Moore and Miller, 1994).
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Critical values (above which no yield response would be expected) for agronomic soil
test P varies with the analytical test and geographic location (Soil and Plant Analysis Council
1992). Typical critical values for Bray-1 and Mehlich-3 P soil tests are 30 to 50 mg/kg. For the
Olsen P soil test, often used on calcareous soils, critical values usually range from 10 to 15
mg/kg. Several states have set environmental critical values for soil test P. For example, the
critical value for Arkansas is 150 mg/kg (Mehlich-3), for Oklahoma is 130 mg/kg (Mehlich-3),
and Texas is 200 mg/kg (Bray-1) above which limits on P additions are restricted. Only recently,
Kansas set critical values for soil test P of 100 to 200 mg/kg (Bray-1), varying within the state
... depending upon precipitation and slope.

Phosphorus loss from agricultural land can be minimized by controlling runoff and
erosion and by managing phosphorus applications. Conservation tillage practices utilizing
increased residue cover can reduce erosion and runoff. Sharpley et al. (1992) reported reduced
losses of soluble P, particulate P, and bioavailable P in watersheds using practices that
minimized erosion and runoff. However, soluble P losses can be greater from no-till than
conventional tillage systems. In eastern Kansas, Janssen et al. (1999) found greater losses of
soluble and bioavailable P from surface applications of P fertilizers in no-till than ridge-till or
chisel-disk tillage systems. Additional measures to control runoff include buffer strips, riparian
zones, terraces, contour tillage, and cover crops. These practices are generally more efficient in
controlling particulate than dissolved P loss. Another means of reducing loss is to inject or

incorporate P. However, incorporation may conflict with residue requirements of federal farm programs.

The most direct method for reducing P accumulation in soil is to apply lower rates of
manure. Basing manure application rates on crop P rather than N requirements reduces
application rates several-fold. This prevents excessive P accumulation in soil and reduces the
risk of nitrate leaching. However, this approach requires more land area for manure application
and increases handling and transportation costs. Also, this may prevent application on land with
a history of long-term application, since many years are required to lower soil test P levels once
they become very high. '

Phosphorus is transported into surface water whenever water flows from agricultural
fields. Loss of P is increased by increased water flow along the surface of soil having elevated P
concentration. Since the majority of P loss from cultivated fields is in the form of particulate P
associated with soil erosion, conservation practices that limit soil erosion generally reduces P
losses. However, the most direct method for reducing P loss will be to limit P applications to
crop requirements and place the P below the soil surface. Long-term application of excessive
rates of manure (whether by using a disposal rather than utilization approach to manure
application or basing application rates on crop N rather than P requirements) without
incorporation causes the greatest loss of P to surface water. Land application of animal wastes
using a “utilization” approach combined with appropriate conservation practices will limit P
losses to surface waters and minimize the risk of eutrophication.

Soil salinity

Animal wastes vary widely in chemical composition, but generally contain considerable
amounts of total salts. When applied to soil, some of these salts can be used as plant nutrients to
increase productivity but excess salts can create salinity and dispersion problems. Salt-affected
soils are generally divided into 3 groups depending upon total soluble salts (measured by
electrical conductivity), soil pH, and exchangeable sodium (Na) percentage (Lamond and
Whitney, 1991). Saline soils have high amounts of soluble salts (electrical conductivity greater
than 4 mmhos/cm) which reduce seed germination and cause irregular plant growth. Sodic soils
are low in soluble salts but high in exchangeable sodium (greater than 15% exchangeable
sodium). This combination tends to disperse soil particles, causing poor physical characteristics



in sodic soils. Saline-sodic soils have large amounts of total salts and exchangeable sodium.

Excess applications of animal wastes can cause soil salinity problems and is a concern
with land application of animal manures. Wallingford et al. (1974) reported that electrical
conductivity of lagoon water from 12 beef feedlot lagoons in Kansas ranged from 1.0 to 12.8
mmho/cm. They reported decreased yield of corn forage because of increased soil salinity
following two applications of lagoon water (3.1 mmho/cm) at rates of 26 and 46 cm/yr (10 and
18 inch/yr). Maximum yield and nutrient uptake were observed at an application rate of 15
cm/yr (6 inch/yr) with only a small increase in soil salinity. Travis et al. (1971) reported that
...salts increased 200% and infiltration declined to zero in soil columns from four Kansas soils
after inundation with effluent water from a beef feedlot lagoon (electrical conductivity of 13.4
mmho/cm). In a study near Pratt, KS, the electrical conductivity of soil was linearly increased by
application of beef-feedlot manure (Wallingford et al., 1975). Electrical conductivity greater
than 10 mmho/cm was observed following accumulative application of manure at more than
1200 metric tons/ha (535 tons/acre). Plots receiving less than 800 metric tons/ha (350 tons/acre)
showed a gradual but not excessive buildup of soluble salts. Schlegel (1992) reported increased
exchangeable Na concentrations following three annual applications of beef manure compost at
16 metric tons/ha (7.2 tons/acre), but no adverse affect on grain sorghum production in western
Kansas. In this study, the economic optimal compost rate was about 3 metric tons/ha (2.5
tons/acre) (Williams et al., 1994).

Mathers and Stewart (1974) reported increased soil salinity with increased rates of cattle
feedlot manure. After 3 annual applications of 112 metric tons/ha (50 tons/acre) or more, soil
salinity was increased to a high enough level to decrease germination of corn. However, rates of
45 metric tons/ha (20 tons/acre) or less did not increase soil salinity concentrations above that of
the control. They concluded that the optimum manure rate was 22 metric tons/ha (10 tons/acre).
Sutton et al. (1978) reported increased exchangeable Na in two Indiana soils after application of
liquid swine at rates up to 134 metric tons/ha (60 tons/acre) for two years, but no increase in
electrical conductivity in the soil or adverse impact on corn yield. Evans et al. (1977) reported
increases in soil Na and electrical conductivity following two annual applications of solid beef
(224 metric ton/ha or 100 tons/acre), liquid beef (636 metric ton/ha or 280 tons/acre), and liquid
swine manure (636 metric ton/ha or 280 tons/acre). The electrical conductivity of solid beef
manure was 1.9 mmho/cm compared to 3.7 mmho/cm for liquid beef and 5.0 mmho/cm for liquid
swine manure. The sodium content of solid beef manure was also lower than for liquid beef or
liquid swine manure (0.5% for solid beef manure compared to 2.0 and 2.6% for liquid beef and
swine manure, respectively). They found electrical conductivity in soil extracts being greatest
following application of liquid beef manure (more than 3 mmho/cm at some sampling times),
somewhat less with solid beef, and lowest electrical conductivity with liquid swine manure.
Although the salt levels were high enough to cause wilting of young plants, they were not high
enough to depress corn grain yield. King et al. (1985) found little accumulation of Na in the
surface of a sandy soil following six annual applications of high rates (up to 1340 kg N/ha
or1200 Ib/acre) of effluent from swine lagoons. However, they reported accumulation of Na
deeper in the profile indicating that the Na was leached from the surface soil. The maximum
concentration was in the 210 to 240 cm (84 to 96 inch) depth at about 40 mg/kg or about 6% Na
saturation, which was not a high enough concentration to cause soil dispersion.

Soluble salts and Na from animal wastes can cause problems for crop growth and soil
tilth when excessive levels accumulate in the soil. The salt content of the soil should be
routinely monitored when applying animal wastes. However, salinity problems can generally be
avoided by limiting application of animal manures to rates that meet, but don’t exceed, crop
nutrient requirements.



Heavy metals

The potential toxicity of heavy metals in the environment depends on their concentration
in the soil and soil solution (Del Castilho et al., 1993). Research involving heavy metals
concentrations in soils has usually been associated with application of sewage-sludge. However,
land application of animal manures may also impact the heavy metal status of soils. The
solubility of heavy metals in manured soils is of particular concern in areas where animal
manures are applied in excess. In the past, copper (Cu) and zinc (Zn) were added to swine feed
as additives to improve animal performance. Since very little of the heavy metals in the feed are
... retained in the animal, this increased the potential for heavy metal accumulation in the soil. The
normal range of Cu in many plants is 5 to 20 mg/kg, with concentrations greater than 20 mg/kg
causing possible toxicity (Plank, 1979). For Zn, the normal range is 20 to 100 mg/kg with
toxicity generally not occurring until concentrations exceed 200 mg/kg (Plank, 1979). Macnicol
and Beckett (1985) report similar critical values for plant toxicity’s of 21 to 40 mg/kg for Cu and
210 to 560 mg/kg for Zn.

Payne et al. (1988) evaluated the effects of 8 annual applications of Cu-enriched swine
manure on Cu availability in 3 soils in Virginia. The swine feed averaged 251 mg Cu/kg, which
was in the upper portion of the range considered to have growth stimulating effects. Zinc, which
is commonly added to Cu-enriched rations to lessen the risk of Cu toxicity in swine, averaged 65
mg/kg in the feed. The manure averaged about 1300 mg Cu and 300 mg Zn/kg (dry weight
basis), which was comparable to metal concentrations from other manure collected from pigs fed
similar diets. They found that application of Cu either in manure or as fertilizer Cu at rates near
the maximum safe loading rate of 280 kg Cu/ha (250 Ib/acre) caused no decrease in corn yield or
increase in Cu concentration in the grain. The Cu levels in the plant tissues increased less than
2.1 mg/kg with the highest rate of Cu additions and remained within acceptable levels. Soil Cu
increased with increased Cu application but showed little downward movement and a substantial
portion of the applied Cu reverted to forms not available to plants. The lack of adverse effects
from applied Cu was attributed to the relatively high soil pH (greater than 6.1) and to the
conversion of applied Cu to more stable forms that were not available to plants. :

King et al. (1985) reported that application of swine effluent at high rates for six years
affected soil copper (Cu) concentrations, although actual concentrations were low (less than 2
mg/kg). They found evidence of downward movement of Cu due high application rates, but the
treatment effects dissipated after several years. In the same study, Cu concentration in
bermudagrass forage was 8 mg/kg at the low rate of effluent and increased to 10 mg/kg when the
effluent rate was increased four-fold (Burns et al., 1985), but still remained within acceptable
limits. Del Castilho et al. (1993) reported greater concentration of Cu and Zn in the surface soil
following application of cattle-manure slurry (25 metric tons/ha or 11 tons/acre) because of
greater electrical conductivity.

Van der Watt et al. (1994) evaluated the impact of poultry litter on plant uptake of Cu
and Zn using 3 soils in a greenhouse experiment. The poultry litter contained about 1200 mg Cu
and 630 mg Zn/kg and was applied at rates equivalent to 0, 15, 30, and 60 metric tons/ha (7, 13,
and 26 tons/acre). Metal concentration in sorghum plant tissue ranged from 5 to 15 mg Cu/kg
and 19 to 55 mg Zn/kg, all within the normal range. The authors also determined Cu and Zn
concentrations in soils collected from 5 fields with a history of poultry litter applications. In
only one field, a field that had received 6 metric tons/ha (2.7 tons/acre) of poultry litter for 16
years, were Cu and Zn concentrations at possible phytotoxic levels. They concluded that
continuous use of poultry litter involves some risk, but poultry litter can be applied if metal
build-up is monitored. |

The use of animal wastes generally poses less of a problem with heavy metal
contamination than the use of municipal wastes. Limiting the use of heavy metals as feed



additives and avoiding excessive rates of manure application can usually prevent accumulation of
heavy metals in the soil. While concentrations of heavy metals should be monitored in the soil,
limiting the rate of manure application to meet crop requirements will minimize toxicity
problems with Cu and Zn.

Groundwater Quality

Much public attention has been directed to the impact of agricultural on groundwater
.quality. Nitrogen has received particular attention because of the amount of N applied to
cropland, the mobility of nitrate-N in the soil, and the health hazard associated with nitrates in
drinking water. Although there has been much recent publicity on the impact of animal manures
on groundwater quality, the issue of nitrates in groundwater has been studies for several decades.
An extensive study of groundwater quality in the South Platte River valley in Colorado was
conducted in the 1960°s (Stewart et al. 1968). This river valley is an intensively farmed,
irrigated area, underlain by a water table from 3 to 20 m (10 to 65 feet) beneath the soil surface.
They collected 129 soil cores extending from the surface to the water table or bedrock under
feedlots, irrigated fields, and non-irrigated pastures and fields. Most of the feedlots were in the
valley and the non-irrigated areas in the surrounding hills. They found that the average total
nitrate-N content to a depth of 6 m (20 ft) for the various land uses was: alfalfa, 88 kg/ha (79
Ib/acre); native grassland, 100 kg/ha (90 Ib/acre); cultivated dryland, 292 kg/ha (261 Ib/acre);
irrigated fields not in alfalfa, 567 kg/ha (506 Ib/acre); and corrals, 1608 kg/ha (1436 Ib/acre).
However, there was considerable variability within classes of land use. The nitrate-N
concentrations were not consistently higher under feedlots than irrigated fields. For example, the
amount of nitrate-N under feedlots ranged from almost none to more than 5600 kg/ha (5000
Ib/acre) in a 6 m (20-ft) profile. They estimated that the irrigated fields (excluding alfalfa) were
losing about 28 to 34 kg N/ha (25 to 30 1b/acre) annually to the water table. The estimated
nitrate loss from the feedlots was greater per unit area, but since they occupied far less land area,
the total N was less for feedlots than for irrigated fields. Leaching losses from dryland fields
have generally been considered negligible in the Great Plains because of low rainfall. However,
they noted elevated nitrate-N levels (about 4 to 5 ppm) at the 2.4 to 3.0 m (8 to 10 ft) depth under
dryland fields which is below the rooting depth of most crops. Since this accumulation of nitrate
occurred in an area that averages only about 38 cm/yr (15 in/yr) of precipitation, they suggested
that leaching losses might not be negligible from dryland fields in the Great Plains. Water
samples from cores that reached the water table showed greater ammonium-N concentrations in
water under feedlots (4.5 ppm) compared to adjacent irrigated fields (0.2 ppm). Similar
differences were observed with organic C measurements (72 ppm under feedlots compared to 14
ppm under irrigated fields).

An assessment of agricultural practices on groundwater quality was also done in
Missouri (Sievers and Fulhage, 1992). They sampled 226 wells in 8 sampling areas in the state.
Nitrate-N was detected in 88% of the wells while 19% exceeded the EPA drinking water
standard of 10 mg/L. The number of wells exceeding 10 mg/L was consistent with results from
other states. Well water surveys in lowa reported 18% of the wells exceeded the drinking water
standard while 28% of the wells in Kansas exceeded the standard (Steichen et al., 1988). A
number of factors were examined to determine the relationship of agricultural practices on well
water quality. They concluded that nitrate-N concentrations were most strongly related to well
depth with increasing nitrate-N with decreasing well depth. Other factors influencing nitrate-N
concentrations were well construction and nature of the aquifer. They found little relationship

between nitrate-N concentration and number of livestock in an area or distance from a livestock operation.

A study in Oklahoma looked at long-term changes in nitrate-N content of well water
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(Phillips et al., 1997). They sampled 46 wells in north central Oklahoma from 1993 to 1995 that
had been previous sampled from 1953 to 1972. This provided benchmark levels of nitrate-N to
determine long-term changes in nitrate-N concentrations. Over 50% of the wells (24 out of 46)
had nitrate-N concentrations exceeding 10 mg/L when sampled in the 1990’s compared to 17%
(8 wells) of the wells in the benchmark sample period. Using appropriate statistical comparisons
(allowing for changes in analytical techniques), 39% of the wells showed increased nitrate-N
concentrations while 15% showed decreases and the remainder being unchanged. Seven of the
18 wells that showed increases were identified as being likely contaminated by point source
...pollution, either because of poor well construction or sited near livestock corrals on sandy soils
overlying a shallow water table. In the other wells with increased nitrate-N concentrations, they
found little indication that surface application of N materials was the cause for the elevated
levels and suggested that the elevated levels were from some other non-point source.

Spalding and Exner (1993) conducted a review of nitrate in groundwater. In the Great
Plains, they noted that groundwater beneath irrigated, intensively cropped areas with well-
drained soils were most impacted with nitrate. In general, nitrate content in groundwater tended
to decrease with increased well depth. In many cases, substandard well construction and
improper siting of wells were associated with high nitrate levels. In most states, the major areas
of nitrate-contaminated groundwater have been delineated and they are small in proportion to the
total area of the state. For example, there were 300,000 ha (740,000 acres) in Nebraska
underlain by nonpoint nitrate-contaminated groundwater but this comprised only 1.5% of the
state’s area. They suggested that future research should focus on the dynamics of groundwater

nitrate and assess the relative importance of vegetative uptake, denitrification, and geohydrology.
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VI. Impact of Land Application of Animal Wastes on Soil
Chemical, Biological, and Physical Properties

Principal Investigators

Dr. Alan Schlegel, Professor, Southwest Research-Extension Center
Dr. Chuck Rice, Professor, Agronomy Department

Dr. Gary Pierzynski, Associate Professor, Agronomy Department
Dr. Loyd Stone, Professor, Agronomy Department

Dr. Mahbub Alam, Assistant Professor, Southwest Area Extension

Summary

Soil chemical properties were measured in irrigated fields in western Kansas with a history of animal
waste applications. The fields varied in the type of waste applied (solid cattle manure or effluent water
from swine or cattle wastewater lagoons) and the duration of application (from 3 to 30 years). At most
sites, soil phosphorus (P) levels were increased (up to 150 ppm) by waste applications, indicating that
application rates exceeded crop P demands. The highest P concentration was 200 ppm Bray-1 P in the
surface soil (0 to 6 inch depth), which is the maximum level established for continued application of
swine waste. Soil nitrate levels were also increased (as much as 100 ppm) by waste applications. At
some sites, considerable nitrate (30 to 50 ppm) had leached past the crop root zone to a depth of at least
10 feet. To determine the extent of nitrate movement, deeper soil cores (up to 50 ft) will be taken at
selected sites. Soil chloride (Cl) was higher following manure application but, in most instances, Cl
content was less than 35 ppm and would not be considered a problem (the drinking water standard is 250
ppm Cl). Extractable copper was about 2 ppm in fields receiving swine waste compared to about 1 ppm
in non-manured fields. Extractable zinc was less than 2 ppm at sites receiving swine wastes compared to
less than 1 ppm in the non-manured sites.

Introduction

Application of animal wastes can enhance soil chemical and biological properties and serve as a
valuable nutrient source for crop production. However, improper use of animal manure can adversely
affect the environment. Two concerns associated with land application of animal waste are surface water
runoff causing eutrophication of streams and lakes and nitrate leaching through the soil profile into the
groundwater. The purpose of this study was to sample fields that have received land application of
animal wastes and compare the soil chemical, biological, and physical properties to similar fields that
have not received manure applications.

Approach and Methods

Soil samples were collected from 8 irrigated fields in western Kansas (in cooperation with local
landowners) that had a history of manure application. The rate and type of manure, number of years of
application, and application method varied from site-to-site. The longest history of application was
about 30 years. Some sites received solid manure and other received effluent water from wastewater
lagoons. Two sites received swine wastes and the others received cattle manure. Each field was divided
into 3 subfields. In each subfield, 3 soil cores to a depth of 10 ft were collected, divided into 12-inch
increments (except for the surface foot), and composited. For the surface foot of soil, 6 additional cores
were collected, divided into 0-2 inch, 2-4 inch, 4-6 inch, 6-8 inch, and 8-12 inch increments, and
composited. Similar fields that had not received manure (identified by the landowner) were also sampled
in the same manner. The samples intended for chemical analyses were dried and sent to the KSU Soil
Testing lab for analyses for N, P, and other macro- and micro-nutrients (not all analyses complete at this
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time). Determinations of soil biological and physical properties are in progress with results not available
at this time.

Results and Discussion

Two sites were sampled that had received applications of solid cattle manure. Soil P levels were
increased to about 200 ppm Bray-1 P (0-6 inch depth) in a field that had received manure for about 30
years (application rate unknown). In an adjacent field that had not received manure, the soil P level was
about 45 ppm. Soil nitrate levels were also considerably greater in the manured field with some N
accumulation below the crop root zone (generally about 5 ft). For instance, soil nitrate was 32 ppm in
the 9-10 ft depth in the manured field compared to less than 1 ppm in the non-manured field. Chloride
(C1) levels were increased to about 20 ppm by manure applications compared to about 4 ppm in the
control area, but remained well below potentially toxic levels of several hundred ppm. At the second site
that received solid cattle manure, soil P levels were about 180 ppm following 3 annual application of
cattle manure (20 ton/year); however, similar soil P levels were observed in an adjacent area that had not
received manure in the past three years. Also, at this site, soil nitrate levels were similar for both the
manured and the control field with considerable nitrate throughout the soil profile (40 to 50 ppm at the 9
to 10 ft depth). Chloride content was about 30 ppm in the manured field compared to about 5 ppm in the
control field.

Three fields were sampled that had received effluent water from wastewater lagoons at cattle
facilities. The impact of effluent water application varied considerably among the sites. Soil P levels
were about 120 ppm at the site with the longest history of effluent water application (about 15 years).
Soil nitrate levels were also elevated at this site with over 50 ppm nitrate in the 5 to 10 ft depths. At
another site, soil P levels were relatively unchanged following 10 years of effluent water application
(about 37 ppm Bray-1 P for manured and non-manured fields). However, the effluent water did increase
soil nitrate levels with about 17 ppm nitrate in the 5 to 10 ft depth in the field receiving effluent water
compared to about 1 ppm in the control field. At a third site that had received effluent water for only 3
years, soil P levels were increased to about 115 ppm compared to about 10 ppm in an adjacent area that
had not received effluent water. Soil nitrate levels were increased by effluent water application, but
mostly in the upper profile. For instance, in the top foot of soil, the nitrate level was more than 100 ppm
in the field receiving effluent water compared to less than 5 ppm in the area not receiving effluent water.
This nitrogen would be readily available for crop growth. However, there was some movement of nitrate
below 5 ft, with 25 ppm nitrate in the treated area compared to 11 ppm in the untreated area. This site
had the highest amount of Cl of any site sampled, with about 150 ppm in the surface foot of soil. The
other two fields receiving effluent water from cattle lagoons contained less than 35 ppm CL.

Two sites were sampled that had received applications of effluent water from swine lagoons. At the
site with the longest history of application (since 1970), soil Bray-1 P levels were about 135 ppm (0 to 6
inch depth). There was considerable accumulation of nitrate in the soil profile with the highest
concentration (170 ppm nitrate) at the 5 to 6 ft depth. Nitrate had leached past the crop root zone with
about 59 ppm at the 9 to 10 ft depth. At another site that had received effluent water for about 8 years,
‘soil P levels were about 70 ppm. Similar to the previous site, the highest level of soil nitrate (120 ppm)
was at the 5 to 6 ft depth. Soil nitrate levels were also above 100 ppm in the 6 to 8 ft depths. Below 8
feet, soil nitrate levels decreased with 34 ppm in the lowest depth (9 to 10 ft). At both sites, soil Cl was
less than 10 ppm in the surface foot of soil. A concern with application of swine waste is accumulation
of heavy metals (copper and zinc) in the soil causing phytotoxic effects on crop growth. For these two
sites, heavy metal accumulation was not a problem with less than 2 ppm DTPA-extractable Cu and 4
ppm DTPA-extractable Zn.
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VIIl. Use of Subsurface Drip Irrigation with Lagoon Wastewater

Principal Investigators
Freddie R. Lamm,, Research Agricultural Engineer
Todd P. Trooien, Research Agricultural Engineer

Infroduction and Project Objective

Use of subsurface drip irrigation (SDI) with water from animal waste lagoons has many potential
advantages. They include, but are not limited to, less human contact with wastewater; no runoff of
wastewater into surface waters; placement of phosphorus-rich water beneath the soil surface where it’s less
prone to runoff; greater application uniformity resulting in better control of the water, nutrients, and salts;
less irrigation system corrosion; fewer climatic application constraints (especially high winds and low
temperatures); and greater flexibility in matching field and irrigation system sizes.

The very small emitters in the SDI system may be prone to clogging by the various constituents of the
wastewater. The challenge of using SDI with wastewater, then , is to prevent emitter clogging. Given that
challenge, the objective of this projects was:

Measure the performance of five different dripline types as affected by irrigation with filtered but
untreated water from a beef feedlot runoff lagoon.

Methods

This project was conducted at Midwest Feeders, Ingalls, KS.

The driplines were installed in April 1998. Dripline spacing was 60 inches, depth was approximately 17
inches. Each plot was 20 feet wide (containing 4 driplines) and 450 feet long. The system installation was
completed and the first wastewater was used for irrigation on June 17. Each dripline type was replicated three
times and there were two border plots for a total of 17 plots. _

Five dripline types, each with a different emitter flow rate (and thus different emitter size), were tested.
The emitter flow rates tested were 0.15, 0.24, 0.4, 0.6, and 0.92 gal/hr/emitter. Evaluation of this wide range
of emitter flow rates can determine the optimum emitter size - one that would be less prone to clogging - for
use with wastewater. The agricultural applications of SDI in the Great Plains with fresh, clean groundwater
are normally associated with the smaller emitter flow rates.

The wastewater was filtered with a disk filter sized according to filter manufacturer recommendations.
A controller was used to automatically backflush the filter after every hour of operation or when differential
pressure across the filter reached 7 psi. Acid and chlorine were also injected into the system on July 9, July
27, August 4, August 31, September 4, October 6, and November 17 to help keep bacteria and algae from
growing and accumulating in the driplines. Acid was added to reduce the pH to approximately 6.3. Driplines
were flushed on August 4, September 2, October 6, and November 17.

To test the system, irrigations of 0.2 to 0.4 inches were applied daily until crop maturity. Each plot
received the same amount of water daily and for the growing season. Nearly 21 inches of wastewater was
applied from June through early September. This amount is in excess of the typical crop water requirement
but allowed a more thorough test of the SDI system. Following harvest, the system was allowed to stand idle
for two periods, followed by system flow testing each time. The first idle period was 32 days and the second
was 41days.

After completion of the system, the lagoon wastewater was the only water applied with the SDI system.
No clean waster was used for irrigation, flushing, or dripline chemical treatment.

Emitter flow rates for entire plots were measured weekly. Pressure gauges at the head and tail end of the
plots were used to measure the pressure within the driplines. Totalizing flow meters measured the amount
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and rate of wastewater flow for each plot.

Preliminary Results

Of the five dripline types tested, the three largest emitter size (0.4, 0.6, and 0.92 gal/hr/emitter) showed
little sign of clogging. Their flow rates at the end of the season were within 2% of their flow rates at the
beginning of the season, indicating that very little emitter clogging had occurred. The absence of emitter
clogging and resultant flow rate decrease indicates that emitters of these sizes may be adequate for use with
lagoon wastewater.

.. The two smallest emitter sizes (0.15 and 0.24 gal/hr/emitterQ showed some signs of emitter clogging.
Within 30 days of system completion, the flow rates of plots with both emitter sizes began to decrease. The
0.15 gal/hr/emitter plots showed gradual decrease of flow rate throughout the remainder of the test. After
the second idle period, the flow rate had decreased by 15% of the initial flow rate. The 0.24 gal/hr/emitter
plots showed a decrease of flow rate of 11% of the initial flow rate by crop harvest. Following harvest and
the first (32 day) idle period, the 0.24 gal/hr/emitter plot flow rates increased approximately 5% over the
minimum measured flow rate. This increase indicates that some cleaning of the emitters had occurred in
response to the flushing. The flow rate then stabilized for the rest of this test at about 9% less than the initial
flow rate.

The disk filter and automated backflush controller operated well in 1998. Based on our observations, the
hourly backflushes were adequate to prevent excessive differential pressure accumulation and the set point
of 7 psi was never reached.

Impact and Concluding Statements

These results show that SDI has potential for use within lagoon wastewater. It appears that the smaller
emitter sizes normally used with groundwater in western Kansas may not be appropriate for use with lagoon
wastewater. These smaller emitter sizes may be prone to clogging when used with wastewater. The results
of this study, while very encouraging, should be considered preliminary.

Questions still remain about the long term, multi-season performance of SDI systems using livestock
wastewater. Long-term performance will probably be necessary to justify the higher investment costs of SDI
systems.
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VIIl. Sectionl. Transport of Water and Solutes from Animal
Waste Lagoons

Principal Investigators:

Gerard Kluitenberg, Department of Agronomy
David Steward, Dept. of Civil Engineering
Kang Xia, Department of Agronomy

Introduction

Earthen lagoons are used to store and treat waste from concentrated animal operations. The effluent
stored in these lagoons typically contains high concentrations of nitrogen, phosphorus, and other
nutrients. By design, earthen lagoons serve only as temporary storage facilities for nutrient-rich effluent.
Land application of lagoon effluent as liquid fertilizer accounts for a significant fraction of the nutrients
temporarily stored in Jagoons. In addition, nutrients are lost to the atmosphere from the surface of the
lagoon. Nevertheless, some of the effluent stored in an animal waste lagoon seeps through the earthen
liner and into the soil material beneath the lagoon. Compacted soil liners are used in the construction of
most modern lagoons in order to minimize seepage losses, but these engineered liners can only
minimize, not eliminate, seepage.

Seepage of effluent from earthen lagoons poses a potential risk to the quality of groundwater
resources beneath these facilities. Many states have attempted to minimize this risk by enacting
legislation to establish maximum allowable seepage rates from earthen lagoons. Unfortunately, little
information on the fate and transport of effluent beneath lagoons is available to guide the regulatory
process. As a result, there is wide variation in the maximum allowable seepage rates that have been
established in various states. Maximum allowable seepage rate ranges from 0.018 inch per day in
Minnesota and Missouri to 0.25 inch per day in Kansas and Nebraska.

The primary source of uncertainty in the regulatory process is lack of understanding regarding the
fate and transport of effluent that has moved from an earthen lagoon into the soil material beneath it.
Nutrients can be transported through soil material as a result of soil water movement, but also can
interact with the soil material via ion exchange processes. In addition, some of the nutrients are altered
as a result of chemical and biological transformations. This is particularly true in the case of nitrogen, a
constituent of lagoon effluent that is of primary concern in assessing the potential impact of animal waste
lagoons on groundwater quality. Although much is already known about the fate and transport of water
and solutes in soil material, the conditions beneath animal waste lagoons pose several challenges that
require new investigation. Thus, one purpose of this project is to identify the physical, chemical, and
biological processes that control the movement of water and solutes from animal waste lagoons to
groundwater.

In order to predict the impact of animal waste lagoons on groundwater quality, we must have a
means of estimating the rates at which water and solutes move through the soil material beneath lagoons.
Unfortunately, the methods available to measure these rates are extremely costly and difficult to
implement. Alternatively, soil coring can be used to estimate the rate of solute movement, but the cost of
this approach is also prohibitive. A more cost-effective approach for estimating rates of water and solute
movement beneath lagoons is to develop a mathematical model that can be used to predict these rates.
Once a mathematical model has been developed and calibrated, it can be used to examine rates of water
and solute movement for a wide variety of lagoon placements, designs, and operating conditions.
Another purpose of this project is to develop a model that can be used to predict the movement of water
and solutes from animal waste lagoons to groundwater.



Objectives

1) Identify the principle processes that control how water and chemicals move from animal waste
lagoons to groundwater.

2) Develop a computer model of these processes for predicting the movement of water and chemicals

from animal waste lagoons to groundwater.
3) Calibrate the model with data obtained by soil coring beneath animal waste lagoons in Kansas,
and with data obtained by conducting leaching experiments with lagoon effluent in repacked soil
cores.

4} Use the calibrated model to predict the impact of animal waste lagoons on the quality of Kansas
"gToundwater TESOUrces.

Plan of Work

An interdisciplinary approach will be used to accomplish the objectives of this project; however, the
three principal investigators each will assume primary responsibility for specific tasks. The following
sections describe the procedures that will be used to accomplish these specific tasks.

Successful completion of Objectives 3 and 4 will require availability of chemical, physical and
biological characteristics for soil material beneath selected animal waste lagoons in Kansas. These
results should be available as a result of the soil coring campaign being directed by Jay Ham.

Water Seepage from Lagoons

The first issue is estimation of the flow of water through the liner of a lagoon and through the
underlying soil to the top of the groundwater table. Accurate estimates are required since this flow
drives the movement of nutrients from the lagoon to groundwater. This flow is controlled by parameters
related to the hydrologic and geologic conditions found at a specific lagoon. Important hydrologic
parameters include depth to groundwater, water level in the lagoon, and distribution of soil moisture
under the lagoon. Important geologic parameters include hydraulic conductivity of the lagoon liner and
the underlying soil (hydraulic conductivity is a measure of how quickly groundwater travels through a
soil), thickness of the liner, and the three-dimensional geometry of the bottom of a lagoon. .

A computer program will be developed for this project that incorporates all of the important
hydrologic and geologic parameters. The parameters in this program will be calibrated to available data
for a swine lagoon in Kansas. This program will also be run using a range of hydrologic and geologic
parameters to obtain insight into the variability of groundwater flow rates from lagoons to groundwater.
The flow rates obtained using this model will be used as input when modeling the movement of nutrients
from the lagoon to groundwater

The computer program will be based on the mathematical framework of Richard’s equation, the
standard equation used to describe the flow of unsaturated water in soils. The boundary element method
(BEM) will be used to implement this equation; this method is commonly used to model groundwater
flow, the flow of air around airplanes, surface water waves, and stress/strain relations in rock mechanics.
This approach has been implemented successfully in computer programs by the co-investigator to
simulate three-dimensional groundwater flow. The BEM is counter to the standard numerical techniques
used to model unsaturated flow, the finite element method (FEM) and finite difference method (FDM).

The boundary element method was chosen for two reasons. Both reasons are related to the fact that a
three-dimensional model may be required to obtain accurate estimates of flow rates due to the three-
dimensional geometry of the liner and the different hydraulic properties of the bottom and side liners.
Firstly, the BEM is more numerically efficient since the boundary of a domain (a two-dimensional
surface) is discretized whereas the FEM and FDM require discretization of the interior of the domain (a
three-dimensional volume).This results in a practical limitation of FEM and FDM based unsaturated flow
models being used only for one- and two-dimensional flow fields. Secondly, the BEM exactly satisfies
the continuity of flow condition everywhere in the domain whereas the FEM and FDM do not. This
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results in incorrect prediction of lines along which water flows in the FEM and FDM, particularly near
interfaces of regions with different hydraulic conductivity (such as that existing between the clay liner
and the soil).

Ammonium Adsorption, Desorption and Transformation

Ammonium (NH4+) is one of the dominant chemical constituents in lagoon effluent and is usually
the primary source of nitrogen. Inasmuch as nitrogen is also one of the primary groundwater quality
concerns, the fate and transport of ammonium will be a focal point of this project.

Batch Studies

The fate of ammonium in effluent that has seeped from an animal waste lagoon is determined to a
large extent by its interaction with the soil material beneath the lagoon. Adsorption and desorption
processes are known to exert tremendous impact on the rate at which ammonium is transported through
soil material. Knowledge of both adsorption capacity and the rates (kinetics) of adsorption and
desorption are necessary to fully describe the interaction between ammonium and soil material. To date,
most of the research on ammonium adsorption and desorption by soils has been conducted using simple
ammonium salt solutions. Little research has been conducted to evaluate adsorption and desorption
processes in the presence of lagoon effluent. We anticipate that the other chemical and biological
constituents in the effluent will have a significant impact on ammonium adsorption and desorption
processes in the soil material beneath animal waste lagoons. Thus, to accurately predict the fate and
transport of nitrogen, there is a need to investigate ammonium adsorption and desorption processes in
soil material exposed to lagoon effluent.

Batch adsorption/desorption studies will be conducted using a range of representative soil materials
and samples of effluent from several different animal waste lagoons. Soil material will be mixed with
lagoon effluent at different concentration ratios, and these mixtures will be allowed to equilibrate for a
range of times. The quantity of ammonium adsorbed by the soil will be calculated from the reduction of
ammonium in the liquid phase. When adsorption of ammonium by the soil material reaches a maximum
ammonium desorption kinetics will be evaluated by extracting the adsorbed ammonium with KCl for a
range of times. Ammonium desorption from soil will be calculated from the increase of ammonium in
the liquid phase. The effects of soil CEC, nitrifier activity, competing cations, pH, soil/effluent ratio,
and temperature on ammonium adsorption and desorption kinetics will be evaluated. Nitrification of
ammonium during the adsorption and desorption processes will be monitored by measuring the
concentration of nitrate in the solution.

3

Column Studies

To obtain information regarding the chemical and biological transformation of ammonium in lagoon
effluent, nondestructive measurements with high spatial and temporal resolution using effluent-amended
soil columns are needed.

Polysulfone hollow fiber solution samplers will be used to follow NH4+ transformation in soil
columns amended with lagoon effluent. Soil is packed into the lysimeters to a bulk density similar to
that beneath swine lagoon layer. Polysulfone hollow fiber solution samplers are evenly placed at
different depths in the lysimeters during packing of the soil. Liquid animal waste will be applied on the
surface of the soil column at a constant rate of 0.25"/day for one month to six months. Samples with the
solution samplers are taken once every day starting on the day of liquid animal waste application.
Concentrations of NH4+, NO3-, NO2-, major cations, dissolved organic C, nitrifier activities in the
collected solution samples will be analyzed.



Transport of Solutes from Lagoons
[Text for this section to be provided by Gerard Kluitenberg]

Project Outcomes

We anticipate the following outcomes from the research proposed herein. First, we expect to
identify the principle processes that control how water and chemicals move from animal waste lagoons
to groundwater. This is a critical step in developing a model to predict the impact of lagoon effluent on
groundwater quality. Reliable predictive modeling can only be achieved if the principle governing
processes have been identified and incorporated into the model. In addition, process identification will
greatly improve our ability to collect data that can be used for calibrating a predictive model.

A second outcome of this project will be a model that can be used for predicting the fate and
transport of nutrients beneath animal waste lagoons. Development of the model will proceed in such a
way that generality is preserved. Thus, the model also will be useful for application to a number of
related problems. For example, we anticipate that the model will be useful for predicting the fate and
transport of nutrients following closure of animal waste lagoons. It is also conceivable that the model
could be used to evaluate strategies for remediating abandoned lagoons.

Third, the calibrated model will be used to assess the impact of seepage from animal waste lagoons
on groundwater quality. Inasmuch as model calibration will be constrained to sites for which soil coring
data is available, the predictive exercise also will be constrained to these sites. Despite this restriction,
the predictive modeling exercise will yield important new insights into the potential for groundwater
contamination.

Recommendations for improved lagoon placement, design, and operating conditions are anticipated
as a fourth outcome of this project. These recommendations will result from using the model as a
predictive tool to evaluate the effects of placement, design and operating conditions.



VIII. Section Il ODOR AND AIR QUALITY INITIATIVE

Coordinated by:
Bill Hargrove, Director of KCARE

We were recently asked by KDHE to submit some ideas for research and extension programs that
would help provide a scientific basis for KDHE regulations regarding setback distances for confined
livestock and for evaluation and promotion of best management practices that would help reduce the
source of potential contaminants from livestock enterprises.

We would like to propose an initiative to do several things in support of KDHE’s efforts to promote
clean air and reduce public health concerns associated with airborne contaminants from livestock
production. At a minimum, we propose to:

1) conduct a literature review on air quality issues associated with concentrated livestock and

BMPs for minimizing odor, dust, trace gases and other airborne contaminants.

2) review the NPPC list of BMPs and test their effectiveness in Kansas

3) collect data on ammonia and methane evolution and dispersal from lagoons and other
concentrated animal facilities in order to validate KDHE’s separation distances.

Attached is a brief description of five project ideas that have been submitted to KDHE. We
anticipate that one or more of these ideas will be developed into a proposal for further consideration by
KDHE.

Several other activities related to odor and air quality are ongoing at K-State. Dr. Larry Erickson of
Chemical Engineering, K-State, has been recently appointed to a national Odor and Air Quality Task
Force by Secretary of Agriculture Dan Glickman. Also, Dr. Erickson leads a K-State campus wide
initiative to establish an Air Quality Center to be funded by EPA. If we receive funding from EPA to
establish the Center, we will be able to augment our efforts from other funding sources.



BEST MANAGEMENT PRACTICES FOR ODOR CONTROL AND AIR QUALITY
IN CONFINED LIVESTOCK PRODUCTION

J. Pat Murphy, Professor, Team Leader
Biological and Agricultural Engineering Department

Controlling dust, odor, and gases, like ammonia, methane, and others, is an essential component
of environmental management plans for confined livestock production. We propose a three-part
plan for a comprehensive educational program in odor control and air quality for producers of
confined livestock in Kansas.

Literature Review

We plan to review the literature and survey current programs in other states to collect and
summarize the most current information regarding odor control and air quality. Information
collected and summarized by the National Pork Producers Council (NPPC) under its Odor
Solutions Initiative will be a key starting point. We will also search the Worldwide Web for
current information and recommended practices. We will summarize our findings in a written
report.

Selection and Evaluation of Best Management Practices

We will use a panel of scientists, consultants, and producers to identify the most efficacious and
cost-effective practices appropriate to Kansas conditions from the list of practices obtained from
the NPPC and other sources. We will evaluate those practices at selected demonstration sites
with the cooperation of willing producers.

Promotion of Best Management Practices

Using the results of the literature review and evaluation of BMPs, we will implement an
educational program to promote BMPs for odor and air quality. The educational program will
include printed materials, web postings, and producer meetings/field days. For the educational
program, we will solicit the collaboration of the Kansas Department of Agriculture, KDHE, and
key producer groups in Kansas including Kansas Pork Producers Council, Kansas Livestock
Association, Kansas Dairy Association, Kansas Farm Bureau, and others.

Estimated Timeframe
24 months

Estimated Budget Needs
$80,000

Collaborators

Joe Hamer, Biological and Agricultural Engineering
Jim Drouillard, Animal Science

Jim Nelssen, Animal Science

John Smith, Animal Science

Mike Tokach, Animal Science
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An Air Monitoring Network For Determining Optimal Setback
Distances for Concentrated Animal Operations

Jay M. Ham, Department of Agronomy, Kansas State University, Manhattan, KS 66506

Questions to be Answered

® What setback distances from concentrated animal operations (CAOs) are required to protect public
health and comfort when living and working in areas adjacent to CAOs?

* What are the important gaseous compounds and particulate matter that are emitted from CAOs and
how far do they travel from the operation? What are the emissions from agriculture fields where

waste has been applied? How do concentrations of ammonia, methane, and hydrogen sulfide vary in
space and time (seasonally) around a CAQ?

® How does weather, terrain, and surrounding vegetation affect how far odorous compounds travel from
a CAO (i.e., eastern vs western Kansas)?

e What are the differences in ammonia, methane, and hydrogen sulfide emissions from swine and cattle
operations in Kansas? Should they have different setback distances ?

Research Plan (Two Year Study)

An air sampling network will be established around a swirie and a cattle-feedlot operation in both eastern
and western Kansas (4 sites total). Ammonia will be monitored continuously at approximately 20
locations at various distances and directions from each CAO. A combination of diffusion tubes (passive)
and acid-tube denuders will be used to sample air at each location. Each month, the network of air
samplers will be retrieved and analyzed to quantify the average monthly ammonia concentrations at
different distances from the CAO. Ammonia was selected for intensive study because: (1)it is emitted in
high concentrations, (2) it is a known odorous compound, and (3) it has recently been shown to be a
outdoor health hazard by acting as a nucleus for the formation of fine particulate (new EPA research
thrust). In addition to the permanent ammonia monitoring network, additional grab samples of air will be
collected from barns, lagoons, and open cattle pens. Also, grab samples will be collected by families
living near the CAOs. The cooperating family will be trained to collect samples of air when they think
the odor is most offensive. Grab samples will be analyzed for ammonia, methane, and hydrogen sulfide.

Deliverables/Products

* Distance from the operation required to avoid 90% (or any other percentage) of the ammonia,
methane and hydrogen sulfide emitted from a CAO

¢ Monthly contour maps of the ammonia concentration fields near swine and cattle production
operations in both eastern and western Kansas.

* Data on emission rates from barns, anaerobic lagoons, and open pens (by season, by location)

° Identification of the scenarios most likely to cause an odor problem (landscape, time of year)
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Budget

Analytical Laboratory Equipment $25,000
Differential Global Positioning System $6,000
Air Sampling Equipment $24,000
Labor $35,000%*
Supplies $9,000*
Travel $9.,000*
Total . | $109,000

* requires funding in year 2 of study
Budget Justification

An autosampling steam distiller, colormetric system, or FTIR will be required to analyze air samples and
ammonia denuders. A GPS system will be used to position the air sampling points around the CAQOs. A
network of passive (diffusion tubes) and active samplers (denuders, impingers) will be needed to
establish the network. Some will require solar power and pumps. Manual gas sampling system will be
also required to collect grab samples. Labor costs include a B.S. or M.S. level assistant scientist to
service the air samplers and perform the chemical analyses. Supplies include general lab supplies,
calibration gases, disposable field equipment, etc. Travel costs include, vehicle rental, travel to air
sampling sites, and participate in meetings on air quality (state and national level).



Impact of Animal Production Operations
on Air Quality and Public Health

Animal production operations result in the generation of
waste products which attract flies and support microbial
growth and reproduction. Microorganisms can be carried by
flies and dust through the air to significant distances.
There is a need to conduct research to develop quantitative
information on the effect of isolation distance on air
quality, especially biological airborne particulate matter.
This should include research to quantify the population
differences in the feedlot, near the feedlot, and farther
from the feedlot for flies and microorganisms carried by
flies and dust. The public health impacts can be
investigated by identifying the common species of organisms
in the air samples and relating this information to the
health impacts of each species. Particulate mattey (PM 2.5
and PM 10) will be measured as well.

The proposed first year budget for this work is $75,000.
This will provide support for graduate students, faculty
summer salaries, and the purchase of sampling equipment and
supplies.

The initial field work will be done using animal
production facilites of Kansas State University. After
methods are tested, studies will be conducted at other
locations. Faculty participants may include Alberto Broce,
Larry Erickson, Daniel Fung, Ronaldo Maghirang, Pat Murphy,
and James Urban.



Rural Flies in the Urban Environment
Alberto B. Broce, Department of Entomology

The frequency of legal conflicts caused by rural flies in town is expected to increase as
cities grow and expand into agricultural areas. Because of the potential for lawsuits, livestock
operations are forced to increase efforts to control flies to levels which are much lower that those
causing economic damage. Likewise, there is an increase in insecticide usage in the home
environment in futile attempts to control these flies. Although stable flies and house flies can and
do migrate from livestock operations to urban areas, urbanites believe that all urban flies are of
an agricultural origin, when in fact a great portion of these flies have an origin in compost and
grass clipping piles in homeowners backyards. These problems are expected to intensify as cities
grow and encroach on agricultural areas, and the cost of sanitary landfill operation and the
practice of backyard composting increase.

Although high numbers of house flies can be quite annoying to urbanites, stable flies are
more noticeable and the complaint threshold for their presence is much lower; stable flies are
more noticeable to urbanites because of behavioral differences between these flies. First, stable
flies are quite annoying to people when outdoors, because of their blood sucking habits and
painful bites. Second, their feeding upon pet dogs in backyards often results in noticeable
bleeding ulcers on the tips of the dog's ears. Third, these flies are noticed by their dark feces
soiling the surfaces of outside walls of residential (as well as farm) buildings.

Few studies have evaluated the dispersal of house flies and stable flies, but none in the
conditions prevalent in the Midwest USA. These flies appear to disperse widely over short
distances (under 10 km). The dispersal rate of house flies and stable flies appear to be inversely
related to the frequency of breeding habitats and blood hosts, respectively. _

This proposed study would determine population densities of both house flies and stable
flies along transects from livestock operations to urban areas, using baited jug traps and Alsynite
cylinder traps, respectively. In addition, determination of bloodmeal hosts for stable flies (by
ELISA) trapped along these transects will indicate dispersal between these two conflicting
habitats. In addition, marking of wild stable flies with fluorescent pigments at their breeding
habitats (i.e., livestock operations) and their subsequent capture on radially distributed traps will
provide quantitative information on rate of dispersal.

Required budget: To accomplish these goals, a two-year study would be required.
Funding should include the following:

One graduate research assistant . ........ $28,000
One summer student (2 years) .......... 6,000
Supplies (traps, ELISA,etc.).......... 2,500
Transportallon. - ;s ssssameiis s e 1,500
Miscellaneous . .. ............... 1,000



Treatment of Animal Wastes in Lagoons

Lagoons which are used for animal wastes are primarily
anaerobic; however, there is some oxygen transfer at the
surface of the lagoon. Odor is one of the concerns
associated with the lagoons. Gases from anaerobic processes
escape to the atmosphere. Ammonia and hydrogen sulfide are
two of the gases. If the surface of the lagoon could be
maintained as an aerobic bioreactor with adequate microbial
numbers, this would reduce the release of odorous compounds.

In order to create an aerobic bioactive surface on the
lagoon, one needs to create appropriate particulate solids
which would float on the surface of the lagoon, provide
surfaces for aerobic microbial growth, and be porous so that
water and air could occupy some of the interior space. A low
density porous polymer such that oxygen is soluble in the
polymer as well as being present in the pores is needed. The
pores should allow water to wet their surfaces. The design
should be such that the floating particles remained wet
enough to support microbial growth on their surfaces. The
particles should be large enough to provide a sufficient
aerobic zone to treat the gases coming from the anaerobic
zone. The particles should adsorb and/or absorb ammonia,
hydrogen sulfide and volatile aerobic compounds.

The recent doctoral dissertation of A.A. vande Graaf,
Biological Anaerobic Ammonia Oxidation, University of Delft,
Delft, The Netherlands, 1997, provides a good summary of what
is known about converting ammonia and nitrate to nitrogen
gas. Under aerobic conditions, one can convert ammonia to
nitrate. Nitrate can be converted to nitrogen gas under
anaerobic conditions by facultative organisms. Graaf found
that under anaerobic conditions, ammonia can be converted
directly to nitrogen gas if nitrate is present. Thus, the
aerobic surface will allow some nitrate to be produced which
will also allow for some conversion of nitrogen waste
materials to nitrogen gas.

Experimental work needs to be done to investigate the
potential of this inexpensive modification to reduce odor and

improve the rate of conversion of nitrogen wastes to nitrogen
gas.
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Kansas State Universi

I Grazing Land Water Quality Education Program : I

Project Leaders: Paul D. Ohlenbusch, Agronomy
Rodney D. Jones, Agricultural Economics

The first phase of K-State's "Grazingland Water Quality Education Program" is nearly complete for 1997.
Program leaders are Paul Ohlenbusch, Extension Agronomy range and pasture management specialist, and Rodney
Jones, Extension Agricultural Economics livestock production specialist. Joe Harner, Extension Agricultural
Engineer, is cooperating. Erek Fuchs, Extension Assistant in Agronomy, is working directly on the program with
Onhlenbusch.

In its first year, the program leaders are cooperating with five grazingland managers in a three-county area. The
area involves Marshall, Nemaha, and Pottawatomie Counties.

The overall goal of the multi-year program is to develop an education program so that producers and professionals
can evaluate the water quality status of grazinglands, and develop potential solutions when necessary.
Grazinglands are potential sources of suspended solids, bacteria, nitrogen, phosphorus, and biological oxygen
demand (BOD).

During this summer and fall, the team has been completing the first phase of the project. This first phase basically
consisted of taking a resource inventory of the grazinglands of the five cooperating producers. Fuchs and
Ohlenbusch now have physically surveyed the fields, and have a detailed record of the soil types, vegetation,
outcroppings, draws, fences, livestock watering sources, streams, wells (including abandoned wells), eroded areas,
structures, dumps, and anything else potentially relevant to water quality and livestock management.

This information is recorded on paper and drawn onto aerial maps from the Natural Resources Conservation
Services or Farm Services Agency. This information is in the process of being put into Geographical Information
Systems digital maps through the use of Global Positioning System reference points.

Once the resource inventory is complete, the next phase will be to analyze the producers' current management
practices and strategies. After the analysis of potential water quality concerns and current management practices,
alternative management strategies will be developed for consideration with the producer. Together with the
producer, the team will decide which conditions need attention and which are better off left alone, from the
perspective of water quality.

For more information, contact Paul Ohlenbusch (785) 532-5776.

Kansas Center for Agricultural Resources and the Environment

K-State Research and Extension _

Ransas State Univensity

(785) 532-7103 <kcare@ksu.edu>
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Kansas State Liniversity

{ Demonstration of BMPs to Avoid Groundwater Pollution from Application of Manure to Cropland I

Project Leader: Dr. Mahbub Alam, Irrigation Extension Specialist, SW Res. Ext. Center
Collaborators:

Curtis Thompson, Extension Agronomist Alan Schlegel, Research Agronomist

Todd Trooien, Research Agriculture Engineer Troy Dumler, Extension Economist

Stacy Campbell, County Ext. Agent, Morton Cty. Frank Swan, County Ext. Agent, Stanton Cty.
Darl Henson, County Ext. Agent, Grant Cty. Clay Simons, County Ext. Agent, Ford Cty.

Gary Gold, County Ext. Agent, Stevens Cty.

There is a growing concern regarding the effect of continuous application of confined animal
waste of beef feedlots and swine lagoons to crop land, especially its impact on groundwater. The -
demonstration project is aimed at evaluating the current application practices and develop or
confirm best management practices. (BMPs) K-State Research and Extension is working with
producers and industry starting this fall. Individual cooperating producers will provide the land
and facility for the demonstration.

The main focus is to evaluate benefits and impacts of land application of manure. In the process,
baseline nutrient status of deep soil profile will be established prior to application and progressive
changes will be tracked for five years. Residual build up or leaching of nutrients, especially
nitrate-nitrogen, under irrigated conditions will be monitored for different application rates. This
will help develop best management practices for using livestock waste as a fertilizer amendment.
The program will also provide opportunity to conduct educational and informational programs on
proper use of livestock manure.

This is a cooperative project between KDHE and Kansas State University.

Funding source: Section 319 Grant fund for Nonpoint Source Pollution Control Project - Kansas
Department of Health and the Environment.

Kansas Center for Agricultural Resources and the Environment

K-State Research and Extension

Ransas State Univensity

(785) 532-7103 <kcare@ksu.edu>




S TATE

Kansas State University

IPerformance Evaluation of Vegetative Filter Strip Systems Below Livestock Confinement Area I

Project Leaders: Prasanta K. Kalita, Biological and Agricultural Engineering
' Steven K. Starrett, Civil Engineering

Vegetative filter strips are strips of land covered with various grasses or other types of vegetation.
These have been recognized as Best Management Practices for sediment control. A good vegetation
cover reduces runoff velocity, increases the infiltration time, and utilizes nutrients for its growth.
Feedlot runoff contributes significant nutrients to the receiving water bodies (lake, stream, reservoir);
however, if such runoff passes through a vegetative filter strip, its quality can be improved. Two
vegetative filter strips have been installed below livestock confinement areas: one in the Cheney Lake
Watershed near Wichita and the other one in the Herington Lake Watershed near Herington, Kansas.
Runoff passes through the filter strips and enters streams draining to the reservoirs. Automatic water
samplers have been installed at the entrance and exit of each filter strip to collect periodic runoff
samples and the water samples are analyzed for nitrogen, phosphorus, and sediment concentrations.
Soil and vegetation samples are collected to analyze for nutrient leaching in the soil and utilization by
vegetation. The filter strips will be evaluated on the basis of their effectiveness in reducing nutrients in
surface runoff.

Funding source: Kansas Department of Health and Environment.

For more information contact: Prasanta Kalita (785) 532-6819.

Kansas Center for Agricultural Resources and the Eﬁvironment
K-State Research and Extension

Ransas State University

(785) 532-7103 <kcare@ksu.edu>




®KSTATE

Kansas State University

Fecal Coliform Contamination in Kansas River Basins: Monitoring and Development of Best
Management Practices

Project Leaders: Charles W. Rice, Agronomy
George Marchin, Biology
Joe Harner, Bio and Agricultural Engineering
Prasanta Kalita, Bio and Agricultural Engineering
Rodney Jones, Agricultural Economics

Fecal coliform bacteria often are present in surface waters of Kansas. Potential sources of coliform .
include runoff from animal feedlots, livestock grazing lands, wildlife and waterfowl excrement, home
septic systems and other waste handling systems. Because of the widespread nature of the
contaminant, research is needed to identify levels of contamination to develop Best Management

Practices (BMPs) to reduce levels of fecal bacteria in the surface waters of Kansas. The objectives of
this study are to:

L. To monitor water quality at several locations in the state to determine
A. Levels and potential sources of contamination
B. When contamination occurs
C. Survival of fecal bacteria in soil and sediment.
2 To evaluate the effectiveness of grass filter strips and other BMPs in reducing fecal
coliform contamination of surface waters.

3. To identify adoption risks economic costs associated with implementation of BMPs.

This is a multi-year project that will be fully implemented this year. Preliminary sampling during
1997 in northeast Kansas indicated fecal coliform levels are highest in late spring and early summer
after major runoff events. In the watersheds that were monitored, animal operations appear to be the

primary contributor. It is likely filter strips and other practices can be implemented to reduce
contamination.

Funding sources: Kansas Department of Agriculture, Kansas State Conservation Commission, Kansas
Water Office.

For more information contact: Charles Rice (785) 532-7217.

Kansas Center for Agricultural Resources and the Environment
K-State Research and Extensmn

Ransas State Uniuensity

(785) 532-7103 <kcare@ksu.edu>
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Kansas State University

Use of the Analysis of Antibiotic Resistance of Fecal Streptococci as a Means of Tracking Source
of Fecal Contamination '

Project Leader: George L. Marchin, Biology

The extent of fecal contamination of waterways can only be reduced if appropriate analytical
techniques are employed to ascertain the source of such contamination. Three probable sources of
contamination come to mind: wild animal populations, animals utilized in the agricultural industry,
and the human population. Two readily employed measures of fecal contamination are fecal coliforms
and fecal streptococci. The difficulty is that all three of these sources can excrete these organisms.
We are faced with the problem, therefore, that fecal contamination can be quantified without precisely
identifying the component population that is the most serious contributor.

One approach described in the scientific literature utilizes the fact that fecal streptococci derived from
these three diverse sources have different levels of antibiotic resistance. This is due primarily to their
origins in wild animals, domestic animals and humans, that have distinct and different exposures to
antimicrobial compounds. The agricultural producer, therefore, that uses a suite of antibiotics to
promote the growth of livestock is selecting for an enteric population of microbes with distinct
antimicrobial characteristics. These distinct characteristics do not quickly change when those
organisms are placed in the environment. Further, their antimicrobial "fingerprint” can be used to
identify them and ultimately identify source.

Antibiotic resistance of fecal streptococci as means of tracing the sources of fecal contamination has
several other advantages. The methods are economical. Fecal streptococci are relatively long-lived in
the environment. Under natural environmental conditions and in the short term fecal streptococci do
not readily transfer genetic information. Finally, bacteriological selection procedures are
straightforward.

For more information contact: George Marchin (785) 532-6635.

Kansas Center for Agricultural Resources and the Environment

K-State Research and Extensmn

Ransas State Univernsity

(785) 532-7103 <kcare@ksu.edu>
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Kansas State University

ISextro Daiz Parlor Wetland Cell Demonstration Prol'ect I

Project Leaders: Joseph P. Harner, Biological & Agricultural Engineering
David Key, County Extension Agent, Nemaha County

Collaborators:

Kansas Department of Health and Environment Kansas Forestry Department
Kansas State Conservation Commission Kansas State University
Natural Resource and Conservation Service Nemaha River Dairy

Objective: Demonstrate the utilization of a wetland cell for treating milk parlor wash water. The
wetland cell will be planted to cattails. The minimum retention time of the effluent in the wetland -
is 14 days. Monitoring of the inflow and outflow will follow plant establishment and will evaluate
the systems performance and design guidelines.

Accomplishments: The dairy installed during 1997 a concrete basin to provide 120 days storage
of the manure prior to land application and a vegetative filter planted to grass and trees for
removing nutrients from the lot runoff. This project expands the waste management system to
include a wetland cell for treating the milk parlor water prior to the tree planting area. The
wetland cell is located in series with the concrete basin and vegetative filter. The wetland cell was
designed during fall, 1997. Construction of the cell will occur in early 1998 as weather permits.

Potential Impact: The project will help evaluate an alternative to using holding ponds or lagoons
for controlling milk parlor effluent. Current guidelines assume 10 to 15 gallons per day per cow
are used for sanitation of equipment and cleaning of the milk parlor. A wetland cell for reducing
nutrient loading from livestock operations performs better with a daily loading of nutrients. This
is in comparison to infrequent heavy nutrient loads created during a rainfall event of runoff from
an open lot. Milk parlor effluent provides a uniform daily nutrient loading rate. Milk parlor
effluent will have nitrogen and potassium loading rates of 150-200 ppm, phosphorus rates of 100-
150 ppm.

Funding Source: Kansas Nonpoint Source Pollution Control Program - Kansas Department of
Health & Environment.

For more information contact: Joseph Harner (785) 532-5813.

Kansas Center for Agricultural Resources and the Environment

- K-State Research and Extension

Ransas State Univensity

(785) 532-7103 <kcare@ksu.edu>
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Kansas State University :

|Nichols Dair-y EcoloE‘cal Pollution Control Demonstration . I

Project Leaders: Joseph P. Harner, Biological & Agricultural Engineering
K. Mankin, Biological & Agricultural Engineering
P. Kalita, Biological & Agricultural Engineering
J. Zimmermann, Biology

Collaborators:

Kansas Department of Health and Environment Carl Nichols Dairy

Kansas State Conservation Commission Kansas Department of Agriculture
Natural Resource and Conservation Service Kansas Parks and Wildlife
Kansas Forestry Department US Fish and Game

Objective: An ecological pollution control project is currently under development in Anderson County for a
200-cow dairy. The nutrients are removed from the milk parlor effluent and loafing areas (barn yard) using
three wetland cells and three vegetative filters. A holding pond is used to control the release of the runoff
into the wetland cells. The project includes 1.25 acres of wetland cells and 1.5 acres of grass filters. The
grass filters average 60 feet wide and a total length of more than 1,000 feet.

Accomplishments: Funding for installation of the project was obtained in 1997. KSU completed the design
work in summer, 1997. Input was obtained from KDHE, NRCS, and the producer. The tentative date for
completing construction is scheduled for March,1998. The site has been prepared for the contractor to
begin work immediately as weather permits.

Potential Impact: The project will provide information on the nutrient removal rates of an ecological
system which utilizes wetland cells and vegetative filters. The nutrients removed by the plants will be
harvested as forages for feed. Future system performance data will provide understanding of developing
livestock pollution control practices with controlled release rates. This enables the producers to install
control practices which do not require investments in irrigation equipment for periodic pumping of lagoons.

Funding Source:; Kansas Nonpoint Source Pollution Control Program - Kansas Department of Health &
Environment.

For more information contact; Joseph Harner (785) 532-5813.
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Kansas State University :

IBlack Vermillion Watershed Daiﬂ Environmental CooBeraﬁve I

Project Leaders: Joseph P. Harner, Biological & Agricultural Engineering
David Key, County Extension Agent, Nemeha County
Michael Vogt, County Extension Agent, Nemeha County
Dave Whitney, Agronomy

Kevin Dhuyvetter. Agricultural Economics

Collaborators:

Kansas Department of Health and Environment Kansas Department of Agriculture
Kansas State Conservation Commission Nemaha and Marshall County Dairies

Natural Resource and Conservation Service
Kansas Forestry Department

Objective: The dairy environmental cooperative mission is to control to manure and effluent nutrients
leaving a farmstead and to effectively manage controlled nutrients with cropping practices. The objective is
to reduce the runoff of nutrients, fecal coliform and sediment from dairies in the Black Vermillion
watershed. The specific objectives are:

A. Develop and install demonstration systems for storage of dairy manure and effluent leading to reduced
nutrient, fecal coliform and sediment in runoff,

B. Develop and deliver educational programs to dairy farmers to assist them in implementing best
management practices for on-farm utilization of stored nutrients in lagoons or solids storage basins.

C. Develop local dairy environmental cooperatives to assist dairy farmers to design and in complete waste
management systems and understand the management of the system.

Accomplishments: The implementation of the project will begin in January 1998. The county extension
agents have promoted the project and received inquiries. The project goal is to bring the equivalent of
1,000 dairy cows into compliance during a three year period. Inquiries about the project have resulted in
producers wanting to bring dairies milking over 500 cows in compliance.

Potential Impact: Annual nutrients in manure from a 100 cow dairy is approximately 21,000 pounds of
nitrogen, 8,600 pounds of phosphorus and 17,000 pounds of potassium, A portion of these nutrients leave a
dairy if left uncontrolled. Therefore, developing best management practices to help producers store these
nutrients until they can be applied and used by crops will lead to improvements in water quality,
Anticipated improvements will also occur because producers will not have to applied manure to frozen or
saturated cropland. Nutrients potentially leave a field during snow melts if the ground is frozen.
Applications of manure to saturated ground increases soil compaction within a field and has a negative
impact on soil quality.

Funding Source: Kansas Nonpoint Source Pollution Control Program - Kansas Department of Health &
Environment.

Kansas Centerfor Agiicultiiral2Résources and the Environment
- K-State Research and Extension

Ransas State Unisorsity B

(785) 532-7103 <kcare@ksu.edu>




Fecal Coliform in Kansas Surface Waters

A Research and Extension Progress Report by Kansas State University

Principal Investigator
Charles W. Rice, Department of Agronomy

Executive Summary

" Microbial contamination of water resources has become a high priority concern. Bacteria
contamination is one of the primary or secondary contaminants in the majority of the twelve major river
basins in Kansas. Microbial contamination of water resources results in impaired use due to the increased
risks to humans and the degradation of recreational and drinking water quality. Other regions around the
United States have indicated similar instances of microbial contamination of TESErvoirs, streams, and
estuarine waters.

Fecal coliform (FC) limits in surface water vary depending on the intended use. For recreational
primary contact, e.g. swimming, the maximal allowable standard for FCs is 200 colony forming units
(CFU)/ 100 mL water. For secondary contact, e.g. boating and fishing the standard is 2000 CFU /100
mL water. For finished drinking water the standard for fecal coliform (FC) is <ICFU/100mL. Bacterial
numbers can vary dramatically with time of year, environmental conditions, and distance from source.
Sources of coliform bacteria include runoff from animal feedlots, livestock grazing lands, wildlife, and
other waste handling systems.

There is a paucity of studies on fecal coliform movement below septic leach lines. Studies examining
movement of fecal coliforms and coliphages near septic lateral lines showed that transport are regulated
by hydraulic gradient, slope and soil conductivity. Considerable work is needed to better understand
movement and survival of FCs in soil and sediment from all sources.

Differentiation of the sources of fecal pollution of surface and groundwater is a difficult task. The
traditional indicator of fecal pollution has been determination of fecal coliforms. Source identification,
1.e. human, agricultural animal or domestic-wild animal has been more problematic.

The initial attempts at source identification relied upon measurement of both fecal coliform and fecal
streptococci concentrations. More recent data, however, suggest that for many reasons the fecal
streptococel numbers vary in response to a wide variety of environmental and physiological parameters.
Thus, the fecal coliform to fecal streptococci ratio is not recommended. Newer technologies hold
promise for source of fecal pollution identification. Three basic approaches can be identified in recent
literature. One method utilizes patterns of antibiotic resistance in both fecal coliforms and fecal
streptococci to track source. Other newer techniques employ molecular techniques generally based upon
nucleic acid technologies. While ratios of fecal coliforms to fecal streptococci have limited value they
still are indices of fecal pollution and can yield indications of source if they are from untreated surface
water and are freshly collected. Antibiotic resistance markers have additional value and have been
demonstrated to be reliable. Among DNA based technology, discrimination runs from ribotyping to
AFLP to PFGE. In these latter techniques, the more discriminatory the technology, the higher the price.

Research has been conducted for controlling sediment, fertilizers, pesticides, nitrogen, and
phosphorus in runoff water at many locations. Lagoons, vegetative filter strips, and land application of
wastes have proved useful in reducing contaminant loadings in drinking water sources. However, there
has been little research conducted on management practices that control microorganisms in drinking
water sources.

In 1998, Kansas State University develop a study in collaboration with state agencies to:

1)Monitor water quality at several locations to determine: a) level and pattern of bacterial
contamination in Kansas waters; b) potential sources of contamination; and ¢) survival in soil
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and sediment.
2)Determine effectiveness of best management practices particularly vegetative filter strips.

To monitor water quality in terms of numbers of fecal organisms in flowing water, key sites were
obtained to observe inputs from human, livestock and wildlife components. Four of the sites around the
St. John, Kansas area represent grazing livestock inputs, with varied grazing patterns and a nearby
municipal waste stabilization facility. To assess the wildlife inputs on fecal coliform and fecal
streptococcus numbers, Konza Prairie Natural Research Area, Quivera National Wildlife Area and
Cheyenne Bottoms were selected. Five septic filter fields have been selected for study by January 1999,
Results to date are only preliminary and indicate highly variable levels as expected. Values ranged up to
3,000 CFU/ 100 mL. A database is being developed to help determine the source of the bacteria.

In addition, four vegetative filter strips were chosen for this study to investigate fecal coliform

transport in storm runoff from beef feedlots. The feedlots have similar drainage area and stocking
density. The design procedures and filter strip areas, however, are very different. The vegetative filter
strips are located near Cheney Lake, Herington Lake, Hillsdale Lake, and the town of Gypsum. The
outflow from the filter strip is reducing the number of fecal coliform bacteria flowing into surface water -
sources from feedlots. Five runoff events have been analyzed to date. Percent reduction in fecal bacteria
ranged from 18% to 100%. Water at one runoff event was completely contained within the filter strip.
The reduction in fecal bacteria leaving the site is due to the volume of water leaving the site and not due
to specific retention of the fecal bacteria.

Research will continue during this year to:

1) develop the seasonal pattern of fecal bacteria in Kansas surface waters

2) evaluate methods for determining the sources of bacteria

3) evaluate the effectiveness of filter strips and other management practices to reduce bacteria in

runoff from feedlots.
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While environmental regulations imposed by House
Bill 2950 target Kansas’ swine industry, K-State
Research and Extension has been tapped to provide
technical assistance to Kansas Department of Health
and Environment (KDHE) and Kansas Department
of Agriculture (KDA) to conduct new research on
land application of swine waste.

In response to the bill’s requirements, the following
tasks have been identified for K-State Research and
Extension:

1) Conduct a literature review on land application of
animal wastes in Kansas and similar environ-
ments, and prepare a summary of the technical
information found, especially when related tothe
potential for groundwater contamination.

2) hssist KDHE in designing a training/certification
program for animal waste managers and
employees applying waste to land.

3) Work with KDA to develop guidelines for nutrient
utilization plans and related regulations for land
application of animal wastes.

4) Direct necessary lab/field research to support
guidelines for “agronomically appropriate
application rates” and conduct an educational
program on land application of animal wastes.

5) Investigate wastewater recycling through
irrigation systems.

6) Conduct “deep sampling” on fields where swine
waste has been applied in order to determine
potential for groundwater contamination.

7) In ongoing lagoon evaluations, focus on
determining the amount and fate of chemicals
“seeping” from lagoons. This should include
direct measurement of concentrations of contami-
nants below lagoon liners by deep coring and
modeling the fate of water and contaminants
leaving lagoons.

8) Design and evaluate “best management prac-
tices” for closing facilities and associated lagoons

in environmentally safe ways.

Within the swine industry, large operations are more
likely to see changes than their smaller counterparts,

Legislators defined small, medium and mega farms
based on animal units. Farms with less than 1,000
animal units were labeled small; those with 1,001 -
3,724 animal units were considered medium and
those with 3,725 plus animal units were termed mega
farms. (One animal unit equals 2.5 pigs greater than
50 pounds or 10 pigs less than 50 pounds.)

Among the provisions of H.B. 2950:

Setback requirements for new facilities or
expansion of existing facilities applied for
after March 1, 1998: Small farms with 300 to
999 animal units must have a 1,320-foot setback
[rom habitable structures (residences, churches,
schools, public buildings, etc.) Medium-sized farms:
4 000-foot sethack. Mega farms: 5,000-foot sethack.

Manure management plan. Rules and
regulations for manure management must be
drafted by KDHE by Jan. 1, 1999. To obtain a permit,
new facilities with 1,000 animal units or more must
submit a manure management plan within six
months following adoption of KDHE's rules and
regulations. Existing facilities must submit a plan as
well. If manure or wastewater will be applied to land,
a nutrient management plan must be filed with
KDHE and approved by the KDA.

Nutrient management plan. New or existing
farms with 1,000-plus animal units must establish a
plan within six months of implementation of KDHE’s
regulations. Swine facility operators must conduct
soil tests and consult with the county extension
agent, qualified agronomist, or individual trained in
crop protection about nutrient application rates.

KDHE would be required to hold 2 Public Hearing
before issuing a construction or expansion permit if

Continued on Pg. 2

Kansas State Universitz Agricultural Experiment Station and Cooeerutive Extension Service
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Filter Strips Effective
in Reducing Phosphorus, Nitrogen

Vegetative filter strips reduced concentrations
of phosphorus and nitrogen from animal
feedlots at K-State research sites in Herington
and Cheney Lake.

The strips remove sediments and nutrients
through filtration, absorption, volatilization,
plant uptake and decomposition due to
microbial activity, said Prasanta Kalita, K-State
biological and agricultural engineer.
Established grasses, particularly bromegrass
and tall fescue, are most effective. Grasses
generally need three to four years to gain

maximum cover, density and strength,
depending on soil and climate.

The brome at Herington, in its fourth year had
hetter results than the 1- to 2-year-old stand at
Cheney.

Strip design is another factor in controlling
nutrient runoff into surface water. The strip at

Brome stand at Herington site. Photo by Prasanta Kalita.

Herington was 1,400 feet
long, maintained a width of
100 feet from entrance to exit
and was set on a gradual
slope. At Cheney, the strip was
considerably smaller. The 700
foot long strip angled and
narrowed from a width of 50
feet. The last stretch of the
strip increased from a 1
percent to a 4 percent slope.
The KDHE-funded research
found a straight strip with
consistent
width and gradual slope to be
most effective. Mowing (to boost
nutrient uptake) and occa-
sional weeding also increased
effectiveness.

While results at Herington and
Cheney are encouraging,
researchers observed that runoff
had a tendency to channel, thus
rendering 70 to 80 percent of
the strip ineffective, Current
work at filter strips for a
separate project has involved experimentation
with wooden berms to disperse runoff more
evenly across filter strips. Kalita said 2-by-6
boards are being placed every 200 feet to
distribute water over the filter strip.

For more information, contact Prasanta Kalita
at (785) 532-5580.

"

Monitor at Cheney Lake site. Photo by Prasanta Kalita.

e Sl

Samples were collected at the entrance and
exit of the filter strips. Among the findings:

Total nitrogen changes on a mass basis:

Cheney: 50 percent reduction
Herington: 60 percent reduction.

Total phosphorus changes on mass
basis:

Cheney: 42 percent reduction

Herington: 52 percent reduction

Total nitrogen changes on concentra-
tion basis:

Cheney: 26 percent reduction

Herington: 72 percent reduction

Total phosphorus changes on concen-
tration basis:

Cheney: 14 percent reduction
Herington: 70 percent reduction

HB 2950 Provisions....cont. from page 1

one is requested by any owner of a habitable
structure within the appropriate separation
distance.

ContIn the future, swine facilities may be
established in a county only after approval by
voters.

Lagoons. New swine feeding facility with
3,725 animal units or more: lagoon’s sides
and bottom must be a covered with an
impermeable liner on top of a compacted soil
liner with 2 minimum depth of one foot and

maximum seepage rate of /4 inch per day. The
impermeable liner is not necessary if the
maximum seepage rate of the compacted soil
liner (minimum depth of one foot) is /s inch
or less per day. Where the groundwater is 150
feet or less from the bottom of the lagoon on a
mega [arm, groundwater monitoring is
required. Consult the bill for a few exceptions.

Training. Certification and continuing
education is required for operators of swine
facilities with 1,000-plus animal units.

Odor control plan would have to be
submitted in order to receive a permit for
construction or expansion of swine facility
with 1,000 or more animal units. KDHE could
require planting of trees to control odor.
Periodic inspections of swine facili-
ties and review of their records will
be required.

For further details of H.B. 2950, contact

the Kansas Pork Producers Council at
(785)-776-0442.

2
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K-State, Kansas Dairies Collaborate
to Improve Waste Management System

Design, Management Practices

Construction is underway on three projects in
which K-State Research and Extension is
working to improve waste management system
designs and best management practices
(BMPs) within Kansas dairies.

The projects, Black Vermillion Watershed Dairy
Environmental Cooperative, Nichols Dairy
Ecological Pollution Control Demonstration
and Sextro Dairy Parlor Wetland Cell
Demonstration are funded by KDHE's Kansas
Non-point Source Pollution Control Program.

The Black Vermillion project is a joint
effort among K-State Research and Extension,
other state agencies, dairy farmers, and local
agri-industries in Nemaha County. Of the four
dairies that have agreed to participate,
installation of a wetland cell is in progress at
one dairy and a lagoon and solid storage at
another. The other two are in the design
stages. By summer’s end, Joe Harner, project
leader and K-State biological and agricultural
engineer, said he expects three of the dairies
will have completed construction.

The primary goals of this project are:

1) Reduce nutrient runoff, fecal coliform and
sediment through proper storage of dairy
manure and effluent.

2) Establish educational programs to assist
dairy farmers with land application of
nutrients from lagoons or storage basins.

3) Set up local dairy environmental coopera-
tives to provide dairy farmers with assistance
to design, build and understand operation
of a complete waste management system.

During the next three years, a goal has been
set to bring 1,000 dairy cows into compliance.
The waste of about 300 cows are accounted for
now and with interest shown from other dairy
farmers more could be added.

Project participants are receiving financial
assistance through a cost-share program.
Estimated cost to install a concrete storage
basin or earthened lagoon is $300 to $400 per
cow. To help keep expenses low, some dairies

are pouring their own concrete and helping
with dirt work, Harner said.

AtNichols Dairy in Anderson County; K-State
Research and Extension is developing a complex
pollution control system that has the potential to
both reduce water contamination and support
wildlife. The system includes a holding pond,
three wetland cells and three filter strips to prevent
nutrient runoff from the 200-cow dairy.

Rain has slowed the project, which Harner
expects fo be near completion by mid-
September. The design is based on various
components of waste management systems
tested in other states.

“A 100-cow dairy annually
produces an estimated
2,000 tons of manure,
21,000 pounds of nitrogen,
8,600 pounds of phosphorus
and 17,000 pounds of
potassium.”

Parlor runoft will pass through a concrete basin
and enter a wetland cell, then proceed into
the second and third vegetative filter strips.

Feedlot runoff moves first to a sediment basin
where solids separate from liquids. It then
moves into a holding pond and advances

Nichols dairy design

through two wetland cells (separate from
parlor wetland cell). The runoff then flows
through three vegetative filter strips (joined in
the second and third by the milk parlor wash)
before entering a waterway.

The wetland cells need about two to three years
to allow for plant growth before they're fully
operational, Harner said. The vegetative filter
strips will require some upkeep, i.e. mowing
and perhaps weeding. Filter strips remove
additional nitrogen and phosphorus through
plant uptake and filtration.

Through sampling at various points in the
system, K-State Research and Extension hope
to ascertain what components are effective for
future design, Harner said.

The Sextro Dairy project is somewhat similar
to the Nichols Dairy project in that it employs a
wetland cell and a vegetative filter strip to treat
milk parlor wash water. A concrete basin with
120-day storage capacity was installed last year
and trees and grass were planted in a vegetative
filter to reduce nutrients in lot runoff. A wetland
cell, using existing conditions at the 100-cow
dairy, is in progress.

Data collection over the next several years will
determine whether the wetland cell is capable
of reducing the nutrient load from milk parlor
effluent. Contact Joe Harner, Biological/
Agricultural Engineering, (785) 532-5813.
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Identification of Sources and BMPs Underway
to Control Fecal Coliform Contamination

Fecal coliform bacteria (FCB) has fallen under
the watchful eye of K-State Research and
Extension personnel to identify sources and
consequently Best Management Practices
(BMPs) to control contamination. The
bacteria is present in high concentrations
throughout Kansas’ 12 major river basins.

Runoff from animal feedlots, grazing lands,
wildlife and waterfowl excrement, home septic
systems and other waste handling systems
contribute to the levels of fecal contamination
in surface waters. Preliminary results from
sampling in northeast Kansas during 1997
indicated FCB levels are highest during major
runoff events in late spring and early summer.

The three year project, funded by the Kansas
Department of Agriculture, State Conservation
Commission, Kansas Water Office and KCARE,
is in its initial phases. Its objectives include:

1. Monitor water quality in the state to
pinpoint primary sources of contamination,
including the Konza Prairie Natural
Research Area as a wildlife area and various
sites with numerous residential septic tanks.

2. Evaluate the effectiveness of grass filter

strips in reducing fecal coliform at three
sites in Kansas near livestock operations.

3. Develop and demonstrate new BMPs to
control fecal coliform in four regions of
Kansas.

4. Tdentify economic costs associated with
implementation of BMPs.

Review of existing literature pertaining to fecal
contaminant’s sources has been completed.
Studies in other states revealed that fecal
streptococci (FSB) (a measure of fecal
contamination like fecal coliform) has
different levels of antibiotic resistance in
wildlife, livestock and humans. This anti -
microbial fingerprint is one of the methods
KSU researchers are using to identify contami-
nation sources.

FCB are not necessarily a major hazard by
themselves, said Charles W. Rice, K-State Dept.
of Agronomy. However, fecal coliform as a
group is used to indicate fecal contamination,
which has the potential to contain other
organisms that cause diseases such as
salmonella, legionella, cholera and typhoid.
The EPA sets safety standards for fecal coliform

as follows: 2,000 organisms per 100 milliliters
for secondary contact such as boating/fishing;
200 organisms per 100 milliliters for direct
contact such as swimming and 0 organisms
per 100 milliliters for drinking water.

FCB which originate in the intestines of warm
blooded mammals, including humans, tend to
die out when exposed to the outdoors.

Work has begun with grass filter strips near
concentrated animal operations in Reno,
Dickinson and Miami counties to determine
what size the strips must be to effectively
reduce fecal coliform.

“They're used to living in a warm, nutrient
rich environment and most of the time when
they're exposed to variable temperatures, low
moisture, UV light and competition from
native microflora they die out for the most
part, somewhere in the order of days to weeks,”
said Rice.

While monitoring of filter strips is underway,
K-State personnel are working with the State
Conservation Commission to select sites to
monitor septic systems.

Lagoon Construction Practices May Affect
Liner Permeability, Seepage Rates

Lagoons, which are utilized in many Kansas
concentrated animal operations, contain high
levels of nitrogen, phosphorous and other
nutrients from animal waste.

The condensed nutrients in the decormnposed
organic waste can later be beneficial as a
liquid fertilizer. At the same time, water quality
in underlying aquifers could be adversely
affected by subsurface seepage of the same
nutrients.

Consequently, K-State Research and Extension
work began to determine if lagoons con-
structed to meet Kansas regulations will keep
seepage at or below the recommended
standard of 0.25 inch per day.

The research, funded in part by KDHE and the
Kansas Water Office, is cngoing. Among the
results to date: Twenty two soil samples from
Kansas were evaluated in a lab and found to
restrict seepage rates to /i inch or less per day,
regardless of soil type, IF compacted ad-
equately and used as a liner with a thickness
greater than 12 inches.

Compaction characteristics of the samples
revealed construction practices may strongly
affect liner permeability under field conditions.

Field measurements found seepage rates below
1/10 inch per day at three swine waste lagoons
and one cattle-feedlot-runoff lagoon. The
lagoons ranged in size from two to six acres
and in depth from four to 18 feet of effluent.

Field observations demonstrate that seepage
below /32 inch per day can be achieved with an
18-inch compacted soil bentonite liner even
when the lagoon is 20 ft. deep. However,
excessive seepage losses may occur in lagoons
set on sandy soils with low clay contents and
high initial hydraulic conductivities. These
coarser grained soils can achieve higher
compaction densities by using 6-percent
bentonite.

A review of studies in other states indicates
seepage decreases rapidly after the first six
months as sludge forms along the bottom. The
sludge reduces permeability of the liner by
clogging soil pores. While sludge helps seal the
lagoon’s bottom, the sides of the lagoon

Continued on Pg. 5
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Reclamation of Feedlots: Vegetative Recycling

Before KDHE required feedlots to be distanced
from streams, many old feedlots were near
streams to allow animals ready access to water.
Accumulated nutrients in abandoned feedlots
may pose a hazard to water quality in
neighboring streams, particularly during
rainfall events, K-State research funded by
KDHE and EPA's 319 grant program, has found
that scraping the manure pack and introduc-
ing vegetation suited to the soil and climate
reduces nutrient levels significantly, said
Prasanta Kalita, K-State biological and
agricultural engineer.

Among the recommendations of the project:
Perform a microbial analysis study before
teclamation.

Remove compacted manure as most nutrients
are contained in the first foot of soil.

Pearl millet and sorghum sudan at Paola.

Pearl millet at Abilene site.

Till soil deeply to break up compaction so
roots can extend further and increase nutrient
uptake.

Forages like pearl millet and sorghum-sudan
will grow well.

Harvest vegetation as much as
possible to pull out maxi-
mum nutrients.

Tirigate abandoned feedlot as
1IECESSaLY.

By replanting, further nutrients
are drawn out of the soil and
can reduce the surface nutrient
concentrations by about 60
percent, Kalita said. K-State
researchers planted a variety of

Sodic soil and drainage problems hampered success at Robinson.

vegetation on old feedlots in Paola, Abilene and
Robinson to determine which would be the most
viable and effective as prior knowledge was
limited.

In Paola, where the farmer had scraped the
top six inches off the feedlot, pearl millet and
sorghum-sudan did better than annual
ryegrass, brome and fescue.

In Abilene, the sandy soil and moisture
presented a challenge but pearl millet began
to grow. However, the farmer allowed cattle to
graze on the land and prevented millet from
establishing itself.

A drainage problem and very sodic soil, prevented
success at the Robinson site where researchers
attempted to grow alfalfa, annual ryegrass, hairy
vetch and sunflowers.

More questions than answers were raised
during the project and Kalita said he would
like to continue experimentation now that
basic knowledge has been established as to
which plants work best.

Sludge Helps Seal Lagoon....cont. from page 4

particularly near the point of contact between
liquid surface and side embankment, are the
site of most seepage that occurs. This is due in
part o a lack of a sludge layer, paired with
erosion, freeze-thaw and wet-dry cycles, and
biological processes can increase permeability.

Regional and statewide studies of well water
near concentrated animal operations found no
widespread nitrate contamination of ground-

water. Evidence of contamination depended
upon soil texture and depth of water tables.
Areas with finer textured soil showed no
appreciable nitrogen contamination in
aroundwater 100 feet or more below lagoons.

Abandoned or dried lagoons can still be a
source of contamination. Ammonium that
may build up under a lagoon while it is active

could convert to nitrates that can leach
through soil. K-State researchers indicated a
need for a more comprehensive field sampling
and computer modeling to draw definite
conclusions about nitrate movement near
lagoons and development of a plan to reclaim
nitrogen once a lagoon is closed. Contact Jay
Ham, Agronomy, 532-6119,

e
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" Meetings of Environmental Interes

August 28-29

1998 Environment Enhancement Expo

Greenbush, Kansas (Crawford county)

For more information contact: Kansas Land Improvement
Contractors Association, Salina (785) 827-5590

Sept. 21-24

Sixth National Non-point - source
monitoring workshop: Interpreting
Water quality Responses to Land
Treatment

Cedar Rapids, Towa

For information contact: Lynette Seigley; lowa Dept. of
Natural Resources (319) 335-1319 or fax (319) 335-2754.

Kansas Center for Ag Resourcas and the Environment (KCARE)

Kansas Water Resources Research Institute (KWRRI)
44 Waters Hall
Manhattan, KS 66506-3402

Sept. 29-30
1998 Kansas Environmental Conference

 Salind Holidome
Contact KDHE Bureau of Environmental Field Services, (785)

296-0669

Ociober 12-14

43 Midwest Ground Water Conference
Holiday Inn, Lawrence, Kansas

Contact Allen Macfarlane or Don Whittemore, Kansas Geological

Survey, 2t (785) 864-3965 or dowser@kps ukans edu _

“Knowledge
forLife”

New Publication

Grassland Dynamics: Long-Term Ecologi-
cal Research in Tallgrass Prairie was
recently published. The book, which
focuses on the Konza Prairie, is the first in
a series studying sites funded by the
National Science Foundation’s Long-Term
Ecological Research Program. Clenton
Owensby, Mickey Ransom and Chuck Rice
from the Department of Agronomy
contributed a chapter to this book. Alan K.
Knapp, John M. Briggs, David C. Hartnett
from K-State Biology Department edited.
More information about the book and an
ordering form are available at the
following web site: http://www.oup-usa.org/
docs/0195114868 html.
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KCARE Projects Making an Impact
About 1/3 of the 60 dairy farmers in Nemaha
County have constructed concrete manure
sorage basins to hold waste before land
application.

Q5 percent of farmers in the Mission Lake
watershed adopted KSU-recommended

atrazine practices and preliminary water qual-

ity monitoring indicates a reduction of atrazine
levels.

A core group of 4 farmers have begun to use
improved irrigation scheduling, and subsurface

drip irrigation is conserving valuable ground-

water on more than 7000 acres in Kansas.

WIGSTATE )

(KCARE

Kansas State University

44 Waters Hall

Manhattan, KS 66506-4002
Phone: (785) 5327103

Fax: (785) 532-6563

E-mail: kcare@ksu.edu

http:/ /www.ksu.edu/kcare

William L. Hargrove, Director
Tawnya Ernst, Info. Specialist

\Ginny Claycomb, Office Assistant J

“KHOWI eclge
for LT:)[G 7

“All educational programs and materials available
without discrimination on the bias of race, color, national
origin, sex, age or disability.”
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The health and prosperity of future generations depends
on a mutually beneficial relationship between agriculture,
natural resources, the environment and consumers. The
Kansas Center for Agricultural Resources and the
Environment was established to coordinate and enhance
research, extension, and teaching activities pertaining to
environmental issues related to agriculture.

KCARE’s Roles

8 Foster interdisciplinary team approaches
to solve environmental problems velated
agriculture.

S Serve as a linison for state and fedeval
agencies, NON-YOVErnImEnt 0rgANIZALions,
and private groups ontside IK-State.

¢ Communicate the relationship of agricul-
ture and the environment to producers and
the public.

¢ Develop financial wvesourvces for inter-
disciplinary research, extension and
munications activities of the Center.

KCARE focuses on four topics

¢ Soil Quality

¢ Waste Management
¢ Water Management
¢ Water Quality

-

*

Issues being addressed through

&

-3

Research and Education

Water conservation through improved
irrigation management

Waste water recycling through sub-
surface drip irrigation

Evaluation of lagoons for containment
of animal waste

Land application of animal waste

Reduction of fecal coliform bacteria
through better management practices

Best management practices for crop
land to reduce surface water
contamination

Effectiveness of vegetative filter strips to
reduce contamination

Whole farm planning to reduce

environmental impact

Water quality education

3
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Tentative Agenda

7:30-3:00 a.m.
7:30-9:00 a.m.
8:00-9:00 a.m.

9:00-11:30 a.m.

11:30a.m.—12:50 p.m.

Poster Setup
Continental Breakfast

Registration
View Poster Displays

General Session

Presiding

Dan Rogers. Agricultural Engineer

Extension Biological & Agricultural Engineering
Kansas State University

Welcome
Marc Johnson. Dean
College of Agriculture. Kansas State University

Municipal Waste Management Strategies
John Metzler, Chairman
Johnson County Wastewater

Use of GIS to Assess Site Vulnerability to Pollution
Sy Sevler, Associate Professor
Geography Department, Kansas State University

Lunch

Poster Session

CONCURRENT SESSIONS (run simultaneously)

12:50-2:10 p.m.

12:50-2:10 p.m.

Session 1

Livestock Waste Management
Moderator: Freddie Lamm. Associate Professor
Northwest Research Extension Center Kansas State University

Characterizing the Livestock Waste Streams
Par Murphy, Professor

Extension Biological & Agriculutural Engineering
Kansas State University

Engineering SDI Systems for Use of Livestock
Effluent

Todd Trooien, Assistant Professor

Southwest Research Extension Center, Kansas State University

Soil Changes Due to Long-term Manure
Applications

Alan Schlegel. Associate Professor

Southwest Research Extension Center, Kansas State University

Session 2

Municipal and Industrial Waste Management
Moderator: Chuck Martin, Associate Professor
Department of Geography. Kansas State University

Dodge City’s Reclaimed Water for Irrigation
Ben Looney, Project Manager

Operation Management [nternational

Reuse of Reclaimed Water on Treatment
Recreational Fields

Elden Hammerschmidt, Director

Public Works. City of Hays

Manhartan Solid Waste Study
Bill Eberle, Associate Professor
Agronomy Department, Kansas State University

Meat Packing Waste Handling Systems
and Processes

Jetf Smith

Excel Corporation

Wichita. Kansas
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12:50-2:10 p.m.

2:10-2:30 p.m.

Session 5

Pollution Prevention Educational Programs
Moderator: Rhonda Janke. Associate Professor
Agronomy Department, Kansas State University

Home*A*Syst
Judy Willingham, Consumer Pollution Prevention Specialist
Home*A*Syst Pollution Prevention Institute

Environment Farm Planning
Rhonda Janke. Associate Professor
Agronomy Department, Kansas State University

Kansas Environment Leadership Program (KELP)
Dan Kahl, Extension Assistant

Extension Agricultural and Biological Engineering

Kansas State University

Pollution Protection Industry Case Examples
Jean Waters, Director

Pollution Prevention Institute. Kansas State University
Sherry Davis, Extension Specialist

Pollution Prevention Institute, Kansas State University

Refreshment Break

CONCURRENT SESSIONS (run simultaneously)

2:30-3:50 p.m.

2:30-3:50 p.m.

2:30-3:50 p.m.

Session 4

Livestock Waste Management Regulations:
Goalsand Objectives

Moderator: William Hargrove. Director

Kansas Center for Agricultural Resources and the
Environment (K-CARE), Kansas State University

Kansas Department of Health & Environment
(KDHE)

Greg Foley, Livestock Management Chief

Bureau of Water, Kansas Department of Health &
Environment

KDA
Dlae Lambly
Kansas Department of Agriculture

EPA

Ralph Summers
Region 7. Environmental Protection Agency

Session 5 (repeat of Session 1)

Livestock Waste Management
Moderator: Dan Devlin. Associate Professor
Department of Agronomy, Kansas State University

Session 6
Alternative Water Managment and Treatment
Processes

Moderator: Bill Eberle, Associate Professor
Agronomy Department, Kansas State University

Buffer Strips

Prasanta Kalita, Assistant Professor
Biological & Agricultural Engineering
Kansas State University

Riparian Strips
Charlie Barton, Assistant Professor
Horticulture. Foresty & Recreation. Kansas State University

Land Application of Organic Wastes
Bradley Goering, Extension Agricultural Agent
Sedgwick County
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Composting
Bill Eberle. Associate Professor
Agronomy Department, Kansas State University

3:50-4:10 p.m. Break
CONCURRENT SESSIONS (run simultaneously)

4:10-5:30 p.m. Session 7
Living With Livestock Waste Managment
Regulations
Panel Discussion
Moderator: Pat Murphy, Professor
Extension Biological & Agriculutural Engineering
Kansas State University

Ken Goodyear. Producer
Pioneer Pork

Frank Mereurio, Consultant
Central Plains Engineering & Environmental
Consultants

Rich McKee, Executive Secretary
Feedlot Division
Kansas Livestock Association

Mike Jensen, Executive Director
Kansas Pork Producers Council

NRCS
John Ourada. State Conservation Engineer
Natural Resource Conservation Service

4:10-5:30 p.m. Session 8
Traditional and Alternative On-Site Wastewater
(Septic) Systems
Moderator: Morgan Powell. Professor
Biological and Agricultural Engineering, Kansas State University

Challenges to Onsite Wastewater Systems in Kansas
Barbara Dallemand, Onsite Wastewater Engineer
Extension Biological and Agricultural Engineering

Kansas State University

Alternative Systems: A Regulator’s View
TBA

Alternative Systems: An Installer’s View
Tim Schlatter
Tim's Backhoe Service

Alternative Systems: A Home Owner’s View
Mary Fund

Maintenance Issues

Debra Baker
KDHE

4:10-5:30 p.m. Session 9
What’sin the Water?

Moderator: Bill Harrison, Deputy Director
Kansas Geological Survey

Basic Drinking and Effluent Water Chemistry
Howard Duncan, Retired
Kansas Department of Health & Environment

Water Quality Assessment of the Cheney Reservoir
David Mau, Hydrologist
United States Geological Survey

Upper Arkansas River Water Quality Assessment
Don Whittemore. Chief
Geohydrology Section, Kansas Geological Survey

/-110



Who Should Attend

Every Kansas who is interested in water should attend and learn more about
the issues. For committees and organizations with an interest in water,
attendance or representation should be a must. This conference, is the forum
for all representatives from most of the state agencies, universities, and
organizations who study, plan, regulate, or are interested in influencing
decisions on how our waters are managed.

v To inform all concerned about the status of water in Kansas
v To provide an opportunity to interact with others who share an interest,
responsibility, or concern for water.

Planning Committee

Danny Rogers, Conference Chairman

Walter Aucott Bill Hargrove Freddie Lamm
Gary Clark Bill Harrison Chuck Martin
Dan Devlin Rhonda Janke Janice Nikkel
Walter Dodds Prasanta Kalita Jim Sherow
Bill Eberle JimKoelliker JeffWilliams

Poster Sessions

Posters of educational, noncommercial presentation highlighting programs,
projects, and research are invited for this conference. Payment of a registra-
tion fee entitles the presenter to one poster space. The posters must be
stand-alone or table-top displays and poster authors should be available to
discuss their posters with interested parties from 8:15-9:00 a.m. and 11:30
a.m.to 1:00 p.m. Deadline for submission is February 2, 1999. Abstracts that
do not meet space requirements will also be rejected. Please check for
completeness and accuracy. Poster Session/Display presenters will be
responsible for providing all materials associated with their poster/display.
Contact person will be notified of accepted entries. Entries can be submitted
online at the address listed below.

Location

All sessions will be held in the Holiday Inn located at 530 Richards Drive in
Manhattan, Kansas.

Prior approval is being sought from the Kansas Certified Crop Adviser
Program for Continuing Education Units from that program. The Division of
Continuing Education at Kansas State University will certify your attendance
by providing you with an official certificate. Please mark the appropriate
space on the registration and remit the $15 fee. This program may also qualify
for Continuing Education credits from other organizations.

Program and registration information is available via the World Wide
Web at http://www.dce.ksu.edu/dce/conf/water99
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: Accommadations

A block of rooms has been reserved at the Holiday Inn located at 530
Richard Drive for conference participants. Please refer to the Water and the
Future of Kansas Conference when making your reservation directly with
the Holiday Inn at (785)539-5311 by February 16,1999 to receive the
special rate of $67.00.

Registration Information/Policy

The registration fee of $60 includes a luncheon, poster presentation
option, refreshment breaks, conference proceedings, and all the confer-
ence materials. Your registration will be confirmed by mail if we receive
it by February 22, 1999. The confirmation will include maps, parking
permits, and a receipt/invoice for your registration fees.

Fast, Easy Registration

= Call us now at 1-800-432-8222 or (785) 532-5569 and ask for Confer-
~— ence Registration. Office hours: Monday—Friday, 8 a.m. to 5 p.m.
G

~ Send registration form to: Water and the Future of Kansas Conference,
" 131 College Court Building, Kansas State University,
Manbhattan, KS 66506—6015.

Fax the registration form to (785) 332-5637. Attn: Water Conference.

&=

Cancellation and Refund Policy

If you must cancel your registration, do so as soon as possible. Substitutions
are encouraged. Registration fees less a $10 processing fee will be refunded
only if notice is received by the Division of Continuing Education by 5:00
p.m. on February 26, 1999. Cancellations received after February 26 will

not be eligible for a refund. Refunds will not be given in amounts less than
S$s.

Conference Cancellation Policy

The Division of Continuing Education may cancel or postpone any course or
activity because of insufficient enrollment or other unforseen circumstances.
If a program is canceled or postponed, the Division of Continuing Education
will refund registration fees but cannot be held responsible for other costs,
charges, or expenses, including cancellation/change charges assessed by
airlines or travel agencies.

Questions/Information

Call the Conference Registration Office at (785) 532-5569 or 1-800-432-8222 for
registration information. For information about the conference, contact the
Conference Office at (785) 532-5575 oremail info@dce.ksu.edu.

Special Assistance for Participants with
Disabilities or Dietary Requirements

Kansas State University is committed to making conference activities accessible to
all participants. If you have special requirements due to disabilities or dietary
restrictions, please indicate your needs on the registration form or contact the
Division of Continuing Education Registrar at (785) 532-5566 by Monday,
February 15, 1999. Afrer this date. we will make every effort to provide assistance,
but cannot guarantee that requested equipment or services will be available.

Notice of nondiscrimination

Kansas State University is committed to a policy of nondiscnmination on the basis of race, sex, national origin, disability, religion,
age, sexual orientation. or other nonmerit reasons. in admissions. educational programs of activities, and employment (including
employment of disabled veterans and veterans he Vietnam Erar all as required by applicable laws and regulauons. Responsibility

for coordination of compliance efforts and receipt of inquines. including those concerning Title IX of the Education Amendments of
1972 and Section 304 of the Rehabilitanon Act of 1973, and the Amencans with Disabilities Act. has been delegated to Jane D
Rowien, Ph.D., tor. Unclassified Affairs and University Compliance, Kansas State University, 111 Anderson Hall, Manhattan, KS

66506-0123 (913-532

392). 2984 WTROUBRO Po36 | 99
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REGISTR. .ON FORM
Water and the Future of Kansas
March 2, 1999

(Please photocopy this form for additional registrations)

FirstName Last Name

Agency

Address

City State ZIP Code
( ). ( )

Phone Fax

e-mail address

Registration Fees (include meal cost)
— %6000 FullRegistration Fee (if postmarked by February 19, 1999)

—— $75.00 FullRegistration Fee (if postmarked after February 19, 1999)
_ S$1500 Student Registration Fee
— $15.00 CEU’s

Meal Functions (included in registration fee)
— Twill be attending the Luncheon

Method of Payment
Enclosed is a check (payable to Kansas State University)

_ Please invoice my firm/company. Purchase order #
_ Pleasechargemy___ VISA ___ MasterCard

Card Number Expiration Date

Print Cardholder’s Name Authorizing Signature

Roster Release

You may print my name, affiliation, address and telephone/FAX number in
the roster of participants. ____Yes ___No

I need special assistance
(hearing impaired, physical limitations, etc., please specify)

Please return completed registration form by February 19, 1999 to:

Water and the Future of Kansas Conference
Kansas State University

131 College Court Building

Manhattan, KS 665066015

(785) 532-5569 or 1-800-432-8222

FAX (785) 532-5637
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STATE OF KANSAS
KaANSAS ANIMAL HEAIL.TH DEPARTMENT

George Teagarden, Livestock Commissioner
708 S Jackson Topeka Kansas 66603-3714
Phone 913/296-2326 FAX 913/296-1765

February 17, 1999

Madame Chair Flower and members of the House Agriculture committee,

I am George Teagarden, Livestock Commissioner for the State of Kansas. 1 appear before you to
ask your favorable consideration of HB 2321. Simply put, this bill just adds to the definition of
domestic animals. KSA 47-635 speaks to the construction of KSA 47-610 to KSA 47-635,
statutes which give the livestock commissioner the authority to control movement of diseased
animals within the state.

Some of the additions (goats, llamas and poultry) were inadvertently removed by past legislative
action. Birds, nonhuman primates and ferrets are being added so that the livestock commissioner
can control diseased animals within these species. These species can carry diseases that are
harmful to man. In the recent past, our department has been aware of diseased birds and
nonhuman primates, but had no authority to quarantine and require treatment. Allowing diseased
animals to move freely about our state is not in the best interest of animal or human health.

At the suggestion of your research staff, we would support an amendment to the bill that will
make 1t read a whole lot easier.

Line 15, followmg 47 635 The prov151ons of this act shall—ﬂet—be—eeﬂstfﬁed—’ee—melude—&ny

shall be construed to mclude all contaglous or 1nfect1ous dlseases among al] klnds Of domest1c
animals including ---

Thank you for your attention to this matter. Are there any questions that I might answer?

@M@ Grvernitlios
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