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Crdering Directions:

This printed curriculum and the "Groundwater on The Move" and "Operation and
Maintenance: The Groundwater Flow Model" videotape (two programs) is
available from the Iowa Association for Vocational Instructional Materials
Center, 208 Davidson Hall, Iowa State University, Ames, IA 50011. Telephone
(515) 294-6673. Cost of the printed material is $15.00, plus shipping. Cost
of the videotape is $17.50, plus shipping.

"Seeds of Survival" videotape is available from Filmfair Communications, 10621
Magnolia Blvd., North Hollywood, California 91601. Or call collect
(818)-985-0244, Extension 262, attention Ethel Poirier.

"Groundwater and Agricultural Chemicals: Understanding The Issues" videotape
is available from members of The American Soybean Association, National Corn
Growers Association, or Monsanto Agricultural Company.

Plexiglas Groundwater Flow Models are available from Iowa State University,
Student Chapter of The Soil and Water Conservation Society, 2521 Agronomy
Building, Iowa State University, Ames, IA 50011.




ACKNOWLEDGEMENTS

Appreciation is expressed to the following individuals for their contribution
to the development of these educatioral materials.

The Writing Staff:

Don King, Agricultural Education Research Assistant

Martin Frick, Agricultural Education Research Assistant

Randy Bowman, Agricultural Education Research Assistant

Thomas Lewis, Agricultural Education Research Assistant

Consultant: Judy Levings, Naturalist, Cooperative Extension Service,
Iowa State University

The Support Staff:

Linda Drennan, Secretary

Barbara Olson, Secretary

Sharon Thomason, Secretary

Annette Kiefer, Agricultural Education Student
Larry Geerts, Agricultural Education Student
Duane Petty, Agricultural Education Student

Advisory Committee Members and/or Field Testing Sites:

Iowa Secondary Agriculture Instructors

Thomas Cory, North Polk, Alleman
Mike Duncomb, St. Ansgar

David Krahling, Sioux Center

Jim Collins, South Page, College Springs
Dennis Selness, Linn-Mar, Marion

Paul Swank, Mid-Prairie, Wellman

Ole Cleveland, Ackley

Jim Lundberg, Charles (ity

Louis Beck, Reinbeck

Ron Ressler, Hudson

Iowa Post Secondary Agriculture Instructor
Martin Thiesse, Iowa Lakes Community College, Emmetsburg

Agency Representatives
Gail George, Iowa Department of Natural Resources
Roger Link, U.S. Soil Conservation Service
Thomas Glanville, Cooperative Extension Service, Iowa State
University

Alan 0’Neal, Iowa Department of Education

Support Matarials:

Funding for support materials including groundwater flow models,
videctapes and reference publications, was provided by Monsanto

Agricultural Company.
‘- Technical review was made by staff from the following agencies: DNR; SCS; and
the Cooperative Extension Service, Iowa State University.

ii




INTRODUCTION

Groundwater is an important natural resource in Iowa. It is important
for at least three reasons:

1. Groundwater supplies drinking water fo. about 80% of all lowans and
for virtually all private rural users.

2. Groundwater contamination can affect the ecosystems of plants and
animals, because groundwater often recharges lakes and streams.

3. Towa’s economy depends on gicundwater because three-fourths of the
water is used for livestock, irrigation and commercial purposes.

“Protectian through prevention" is the basis of Iowa’s groundwater
protection policy. It is more feasible, more effective, and less expensive to
prevent groundwater contamination than to try to clean it up after it has
occurred. Many management practices that reduce groundwater contamination
also save energy.

The priority of groundwater issues in lowa were outlined in the Iowa
Groundwater Protection Strategy and agreed upon by the Iowa Legislature,
Department of Natural Resources, and other groups interested in groundwater
quality. The strategy was the basis for Iowa’s 1987 Groundwater Protection
Act, a Tandmark piece of legislation. Iowa’s groundwater issues in priority
order include:

1. Fertilizers and pesticides
2. Abandoned waste sites and landfills

3. Leaking undergriund storage tanks and handling and transporting
hazardous materials

4. Direct paths of contamination (agricultural drainage wells, abandoned
wells, and sinkholes)

5. Land-applied wastes and sewage treatment

Agriculture has an important role to play in the protection of
groundwater quality. Groundwater Protection through Prevention: A Curriculum
for Agricultural Education in Secondary Schools was developed to help people
understand the relationshios between groundwater quality and agricultural
systems.

The materials were designed for use in Agri~ultural Science, Technology
and Marketing (ASTM) classes in Iowa high schools. However, the materials are
appropriate for use in other classes in middle, seccndary, and post-secondary
schools, and with youth and adults in nonformal settinys. Every person is
affected by the quality of groundwater, and all should be aware of ways to

‘ protect this important resource. These materials will help davelop this
awareness and identify actions needed to protect groundwater quality.




FOREWORD

The United States Department of Agriculture (USDA) model of the
agricultural system shown below was used in developing a new Iowa vocational
and technical education program in agriculture known as "Agriculture Science,
Technology and Marketing" (ASTM). USDA and ASTM programs recognize American
agriculture as a global enterprise with nine (9) functions: (1) manufacturing,
(2) communications, (3) finance, (4) sales and service, (5) food and fiber
producers, (6) transportation, (7) processing, (8) marketing and (9)
merchandising. These functions make up the agricultural system and can be
depicted as an arch. The arch rests on two vital bases -- natural resources

and science and technology.

American Agricuiture—A Global Enterprise

and
Service Producers

Processing

Communs-
cations
and
information

Manu-
tactunng
/ Science and Technalogy \
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Mercnan-
dising

Source: 1986 Yearbook of Agriculture

Water is one of the natural resources vital to any agricultural system.
Knowledge about water is also included in the science and technology that
supports the functions in the agricultural industry. In addition to
supporting the agricultural industry, groundwater provides 30 percent of the
urban population and 97 percent of the rural population in the United States
with drinking water. Maintaining the quality of our groundwater is a
nationai, state and local ceacern.
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These educational materials were developed in support of the Iowa ASTM
program. They focus on groundwater educational concepts directly related to
the 1987 lowa Groundwater Protection Act. The materials were designed to
assist teachers in providing systematic groundwater instruction for high
school students emolled in ASTM classes.

This notebook includes eight (8) instructional units. Each unit includes
lesson plans that feature objectives, interest approach, a 1ist of materials
needed, and teaching procedures. Concise technical information is provided
through accompanying information sheets (INFO), activities (ACT). visual
masters (VM), references and two videos.

A glossary is included to assist in learning terms related to
groundwater.

Classroom/laboratory instruction suggested in these materials can be
expanded through FFA activities and supervised agriculture experience (SAE).
Involvement of students in community projects, contests, award programs, and
leadership activities related to groundwater concepts and issues can create
student interest and enhance learning.

A list of some careers where people may use groundwater knowledges and
skills is included. Relating groundwater subject matter to Jobs performed by
people helps bring reality to the lesson. -

David L. Williams Eldon C. Weber

Professor and Head Soil Conservation Service-

Agricultural Education Iowa State University Liaison
Department

College of Agriculture
Iowa State University
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PREVIEWS OF VIDEOS

27 Min. PREVIEW OF "SEEDS OF SURVIVAL" - 1983

The video follows a Nebraska farm family and their farming neighbors
through one year in their lives - from planting through harvest. It shows the
farmers trying to cope with three major threats - problems which are
inextricably linked to the widespraad use of synthetic fertilizers and
pesticides. It features one farmer who successfully shifted back to organic
farming - not an easy feat. These farmers now face the worst odds for their
survival in U. S. history. The video is down-to-earth and well-illustrated by
progressive young farmers and their families. The video begins with a patio
scene discussing the tremendous destruction caused by a 1982 storm that
destroyed crops, washed off chemicals and resulted in topsoil loss. Farmers
discuss their economic plight resulting from the present agriculture system,
discuss how their fathers and grandfathers did take care of the land, but that
the current generation has abandoned crop rotations. They agree that

incentives for farms to get bigger and produce higher yields are not the
answer.

As you listen to agricultural chemical company representatives at the
Husker Harvest Day try to sell chemicals, the featured farmers are saying they
make you believe you can't farm without chemicals, one says "I’'m almost to the

point I was brainwashed". Use of chemicals are more costly to the farmers
each year.

The video shows the wife being x-rayed to see if they have arrested the
cancer that she has had. The question is asked: could it be related to the
agricultural chemicals being used? The farmer admits he needs to use some
chemicals. A Nebraska farmer who was one of the largest chemical farmers in
the state 16 years ago is featured. He changed to organic farming using
rotations, manures, and other biological practices. He spends no money on
chemicals, uses no irrigation, and gets top prices for his products. He says
diversity of crops spreads out risks and reduces insects. He says it takes 3
to 5§ years to make the transition from chemical to organic farming, and at
first you can expect lower yields. The video makes a point that USDA, at that
time, was not putting resources into sustainable agriculture.

The film ends with the mother, in a cab, driving the tractor with her
small child taking a nap, with the statement - "We really don’t own the land".

Copies of “Seeds of Survival" were purchased from Filmfair
Communications, to be included as a functioning part of this curriculum. The
video sets the stage of "urgency" for groundwat r education in agriculture to
develop needed knowledge, values, and skills among present and future farmers
and decision makers. Filmfair Communications agrees to make the video
available to users of the curriculum at published rates. All inquiries as to
price and availability of the video should be addressed to Filmfair
Communications, 10621 Magnolia Boulevard, North Hollywood, California 91601.
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18 Min. GROUNDWATER AND AGRICULTURAL CHEMICALS:
‘ UNNDERSTANDING THE ISSUES - 1988

This video, narrated by Hugh Cowns, addresses the question "Can the nation’s
parallel nzeds for safe groundwater and high agricultural productivity be
met?"

The president of The National Corn Grower’s Association states "There 1s a
great need for farmers to be more knowledgeable...because as the primary users
of pesticides and water in this country, if we aren’t a part of the solution,
we will most certainly be viewed as part of the problem." Simple animation
illustrates where groundwater comes from and how it moves. Most of the
emphasis is placed on safe handling and storage of pesticides and contaminants
reaching grourdwater through direct routes of contamination (at specific
points) as opposed to agricultural chemicals leacking through the soil to
groundwater (as non-point pollution). According to the president of The
American Soybean Association, much of the responsibility for protecting
groundwater from pesticides rests with the individual farmer.

Monsanto, monetarily, supported the development of this video. The video was
presented as a service to agriculture by The American Soybean Association and
The National Corn Growers Association with funding provided by Monsanto.
Contact one of the three above groups for additional copies.

10 Min. GROUNDWATER ON THE MOVE - 1989

. This video of the groundwater flow model demonstration visually illustrates
(with colored dye) important principles of groundwater movement and shows how
agricultural chemicals and groundwater meet. The video may be used in lieu of
demonstrating the flow model to illustrate forces and movement of groundwater,
the water table, aquifers, pumping wells, and artesian wells. Direct and
indirect paths of groundwater contaminates are demonstrated showing how
surface pesticides and nitrates end up in drinking water. The flow model was
designed and constructed by Jim Peterson, water quality specialist,
Cooperative Extension Service, University of Wisconsin, Madison, Wisconsin,
specifically for The Vocational Agriculture Curriculum.

Eldon Weber, U.S. Soil Conservation Service (SCS), demonstrates the flow model
i1lustrating the major agricultural groundwater contamination sources as
contained in The Vocational Agricultural Curriculum.

The video script was developed by The Agricultural Education Department and
The Dcpartment of Natural Resources (DNR). DNR filmed the video.

15 Min. OPERATION AND MAINTENANCE
OF THE GROUNDWATER FLOW MODEL

The cperation and maintenance segment of the groundwater flow model video was
filmed by SCS using portions of a demonstration provided by Jim Peterson,

University of Wisconsin. It is designed for educators who demonstrate The
. Flow Model.

iX
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Recognizing Groundwater Concerns

LESSON:  Introduction to "Protecting Iowa's Groundwater Through Prevention"

GOAL:

Since you will be our future
agriculturalists, it is important for you to
understand the concerns we have with the
quality of our groundwater. You must
have enough knowledge and develop
necessary skills to protect our
groundwater through prevention using
good farm management practices. You
need to understand the energy and soil
conservation benefits associated with
water quality management practices.

OBJECTIVES:

Upon completion of this lesson, the
participants will be able to:

1. Determine the groundwater quality
concemns in fowa.

2. Prioritize the agricultural issues in the
protection of groundwater.

3. Determine how water quality affects
different uses.

4. Distinguish between point and non-
point pollution.

5. Analyze the relationship between
energy conservation and groundwater
quality.

MATERIALS:

Video player, videos - "Seeds of

Survival" and "Groundwater and

Agricultural Chemicals: Understanding
‘e Issues," overhead projector,

VISUAL MASTERS:

VM-INTRO-1 Seven Issues Affecting
Water Quality in Iowa

VM-INTRO-2 Water Impairment and Its
Affects on Water Uses

VM-INTRO-3 Two Basic Classes of
Pollution Sources

ACTIVITIES:

PRE-TEST Conservation Planning
Exercise

ACT-INTRO-1 Videos - Balance the
Issues Exercise

ACT-INTRO-2 & Key Identification of
Pollution Types

ACT-INTRO-3 & Key Energy
Conservation Exercise

ACT-INTRO-4 World's Water Supply

ACT-INTRO-5 & KEY Natures Water
Cycle

ACT-INTRO-6 “Seeds of Survival"
video exercise’

INFORMATION:

INFO-INTRO-1 Seven Issues Affecting
Water Quality in lowa

INFO-INTRO-2 Priority Water
Allocation Plan for
Iowa

INTEREST APPROACH:

This introduction lesson "Protecting
Towa's Groundwater Through
Prevention,” will set the stage for a series
of units to follow. This topic has high
priority nationally, within the state, and in
our community. In fact, these curricuium
materials were made possible through the
passage of the Iowa Groundwater
Protection Act. You will find this topic
exciting and you'll have maximum
"hands-on" experiences. You'll want to
think of how we can take this message to
our community in the form of a
community action program. One of
life's fundamental needs is water. We

Prepared by Don King, Department of Agriculwral Education, lowa State University,

A, Iowa, June 1989.
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need both a safe and dependable supply
of water to maintain our health and
standard of living. Review ACT-
INTRO-1 prior to showing the videos:
"Seeds of Survival” and "Groundwater
and Agricultural Chemicals:
Understanding the Issues."

PRETEST CONSERVATION
PLANNING EXERCISE

Use this exercise as a pretest. Explain to
participants that this same activity will be
given as a posttest assignment to evaluate
their comprehension of the eight
groundwater units. Divide into groups of
two or three to compete for the highest
score. Use the same teams in the posttest.
Review participants answers. Ask them
to hand in their answers for comparison
onthe posttest. (Use the key found in
Unit 8 only in the posttest). Explain that
their answer sheets will be handed out at
the conclusion of the groundwater units.
(Participants should do much better on
the posttest after they have completed the
eight units).

TEACHING PROCEDURE:

1. What are the Seven Agricultural
Groundwater Quality Concerns in
Iowa? Use INFO-INTRO-1 and VM-
INTRO-1 1o identify 7 issues related
to agricultural groundwater quality in
lIowa. Ask students why they think
each is important, and what potential
affect it can have on them and their
environment. Explain the importance
of these issues and discuss the short
and long term affects of each.

2. How does Groundwater Quality
Affect Diffcrent Water Uses? Ask
participants to write a brief definition
of "water use impairment”. Write
them on the chalkboard. Use VM-
INTRO-2 to compare the correct
definition of 'water use impairment'
with that of the participants and frame
this discussion in an environmental
context. Then break participants into
small groups and have them identify
the major classifications of water use
in their area and in Iowa. Compare
these answers with those listed on

VM-INTRO-2. Ask groups to
determine which of these water use
classifications may overlap with
another, and discuss to whai exient
this overlapping should be allowed,
controlled, or prohibited. Using
INFO-INTRO-2, explain that Iowa
law has set a priority list of the order
in which water use(s) may be cut off
in case of a water shortage.

3. What are Point and Nonpoint
Pollution Sources? Use VM-INTRO-
3 to define point and nonpoint
pollution. Ask participants for
examples of each. Use. ACT-INTRO-
2 & Key to have participants identify
the listed pollution sources as being
either point (direct) or nonpoint
(indirect) pollution types. Explain the
importance of proper site selection for
tanks and wells. Refer to pages 3, 4,
and 13 of "Water Quality Field
Guide" to understand principles of
nonpoint pollution.

4. Throughout the groundwater
education program you will see that
management systeis used in crop
production to reduce water pollution
will likewise reduce energy usage. In
fact, many of the "unnecessary”
tillage operations not only consume
energy unnecessarily, cost more and
take more time, but they also lead to
soil erosion. Use ACT-INTRO-3 to
illustrate.

CONCLUSIONS:

Review the objectives of the lesson and
ask each of the participants to list and
describe two of the major points
discussed in this lesson.

Divide students into 7 groups. Assign
each group one of the 7 issues and have
them develop a method/program for
educating the public about its'
importance, thereby working to combat
the issue. Have each group orally prescnt
their educational programs to the class.



OTHER ACTIVITIES:

1. Using ACT-INTRO-4 (both pages)

show students the location of our
world's water supply. Asks students
the questions as outlined.

. Using ACT-INTRO-5 and KEY-
ACT-INTRO-5 have students identify
where each component of the water
cycle comes into play, thus having an
effect on water quality.

. Briefly discuss the Hydrologic Cycle
(Water Cycle). Demonstrate this
cycle by boiling water on a hot plate
and holding a pan of ice cubes over
the steam from the boiling water.
Steam will condense when it hits the
cold pan, and fall back into the water
and change to steam again,
completing the cycle.

. An altemnative activity would be to
demonstrate the process of
transpiration. One can easily illustrate
this process by placing a clear plastic
bag over two broad-leafed potted
plants, of whic each is
approximately the same size and type
as the other. Place one plant in a dark
cool place, and the other in a warm,
well lit spot. After a period of time
the plant in the warm environment
will show a much greater degree _f
moisture collected on the inside of the
bag; a result of greater transpiration
rate. Discuss how this moisture
(water) transpires through the plant
and evaporates into the atmosphere,
and re-releases as precipitation,
evcatually seeping into the soil
(infiltration) to { 11 groundwater.

5. Work with participants to develop

FFA-Supervised Agricultural
Experience (SAE) projects designed
around water quality. Identify on-
farm sources of pollution and
pollution entry.

6. Plan an FFA Chapter Community

Service Project where the chapter will
collect and test resident water sources
for nitrate and bacteria.

7. Invite local water quality specialists to
speak to your class.

8. Compare the number of newspaper,
magazine articles on resources with
that of other pertinent and timely
societal concems, to see the amount
of press coverage and attention
devoted to each issue. Discuss why
these issues are topical.

9. Use ACT-INTRO-6, from Film Fair
Communicatiuns to further discuss
video "Seeds of Survival."”




CT-TNTRO-1

BALAINCING THE ISSUES

Objective: After viewing each video, participants will be able
to recognize bias from various interest groups on groundwater
concerns. After viewing the videos, participants will be able to
appreciate the need for the public to develop 3kills in reducing
groundwater contamination.

INTEREST APPROACH:

Two videos have been selecied for you to show. Boch illustrate
why farmers and the general public are concerned about
groundwater contamination. "Groundwater and Agricultural
Chemicals: Understanding the Issues," was developed by Monsanto
and taped in 1988 and "Seeds of Survival", taped in 1983, was
developed by KMTV, Omaha, and Public Television. The aim is for
participants to become familiar with surrounding groundwater
cuntamination and realize we are b2ing bombarded by special
interest groups working for their cause. Ve need to be as
objective as possible t¢ sort out the facts. Show "Groundwater
and Agricultural Chemicals: Understanding the Issues" first and
have participants answer the associated questions.

Then view "Seeds of Survival", have participants answer the
associated questions and compare the messages of both videos.

COMPARE THE ISSUES

Both of the videos you will view have important messages, aimed
at individual causes. They are trying to sell. It is important
for you to understand that you are exposed to information
designed to sell special interest causes on a daily basis on a
great many topics. It is necessary for you to separate facts
from emotions; and information slanted to selling ideas and
products from facts. It is important to remember there is more
than one side to an issue and it is up to farmers to look at many
sources of information, weigh the issues and make intelligent
decisicns. These decisions should not only be good for them, but
for future generactions. During this exercise you will be asked
to compare short-term economic issues with environmental issues
by using i..formation provided by special interest groups.

"Groundwater and Agricultural Chemicals: Understanding the
Issues™”

(Developed by the National Corn Grower's Association and the
American Soybean Association through a grant from Monmnsanto, a
mid-western based company that develops and sells agricultural
pesticides)

1. The following quotes were taken from the video you Jjust saw.
Discuss whether you think the quotes were objective or
whether they were slanted toward selling an idea or product.

-




"the simple fact is that productivity and economic
viability mean nearly the same thing"

Increased yields do not necessarily mean increased
profits. Lowering inputs i.e., by scouting for pest
damage befure applying chemicals may very well reduce the
need to spend as much on chemicals.

+ + + . chemicals can be good for the environment."

This statement was not explained in the video. Many
themicals are natural in the environment. However,
c:emicals in the form of fer“iligzers and pesticides are
causing serious damage to our dJuter. In fact, these
materials were written becaus2 of the concern the public
has about qroundwater quality

"the most common type of grouncwater contamination is by
direct routes" ’

Many scientists would say this may not be true.
Currently, research is being done to determine the amount
of contamination by water movement through the soil. For
example, the Iowa Department of Natural Resources has
reserch in the Big Spring Basin in northeastern Iowa and
other reas that indicate the main way agricultural
chemicals reach groundwater is by leaching through the
soil, rather than by "direct routes", It appears from
this video that the producers want the viewers to believe
that we need only to correctly handle and store
agricultural chemicals to ensure we have clean
groundwater,

"you can measure chemicals in water at levels far below
any significant level of risk."

Most, if not all, scientists would say this statement is
false. It is important that students understand that
when several pesticides contaminate water, they may
produce health effects in combination that are greater
than the sum of their individual toxic effects. As of
1986, the Environmental Protection Agency (EPA) had only
set drinking water standards for sigx pesticides. Most of
the most commonly used pesticides do not have drinking
water standards so no one knows the "levels of risk".

"pesticides represent only a small portion of the overall
groundwater residue picture"

In the EPA study, 17 pesticides had been found in
groundwater in 23 states.

Discuss why Monsanto would fund a video such as the one you
just saw.

Monsanto is very concerned about safety and the proper use of

their product. They want to educate the public on the

-5-
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correct handling and storing of agricultural pesticides and
improve their public image. The video will be used later to
[rovide excellent information on handling and storing
pesticides. Also, to influence the participant to believe
that if he or she just handles the chemicals correctly, the
problem of agricultural chemicals contaminating groundwater
will be solved. (Improved handling will lessen the problem,
but not solve the main problem.)

Who narrated this video? Why would using a well-known
television voice to narrate a video or film help sell the
film producer's message?

Hugh Downs, commentator for "Twenty-Twenty". Since
"Twenty-Twenty"” is a news show, we have been conditioned to
trust the journalist associated with this program.

Discuss what you think is meant by this quote "land cannot be
owned, it is merely borrowed from future generations".

"Seeds of Survival" is a video developed in 1983 by KMTV Omaha,
and by Public Television

Discuss the following:

a. Think back to the scene where the  female farm renter was
being tes:ed for cancer at the hospital. Wwhat feelings
did this scene invoke in you? How do you feel about
this?

- Open

b. "The only way soils can be built is organically".
Discuss this quote.

- Soil is developed very slowly as organic matter is
decomposed and mixed with other elements. Adding
synthetic fertilizer to the soil does not add organic
matter. Since soil development is very slow, it is
essential that we protect what we have to prevent
eXcessive erosion.

c. Is there evidence that farm chemicals are linked to a
higher incidence of cancer?

- Some pesticides have been linked to cancer.

Discuss how the creators of this video made you feel about
the agriculture chemical problems on the farm? Why would an
Omaha T.V. station and Public Television develop such a
video?

- Open




3. Who narrated this video? Does this contribute to the bias of
the video? Do vou think this video is slanted too much to
the environmental side?

- Dennis Weaver, well-known for his role in "Gunsmoke". Again
a well-known person was used to sell the cause for a needed
change to improve our environment.

4. 1In the video, John Block, former United States Secretary of
Agriculture, said "I don't feel they (chemicals) are
dangerous. I feel we are using the proper amounts." Discuss
whether you agree with hir, and why the producers of the
video used this quote.

~- Some reasons that former Secretary Block used may be to show
that farmers can not necessarily depend on elected or
appointed officials to accurately inform them as to important
issues. Also at the time this was filmed in 1983, there was
less concernm in the quality of our groundwater.

5. What changes are some farmers making in an effort to reduce
water pollution and other environmental problems? The
details for this will be revealed in later units of these
materials.

- Answers could include: more crop rotations to break up the
insect cycle, use of manures and crop rotations to reduce the
amount of commercial fertilizer needed, reducing the amount
of chemicals used and organic farming.

The message of "Seeds of Survival"” is as true today as it was in
1983, with one exception, a greater awareness of the problem now
exists. Legislation has been initiated to provide for low input
sustainable agriculture incentives. USDA has made a major shift
in emphasis since the film was produced. Water quality will be
the center of attention in the 1994 Farm Bill. The 1988-1997
National Program for Soil and Water Conservation (RCA), directs
USDA to improve and protect the quality of surface and
groundwater and emphasize cost-effective alternative farming
systems.

6. Discuss why the O0ffice of Organic Farming was eliminated from
USDA during the taping of this video. Do you think the
National Corn Growers Association and the American Soybean
Association will do what they can to help farmers make the
switch to sustainable agriculture?

- Open
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PRE-TEST

Conservation Planning Exercise
Situati

You are the owner of 320 acres (see scaled map) and a house in town. You have met with your county
Soil Conservationist and together you have prepared a conservation plan for your farm. This plan
accomplishes two purposes: (1) to control erosion and (2) to remain eligible for the 1985 Food Security Act.

In addition, you feed 100 head of cattle each year and spread their manure on a small pasture located
nextto the feedlot. This pasture is on a sandy soil which is excessively well drained. Gasoline is stored in an
underground tank (over 20 years old) as a safety precaution. The well you use for your on-tarm household is
located close to the feedlot and pasture. There is also an abandoned well on your tarm, as well as a pond
and wildlife area downstream from the feedlot.

You grow continuous corn and you apply an ample amount of pesticides (broadcast) because you don't
want to take the risk of insect or weed problems. The use of a cultivator to control weeds is seldom used.

The county soil survey report shows that the soils on your farm have an average annual yield potential of
100 bu. of corrvacre under good management. You apply nitrogen each year at a rate estimated to produce
150 bushels of corn/acre Fertilizer is purchased and applied (broadcast) in the fall to take advantage of lower
costs.

You are following your conservation plan using practices such as contouring and conservation tillage to
control erosion on gently sloping land. You have become concerned about how your tarming operations
may be adding to water pollution, and you want to revise your conservation plan using energy conservation
and cost effective farming systems to reduce water poliution.

Furthermore, you suspect you have been using an excessive amount of lawn and garden chemicals on
your property in town and feel you have been somewhat careless in the handling of these materials. You
want fo impro\e your management of lawn and garden pests to reduce the water pollution potential.
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PRE-TEST

To broaden your conservatinn plan to a sustainable agriculture, and energy
conservation, farming system complete the following:

Assignment #1: Analyze your farming operations to determine potential water
pollution problems. Make a list of the problems which you think need
to be corrected.

Assignment #2 : What management practices will you use to eliminate the potential
water quality problems which you have ide:itified?

Assignment #3: Develop a cropping schedule on how you would convert from a
continous corn cropping system to a sustainable agriculture system,
using reduced pesticides and commercial nitrogen. What crops
would you grow in each field in 1990, 1991, 1992, 1993, maintaining
approximately the same acreage of each crop each year?

1989 1990 1991  19%2 1993

Eield 1 Corn
Field 2. Corn
Eield3 Com
Field 4 Comn

Assignment #4 :© How would the practices outlined above conserve energy (petroleum
products)?

Assignment #5 : How do you plan to reduce chemical use and improve safety on your
lawn and garden in town?
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INFO-INTRO-1

Seven Issues Affecting Water Quality
In lowa -- In Priority Order

i. Agricultural Use of Nitrogen Fertilizers:

*  About 10 times as much nitrogen fettilizer is used on lowa farms today than 30
years ago and a parallel increase in nitrate levels has been found in lowa's
groundwater

. Resulting in potential health risks: blue-baby syndrome, hypertension,

& possibly cancer

*  About 26% of lowa's population are served by nigh nitrate surface water or

groundwater
2. Agricultural Use of Pesticides:
. * Concentrations (generally less than 5 ppb) are now being found

in shallow groundwaters in lowa - low concentrations of some pesticides may
cause environmental and health problems.

. 9 herbicides and 3 insecticides have been detected by monitoring lowa's public
water supplies

. Major sources of these pollutants may be from use on farm fields (For example,
evidence of atrazine has been found in iield tiles)

*  About 27% of lowans are periodically consuming pesticides in their water

. Resulting health effects: links to some cancers, including leukemia, and
melanoma

3. Underground Tanks and Pipelines:

. Underground -- risk reduced for fire, but increased for groundwater
contamination, because closer to the water table and ability to detect leaks is
greatly reduced: small leaks have great impact over time.

’V . . EPA national study showed 25% of the existing underground tanks had leaks.

. In lowa, 85% of the reported tank leaks resulted in contamination of

groundwater.
-10-




4. Hazardous Substances Handling/Storage:

* In lowa potential sources of spills, leaks, and runoff from above ground
storage tanks include: 146 regulated hazardous waste facilities; over 1,400
auto repair and service garages; about 1,300 agri-chemical dealerships;
and numerous barge and railroad terminals; petroleum tank farms: and
on-farm handling of hazardous substances.

5. Direct Paths of Contamination:

*  Any hole in the ground that reaches an aquifer can carry pollutants.

* Three direct paths of contamination in iowa are of special concern:
agricultural drainage wells, abanuoned wells, and sinkholes.

S. Land Applied Solid/Liquia Wastes:

*  The application of animal wastes, industrial wastewater treatment sludges,
and municipal sewage sludge on the land surface is an alternative to burning
or discharging wastes into streams and rivers.

*  Application guidelines need to be followed to prevent groundwater
contamination by: bacteria, nitrates, or other chemicals contained in sludges.

7. Urban Use of Fertilizers/Pesticides:

. Urban use does have potential for contaminating groundwater, but only 2% of
these chemicals are uvsed in urban areas.

*  CGreatest risk in urban areas may be due to direct contact by children and pets

Source: lowa Groundwater Education Strategy

August, 1988
lowa Department of Natural Resources

-11- v




VM-INTRO-1

Seven Issues Affecting Water Quality
In lowa

Agricultural Use of Nitrogen Fertilizers
Agricultural Use of Pesticides
Underground Tanks and Pipelines
Hazardous Substances Handling/Storage
Direct Paths of Contamination

Land Applied Solid/Liquid Wastes

Urban Use of Fertilizers/Pesticides

-12-
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' VM-INTRO-2
Water Impairment and its
Effects on Water Uses

1. Water beccmes polluted after a certain level of contamination has been
reached. At that time the water is said to be impaired. It's use is
restricted tc certain activities or functions.

2. Impaired use means that the quality o, the water is unfit for a specific
use. For example, water suitable for non-contact recreation (boating)
may be impaired for use by humans. Water used for irrigation may be

‘ impaired for use by livestock.

3. Water Classifications:

« Agricultural * Municipal Water Supply
+ Wildlife * Industrial Water Supply
« Aquatic Life + Energy Production

* Transportation  + Recreational: Primary Contact
Secondary Contact

-13-
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INFO-INTRO-2

Priority Water Allocation Plan
For lowa

The lowa Department of Natural Resources may suspend or restrict
usage of water by category of use on a local or statewide basis in the
foilowing order:

a. Water conveyed across state boundaries.

Water used primarily for recreational or aesthetic purposes.

Uses of water for the irrigation of hay, corn, soybeans, oats, grain
sorghurn or wheat.

Uses of water for the irrigation of crops other than hay, corn,
soybeans, oats, grain sorghum or wheat.

Uses of water for manufacturing or other industrial processes.

Uses of water for generation of electrical power for public
consumption.

lLivestock production.

Human consumption ar  sanitation supplied by rural water districts,
municipal water systems, or other public water supplies.

Human consumption and sanitation supplied by a private water
supply.

" Notice that water for irrigation purposes is among the first to be cut.

14—
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VM-INTRO-3

TWO BASIC CLASSIFICATIONS OF
POLLUTION SOURCES

* Non-Point Source Pollution
Pollution of the water from numerous,
widespread locations that are hard to identify.

Ex: Agri-chemicals through leaching or
runoff

* Point Source Pollution
Pollution of water from one place in a
concentrated manner that is easy to identify.
Ex. Leaking underground storage tank or ar
overturned chemical truck/trailer.

~15-




ACT-INTRO -2

Identification of Pollution Types

various sources of pollution are listed below. Identify
each as to whether it is either point or non-point pollution.
(Some could be both)

* Aleaking undergound petroleum tank.

» Sediment eroding from a field.

* A private septic tank.

' > Nutrients being leached into the groundwater.

* Animal wastes tilled into a field.

* Animal wastes in a sludge/sump pond.

* Improper disposal and storage of solid and
hazardous wastes.

» Pesticides sprayed on a field.

* Crop chemicals washing from fieid into an old well
casing.

~-16-




KEY-ACT-INTRO -2

Identification of Pollution Types

Various sources of pollution are listed below. |dentify
each as to whether it is either point or non-point pollution.

P <A leaking undergound petroleum tank.

NP +Sediment eroding from a field.

P <A private septic tank.

NP «Nutrients being leached into the groundwater.

NP -Animal wastes tilled into a field.

P~ +Animal wastes in a sludge/sump pond.

P «Improper disposal and storage of solid and
hazardous wastes.

NP «Pesticides sprayed on a field.

Both «Crop chemicals washing from field into ar old well
casing.

-17-




ACT-INTRO-3
ENERGY CONSERVATION EXERCISE

Exercise: ( group or individual)
For the following management practice, describe the effects on energy usage and
water quality.

Description of 3 Management Practice (banding)

Situation: You change from broadcasting (applying over entire field) nitrogen and
pesticides, to banding (applying in a narrow band over each row). Place the foliowing
questions on the blackboard.

1. How would the band application of pesticides and nitrogen save energy?

2. How would it reduce water contam.nation?

KEY-ACT-INTRQ-3
1. Answer: Using less chemical results in less energy used in manufacturing and

less energy fuel used in transporting the chemicai from the source to the farm.
2. Answer: When less chemicals are applied to a field, a lesser amount will be
available for leaching into the groundwater.

~-18-



ACT-INTRO-4

WATER OF THE WQRLD DEMONSTRATION

Looking at the total world's water supply contained in the Water Connection Cycle
{(Hydrologic Cycle), if a 55 gallon drum filled to capacity with water, was representative
of all the water in the world, how much would represent the water in our oceans?

--- Answer: 53 gals., 1 qt., 1 pt,, 3 oz.

Using 2 one gallon milk bottles (each filled with water), a quart jar, a pint jar, a glass
measuring cup, and a bucket to catch the excess water, conduct the following
demonstration.

Ask students: How much of the world's water is contained in groundwater and soil
moisture ?

Demonstrate: From one of the gallon bottles, completely fill the quart jar, and place
11.5 ounces in the measuring cup. Based on the 55 gallon barrel of water, this amount
represents the amount of the worlds water contained in groundwater and soil moisture.
Of this 1 quart and 11.5 ounces, only 1/4 oz. represents the soil moisture (that moisture
within the soil profile above the water table).

Other portions of the Water Connection Cycle may be demonstrated in this manner.
Other possibilities for this exercise might include having students fill those containers

(of various sizes) which they feel represent corresponding amounts of world water. This
could be done prior to the actual demonstation.

o
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ACT-INTRO-4

® World's Water Supply

55 gal. (World's Water Supply)

100%

53 gal.,, 1 qt.,, 1 pt., & 3 oz

g,og
1 gal.,, 12 oz.
2%
' 1 qt, 11.4 oz.
6 of 1%
1 pt, 4.5 oz.
2 of 1%
5 oz
.007 of 1%
34 oz.
.064 of 1%
.01 oz.
‘II'” 00014 of 1%

o SOURCE: ADAPTED FROM THE HYDROLOGIC CYCLE, U.S. GEOLOGICAL SURVEY, 1984

Ice Caps and Glaciers
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ACT-INTRO-5
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KEY-ACT-INTRO-5

Natures Water Cycle
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Condensation - The changing of water vapor to liquid.
Evaporation - The changing of water into water vapor.
Grounawater - Water found below the surface of the earth.

Hydrologic Cycle - Process involving the circulation and dis.iibution of water on the
earth.

Infiltration - The process by which water seeps into the soil.

Precipitation - Forms of condensec water vapor that are heavy enoug™t to fall to the
earth's surface, such as rain, snow, sleet, and hail.

Runoff - Water that doesn't enter the soil, but flows in the direction of least :esistanca.

>
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ACT-INTRO-6

‘ SEEDS OF SURVIVAL
A Film by Pamela Roberts

SYNOPSIS:
Alan and Delores Hilt are Nebraska Farmers.
Over the years, they and many of their farming
neighbors have become dependent on synthetic fertilizers
and pesticides to bolster their crop yield and income. Once
considered a boon to American agriculture, the use of chemicals
has proven to be a mixed blessing: it has reduced soil fertility, increased
production costs and raised concerns that the chemicals may be poliuting the i
water ard soil. Consequently, many farmers believe they must return to organic
methods of farming and rebuild their soil by reducing their dependence on chemicals.
It takes several years to make that transition and during that time, crop yields and income
are greatly reduced.Unfortunately for the Hilts and many of their neighbors, the financial
risk may b~ too great to bear. Concerned for the future, the Hilts continue to look
forward to s time when they can reduce their dependence on agricultural chemicals and
reap the benefits of lower production custs and rejuvenated soil. Ironically, their
yearly struggle for economic survival rnay prevent them from doing that,
AFTER VIEWING:
For what purposes are agricultural chemicals used?
What is meant by the term ’Organic Farming'?
How has the use of chamical fertilizers and pesticides benefitted American
agricultures
What is ““crop rotation”? How does it contribute to farm’s productivity?
How did farmers change their planting procedures after the introduction of
agricultural chemicals?
Why did farmers become dependent on the use of agricultural chemicals?
What environmental and health concerns have arisen regarding the use of
agricultural chemizcals?
What are the benifits of Organic Farming?
What economic .actors determine whether a farm will show a profit or
loss on the crops it sends to market?
10. Describe the economic problems facing the average farmer today?
11, How does a farmer’s indebtedness affect his ability to make a profit
ot his crops?
12, What other problems can affect the productivity and economics of farming?
13. How do these problems, economic and otherwise, make it difficult
for farmers to reduce their dependence on chemicals and switch tc
organic methods of farming?
14, How have farmers attempted tp promote the use of organic farming
methods?
15. Contrast the position taken by the Federal Government
regarding the use of chemicals in agriculture and that of
the U.S. Department of Agriculture regarding the promotion
of organic farming methods.

O N s N~

]
Grade Levels: . o
-éUTIiOf %i%nifr High / FilmFair Communications

ollege ult
Subject Areas: 10909 Ventura Blvd.
Socia! Studies/Agriculture/ Y :
Agri-Business/Contemporary Studio C'ty' Calif.
American Problems/Science/ 91604
Crop Rotation/Environment/
Health Hazards/Risk Reduction (818) 985-0244
‘. 27% Minutes - Color
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Describing the Water Connection

LESSON: Understanding the Connection Where Agrichemicals and Groundwater Meet

GOAL:

To understand "The Connection' where
agrichemicals and gronndwater meet, one
needs to follow the raindrop through the
earth's plumbing system. Surface water
and groundwater are interconnected
making it important to understand water
movement from the earth's surface to the
source of our drinking water.

OBJECTIVES:

Upon completion of this lesson
participants will be able to:

[

. Explain how groundwater moves.

2. Analyze the groundwater
contamination and purification
process.

(8

. Determine the role of forest and prairie
ecosystems in the surface and
groundwater network.

4. Analyze the susceptibility cf an area to
groundwater contamination.

W

. Compare how different watershed
components effect groundwater
quality. :

MATERIJALS & REFERENCES:

Two potted plants, plastic bags,
rubberbands, two gallon milk containers,
soil, food coloring, water, a contour map
of your couniy (optional)), Groundwater
Flow Modée. or the Video, Groundwater
Flow Mode! Manual, the Journal of
Freshwater, the groundwater flow
diagramy/illustration (provided with
curriculum materials), Self Help

- Protecting our Grcundwater

Specific geology information for your
part of the state is available from:
Geological Survey Bureau, lowa
Department of Natural Resources,
123 N. Capital Street, Iowa City,

IA 52242, (319) 335-1575

VISUAL MASTERS:
VM-HYDRO-1 Growing Reliance on an

Unseen Resource
VM-HYDRO-2 Water Quantity

Relationships

VM-HYDRO-3 Dlustration of Soil-Plant-
Water Relationships

VM-HYDRO-4 Subsurface Cross-
Section of a River
Valley

VM-HYDRO-5 Geological Conditions &
Groundwater
Contamination

ACTIVITIES:

ACT-HYDRO-1 & Key Watershed
Considerations

ACT-HYDRO-2 & Key Watershed
Components

ACT-HYDRO-3 & Key Principles of a
Contour Map and
Watershed Area

ACT-HYDRO-4 Groundwater Questions

ACT-HYDRO-5 Basic Concepts and
Practices

ACT-HYDRO-6 & Key Site Selection
Exercise

ACT-HYDRO-7 Principles For
Presentations

ACT-HYDRO-8 Soil Aeration and
Porosity

INFORMATION:

Prepared by Don King, Department of Agricultural Education, Iowa State University,

Ames, Iowa, June 1989,

-1- ) 5
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INFO-HYDRO-1 Drinking Water
Quality Problems in
Iowa
INFO-HYDRO-2 Principles of
Groundwater Flow
INFO-HYDRO-3 Roles of Forests
INFO-HYDRO-4 Aquifers and
Aquitards

INTEREST APPROACH:

A day or two before this lesson is to be
taught, distribute pages 1-3 of Self-Help
Checklist for Farmsteads and Fields to
participants and have them complete it as
a-homework assignment. In conjunction
with a teacher led discussion, have
students develop a "news release" for
their local newspaper as a way to report
their findings. Using VM-HYDRO-1,
and pages 7 & 8 of the Journal of
Freshwater, ask participants the
following questions:

1. What percent of the U.S. population
depends on groundwater for their
drinking water? (Answer:
Approximately 50%).

2. What percent of the U.S. rural
population depend on groundwater
for their drinking water? (Answer:
Approximately 97%).

3. What percent of Iowa's population
depends on groundwater for
drinking? (Answer: Approximately
80%).

Discuss "Well Contamination" problems
in Jowa by reviewing INFO-HYDRO-1.
In this lesson we want to understand
surface water and groundwater
relationships so we can protect our water
resource through the prevention of
pollution.

TEACHING PROCEDURE:

1. Groundwater and surface water are
interrelated. Both these types of
water are actually parts of the same
natural "plumbing” system called the
Hydrologic Cycle. In this lesson, we

are first going to discover the
relationship between earth's natural
plumbing system and the
environment. Use VM-HYDRO-2 to
illustrate quantity relationships of
precipitation, evapotranspiration, and
runoff.

Ask participants, "What is the
relationship between Iowa's annual
precipitation and the hydrologic
cycle? In discussing this question,
keep in mind that the following
statistics are an average for Iowa. In
reality, these figures would vary from
the area of least annual precipitation in
the NW part of the state to the area of
greatest annual precipitation in the SE
part of the state.

* Jowa's annual precipitation is
approximately 25-36 inches/yr.
(92% rain, 8% snow).

* Average runoff is approximately 3-
4 inches/yr.

* Infiltration rate is approximately 26-
27 inches/yr.

* Evapotranspiration rate is
spproximately 24-25 inches/yr.

Several characteristics of the
hydrologic cycle have been
discussed. Now look at the parts of
this cycle in relation to water quality
issues. Use ACT & Key-HYDRO-1
to discuss watershed factors affecting
water quality. Use ACT & Key-
HYDRO-2 to discuss how climatic,
geographical, and human cultural
activities can independently (or in
partnership) affect the quality of our
water in Jowa. Use ACT & Key-
HYDRO-3 to discuss the earth's
surface and subsurface features, and
to give participants experience in
outlining a watershed on a contour
map and thinking through the
potential surface pollution transport
routes. The watezshed concept is
important in understanding how the
earth's surface controls surface water
and surface pollutants.

(8]
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How are the earth's natural plumbing
system and groundwater related? Use
the enclosed pamphlet called
"Protecting our Groundwater" to
illustrate this concept.

Use the Groundwater Flow Model (or
show the Groundwater Flow Model
Video) to demonstrate principles
found in ACT HYDRO-4. Use the
Groundwater Flow Model Manual
and INFO-HYDRO-2 as references.

2. The Contamination and Purification

Proress. Ask participants, "What are
the natural filters in the earth's
plumbing system?" (Answer: Soil,
plants, organic matter and wetland
areas).

Demonstrate how the soil helps to
purify water (under the right
conditions), by using the following
procedure. It should be noted that
there are many contaminants that do
not attach to the soil. For example,
some chemicals and fuels leach
through the soil to the groundwater.

A. Cut the bottom out of plastic jugs
and fill each with a different soil
type. Remove the bottle caps and
invert the jugs and pour in dirty
(dyed) water. Collect water as it
drips through the spout.
Emphasize that even though the
water may appear clear, it may
still be contaminated for a
specified use. Soils may
filter certain contaminants from
the water, while other
contaminants are left unfiltered.
Thus, these contaminants may
enter the groundwater.

B. Using ACT-HYDRO-5 and VM-
HYDRO-3, discuss and illustrate
the soil-plant-water relationship.

C. Distribute INFO-HYDRO-3 to
participants for review. Guide
participants through this material
while discussing how forest
vegetation differs (in type and

importance) from other varieties
of vegetation.

3. Susceptibility to contamination. Use
VM-HYDRO-4 and VM-HYDRO-5
to discuss the variation of subsurface
textures, structures, and how they
relate to aquifer recharge. Use INFO-
HYDRO-4 and VM-HYDRO-5 to
illustrate the general variations of
Iowa's aquifers.

4. Site Selection. Use ACT-HYDRO-6
to illustrate the many factors which
influence the behavior and movement
of contaminants in the soil.

OTHER ACTIVITIES:

1. Using ACT-HYDRO-7, divide
participants into groups and ask each
group to review the handout and to
prepare a group presentation: Each
group should have access to the
chalkboard or to other visual aid
materials, as they need. Assign each
group a principle(s) from this
handout, as the subject of their
presentations.

2. Use ACT-HYDRO-8 to illustrate soil
porosity and aeration principles. A
room full of ping-pong balls and a
room full of bowling balls result in
the same pore space. This can be
demonstrated by using two small jars,
one filled with bee-bees and the other
with marbles, and measuring the
amount of water that can be held in
each.

3. Invite local/regional water district
representatives to speak to the class
on the quality of the local drinking
water supply.

SUMMARY :;
1. Review lesson objectives.

2. Have participants complete a short
essay to cover those major aspects of
the lesson as it affects groundwater
quality.

'a)
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‘M-HYDRO-1

Growing Reliance on an

Unseen Resource
by Linda Bruemmer

We drink it, we irrigate with it, we use it for industry and for
domestic supplies across the country: We depend on
groundwater. These many uses of groundwater affect its
quantity and quality--and therefore directly affect our lives and
lifestyles as well.
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HOW MUCH DO |12
WE DEPEND ON |||[]

| GROUNDWATER

W FOR DRINKING?
Cl(:)

(W
100%
5%
257%
0% |
T TOTAL US.
POPULATION

—_

TOTAL RURAL
POPULATION

Source: Journal of Freshwater



Drinking Water Quality Problems in Iowa

I. Problems That May Threaten Health

and ¢ 1scepti-
bility)

defeclt risks

Contaminant | A. Coliform Bacterla* | B. Nilrate C. Pesticide D. Lead E. Gasoline/Organic Solvents
Possible health | Intestinal illnessess; methemoglobinemia | Acute: vomiting, Chronic: adverse Chronic: cancer risks;

effect (varies | tastc or odor (bluc baby discasc) weakness, ctc. cffects on blood, taste o~ odor

with expocure, Chronic: cancer, nervous and

compound, gencetic or burth kidney systems

Possible Surface or shallow Fertilizer, manure Improper usc, dis- corrosion of Leaking storage tanks,
Source subsurface waler scplic system, posal, spills or back- lead pipes or spills, improper usc or
or waslewaler clc. siphoning accideal lead solder disposal
Suggested Eliminatc sourcc; Eliminalte sourcce; Elim‘natc source, Reduce corrosion, | Eliminate source, purge sys-
Treatiment correct defects of correct defects of purge syslem; (sce below), lead tem; activated carbon filler in
wcll or supply, well or supply, depending on type pipe/solder re- scrics; venled distillation
shock chlorinale, anion exchange, of pesticide, trcalment | placement,
then recheck for TCVerse 0Smosis, units may be available | reverse osmosis;
safely distillation (consult manufacturer) | distillation

removal units (green
sand filler); revesrse
osmosis; distillation

osmosis; distillation

uous chlorination
to retard regroveth

or sacri-
ficial metal

]
ol 1. Problems That Usually Do Not Threaten Health
Contaminant F. Iron or Manganese | G. Hardness H. Iron Bacteria I. Corrosion J. Taste/Odor
Complaint Rusty waler; rust Scalc, soap Oily filmon Mectallic taste; Rotten egg odor
stains on sink or scums, deposition walcr; slime greenish slains on
clothes; deposition inside pipes growth in water faucets, sinks,
inside pipes” lanks or loilets lcaking pipes
Possible Corrosion of iron pipes | Dissolved calcium Present in iron- Corrosive water Hydrogen sulfide gives
Source or these clements may | and magnesium rich aquifer; introduced | preseat in aquifer; | water this odor; corrosion;
be naturally present from soil and/or by contaminated "soflened” waler; sulfur bacteria
in aquifer aquifer drilling cquip- incompatible me- | NOTE: make surc odor is
ment tals in plumbing; not due to Coliform bac-
aggressive water leria problem (sce LA)
Sugg~sted Waler softeners for sol- | Waler softener (ion Shock chlori- Add corrosion Shock chlorination;
Treatment uble (ferrous) iron; Iron | exchange); reverse nation; contin- control chemicals | green-sand iron filter;

activated charcoal
iilters

ERIC
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“mmmpe precence may indicate disease causing bacteria may also be present.

il

T-OdQXH~04NT




. VM-HYDRO-2

Water Quantity Relationships

Approximate Annual lowa Water Budget

Precipitation 32"

—~ vapotranspiration '
24" - 25"

Interception by

Vegeratlon
Surface
R ff
Infiltration 26" - 27" 33204;
x———_\\_

—

L #4 ‘%%%43 B
!

Groundwater

I 2" - 3"

SOURCE: ADAPTED FROM WATER SUPPLIES AND USES, IOWA COOPERATIVE
EXTENSION SERVICE,

ERIC '6'
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ACT-HYDRO-1

Watershed and Land Surface

Considerations In Water Quality

Transpiralion Pres lcllll&

el Yy
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1. Define a Watershed.

2. Descrite the factors ir the illustration above that might
influence water gquality.




KEY-ACT-HYDRO-1

Watershed and Land Surface
Considerations in Water Quality
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1 Define a Watershed.
* A watershed boundary follows the ridge of the land area which
drains to a point, such as to a river or stream.
2 Describe the factors in the illustration above that might
influence water quality.
» soil erosion from lack of plant cover or conservation practices.
« improper application of pesticides, fertilizers, animal wastes, wells, and
septic systems.




ACT-HYDRO-2

Watershed Components Affecting
Water Quality

The effect of a pollutant on receiving waters is determined by the quantity and
nature of the pollutant, and by the characteristics of the receiving waters.

It is important to recognize: (1) the land/water interrelationships that affect the
movement of substances in the living and non-living parts of the environment; (2) the
physical, chemical and biological processes affecting water quality that occur naturally
in streams, pands, and lakes; and (3) the practicality of this knowledge as a basis for
inccrporating water quality considerations into conservation planning. How do the
foitowing factors and considerations affect water quality?

1. Temperature:

2 Precipitation:

3. Topography:

4. Soils:

5. Crc  ng and/or Grazing Practices:

6. Irrigation:

£,




KEY-ACT-HYDRO-2

Watershed Components Affecting
Water Quality

The effect of a pollutant on receiving waters is determined by the quantity and nature of
the pollutant and by the characteristics of the receiving waters.

Itis important to recognize: (1) the land/water interreiationships that affect the movement
of substances in the living and non-living parts of the environment; (2) the physical,
chemical and biological processes affecting water that o~cur naturally in streams, ponds,
and lakes; and (3) the practicality of this knowledge « a basis for incorporating water
quality considerations into conservation planning. These factors and considerations are
as follows:

1. Temperature: affects biological activity; plant nutrient up‘ake is reduced at
lower temperatures.

2. Precipitation: directly affects the runoff of water and the detachment and
transport of pollutants. Runoff will generally be greater if rainfall is of high
intensity or if soil moisture levels are itigh. Hard rains may also carry chemicals to
groundwater before they can be used by plants or decompose.

3. Iopography: the capacity of water to dstach and transport mater il increases
with its velocity. The steeper the slope, the greater the velocity, and
higher velocities promote erosion and inhibit infiltration. The pattern
of drainage channels affect the delivery of pollutants to receiving waters.

4. Soils: infiltration rate of soils affects the ratio of surface flow to subsurface flow. The
amount of organic matter, soil texture and soil structure determines the absorption
capacity of the soil. Subsoil p.operties may either retard or enhance internal
drainage.

5. Cropping and/or Grazing Practices: Crop cover and surface residue (cropping
practices) protect the land from the impact of rainfall.

Depending on the crop, longer growing periods and greater crop residue left on the
soil reduces erosion.

6. lrrigation: methods and practices have a significant effect on the pollution
potential of irrigated fieids. The extent of irrigation water runoff and percolation
losses depend on the accuracy of supplying the proper amount of water for the crop.

Source: Water Quality Field Guide, U.S. Soil Conservation Service
-10-
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ACT-HYDRO-3

Understanding the Principle of a Contour Map
Surface and Subsurface

In the study of the "Water Connection" we found that it is important understand both

the earth's surface and subsurface features which contribute to the flow of water.
Contour maps, or topographic maps, show the relative elevation (or height) of one
geographic area to another as they exist on the earth's surface as well as geology
featuras under the earth's surface.

Surface Features of the Earth

The following illustration represents a watershed area with contour lines.
Definitions:

(1) Watershed: an arca of land where all the larid surface drains into a common outlet
or pond.

An example of this can be seen in our bathrooms. All the water falling from a
shower into a bathtub runs into the drain. This represents the "tub watershed". All the
water falling outside of the tub orio the floor moves to a different destination, thus it is
outside the "tub watershed".

(2) Contour Line: this is a line on the map that connect all points with the sama
elevation.

With reference to the "tub watershed", the soap ring that is left on the sides of the
tub could represent a contour line (a line that connects all points of equal eievations.)
Contour lines are drawn at different intervals depending on the scale of the map and
its intended use. For example, this map has contour lines drawn a* 10 foot intervals
(10, 20', 30’, etc.). Contour lines are determined by using a hand level, or various
types of engineering levels, and then transferring these measurements to a map.

See ACT-HYDRO-3 (insert) for a simple illustratinn of a 3-dimensional contour line
illustration.

In order to follow the flow of water on the earth's surface, we must draw in the
watershed boundary to identify the direction of water movement. The following

drawing on ACT-HYDRO-3 pg.2 illustrates how one wouid draw a watershed
boundary from a contour map.

-11-
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ACT-HYDRO-3 (insert)

CONTOUR MAP DEMONSTRATION

The teacher can make a simple 3-D model using stiff paper or poster
board. Cut 3 circles of different sizes, and 3 one-inch wide strips -- one to
go around each circle. Tape the strip to each circle. Each circle represents
a contour line, and they can be stacked in different ways so the students can
see the top and side views.

Top Top

Which side is steeper?

Side Side

Concentric Rings = Hill Left Side -- The closer the
lines, the steeper the siope

~-12-




Surface Contour Map | ACT-HYDRO-3 pg. 2

« Find the highest points around the rim or ridge (which controls the fiow of
water into the watershed.) A dashed line has been drawn to connect
these points and show the watershed boundary.

* arrows indicate the direction of water flow

« the direction of flow through the outlet of this watershed is to
the Northwest.

* Points A, B, and C are used to compare the same points on the
surface watershed with the subsurface basin on the next page.
Contaminants poliuting surface water at Point C would flow
past Point A.

Bunt
X

Loatershed 7
Outlet Q

(See illustration

onpg. 4 for a cross-
section of how the hills
and valley might look)

(Compare this to a contour map of an underground basin)

Water Movement Under the Earth's Surface (aquifers)

The direction of the flow of groundwater may be different from the direction of the
‘'surface water' flow. (One can't look at the roof of a house and determine what is
happening in the basement).

Contour lines may aiso be used to connect equal elevations of similiar maxerials in
one or more aquifers. For instance, in this example, the contour map may be used to
represent the elevation of bedrock which underlies the earth's surface. If the bedrock

elevation controls the direction of the groundwater, then it might flow in an entirely
different directicn than the surface water.
-13-
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ACT-HYDRO-3 pg. 3

With this concept in mind, let's now analyze what the contour map of this basin of
bedrock might look iike.

Subsurface Features

dashed lines show the bedrock basin, boundary.

arrows indicate the direction of water movement.

shows that the direction of the groundwater flow in this bedrock
aquifer is southwest.

contaminants polluting groundwater at Point "C" wouid fiow
toward Point B .

2

The comparison of these surface watershed and basin maps illustrates the point
that some times there is not a direct correlation between the direction of the fiow of
surface water and the direction of the m */ement of groundwater. The features of the
subsurface movement of groundwater is much more complex than the flow of surface
water. Direction »f groundwater flow not only is dependent on the contour of aquifer
materials, but aiso on differences of energy levels and pressures (such as differences
of elevation of the recharge area, in comparison to the discharge area).

A



® -

ACT-HYDRO-3 pg. 4

(1) Recharg. Area: an area where groundwater is replenished with surface water.

(2) Discharge Area: an area where groundwater returns to the earth's surface in the

form of a spring, or into a lake or river.

Cross Section View of a Watershed Area

*** for further information contact:

Geological Survey Bureau

lowa Dept. of Natural Resources

123 N. Capital Streat

lowa City, IA 52242  (319) 335-1575

-15- (g




ACT-HYDRO-3 pg. 5

Contour Map Exercise

When a drop of water falls, it either infiltrates into the soil, evaporates into the air or
runs along the top of the ground. Most water will eventually merge with a puddle, river,
or lake. All the land area that drains water into a particular stream, pond or other body
of water is called a watershed. A watershed can be as small as a patch of yard that
supplies water to a puddle .. as big as the Mississippi River Watershed that
encompasses parts of several states and drains in the Gulf of Mexico.

Small watersheds make up larger ones. The Mississippi River, for example, arains
a watershed of about 1,243,000 square miles. This large watershed is made up of
thousands of smaller ones. Generally, watersheds are considered on a local or
regional scale; the smaller streams that supply major watersheds are of a size that are
manageable for most people. In fact, in many areas there are watershed associations
composed of citizens working together to conserve the natural resources of a
particular stream valley. Almost everywhere, people are concerned about various
qualities of the environment where they live, work, or seek recreation. 11 maintaining
and improving their surroundings, they also become aware that whatever happens in
their local area is going to have some effect upon the people downstieam.

Questions
1. On the attached contour map draw in the watershed boundary around
Bedford Lake. (The land that drains into the lake.)

2. Would sediment from the Radio Tower Field drain or wash into Bedford
Lake? Place an arrow on the map showing the direction of water
(sediment) flow.

3. Can pesticides or fertilizers from Radio Tower Field _ach Bedford
Lake?

*** This activity can be based on one of your local contour maps available from lowa
Geological Survey Bureau, 123 N. Capital St., lowa City, iA 52242; of from the U.S.
Geological Survey.

-16- r
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KEY-ACT-HYDRO-3 pg. 1

Contour Map Activity

1. On the attached contour map draw in the watershed boundary
around Bedford Lake.

* (see attached map) The watershed boundary is shown as a line
representing the connectior: of the highest points on the
topography within the Bedford Lake drainage area.

2. Would sediment from the Radio Tower Field drain, or wash,
into Bedford Lake?

* No, it would drain into the watershed io the left of Bedford
Lake watershed.

3. Can pesticides or fertilizers from Radio Tower Fields reach
Bedford Lake?

* Itis possible if they were dissolved in water and leached to the
water table within an aquifer that discharged into ®edford
Lake. The chemicals could then emerge late:  .urface water
in the lake.

€N
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ACT-HYDRO-4

Groundwater Questions

These questions can be answered by participants as the groundwater
flow model is demonstrated or while the video is shown. In answering
questions 1-3, refer to the Groundwater Flow Model.

1. Does groundwater often come from nearby sources? Where does the water you
drink come from? Is it old or naw water? How is this water source recharged?

2. Does most of our water come from underground iakes and rivers?

3. What controls the direction of flow of groundwater?

4. How is groundwater related to surfacewater? (recharge and discharge)
5. How do aquifers vary in texture (make up)?

6. Whatis the water table?

7. How can the direction of groundwater flow be checked?

8. Whatis the concept of a spring, and is it aiways pure water?

9. What causes an artesian aquifer? Where a, 2 recharge areas located?
10.Explain how water flows in an aquifer taking the least path of resistance.

11.Does the withdrawing of water irom a well change the slope of the v “table, and
can it interfere with your neighbors weli? Why?

-20-
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Aruitoxt provided by Eic:

INFO-HYDRO-2

Principles of Groundwater Flow
Hydrologic Properties of Soil and Rock

Water Storage Capability

Earhier we defined an aquifer as a volume of material with rapacity 1o store and transnut wdter First, let’s consider
the storage aspect.

Almost all earth malerials have the capability of storing water. In unconsolidated sediments and sois, most of the
storage space is found between the individual particles in pore spaces. In der-cr consolidated rock, the available
storage spacc is usually in cracks or fractures. There are, of course, caceptions to this rule and these will be discussed
later. For now 11's sufficient to view rock and soil as semi-rigid skeletc.is contaimng various amounts of open void
space.

Pcrosity. The amount of pore space in a particular type of eartl. material ss highty variable and depends upon several
different factors. The percentage of the total volume of material which 1s void space 15 called the porosity, and it is the
key factor in determinmg how much water an aquifer can hold.

Now. how do you measure porosity? There are several scientific ways of noing 1t, but for the sake of understanding i,
a simple example will do. Let's say you take a 5 pallon bucket and fill it with marbles that are all the same size. To
determine the amount of pore space within this volume o1 marbles, slowly pour water into the bucket until 1t starts to
corie out of the top How much water did it take? What percentage is that volum. f the total bucket volume? If it
took 2! gallons of water, then that is half the volume of the tucket and represents a porosity of 50 percent. This is a
pretty high porosity compared to most natural conditions. This degree of porosity, HOwever, wiay cAist i €0 EMmELy
uniform materials such as glacial sands and gravers, wiid-blown sands, and beach deposits.

Factors That Control Porosity. Three faclors that_control the amount of pore space in an aquifer are” sorling,
packing. and the snapc of the individual so1l or rock particles You must understand that porosity 1s independent of the
size of the particic involved That 1s, you could take a room and fill it vith bowling “alls that were all the same size

and you would have the same porosity as if you filled the same room with ping pong balls.

A mixture of different-sized particles in a single space, however, will influence the degree of porosity  This brings us
to the nex! factor which is sorting. Sorung refers 10 the mformiwy of size of the soil or rock particles. Some materials
are made up of masses of particles that arc uniform in size. Certain sandstones and unconsohidated glacial sands and
gravels are good cxamples of well sorted malerials. Glacial till. or: the other hand, 1s a pooily sorted mater:al. 1t 1s
made up of different sizes of materials mixed together. sand, gravel, clay, silt, boulders and rock flour, the powdery
remains of pulverized rock.

Unsorted or poorly sorted materials will alwavs have lower rirosities than well sorted matenals. In unsorted materials
the_smaller grains can acuwally fill in the spaces between the lirper materials, thus reducing the porosity In other
words, the greater the rznge in the partcle size, generally the lower the porosity.

The second factor affecting porosity is packing How the different particles are arranged has a great ¢ al to do with the
porosity of a material. Let’s say you take that room full of bowling balls and arrange them in  cubic pattern so that

the bowtom of each bowling ball rests on the top of the one below it. If this is done throughout the room, ycu would
have what is known as cubic packing. The associated porosity would be relatively high, approaching 48 percent.

If you arrange the bowling balls 1n a slightly different m nner so that each bowling ball rests in the crevice of the four
bowling balls below it, then you would have wt k. wn as rhombohedral packing. The associated porosity of this
kind of arrangement is about 30 percent.

The shape of the individual particles and their degree of rounding will also influence how a material can be packed.
Well-rounded grains will pack together in a cubic or rhombohedral manner and angular. less weathered materials such
as talus, broken pieces of rock at the base of a steep slope. will fit together more closely, resulting in lower porosities

-21-
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Primary porosity represents the pore space that exists between the individual grains makine up a mass of rock or soil
It results from the way in which the material was ongmally deposited or formed. Unconsoirdated beach sands, giacial
deposits, soils and consohidated sandstonzs often display this type of porosity. Primary porosity may be reduced with
time when nuncrals carried in solution by flowng ground water precipitate out and form cement that hold the grains
together and fill the pores.

Secondary porosity accurs as a result of solutioning and structural changes 1n 2 rock unit and can be responsible for
the storage and movement of cnormous amounts of water Where there are fractures. joints or bedding planes in an
aguifer, ground water can flow freely through these spaces. With time, especially in hmestone, rock 1s actudlly
dissolved along existing crack faces and openings, resuling in cven larger flow routes  Subsurface caves, channels and
fractures, in reality. act as pipes or conduns for ground water. In arcas where such features exist, tne determination of
the amount of sccondary porosity is eatremely difficult even for the most experienced geologists. Although these
features are most common and well-deyeloped in consolidated rocks. they also occur 1n urconsohidated deposits a

well.

Porosity of Different Earth Materials,  Becituse the particles that mahke up different earth 1 sterals_all vary in they
individual characteisties. they will. of course. form aquifers with differ porosiies  As a general rule, because they
are unconsohdated. soils have higher porostties than rocks.

Unconsolidated Sediments. The most common types of unconsolidated carth matcrials are wind blown deposits (locss
and dunc sand). glacial drift (till. sand and gravel, clay and silts). saprclites or restdual sotls. alluvium (strcam
deposited sands, gravels, silts and clays) and lacustrine deposits (lake sediments). There 18 1 wide rang> of porosity
values for these types of materials. depending on how they are packed and sorted. Figure 4-3a hists the ivdrologic
propertics of various unconsolidated sediments and their relative porosity ranges.,

Although most clays and clay-rich materials scem quite dense, they may, in fact. have enormous porosies ang hold a
great_amount of water This s usually because of the size and the shape of the individual ¢lay pas icies Often clay
particles are rod-shaped or almost book-shaped and have a polarity that tends to make them repel rack other when
closely pached. thus creating maore pore space.

Consolidated Rechs. Now, what about porosity in consoliditted matertals? We'li start with sedmentary rocks These
rocke may be formed from unconsolidated sediments that are compacted and consolidated by the pressure of the over-
Iymg materials They also may be formed by reactions with fluids tn the pore spaces  Consohidation almost alwitvs
reduces the porosity of the original material With weathering and time, secondary porosity mav occur along joints.,
fractures. solution chanrels and bedding planes This increascs the capacity ¢f these rocks 1o hold water. T. e redection
of pore space 15 a result of prectpitation of such cementing materials as calene. dolomite or iron within the pore spaces
and of the compuction which rearranges the individual particles.

Porosity 1n sedmentary rocks can range between 1 1o 30 percent. Porosity of certain uniform, clcan sandstones car run
as high a. 30 to 35 percent: some tight dolomites or hmestones may have porosities in the range of 0 to 20 percent,
Terrains which have well developed subsurface drainage through caves and solution <hannels are called karst. Remem-
ber. in Chapter | when you were warned against getting carried away with the underground river idea? Well, in karst
arcas such features often cxist Porosities can be high—anywhere from S to 50 percent. On the other hand, certain
sedimentary rocks, such as shale, have porosities in the range of 0 to 10 percent. Figure 4-3b hists the hydrologic

propertics and porosities of different sedimentary rocks.

Source: Principles of Groundwater for Resource Management Systems, SCS Field
Qo Level Training Manual. 29
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ACT-HYDRO-5

Basic Concepts and Processes

An understanding of the following concepts and processes is r.ecessary for effective
Resource Management Systems planning:

The Water Budget

The term "water budget” is routinely used in planning irrigation water application.
Water budg- , can also be used to evaluate the movement of water ;1om all sources
(precipitation or pracipitation and irrigation). The water budget is an accounting
method that can be used to determine how soil-water-plant relationships influence the

movement of water from a particular site, and potential routes of pollutant movement
associated with water.

Planners of resource management systems must understand how these
soil-water-plant relationships (see VM-HYDRO-3) can affect pollutant movement. All
precipitation and irrigation waters are inputs to the water budget. All water inputs must
either go to runoff or infiltration. Minor quantities of water evaporate from the soil
suriace during precipitation and irrigation. These losses have an insignificant effect
and are not considered in this discussion.

When one part of the budget is changed, other parts of the budget will be affected.
The following equations describe the water budget process:
Equation 1. Precipitation + Irrigation = Runoff + Infiltration

In the precipitation equation, the increase of precipitation, irrigation water, or both, will
increase the runoff, infiltration, or both.

All'infiltrated water must go to (1) soil storage, (2) plant transpiration, (3) evaporation,
(4) interflow, or (5) deep percciation.
Equation 2. |Infiltration = Soil Storage + Plant Transpiration +

Evaporation + Interflow + Deep Percolation

In the infiltration equation, th2 increase or reduction of water use or movement in any
of the budget <ategories will affect the remaining ones.

Source: Water Workshop, Integrating Water Quality and Quantity Into Conservation
Planring, SCS.

-23-
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VM-HYDRQO-3
lllustration of

Soil-Plant-Water Relationship

(O

Water Evaporation

Snow, Rainfall, or Irrigation*

Soil Storage

et

interflow

Deep Percolatlon

B el e D s ‘.

“ .
nn e oW . . o
U2 St L v

*Imgation applir s to all application me'hods.

Source-

Water Workshop, Integrating Water Quality and Quantity Into Conservation

Planning, SCS.
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INFO-HYDRO-3

Role of Forests

Eqrests act as recharge areas,

lowa was once 19% forested, but land clearing has reduced that to about 4% and
forested land is continuing to decline. Many forests were removed from land that is too
steep to farm. The removal continues to be greatest in the part of the state that has the
least forest cover. (Prairies, pastures and standing crops can also be excelleni
recharge areas)

Characteristics of soils formed under forests and surface conditions vary
from other areas. Some of these characteristics are lisied below:

organic matter is added from above

A thinner A horizon (black topsoil layer)

the forest floor contributes to a high rate of infiltration and percolation.

in a well managed forest, more of the rain falling on the watershed infiltrates the
soil, thus reducing overland flow and insreasing percolation to GW (rechargs).
if the forest floor is destroyed, overland flow will increase reduciig
groundwater recharge.

it should be noted that native prairies, wetlands, standing crops and
pasture lands are excellent groundwater recharge areas also.

Forest ecosystems and wetlands provide excellent filters for cleaning
surface and subsurface waters, as do prairies for surface-water.

forest ecosystems have large permanent root systems that are active in water,
nutrient and pollutan; uptake for more of the year, than are other ecosystems.
higher organic matter causes a soil structure that allows ‘or higher rates of
infiltration and percolation.

nutrients and pollutants that are taken up by roots are held in tree trunks,
branches, anu lcaves, and are then removed from the site when these trees are
harvested.

forests are an active storehouse for carbon-dioxide, thus acting to stabilize the
"Greenhouse Effect." Trees remove CO» from the air.

forest production allows the lowa farmer to diversify because energy, tber,
timber, wildlife habitats, and erosion control are all provided by forests.
wetlands are getting a new lease on life as a cleansing agent for
ever-increasing wastewater.

Channelization influences residence time of water in a watershed.

straightening of the channel reduces channel storage and increases velocity.
reduced residence time means less GW recharge in the watershed and an
increased potential for carrying more sediment and other poliutants out of the
watershed.

channelization reduces the filtering effect of bottomland forests.

" Information Source: Dr. Richard Schultz, Dept. of Forestry,

lowa State Univercity, Ames, IA 50010
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INFO-HYDRO-4 p.1

' Aauifers and Aquitards

Aquifers are saturated bodies of rock, sand or gravel from which water can be
pumped for sustained periods of time. They are both porous and permeable and are
highly variable in thickness and depth. Aquifers may be divided into four types:

(1) Alluvial aquifers are saturated sand and gravel deposits filling valleys
along rivers and streams.

(2) Drift aquifers are saturated sand and gravel deposit> which occur as regular
and irregular bodies and are contained within a mass of clayey glacial drift.
These aquifer deposits formed both within and upon glaciers.

(3)  Bedrock aquifers are saturated bodies of rock.In lowa these aquifers are
usually limestone, dolostone, or sandstone. Often these aquifers cover vast
areas.

Anuitards are podies of rock which slow groundwater flow. They have low
permeability and will not produce water from a well under normal pumping. They often
separate aquifers and may even surround them. Generally, the higher their clay
content, the more they will slow water movement. They can strongly influence both the

‘ direction and the rate of flow.

Highly susceptible to contamination are alluvial aquifers and bedrock aquifers in
karst regions. Recharge through soils can be measured in days to years, and water
quality in bedrock aquifers of karst regions can change on time scales measured in
minutes and hours when surface water enters sirkholes. As aquitards get thicker,
contamination responses are less likely to occur and contamination may nc. appe-r
for years. Thus, shallow drift aquifers may reflect contamination in one area, but not 11
another because of slower contamination (water) movement where aquitards are
thicker or less permeable. Deep bedrock aquifers are generally not contaminated
except where major fracturing has occurred, where abnormal recharge has occurred
because of major watet withdrawais, or where poor we!l construction or improper wnl|
abandonment has taken pl.ce.

It should be noted that local water quality within an aquifer can vary greatly. No
perfect prediction of contan.ination is oossibi.. Natural water quality varies
considerably throughout each state.

MNatural Groundwater Quality

lowa's natural groundwater quality varies considerably across the state.
Groundwater commonly contains dissolved minerals such as magnesium, cal-'um,
scdium, iron, fluoride, and sulfate. The problem with many natural contaminants is not
safety, but aesthetics (taste, odor, or color). For example, high ievels of iron can stain
‘ plumbing fixtures and laundry and give drinking water an unpleasant taste and odor.
As water percolates through the ground it dissolves some of the minerals in the
materials it encountsrs, increasing its mineral concentration. Therefore, in general,

the deeper the aquifer, the more dissolved minerals it has, and the
o ~28~
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iMFO-HYDRO-4 p.2

poorer the natural water quality. For example, the illustration below shows a
generalized cross-section of the Jordan aquifer in lowa tapped by two wells, one near
Council Biuffs in the west and one near Dubuque in northeastern lowa. Ir sastern
lowa, the Jordan aquifer is near the surface and has better natural water quanty; but in
western lowa, the depth to the aquifer increases and the natural water quality
becomes more highly mineralized.

Tygically, the natural quality of grounzwater fcund in alluviai aquifers is best. Drift
aquifers and buried channel aquifers located throughout lowa are highly variable in
both water guantity and quality.

The natural quality of bedrock aquifers is good in northeastern and eastern lowa
and fair in northwestern lowa. Southern lowa generally has the state’s poorest natural
water quality.

Radioactive elements are other naturailly occuring contaminants that are
occasionally found in groundwater supplies. Generally, radioactivity is noi a
widespread problem in lowa, but levels can be high in some rock aquifers, especially
in northwest, central, and southeast lowa, where l¢vels may exceed state -
drinking-water standards.

In lowa, natural water quality often mirrors water quantity. The best natural
groundwatei quality is generally in alluvial aquifers. Drift ayuifers located throughout
the state are highly variable in both quantity and quality. Often however, they provide
good natural quality water agequate for domestic uses. Rock aquifers in northeast
lowa have good natural water quality. The bedrock aquifers in northwest lowa have
fair water natural quality.

Alluvial, drift, and shallow, unprotected bedrock aquifers are the niost susceptible
to contamination from sources of human activities. Aliuvial and deep aquifers supply
the greatest number of people with drinking water.

Source: Adopted from lowa Geological Survey Bureau
Department of Natural Resources
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ACT-HYDRO-6 pg. 1

Site Selection Exercise

There are many factors whnich influence the behavior and movemert
of contaminants in the soil. Some of the more irmportant factors are:

—

. slope of the land,

2. soil characteristics (soil texture),

3. soil depth,

4. depth to water table,

5. texture of the unsaturated zone,

6. type of aquifer material (permeability),

7. the horizontal distance between the potential
coniamination source and the point of water use.

You have been hired as a consuitant to evaluate which site; A, B, C
weuld be the least likely to be a potential source of groun-“water
contamination from the application of natural fertilizers.
1. Which site would be the most apt to be a potential source of
rollution and which site would be least likely to be a
source of poliution?

2. Give detailed answers to support your choices.

-30- .
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’ KEY-ACT-HYDRO-6 pg. 3

Site Selection Exercise

A. Site C would be the most apt to be a potential source of pollution. Site A would be the least
likely to be « source of pollvzion.

B. Reasons (%ollowing are factors which influence the behavior and movement of contaminants
in the soil.)

1. Land slope - The steeper the slope, the greater the water runoff and the less potentiai
infiltration of groundwater. Site A has the steepest slope, site C is the flattest.

2. Soil texture - Medium textured, well-aerated soils like loam has the least pollution
potential. Coarse textured soils such as sandy soils have the greatest pollution
potendal. Site A is composed of loam with high amounts of organic maiter and site C
is composed of a sandy soil with low organic matter.

3. Soil depth - The greater the soil depth, the better the chance of dispersing the pollutant as
it passes through the soil and the less chance of the pollutant reaching thc groundwater.
Site A has the deepest sou depth and Site C has the shallowest soil depth.

4. Depth to water table The greater the distance the pollutant has to travel to react the
water table the less chance for pollution. Site A has the deepest depth while site C has
the shallowest.

5and 6 Texturc of the unsaturated zone and type of aquifer material - The greater the
permeability, the greater the chance for groundwater pollution. Site A's unsaturated
zo~= and aquifer materials are made of finer, less permeable materials while site C has
the coarsest, most permcable materials.

1. Distance between the site and the point of water use - The greater the dis:ance between
the siie and the point of use, the less the pollution potential. Site A i- "e “arthest while
site C 1s the closest.

Summary - In the evaluarion of all 7 factors, in all cases site A had the least potential and site C the
greatest.

This is only a simulation, but ihe princinles apply tc any site selection and all these factors should
be used when evaluati1.g a site and the potential pollution hazard that site has. (This evaluation
should be made for any type of petential pollution source).

-32- v
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‘ ACT-HYDRO-7

Principles for Presentations
Consider addressing the following principles in the Water Connection
(Hydrogeology Module).
1. Groundwater- where it comes from, where it goes.

2. Whatimages do you have visualizing groundwater?
(could brainstorm to illustrate ditferent perceptions)

3. Groundwater is not magical - it foilows well-understood natural laws.
It is hidden most of the time an. cccurs in an amazing range of conditions.

4. General characteristics of groundwater, earth's surface and water table.

5. Relationship of inputs verses withdrawal of groundwater; precipitation verses
evaporation (a question ¢’ depleting the groundwater supply).

. 6 "Where, and at what rate, does precipitation enter the ground?
- where determines recharge zone, rate gives clue as to whether water is
addad fr  ar than removal, wiih the potential for drying up.
7. Vanation of quantity, quality, and movement of groundwater.

8. Potential for organic soivents breaking down clay minerals and destroying
impermeable nature of confining beds.

9. Use, abuse, and poliution of groundwater is .creasing worldwide.

10. Groundwater pollution, much more difficult to "clean up" than surface water.
Groundwater pollution is much easier to protect through preven’ 3n.

11. Solution of the problem must start at home.

®




ACT-HYDRO-8

Soil Aeration and Porosity

9006
9006

Cubic Packing - Porosity = 47.65%

~__

Rhombohedral Packing - Porosity = 29.95%

Unsorted mixture of Cubic Packed Grains
with smaller grains filling the void space
(Red\iced Porosity compared to (A) above)
Porosity = 7 - 20%
Source: Principles of Groundwarer For Pesource Management Systems, SCS Fi.ld
Level Training Manual.

'I‘-
o -34- )




CONNECTIONS

. s B e I Al T .-
4 SN Sae S i . N
Rl P -_~\- 20 s . e, T -
f«("‘. %{; A‘ AN N *“1'-—"’:45"“"‘%“,“ -
= " AN C ) 3 - el ' e I
% &5 Sy SR et
x5 AN NS s
- e 51
£ o

RN

LOCATING DIRECT
!

EDUCATIONAL CONCEPTS

- Definitions, regions and problems associated with agricultural
drainage wells, abandoned wells and sinkholes

- Contamination, prevention and effects

-3

un

€ U

SNOILOINNOQD 103HId ONILVYOOT




Locating Direct Coanections

LESSON I: Identifying Direct Paths of Groundwater Contamit.ation

GOAL:

Identifying groundwater entry sites and
paths is the first step toward preventing
groundwater contamination. All lowa
citizens need to know how to identify
paths associated with groundwater
contamination.

OBJECTIVES:

After completion of this lesson, the
participants will be able to:

1. Analyze groundwater problems
caused by sinkholes, abandoned
wells, and agricultural ¢ ainage wells.

2. Identify where sinkholes, abandoned
wells, and.agricultural drainage wells
are most commonly found in lowa.

MATERIALS & REFERENCLY>:

Groundwater Flow Model or video,

overhead projector, bread pans, sand,

empty soup can with both lids remove ,

spoon, food coloring, water, sprinkler

can and syringe, PM 1201 - Agricultural

“rainage Wells in Iowa, Groundwater
>w Model Manual

VISUAL MASTERS:

VM-PATHS-1 Maps of Iowa
VM-PATHS-2 Mlustration of Karst area
VM-PATHS-3 Profile of a sinkhole
VM-PATHS-4 Profile of abandoned

wells
VM-PATH?3-5 Profile of Agricultural
Drainage Well
ACTIVITIES:
ACT-PA1HS-1 Direct Sources of
Groundwater
Contamination

ACI-PATHS-2 Experiment: Simulating
Groundwater
Contamiration

ACT-PATHS-3 Local Safety Check

ACT[-PATHS-4 Knowledge Analyzer

INFORMATION:

INFO-PATHS-1 Direct Sources of
Groundwater
Contamination

INTERESY APPROACH:

Use VM-PATHS-1 and the Groundwater
Flow Mcde! or video and ask:

(The lower map cn VM-PATHS-1 is a
relief map of Iowa reduced in scale. The
original larger map was a contour map of
Towa. As the scale is reduced, the steeper
areas appear black while the flatter areas
of Iowa appear white. Note that the
flatter area of north central Iowa is where
the concentration of agricultural drainage
wells are located).

1. How does the topography of the land
differ in various parts of the state?

2. How does the topography of Iowa's
land affect the contamination of
groundwater? Use .:e top map on
VM-PATHS-1 to show the primary
location of agriculiural drainage wells
in lowa. A route for contamination is
drainage w:lis that collect water from
far Jdand runoff. They funnel water
directly into the groundwater system
that is widely used as a . urce of
dri.king water. Use VM-PATHS-2
to emphasize that the Karst regions
(sinkholes and caves) in northeast
Iowa provide an easy path for water
to enter into the groundwater system.

Prepared by Martin Fiick, Departn..at of Agricultural Educztion, lowa State University,
Ames, lowa, Jine 1989.
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Abandoned wells »nd cracked well
casings, iocated throughout Iowa, are
also a potential source of groundwater
contamination. Emphasize the point
that groundwater contamination is a
protlem that should ve of concem to
all Iowa citizens. Even though these
direct routes for potential
groundwater contamination exist, our
greatest potential is through the
indirect routes of soil infiltration.

TEACHING PROCEDURES:

1. Divide the class into groups and direct
them in completing ACT-PATHS-1.
Use INFO-PATHS-1 and PM-1210,
Agricultural Drainage Welis in Iowa
as references.

2. Dt =ctthe students in summarizing
answers to the questions on ACT-
PATHS-1. Use VM-PATHS-3,4, 5
and the illustrations in PM-1291,
Agricultural Drainage Wells in Iowa,
to emphasize the three (3) direct paths
for surface water to enter into the
groundwater. Again point out that the
greatest potential for groundwater
contamination is through excess
moisture moving field applied
chemicals through the soil.

3. Involve scudents in an experiment
(ACT-PATHS-2) to simulate
groundwater contarrination and
illustrate that it's much wiser to
prevent groundwater contaminution
than to clean it up once it's been
polluted.

4. Use ACT-PATHS-3 to organize and
carry out a local safety check to
identify direct paths of groundwater
contamination.

5. Use the groundwater flow model or
video to demonstrate contamination
through sinkholes, abandoned wells
and agriculturai drainage wells.

6. Assess student's knowledge of direct
paths of groundwater contamination
and related concepts using ACT-
PATHS-4 (Correct answers are 35

follows: 1=F, 2=T, 3=T, 4=F, 5=T,
6=F, 7=F, 8=F, 9=T, 10=T).

OTHER ACTIVITIES:

Using plaster of paris, simulate different
types of topography that occur
throughout Iowa (karst, loess hills,
prairie, alluvial plains, etc). Direct paths
(agricultural drainage wells, sinkholes,
abandoned wells) may be designed to
illustrate possible causes of groundwater
contamination.

SUMMARY:

Sinkholes, abandoned wells and
agricultural drainage wells e potential
direct paths of groundwater
contamination; however, contamination
through uie soil surface is the greatest
potential path in total « olume of
agricultural contaminants. Remember:
Iowa's groundwater problems affect
every citizen in the state.
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ILLUSTRATION OF THE KARST AREA

VM-PATHS-2

Karst features.
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ACT-PATHS-1

DIRECT SOURCES OF GROUNDWATER CONTAMINATICN

l. What are sinkholes? Where are they primarily located in
Iowa?

2, What are abandoned wells? Where are they primarily located
in Iowa? Do you know of any in our community? Are there any
dangers?

3. What are agricultural drainage wells? Wher. are they
primarily located in Iowa? Do you know of any near our
community?

4, In general, what type of land topography describes you' local
area and how does it affect the quality of the drinking
water?




INFO~PATHS -1

DIRECT SOURCES OF GRUUNDWATEKR CONTAMINATION

Sinkholes

Sinkholes are natural depressions and openings in the land
surface. They generally occur in limestone regions formed by
rainwater dissolving the limestone rock resulting in caves and
unsupported surface material. &as the caves collapse, sinkholes
are formed allowing surface drainage to directly enter the
groundwater supply. Sinkholes are primarily located in nortk=ast
iowa where cave systems are most prevalent.

Abandoned Wells

The Iowa Department of Natural Resources defines an
abandoned well as follows: "Abandoned well means a water well
which is no longer in use or which is in such a state of
disrepair that continued use for the purpose of accessing
groundwater is unsafe or impracticable."

They are located throughcut the state. There are thousands
to be found on farmsteads and in commurities around the state.
Wells that have been replaced by community water treatmen:t and
distribution systems still adorn lawns in many commu-ities.
Besides being a -~ource of groundwater contamination, abandoned
wells are a safety hazard. A large well casing is wide enough to
allow a young child to fall into it.

Agricultural Dra’~. e Wells

Starting in the late 1888's, agricultural drainage wells
were dug to convert wetlands to agricultural land. The wells
were most frequently constructed in the northcentral section o=
Iowa. Accessible bedrock formations, below the wetlands, were
used to dispose large amounts of drainage water which lead to the
use of agricultural drainage wells.

Alternatives to drainage wells might include extending
outlets (tile mains or pumps) to available open ditche: or
converting fields to wetlands. Removal of excess water from
fields could be expensive in some cases, but without adequate
field drainage, crop vield will suffer. The land topography,
farming systems used, groundwater pollution potential and other
factors must be consilered in making decisionc about management
of excess surface water.

by 1991, all agricultural drainage well owner< must submit a
plan to the Iowa Department of Agriculture and Lana Stewardship
that shows how contamination will be eliminated from their
ajricultural drainage well or wells.




‘ VM-PATHS-3

A PROFILE OF SINKHOLES




PROFILE OF ABANDONED WELLS

VM-PATHS-4
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ACT-PATHS-2

EXPERTMENT: SIMULTATING GROUNDWATER CONTAMINATION:1

PURPOSE: To demonstrate a groundwater system's cap.city to
flush contaminants entirely from its system.

EQUIPMENT NEEDED:

1 - Bread pan

Sand

1 - Empty soup can "’ith both 1lids removed
1 - tablespoon

Fo0d coloring

Water

1l - sprinkler can

l - syringe

PROCEDURES

Pour the sand into the bread pan and carefully level the
sand. Dye the water in the sprinkler can with food coloring.
Thoroughly sprinkle the sand with the dyed water until saturatec.
Insert the soup ~an (be careful of sharp edges on t : can) into
the sand until the can reaches t' bottom of the pan. Using the
spoon, scoop out the sand locate. inside the soup can to expose
the wvater table. Extr -ct water Yy sucking water up inside the
syringe. ‘mpty the Wacer in the syringe in a sink. Repeat this
procedure until the simulated iquifer is dry. Sprinkle clean
water over the sand again to saturate the simulated aquifer.
Students should note more "tainted" water in the bottom of their
well. Repeat the procedure using "clean" water. Colored water
will still be evident in the simulated well.

lCredit: Dr. Tom Glarville, Iowa State University, Cooperative

EXtension Service.
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ACT-PATHS-3

LOCAL SAFETY CHECK

Organize a local safety check to identify direct paths of
groundwater contarination. Be sure vou have the permission of
the landowner/operator prior tn this activity. (This activity
could be a major thru.t of & FFA Safety Program.) Divide the
community area up among FFA members and notify the newspaper,
local farmers, and officials prior to conducting the check.
Develop a checklist for students to use when conducting the
check. Report the chapter's findings to the community through
the media. Discuss ways to correct some of the direct paths of
groundwater contamination.

SUGGESTIONS: Upon completirng this activity, ask students to
determine the goals and Oobjectives of rne survey. Ask each
student to submit two questions, that they feel should Ye
included in the survey. After collecting the questions, conduct
an open discussion to evaluate the questions as they relate to
the goals and objectives established. Form a subcommittee of the
safety committee to be responsible for the fina" draft of the
survey and the recruitment of chapter members tc¢ “elgp conduct the
survey. Be sure to include all of the pProcedures used in written
reports, 1Involve your adrministrators, advisory committee, ang
school board members whenever and wherever possible.

A SAMPLE CHECKLIST FOR CONDUCTING 2 LOCAL SAFETY CHECK.

1. Idantify the area to be surveyed,

<. Using a scil survey, aerial phetos a..d county atlas, plot
locations c¢f abandonaed wells, agricultural drainage wells,
sinkholes and wells that are being used for drinking water.

3. Estimate the distance from each of the direct route e.try
sites to the nearest wells that are being used for drinking
water.

4. Determin<e from farmers the depth of their wells and if they
have had their drinking water treated,

5. Plot locations of known wells that show traces of
contamination and determine the distance from direct roites,

6. Do you find any correlation pbetween location of Sites, well
depths and contamination or potential contamination of
groundwater?

C.

-11-



’ ACT-PATHS-4

KNOWLEDGE ANALYZ4ER

1, True False An old manually operated well pump is always
located directly above an abandoned well.

2. True False Sinkholes are usually found near cave systems.
3. True False An abandoned well c¢asing is a safety hazard.

4., True False Most agricultural drainrage wells are located
in southcentral Iowa.

5. T.i1e False Land topography influences the kind and amount
of pollutants that enter our groundwater
system.

6. True False Groundwater becomes free of contaminants
shortly after the pollution has been stopped.

7. True False Sinkholes are primarily located in
northcentral Iowa.

8. True False Agdricultural drainage wells are placed where
bedrock is fac from the land sr-face.

9. True False Groundwater can be contaminated a long
distance away from the entry source.

18, True False Sinkholes have long been used for dump sites.
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Locating Direct Connections

LESSON 2: Identifying Methods to Restrict Entry of Groundwater Contaminants

GOAL:

Once the entry site of the groundwater
contaminant has been identified, ways
should be found to prevent contaminatior:
through this site. It is critical that
individuals and agencies responsible be
notified and that correct methods be used
to restrict the entry of groundwater
contaminants.

OBJECTIVES:

Upon completion of this lesvon,
participants will be able to:

1. Analyze the advantages and
disadvantages of methods used to
restrict groundwater contamination
through sirkioles, abandoned wells
and agricultural drainage wells.

2. Identify the state agency and general
laws that regulate groundwater quality
related to sinkholes, abandoned
wells, and agricultural drainage wells.

_ MATERIALS:

Overl.ead Projector, Groundwater Flow
Model or video, Groundwater Flow
Manual, Groundwater Act: How Does It
Affect You?

VISUAL MASTERS:
VM-METHODS-1 How the
Groundwater Act
Affects Direct Paths
of Contamination
ACTIVITIES:
ACT-METH/DS-1 Direct Paths of
Greundwater
Contamination

ACT-METHODS-2 & Key - Reducing

Direct Paths of
Groundwater
Contamination
ACT-METHODS-3 Knowledge
Analyzer
INFORMATION:
INFO-METHODS-1 Plugging
Abandoned Wells
INTEREST APPROACH:

In Lesson 1 we identified sinkholes,
abandoned wells and agricultural drainage
wells as direct paths to groundwater
contamination. Ask: How can we  duce
:he number of these groundwater
contamination entry sites? Using the
groundwatr flow model or video, ask
studencs for possibie methods of reducing
contamination through abandoned wells,
agricultural drainage wells, and
sinkholes. Use the groundwater flow
model to demonstrate direct paths of
groundwater contamination, and to
generate a class discussion on methods to
reduce potential contamination through
these paths. Use ACT-METHODS-1 and
the Manual for Use of th~ G oundwater
Flow Model to guide the :moustration
and discuss’on. Point out that Jowa
reguiations require that contamination
through these routes be reduced.

TEACHING PROCEDURE:

1. Divide participants into two groups to
vecome part of a state task force
entitled "The State Well an Sinkhole
Study Task Force." Use ACT-
METHODS-2, to guide the activity
and INFO-METHQD-1 as a
reference. Use KEY-ACT-

Prepared by Martin Frick, Department of Agricultural Education, Jowa State University,

Ame., Iowa, June, 1989.
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METHODS-2 to summarize the role
playing activity.

2. Use VM-METHODS-" and "The
Groundwater Act -- How it Affects
You?" to identify the regulation
pertaining to agricultural drainage
wells, sinkholes and avandoned
wells. Also identify state agencies
regulating this portion of the lowa
law.

3. Assess participants' knowledge of the
material covered by administering
"Knowledge Analyzer" using ACT-
METEODS-3. Answers are 1=F,
2=F, 3=F, 4=T, 5=T, 6=T, 7=F,
8=T, and 9=T.

S5¢JMMARY:

Emphasize that any hole in the ground
may carry poliutants « the groundwater
system. There are three direct paths of
contamination in lowa that are of special
concern: agricultural drainage wells,
abandoned wells, and sinkholes.
Agricultural drainage wells take sediiment,
nitrogen, and pesticides into the
groundwater which is a primary source of
drinking wat:r in Jowa. Abandoned
wells also carry surface runoff, including
human and animal waste, fertilizers, and
pesticides directly into deeper layers of
groundwater. Sinkholes have been used
as dumps, and are entry sites for
groundwater contaminants. The number
of entry sites can be reduced. First, entry
sitee need to be identified. Second,
specific procedures should be followed to
plug entry sites, or in the case of
agricultural drainage wells and sinkholes,
restrict contaminants that flow into the
entry site.




‘ ACT-METHODS-1

DIRECT PATHS OF GROUNDWATER CONTAMI‘2TION - -
A GROUNDWATER FLOW MODEL DEMONSTRATION

Use the Groundwater Flow Model Video and Manual to answer the
following questions:

1. (Demonstration No. 17! Can a well draw contamirants f.om
"downstream"?

2, (Demonstration No. 16 and the demonstrations on page 5)
Where do contaminants normally enter the groundwater?

3. (Demonstration No. 25) How do wells, abandoned wells,
sinkholes and agricultural drainage wells affect groundwater
quality?




' ACT-METHODS -2

REDUCING DIRECT PATHS OF GROUNDWATER CONTAMINATION

Situation

Your group consists of a state representa ive, a farmer, a
Sierra Cub member, a chemical company representative, and other
interested citizens of a state task force entitled, "The State
well and Sinkhole Study Committee." You rcalize that
contamirants are reaching the groundwater thr~ugh abandoned
wells, agricul ural drainage wells, and sinkholes. Your goal 1is
to find a method to reduce further groundwater cont nination
through these direct paths.

You have been appointed to this study committee to recommend
solutions to this problem.

Select a chair 3ard a recorder for your group. Find
s,olutions to the following questions.

1. wWhat would be the most practical method to prevent
contamination through agricultural drainage wells? What kind
of incentives vould farmers need to convert areas around
drairage wells into wetlard areas for water filtering and

‘ wildlife habitat?

2. What would be the most practical method to prevent
contamination through abandoned wells?

3. what would be the most practical method to prevent
contamination through sinkholes?

4. Should all agricultural drainage wells, abarndoned wells and
sinkhnles be plugged? Be prepared to defend ycuar answer!

5. Who should pay for the plugging of direct paths of
groundwater contamination? If more than one source of
‘ financing is recommended, +..at percent should each pay?




KEY-ACT-METHODS-2

REDUCING DIRECT PATHS OF
GROUNDWATER CCNTAMINATION

What would be the most practi~=1 method to prevent
contamination through agricultural drainage wells?

Use INFO-PATHS-]1 from the first lesson as background
information. Some alternatives to consider are: use a g2od
nitrogen and pesticide management program, eliminate
agricultural drainage wells and convert the area to wetle=d,
remove surface inlets, allow the soil to filter out some
potential contaminants before water reaches the field tile
lines.

what would be the most practical method to prevent
contamination through abandoned wells?

Plugging. See INF(-METLODS-1

Standby Wells

Standby wells mus. be disinfected when taken out of use for a
long period of time and must be disinfected and checked for

bacter . safety when placed back in service after being out
of us r a prolonged period. The well casing must be
provic ith an airtight cover when the well is not in use.

What would be the most practical method to prevz2nt
contamination through sinkholes?

Practices to consider in watersheds above sinkholes are:
seed to grass or plant to trees; use filter strips, crop
rotation, conservation tillage, contour strip cropping; use
good fertilizer and pesticide management program; and
eliminate use as a .lump site.

Should all agricultural drainage wells, abandoned wells and
sinkholes be plugged? Be prepared to defend your answer.

See "The Groundwater Act, How Does It Affect You?" (in the
appendix).

Who should pay for the plugging of uirect paths of
contamination? 1If more than one source of financing is
recommended, what percent should each pay?

Use the consensus of the group as an answer since there is no
definite right answer.



INFO-METHODS-1

Plugging ‘Abandoned Wells

#_ﬂ—

Good health is important to us all. Keeping cur
food and water pure is one way to help insure good
health.

Some food—an orange. for example—has natu-
ral barrers against contamitnation. As long as the
rind covers the orange. dtrt and bacteria are kept
out. But once the rind is damaged or removed, the
1tkelthood of contamination increases.

Stmilarly, the water we pump from our wells is
protected by a “rind” of topsoll, clay. and other
natural materials, These prevent silt, bacteria,
virus. and even some kinds of chemicals from
getung into our water supplies

Because groundwater is our best source of high
quai'ty water, wt rely heavily on it. About 80
perernt of the water used in lowa for irrigatlon,
public water supplies, livestock productionand in
rural homes is pumped {rom wells.

To tap underground water sources, we deliber-
ately drill holes—called wells—through the pro-
tective soll and rock that blankets them. This tem-
porarily exposes groundwater to runofl and con-
taminants from the surface. Using  »demn con-
struction methods, well driliers restore ground-
water protection at the well site by carefully seal-
ing and ~apping the well. As a result, watercan be

"prmped from the ground without allowing bacte-

r . silt and other contamninants to enter.

We know. however, that there are thouzands of
old wells in Jowa that are not properly constructed
or maintained. Geologists, sanitarians and well
driillers throughout the state frequenty report
contamination of properly con-‘ructed wells by
pollutants that enter the groundwater through
abandoned wells, Furtherrore, the covers of old
wells are oflen badly deterforated or missing,
making them a serious safety hazard to unsus-
pecting children or animals.

Everyone's Problem. .. and Duty

Abandoned wells are found everywhere—on
farms, at industrial sites and in urban areas. A
recent survey by county assessors indicates there
are at least 35.000 to 40,000 abandoned wells in
lowa. The large number of abandoned farmsteads
across the state suggests there may be many
more. In 1800 there were nearly 225.000 inhab-
ited farmsteads in lowa, and most had at least one
well, Today. only half of those farmsteads are sl
occupled.

Recognizing the threat to personal safety and
groundwater quaiity posed by large numbers of
abandoned wells, the lowa Legislature passed a
law in 1987 calling for all abandoned wells to be
plugged. Thz lowa Department of Natural Re-
sources and the Department of Agriculture and
Land Stewardship are coordinating this efiort.

Get the Job Done Pight!

Effective well plugging restores the grourawa-
ter protection originally alfordec by layers of soll
and rock present before the well was drilled.
Filling a well also climinates the possibility of
injury, death or property damage due to frlls or
sudden collapse of an old well beneath the weight
of equipment or new structures. To achieve these
important benefits, the right plugging materi-
els and procedures must be used.

Plugging Strategy

lowa's groundwater comes from layers of sand
and gravel, fractured Umestone, and sandstone.
These are sandwiched between protective layers of
clay, shale, or unfractured limestone which yield
little useful water but are natural barrers to
migration of contaminants into the water-produc-
ing rock. The general strategy for efective well

Written by Tom Glanville, Extenslon agricultural englneer,

lowa State Unlversity, Ames, lowa 50011,
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plugging isto place a plug of scaling material at the
top of each water-producing layer. This restores
the protection originally provided by overlying
layers that were penetrated during well construc-
tion.

Materials

Careful selection and use of materials is essen-
tia) to effecttve well plugging. Two kinds of mate-
rials are t :d in well plugging. Each plays a
special role.

Sealing materials are used to prevent water
from migrating into or between water-producing
zones. These materials form an impermeable plug
that will not shrink or crack. Typical seall g
materials include:

o Neat cement—-six gallons of water to #ach 94-
pound bag of cement:

¢ Cement grout—cement. sand and water:
¢ Concrete—cement, sand, gravel and wate .
¢ Powdered or granular forms of bentonite clay.

Fill materials are Jow-cost granular materials
used to plug portions of a well where sealing {s not
essendal. Clean sand. gravel. crushed stone or
agricultural lime are recommended flll materials.
These are strong, resistant to settltrig (if properly
installed). and readly avatlable througho.t most
of lowa. Never uss waste materials or otheyr poten-
t1al contan.. 1ants as il material for well plugging.

Fill ts riot necessary for every plugging job. It is
used malinly in large wells tor :ce costs. This s
done by placing the relatively expensive sealing
materals at strategic locations and packing the
remainder of the well with lower priced fill materi-
als. For smaller wells, however, it is often less
time-cons ™ingand more cost effective touse
sealing materials throughout the fuli depth of
the well.

General Recommendations

Several features are comir n to abandonment
of any well;

¢ All pumping cquipment and pipes should be
renioved from the well;

¢ Well casing and well pits should be removed
to a depth of four feet to eltminate interference
witi future use of the site; Gy

¢ Neat cement or bentonite clay products are
the only sealing materials that are recommended
for use below water. Sand and gravel used in
concrete or cerment grout tend to separate vut and
weaken these sealing materials when th.y are
placcd below water:

« Sofl should be mounded over the plugged well
to prevent ponding of surface water above the site.

Inwell, :sss than 18 inches in diameter, sealing
materials should be pumped into the well through
a tremie pipe—a tube temporarily inse-ted to the
depth where plugging materials are t) be post-
yoned. Simply dumping scaling materials into
the top of small diameter v- -1is is not effective
as they may bridge across the narrow casing or
become diluted and weakened by water inside
the well. To help insure effective plugging. small
diameter weils should be filled by a registered well
driller who has the equipment to pump plugging
maierals into the abandoned well.

Wells greater than 18 inches in diameter and
less than 100 feet deep can be filled from the top
since the  sing Is large enough to prevent bridg-
ing.Granu .rsealers,such as pelletized bentondte
clay. are best suited for flling from the top. Tacy
settle raptdly through standing water and swell
when wet to form an effective plug.

Specific Plugging Sequence

Recommended placement of fll and secaling
materials is described in the text accompanying
the drawings tn this publication for several idnds
of wells commonly used in lowa. To bleck migra-
tion of contaminants into or between water-bear-
ing zones, sealing materials must be placed at the
top of each water-bearing zone tapped by the well.
Unfortunately, exact depths to water-preduck
zones are unknown for many old wells. 1a thes
cases the surest method of preventing groundwa-
ter contamination is to completely fill the well with
sealing material. If the well is so large or so deep
astomakethe cost of this prohibitive. fill and seal-
ing matertals should be placed inlayers in the well
in accordan ‘¢ with the best estimates of drillers
and geologists familiar with the geology of th
area.

Bored or Hand-Dug Wells

These kinds of wells zre common in southern
Iewa. They often are 36 inches in diameter or
larger and require large amounts of fill material.
As shown = Figure |, granular {1 material is
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Figurc 1. Recommended pluggingsequence for
bored wells.

recommended below water level. A foot or more of
sealing material should be placed at water level
and a one-foot thick cement cap poured at the top
of the remaintng casing. Since a large volume of
plugging material {s needed. subsoll nattve to the
area may be usced as flll between the two plugs of
sealing material. If sofl rather than granular fill
material {s used. this material should be com-
pacted to avoid excessive settiing in the future.

Sand and Gravel Wells

These wells are generally cased with four- to six-
L.ach diameter steel pipe. They often tap relatively
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Figure 2. Recommende plugging sequence for
sand and gravel wells.

shallow {less than 100 feet deep) sand and gravel
deposits u: ‘ver valleys or glacial depostts in the
north centr: part of the state. As shown in Figure
2. il mater.al ts used adjacent to the water-
productng sand and gravel and the remainder of
the well is fllled with sealing material.

Drilled Wells in Bedrock

Bedrock wells are found throughout lowa but
are most common in northeastern and rorth
central areas of the state. Four- to stx-inch dlame-
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Figure 3. Recommended filling sequence for
wells tapping a single bedrock layer.

ter steel casing often extends only a short distance
into the water-producing bedrock. An open hole in
the rock below the casing allows water tc enter the
well.

Fill material Is placed in the bottom of the open
hole as shown in Figure 3. Sealing material should
begin about 10 feet below the bottom of the casing
and extend to the top of the well. Sealant placed
below the bottom of the casing fllls large {ractures
that are common near thetop of bedrock layers. As
mentioned earlier. the only sealing materials rec-
ommendcd for use below the water lir < are neat
cement or bentonite clay products. Cemer:t grout
or concrete may be used above the water table If
destred.

In some wells two or more water-producing
bedrock layers are tapped. In these cases, sealing
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. rely on.

plugs should be placed at the top of cach water-
producing layer, as shown in Figure 4. Fill mate-
rials can be used between these plugs to reduce
the amount of sealing material needed.

Sandpoint Wells

When posgible, the casing pipe should be pulled
and the hole allowed to collapse. If the casing
cannot be extracted, cut it off four feet below
ground, flll the remaining casing with neat cement
or bentonite, and backflll with compacted sofl.

For Further Information

There is no substitute for a safe dependable
water supply. By plugging abandoned wells, you
help to protect water quality in the active wells you

For further information on well plugging, con-
tact the Iowa Department of Natural Resources,
your Jocal board of health or county sanitarian. or
a registered well drilling and pump installation
contractor.
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Figure 4. Recommended filling sequence for
wells tapping moze thar one bedrock layer.

These well plugging recormmendations were
developed by a committee of well contractors and
enutronmental officlals whose members gave gen-
erously of their ttme and expertise. Commtttee
members were Donivan Gordon (chair). Roger
3runer. Kelth Bridson and Wayne Reed of the Iowa
Department of Natural Resources; Ken Choquette
of the Iowa Department of Public Health; and
members of the lowa Water Well Association, Jim
Schumacher. president, Jack Johnson and Jeff
Joslyn

Cooperative Extcansion Service, lows Statc University of
Scicncc and Technology, and the United States Depast.
mecnot of Agriculture coopersting Rooald C. Powers, in-
terim director, Ames, Jowa. Distributed In fustherance of
the Acts of Congress of May 6 and June 30, 1814,

Information in this fact sheet summarizes many
but not all proutsions of propgsed well plugging
rules released for public comment by the Jowa En-
vironmental Protection Commission in March 1988.
For a complete copy of the proposed rules and
information on the schedule for their final revision
and adoption, contact the fowa Department of
Natural Resources (phone (515) 281-6853). Mem-”
bers of the water well industry and others who
destre a more thorough discussion of well plugging
constderctions may obtain “Guldelines for Plug-
ging Abandoned Water Wells,” Technical Infor-
matlon Series 15, from the Geological Swvey Bu:
reau of the lowa Department of Natural Resources
(phone (319) 335-1575).

«..and justice for all

The Iowa Cooperative Extenslon Scrvice’s programs and
policlics arc consistent wita pertinent federal and state
laws and rcgulations on pon-discrimination regarding
race, color, natlonal origin, rellgion, scx, agc and bandl-
cap.
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‘ VM-METHODS-1

HOW THE GROUNDWATER ACT
AFFECTS DIRECT PATHS
OF CONTAMINATION

State Goal: Eliminate Contamination By 1995

1. All Ag Drainage Wells Registered with DNR by
Jan. 1, 1989

2. All Ag Drainage Well Owners -- Submit plan to
‘ Department of Agriculture By 1991 |

3. Permit From DNR Required For New Well
Construction After July 1, 1987

4. A Schedule For Closing Abandoned Wells -- To
Be Established

5. A Financial Assistance Program For Closing
Abandoned Wells -- To Be Established

6. After July 1, 1987, Upon Sale of Property
' Landowners Must Disclose Any Waste Disposal
Site, Underground Storage Tank or Existing Well
On The Property

Q -10-
o

U




True

True

True

True

True

True

True

True

True

False

False

False

False

False

False

False

False

False

ACT-METHODS-3

KNOWLEDGE ANALYZER

The state government will pay 198% of the costs
of plugging an abandoned well.

The plugging of wells involves pouring some
concrete over the top of the well.

Materials used to seal a well include sand, pea
gravel-, or crushed stone.

Pasture, filter strips and tree planting could
minimize groundwater pollution in sinkhole
areas.

Standby wells must be disinfected when taken
out of use for a leng time.

Agricultural drainage wells must be registered
with the Iowa Department of Natural Resources,

Groundwater contamination through sinkholes can
be eliminated.

Fill materials are used to occupy space where
sealing materials are not needed when plugging
abandoned wells.

Abandoned well owners must inform DNR, within
thirty days of completion of plugging, that
their well has been properly plugged.
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MANAGING NITROGEN
FERTILIZERS

nu

EDUCATIONAL CONCEPTS

- How nitrates get into wa*sr - Best farm management practices

SH3ZI'TIld3d N3IOOHLIN ONIDVNYIN

- Health effects - Energy conservation




Managing Nitrogen Fertilizers

LESSON: Unde .tanding the Relationships between groundwater, agricultural use of r:rogen

fertilizers, and health problems

GOAL: Since you will be our future agriculturists, it is important to understand the severity of the
nitrate problem, it's health effects, and how contamination of groundwater by nitrogen

fertilizer can be reduced.
OBJECTIVES: VISUAL MASTERS:
After completion of this lesson the VM-NIT-1 Nitrogen levels and health
participant should be able to: concems
VM-NIT-2a,b Nitrogen use 1940-1980

1. Correlate the agricultural use of VM-NIT-3 Steps to increase nitrogen
nitrogen fertilizers to groundwater based efficiency
health and environmental concerns.
ACTIVITIES:
2. Track the routes and different forms
of nitrogen to surface and groundwater. ACT-NIT-1 Nitrogen health

3. Plan soil management systems to limit
nitrogen loss, conserve energy, and
improve groundwater quality.

4. Analyze the Groundwater Prot=ction

ACT-NIT-2 and KEY
ACT-NIT-3 and KEY

ACT-NIT-4 and KEY

concerns
Nitrogen cycle

Soil influences on
nitrogen movement in
the environment
Steps to increase

Act and its effect on the use of nitrogen efficiency
agricultural nitrogen. ACT-NIT-5 Summarization
exercise
MATERIALS: ACT-NIT-6 and KEY Nitrogen application
ACT-NIT-7 a,b,c Discussion and
Nitrates and Groundwater: A Public summarization
Health Concern; Water Quality Field Guide;
Journal of Freshwater Foundation: A Guide INFORMATION:
for Safe Profitable Fertilizer and Pesticide 'Jse;
Nitrate Test Kit from Hach Chemical, INFO-NIT-1 Nitrate Problem

100 Dayton Road, Ames, Iowa, 50010,
Cost approximately $12 and can perform

INFO-NIT-2

Characteristics and

management of nitrogen

50 samples (not included in materials); INFO-NIT-3 Nitrogen health concern

List of certified water sampling labs; exercise

Overhead Projector; Soil Samples; Pots INFO-NIT-4 Management terms and
Groundwater Flow Model or Video; practices

Groundwater Flow Model Manual; INFO-NIT-5 7 Management Steps

Area Soil Survey Reports (Obtained from local
SCS or extension office).

Prepared by Randy Bowman, Department of Agricuitural Education, Iowa State University, Ames,
Iowa, June 1989.




INTEREST APPROACH:

This should be prepared at least three weeks

before the beginning of the lesson. 4,

Divide the participants into groups to plan the
following activity. Let each group

report their recommendations. After 5.

hearing all group reports make plans for
this activity.

1. Assign participants to collect water
samples from rural wells, runoff, urban
water system and pond. (See Appendix

for location of water testing laboratories.) 6.

2. Have the participants mail the samples to
certified water testing labs for nitrate
analysis.

3. When the results come back,
providing some show excessive levels,
explain the possible effects that could be
caused by the contamnination. (You may
want to have some dummy samples to
insure that some of the samples will come

back with some type of excessive levels.) 1.

An alternative interest approach would be to
use pots of soil in which varying amounts of

nitrate fertilizer (potassium nitrate from a 8.

chemical dealer or the chemistry department)
were placed and have the participants use the
test kits to test the water that flows from

each pot when water is added to the surface.

TEACHING PROCEDURES:

introduce the health effects to humans as
well as livestock.

[

Use VM-NIT-2 (a and b overlay) and

INFO-NIT-2 in a discussion of the 2,

relationship between increased
fertilizer usage and increased nitrate
contamination.

3. Jse ACT-NIT-1, INFO-NIT-1, INFO-
NIT-3, and the pamphlet: Nitrates in

Groundwater, A Public Hez'th Concem,
in an exercise to weigh health issues.

USE ACT-NIT-2 and KEY and
INFO-NIT-4 to explain nitrogen
transformation, movement, and the
nitrogen cycle.

Use the soil survey report from your
area to discuss soil type, topography
and other soil faciors that would
contribute to nitrate ieaching into
groundwater reserves. USE ACT-
NIT-3 and KEY.

Discuss management systems. Correlate
the use of nitrogen fertilizers, tillage
systems, energy conservation and soil
type. USE ACT-NIT-4 and KEY, INFO-
NIT-5 and VM-NIT-3. (References -
Pandora's Box; A Guide for Safe,
Profitable Fertilizer and Pesticide Use; the
article on pages 14-17 in the Journal of
Freshwater, SCS Water Quality Guide;
and Best Management Practices to control
Groundwater Quality in Iowa)

Use ACT-NIT-6 and KEY and INFO-
NIT-5 to determine nitrogen application
rates.

Use INFO-NIT-1 to discuss the

effects of the Groundwater Protection
Act. List key points on the

chalkboard. (See the Groundwater Act -
How Does It Affect You - in Appendix)

OTHER ACTIVITIES:
1. Use VM-NIT-1 and INFO-NIT-1 to 1.

Use the Groundwater Flow Model or
Video to illustrate how nitrates move in the
soil. (Groundwater Flow Model Manual -
in Appendix.)

Have the participants determine the
water reserve contamination laws of
surrounding agricultural states as weli
as those in states more urban in
nature.




On a field trip, the participants could
visit a water treatment plant to become
familiar with the type of purification
needed for groundwater to become
potable water.

4. Setup a demonstration in which
chemical nitrates have been added in
varying degrees to the soil in the pots.
Make sure that there is a way tc drain
the pots and collect the water coming
from the pots. Test the leachate for
nitrates and you should get different
concentrations of nitrates in the
leachate.

5. Have the participants investigate the
wells in the area such that they could
infer the type of pollution that might
be occurring in the area.

SUMMARY:

Use ACT-NIT-5 and ACT-NIT- 7to summarize
this lesson.

FUTURE DEVELOPMENTS:

Dr. Alfred Blackmr~ , Iowa State University,
has been conducting research on nitrogen
applied as fertilizers. Using special labeled
nitrogen (N14), his research has shown that a
significant amount of nitrogen fertilizer applied
with traditional fertilizer application practices
was not recovered in the plant or the soil. This
led to tae modification of a procedure that could
accurately measure the amount of nitrogen in
young plants rather than in the soil.

The significance of this procedure is that it
would allow farmers to apply nitrogen when
needed (timing) and in the amount needed (rate)
to assure that adequate nitrogen would be
available for the plant without excess nitrogen
that could contaminate groundwaters. This
availability allows for the application of lesser
amounts of nitrogen fertilizer.

The procedure, however, is still in the
experimental stages and there are some
modifications to be made before or if release
for public use is determined. A kit that uses the
procedure has been field tested and the first
results indicated that some changes had to be
made. The second field test will be performed
in the summer of 1989.
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Human
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Short Term - Acute - Methemoglobinemia (Blue Babies)

Livestock - Symptoms observed but not widespread prchlem

Environment - can cause increased growth of algae in ponds, reducing

oxygen for fish
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INFO-NIT-1

NITROGEN-HEALTH CONCERNS EXERCISE
A clean safe water supply is one of the cornerstones of good public health.

There is a possible threat to our water supplies in the form of nitrogen fertilizers that are soluble in
the soil and will move with the movement of water. Water from wells polluted by nitrates can
cause a life-threatening condition in infzzis known as "blue baby syndrome"
(methemoglobinemia). There are also (ong-term consequences to nitrate pollution in groundwater
in the form of possible cancer causing compounds.

Nitrogen is an essential element to living matter. It occurs naturally in the environment in many
forms including nitrate. Ammonia is present in waste from humans and animals and occurs in the
soil through microbial action and is also applied as a fertilizer. Other microbial actions convert the
ammonia to nitrate in the soil. This is important as nitrate is water soluble and can enter
groundwaters while the ammonium form is held in the soil and does not leach but can reach
groundwater reserves through erosion and indirect entrance to groundwaters.

When more nitrate accumulates than the growing plants can use, any type of precipitation can carry
the soluble nitrate form down through the soil and into the groundwater. This is a process called
leaching and how fast the process works is dependent on the soil type. Water moves rapidly
through sand or gravel or where porous limestone rock underlies shallow soil.

The Environmental Protection Agency and the Public Health Service have recommended a
maximum level of niwrate concentration in drinking water. That level is 10 mg per liter of nitrate
nitrogen or its equivalent of 45 mg per liter of nitrate.

Nitrate pollution, exceeding the recommended levels, has increased in the recent years and many
point to the increased use of nitrogen fertilizer as one of the possible causes.

Recent studies have found increasing problems with nitrates in drinking waters. In the spring of
1984, more than 40 public water supplies in lowa exceeded the drinking water standard for
nitrates. Washington County, Illinois had nitrate concentrations above the standard in 81% of dug
wells and 34% of drilled wells.. About 25% of private water supplies in lowa exceed the current
nitrate standard. The nitrate in the groundwater czn contribute to infant mortality by blue baby
syndrome.

Blue baby syndrome occurs when a baby consumes water polluted with nitrate, and the bacteria in
the infants stomach converts the nitrate to nitrite. Relatively low acidity in an infant's stomach
creates an ideal environment for the bacteria that convert the relatively safe nitrate into the
dangerous nitrite. The nitrite interferes with an important chemical reaction in cells that carry
oxygen to the tissues and results in oxygen starvation in the infant. This causes a bluish condition
in infants, hence the "blue baby syndrome.” Once an infart reaches about six months in age, blue
baby syndrome is no longer a problem.

There are basically four reasons why infants are at risk from nitrate pollution of water supplies.
These are: 1) Infants less than six months in age have relatively low acidity in their stomach
creating an ideal environment for bacterial growth. 2) Infants consumes a large intake of fluids
relative to their body weight. 3) Infant blood is more rapidly oxidized by nitrites. 4) The
;n;y;nes necessary to convert OXygen non-carriers to oxygen carriers are not completely developed
in inrants.

[
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INFO-NIT-1b

Nitrate contaminated well water may be incrzasingly important in rural areas. The commonalty of
the disease is currently not known as blue baby syndrome has not been routinely reported to
departmen’s of health although the mortality rate of the disease is about 8 to 10%.

This disease can be prevented by simply testing the drinking water in your household. However,
boiling your water which removes many contaminants, actually increases the concentration of
nitrates in the water.

Nitrates and nitrites can intera ;t with other compounds that are known to cause cancer. The
research, though, is scarce and there has not been a direct link to cancer by nitrate or nitrite
compounds.

Because of the scarcity of research on health hazards caused by nitrogen containing compounds,
the best course of action is to take reasonable steps that will limit human exposure to the
compounds.

Though finding and correcting the source of nitrate contamination is the best course of action,
some home filtration systems such as distillation units, ion exchange units, and reverse osmosis
units provide effective home treatment for removing nitrates from the water. These processes of
removal are expensive and complicated.

The problem of nitrate contamination may be more of a problem with livestock. This is because
most of the water ingested comes from sources that have not been tested for nitrate contamination.
The feed also comes from sources that may be higher in nitrates. Recent assessments of the
incidence of nitrate poisoning in livestock have indicated that nitrate poisoning is not a widespread
problem. (Keeney)

The environmental effects of nitrates are less serious than the human and animal effects but can
have eutrophic effects on surface reservoirs (Keeney). Eutrophication is the natural or artificial
process of nutrient enrichment of a body of water causing increased growth of aquatic plants thus
lowering the oxygen content of the water to a point which may become detrimental to the growth
and sarvival of fish.

Practices which will reduce high nitrates in the soil solution as well as those that reduce soil

erosion and the and the movement of ammonium nitrogen attached to the soil particles will reduce
groundwater pollution to a minimum.

References

Plumb, Deborah and Muriel Momsette. 1988. Nitrates and Groundwater: A Public Health
Concern. 1988. Freshwater Foundation, Navarre, Minnesota.

Keeney, Dennis, Daniel T.C., and E.. Shaw. 1980. Nitrate in Wisconsin Groundwater: Sources
and Concemns. University of Wiscensin Extension.
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Nitrogen Use* VM-NIT-22

Fertilizer-Nitrogen Use
In lowa

(in 100,000 tons-N)

1930 1940 1950 1960 1970 1980

Fertilizers

Avoid fall applications,
nitrification Inhibitors

Nitrate forms highly rmay help

soluble and leach,

ammonia forms are
insoluble and do not
leach

“ In: Groundwater Protection Strategy, Hoyer, B.E. at.al. 1987
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INFO-NIT-2
CHARACTERISTICS AND MANAGEMENT OF NITROGEN

Groundwater contamination by nitrogen has increased dramaticclly since the 1960's. This closely
correlates with the development of "cheap nitrogen" by which farmers could afford to fertilize
heavily. About 1,000,000 tons of nitrogen fertilizers are applied to comn in Iowa each year.
Alfalfa and soybeans grown in Iowa fix approximately 650,000 tons of nitrogen annually.
Mineralization in agricultural soils in Iowa generates approximately 750,000 tons of nitrogen
annually. All of these sources contribute nitrate to the soil system (Best Management Practices to
Improve Groundwater Quality in owa - Extension Service). As more fertilizer is applied to the
soil, crop yields increase, but so does the potential for leaching of soluble nitrate forms and the
loss of the ammonium form of nitrogen that is held on eroded soil. Because nitrate is easily
leached through the soil, management practices are needed to efficiently utilize nitrogen from all
sources. This will minimize the presence of nitrate in the soil when crop plants cannot utilize it and
when significant recharge of groundwater occurs.

Nitrogen enters the soil through 1) rainfall, 2) organic matter decomposition, 3) symbiotic 4) non-
symbiotic fixation and 5) applied as fertilizers.

Nitrogen occurs in the soil in many forms. The ones that we need to be concerned with are the

nitrate form and the ammonium form. The nitrate form is soluble and moves with the water in the

soil while the ammonium form is attached to the soil particles and moves when the soil particles
move or are eroded. Depending on environmental conditions, the nitrate form or the ammonium

form, or both can be present in the soil.

Nitrites are found to be rare in soils, as the bacteria that control the conversion of nitrites to nitrates
are not the limiting factor in the conversion. The limiting factor is the bacterial population that
converts ammonium to nitrite, the first of two steps in the nitrification process.

Generally, the highest probability that leaching losses of nitrate will occuris vhen nitrogen
fertilizer is applied in the fall and lower when applied in the spring. Combinations of fall soil
moisture, spring rainfall expectations and fall soil temperatures at the 4 inch depth should be
conslidered on arisk assessment basis for loss of nitrate before deciding on fall nitrogen application
(Killorn, 1985).

Nitrate forms of nitrogen should not be applied to coarse textured soils or under conditions where
leaching losses are probable. Ammonium fertilizers must change to nitrate before they can be
leached through soil. Anhydrous ammonia has an inhibiting effect on nitrification (Kieh! and
Netto, 1974), and this tends to delay the total amount of ammonium nitrified relative to other
fertilizer nitrogen sources.

When calculating nitrogen credits for legumes, i. €. alfalfa ar 1 soybeans, grown prior to a com
crop, the amount of nitrogen fertilizer can be reduced. (Example, amounts of nitrogen to be
subtracted from the recommended nitrogen rate: if grain crop follows forage legume - 140 Ibs of
nitrogen for first year corn grain from a 50% to a 100% stand of a forage legume or 1 1b of
nitrogen/bu of a soybean harvest (Killom, 1988b)).

The Iowa Groundwater Protection Act did not establish regulations controlling application of
nitrogen fertilizer. It encourages the use of good agricultural practices in crop production to
conserve, maintain and improve soil productivity and water quality. Funds for research are to be
collected from the manufacturing, handling and sales of agricultural products.

Use ACT-NIT-2 and 3 and KEY-ACT-NIT-2 and INFO-NIT-2 to discuss the nitrogen cycle.




' ACT-NIT-1

NITROGEN-HEALTH CONCERNS EXERCISE

The following topic areas concem adverse medical effects of groundwater pollution by
nitrates.

Answer the following questions from INFO-NIT-1.

1. What are nitrates and how do they get into groundwater?

2. How much nitrate is too much for drinking water?

3. How common is nitrate contamination of drinking water in Iowa?
4. How does nitrate affect human health?

5. Whatis "blue baby syndrome" (me*hemoglobinemia)?

6. Why are infants at risk of blue baby syndrome?

1.  How common is blue baby syndrome in infants?

8. How can blue baby syndrome be prevented?

9.  Can nitrates in drinking water cause cancer?

. 10.  Can nitrates be removed from water?

1. Can you cite examples of the effects of nitrate contamination on livestock and the
environment?

-10-




_ INFO-NIT-2
‘ What To Do If You Suspect A Nitrate Problem*

If you suspect high nitrate concentrations in your water, you can send samples
to a laboratory for analysis. The water should be tested for both bacteria and nitrate
because high bacterial counts are often found in water with high nitrate levels.

\

It is relatively easy to obtain a good water sample, but remember that the amount of nitrate
in well water can vary, depending on groundwater movement, infiltration of rainfall,

and the source of the nitrate contamination. A single sample and analysis can lead to a
false sense of security. Collect water samples in special bottles obtained from the
laboratory. To obtain a good sample, ler the water run for several minutes *o clear out

the water in the pipes and pressure tank.

Most laboratories will report the nitrate content of water as parts per million (ppm) of
either nitrate or nitrate - nitrogen.

It is difficult to establish precise standards for nitrate corcentrations in water that

is safe to drink under all conditions. The following table presents conservative
guidelines for using water with a known nitrate content.

USE OF WATER WITH KNOWN NITRATE CONTENTY

|
| ‘Reported as
Elemental Nitrogen Reported as Nitrate Interpretation
\ 0-10 ppm 0-44 ppm Safe for all animals
|
10-20 ppm 44 - 88 ppm Safe for livestock inless feed has high
nitrate levels
20 - 40 ppm 88 - 176 ppm Might cause problems for livestock. If feed

contains more than 1,000 ppm, total nitrate
is likely to exceed safe levels.

‘ 40 - 100 ppm 176 - 440 ppm Risky for livestock. Feed should be low in
| nitrates, well-balanced, and fortified with
‘ Vitamin A.

100 - 200 ppm 440 - 880 ppm Should not be used. Acute poisoning and

some deaths likely in swine. Probably too
much intake for ruminants on usual feeds.

Over 200 ppm Over 830 ppm Should not be used. General symptoms such
as poor appetite likely. When provided free
‘ choice tc ruminants on a good ration, acute
poisoning not likely.

-11-
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ACT-NIT-2

Nitrogen Cycle Leadir.g to Losses
of N from Soils
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KEY-ACT-NIT-2

Nitrogen Cycle Leading to Losses
of N from Soils

1. Ammonia 2. Crop 3. _Denitrification
Volatilization Harvest
/
Ammonia Plants
Tl // 9. leatlon\\
8. Nltrlflcatlon
Ammonium Nitrate
| ’._Immobilization
6. Mmerallzatlon
Soil Organic
Matter
5. Scil Erosion 4. Leaching
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. INFO-NIT-4a

Management and terms

Following is a list of terms associated with nutrient application movement of the
nitrogen in the soil.

For the farmer to minimize water pollution, he/she must look at the total picture.
All the elements that contribute to nutrient losses s!iculd be examined and taken
into account when one plans a management program to reduce nutrient movement
into water reserves.

Alluvium - parent material deposited by moving water. Alluvial parent materials are found in flood
plains. If this parent material is the type to be farmed, it would be sound management to apply
nutrients in stages and not make the nutrients subject to flooding. Alluvial parent materials can be
stratified and sorted. Stratification and sorting lead to different soil textures that may occur within
close proximity to each other. This means that a coarse textured soil can exist next to a fine
textured soil. If farmed to satisfy the characteristics of the fine textured soil, the nutrient applica-
tion would be more susceptible to leaching in the coarse textured soil where the water movement
through the soil is greater and will contribute to leaching losses of nutrients.

Bedrock - The solid rock that underlies the soil and other unconsolidated material or that is exposed
at the soil surface. Bedrock is fairly impermeable and soils that have bedrock as part of their
profile will have problems with erosion and/or leaching. This results from the properties of the
bedrock from which the soil developed. If developed from sandstone, the soil would be more
permeable and more susceptible to leaching losses.

Denitrification - The reduction of nitrates to nitrogen gas as an end-product. The denitrification
process can result in less nitrogen movement into the groundwater but also results in nitrogen un-
availability to the plant. Denitrification is generally caused by saturated conditions in the soil.
Loss through denitrification is generally compensated for by the application of heavier rates of ni-
trogen fertilizer. When conditions for denitrification do not occur, the heavier application results in
more availability of the nitrogen to move into groundwater reserves.

Drainage class - The frequency and duration of saturation or partial saturation. The drainage class
also has an effect on both the erosion potential and the leaching potential of a soil. Well-drained
soils would be more susceptible to leaching losses and poorly drained soils would be more
susceptible to erosion losses. Again, this cannot be separated from the other soil properties and the
management system that examines the total picture will reduce nutrient movement into groundwater
reserves.

Fixation - The conversion of elemental nitrogen from the atmosphere to organic combinations or to
forms readily used in biological processes. Normally carried out by bacteria, either living with
legumes or by free living soil bacteria. Bacteria in conjunction with legumes (symbiotic) and bac-
teria free-living in the soil (non-symbiotic) are capable of this conversion and management prac-
tices which use this fixation should be considered in the farmers' management program.

Glacial till - parext material deposited by glacial movement and melt. The soils developed from _

glacial till are variable in their texture and structure. Because of this variability, the nutrient loss is

more dependent on the properties of each soil and management programs need to take into account
‘ the composition of the specific till material from which the soil developed.
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|
Immobilization - mineral forms of nitrogen are taken up by the plants and incorporated into their ‘
tissue. This process prevents the availability of nitrogen for movement into water reserves. i
|
Infiltration - The downward entry of water into the immediate surface of the soil or other material, |

as contrasted with percolation, which is movement of water through soil layers or materials.

Leaching - the removal of soluble material from soil and other materials by water moving down
through the soil profile. The soluble form of nitrogen is the nitrate form. The conversion of the
ammonium form (non-soluble) of nitrogen to the nitrate form could result in groundwater poliu-
tion. Management practices to minimize leaching would include a knowledge of the soils on the
piece of land to be farmed, i.e. the drainage class, the permeability, the slope, the susceptibility to
fl. xding, the time of application, the rate of application, and the method of application.

Loess - Parent material deposited by wind. Loess, because it is deposited by wind, has to be
managed such that structure is not destroyed. Most loess soils have good structure because of the
effect of the clay in the parent material, but this structure can be easily destroyed without proper
management. Many of the management techniques for these soils parallel those of others.

Mineralization - The process of converting an organic form of nitrogen into the mineral form.

|
|
|
|
\
J
Nitrification - A .wo step process in which the insoluble ammonium form is changed into the solu-
ble nitrate form. This two step process is done by bacteria in the soil. The inhibition of this con-
version is the conwrol of the bacteria thot make this conversion. N-Serve is a common commercial |
' product that limits the acticn of one of the bacterium and leaves the nitrogen in the ammonium form ‘
\
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|
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|

|

|
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|
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and not susceptible to leaching.

Organic matter - chemical substance of animal or plant origin. Incorporation of organic matter into
the soil promotes soil structure wlich can or cannot contribute to leaching losses but it does have a
definite influence on the infiltration of the precipitation into the soil. This infiltration has a definite
impact on the erosion process because it prevents water movement and the carry of sediments to
the water reserves.

Outwash - material deposited by glacial movement and then separated from the finer particles by

the melt of the glacier. Very highly permeable soils and any type of nutrient application can result
in losse:s to both erosion and leaching.

Parent material - The unconsolidated mineral or organic material from which a soil forms. Parent
material affects the structurc and the texture of the soils on the site. Soiis developed from a sandy
soil texture would be tore susceptible to leaching losses. Soils with developed structure could
also be susceptible to leaching because the channels necessary for leaching would be influenced by
the size of the soil aggregates. Management of soils on different parent materials is dependent on
the material the soil developed from.

Permeability - The capacity of a porous rock, sediment, or soil for transmitting fluid. A measure
of the relative ease of fluid flow under pressure. The greater the permeability the more potential for
leaching losses. This is generally related to the texture and structure of the soil. This can be
improved by the incorporation of organic matter into the soil and this incorporation prevents runotf
but may result in more leaching.




INFO-NIT-4c¢

Slope - The inclination of the land surface from the horizontal. The slope of the soils on a site can
influence both leaching losses and erosion losses of nitrogen to the water reserves. If the soil has
an A slope (0-2%), precipitation often leaches the soluble nitrogen from the soil but erosion is
minimized. If the slope is steeper, loss of nitrogen is generally through erosion. Slope in
conjunction with drainage class and permeability can be used to determine the possibility of
movement of applied nutrients either through leachirg or erosion. Management practices that use
all the information available could eventually ease the concern of nutrient movement into the water
reserves.

Structure - The arrangement of primary soil particles into compound particles or aggregates.
Structure has a significant role in the movement of water into and through the soil. On one hand
this inhibits erosion losses because the water enters the soil but can also promote leaching losses if
nutrient application is made just before a heavy rain.

Texture - The relative amounts of sand, silt and clay in a given soil. Sandy soils will leach more
than silt or clay soils. Nutrient application would have to be timed such that nutrient loss in sandy
soils would be minimized. You should not fertilize just before a heavy rain is expected.

Volatilization - Loss of a substance through evaporation or change from a non-vaporous state to a
vaporous state. Nitrogen fertilizers, both natural and chemical can volatilize under certain condi-
tions. When volatilization takes place and nitrogen deficiencies in the plant are shown, the farmer
might compensate for the loss by heavier applications of nitrogen fertilizers

Weathered till (paleosol) - A soil that formed during the geological past and was buried and
preserved by more recent sedimentation. Ofter exposed on the surface by subsequent erosion.
These soils are highly impermeable so the ccatributien to water pollution would be more severe as
a result of erosion rather than leaching.

Weathering - Physical and chemical changes in rocks or other deposits that result in the breakdown
of that material.

-16-
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ACT-NIT-3

Soil Characteristics are important because they have a significant affect on the
amount of leaching of chemicals that may occur. Knowledge of the soils
in your area will help you to develop a nitrogen management program for

your area.

Matching: Choose the one best phrase for each term.

Soil Property Influence on Nitrogen Movement

in Soil

Slope

Rainfall
Weathering
Drainage Class
Parent Material
Organic Matter
Permeability
Texture
Structure
Infiltration

[T

S@~o Qa0 op

e ——
. .

Allows water to move around the soil particles
Allows water to move arouna ‘he soil aggregates
Unconsolidated material

Influence of time

Biological and holds nitrogen on their surfaces
Rate at which water moves through the soil
Ability of the water to flow down through the soil
Takes into account internal drainage

Frequency and duration important

Influences water movement by landscape position

Parent Material Effects on Soluble

N

SRR AN VR

itrate Movement

Loess
Alluvium
Glacial Till
Bedrock
Weathered Till
Outwash

T

a

o

ao

. Is variable in texture, contains stones

and allows easy nitrate movement
. Its texture is the biggest factor affecting nitrate
movement
Its a shallow soil that allows nitrate movement
Both structure as well as texture affects nitrate
movement
Nitrate movement should be lateral instead of
vertical
Nitrate moves easily with the water table
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KEY-ACT-NIT-3

Soil Characteristics are important because they have a significant effect on the
amount of leaching of chemicals that may occur. Knowledge of the soils
in your area will help you to develop a nitrogen management program for

your area.

Matching: Choose the one best phrase for each term.

Soil Property Influence

in Soil
1. _f__ Slope a.
2. _1i Rainfall b.
3. _d__ Waeathering C.
4. _h_ Drainage Class d.
5. _c__ Parent Material e.
6. _e__ Organic Matter f.
7. 4  Permeability g.
8. _a _ Texture h.
‘. b Structure i.
0._f _ Infiltration js

on Nitrogen Movement

Allows water to move around the soil particles
Allows water to move around the soil aggregates
Unconsolidated material

Influence of time

Biological and holds nitrogen on their surfaces
Rate at which water moves through the soil
Ability of the water to flow down through the soil
Takes into account internal drainage

Frequency and duration important

Influences water movement by landscape position

Parent Material Effects on Soluble

Nitrate Movement

1. d  Loess a
2. b Aluvium
3. @8  Glacial Till b
4. € Bedrock
5. € __ Weathered Till C.
6. ¥ Outwash d.

. Is variable in texture, contains stones

and allows easy nitrate movement

. Its texture is the biggest factor affecting nitrate

movement

its a shallow soil that allows nitrate movement
Both structure as well as texture affects nitrate
movement

Nitrate movement shouid be lateral instead of
vertical

Nitrate moves easily with the water table

-18-
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ACT-NIT-4

7 Steps to Increase Nitrogen Efficiency While Reducing
Environmental Risks

| want to apply nitrogen fertilizer for my next corn crop. | have been applying 180
pounds of nitrogen since 1983 and have been satisfied with the yields that | have
been receiving. | have rsad about the groundwater quality problem in lowa and
that nitrates are a cause for some concem. My question is: how do | increase the
efficiency of the nitrogen that | put on and at the same time reduce any
environmental problems that | may be creating?

Listed below are saven steps that should give the type of nitrogen management
system this individual requires. Each of these steps increase the efficiency of
nitrogen application and reduce environmental risks.

"Your task is to use each of the following steps to develop the type of management
system this individual wants.

1. Establish Realistic Yield Goals - From Handout- ACT-NIT-4, calculate the
recommended nitrogen application rates for your county.

‘ 2. Soil Test
3

. Sidedress or Split Applications
4. Use Ammonium Form of Nitrogen
5. Use Nitrification Inhibitors
6. Incorporate

7. Manage for Total Nitrogen Use

-19-
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KEY-ACT-NIT-4

7 Steps to Increase Nitrogen Efficiency While Reducing
Environmental Risks

1. Es.ablish Realistic Yield Goals - Recognize that exceptionally good years are the
exception. Establish realistic yield estimate for each field based on past performance
and then fertilize accordingly. View Nitrogen usage in terms of pounds of nitrogen
required per bushel of grain. Resist the temptation to apgly extra nitrogen that
could increase the potential for nitrate pollution in most years.

2. Soil Test - Most states have data on rates of Nitrogen required to achieve target
yields as well as adjustments needed to account for use of manures and legume crops.
However, if you are unsure of residual nitrogen amounts currently available in a
field, soil testing could be a wise investment, especially in drier areas west of the
Missoun River. Analysis of irrigation water for nitrate concentration is also
recommended.

3. Sidedress or Split Applications - Losses due to uunitrification,
leaching, and soil erosion can be reduced by sidedressing or splitting
nitrogen applications, which can reduce applications of "insurance" nitrogen.

4. Use Ammonium Form of Nitrogen - When nitrogen applications are made well
ahead of maximum crop use, ammonium forms, such as anhydrous ammonia, can
help reduce losses. Because ammonium fertilizers tend to bind with ciay particles
in the soil, the risk of leaching is reduced.

5. Use Nitrification Inhibitors - Nitrificat*on inhibtors are beneficial in keeping
nitrogen in the ammonium form for lor.ger periods of time. This is commonly
referred to as stabilized nitrogen. Nitrification inhibitors are recommended when
soil type, moisture conditions and temperatures are conducive to leaching or
denitrification losses.

6. Incorporate - Incorporating nitrogen fertilizers will reduce nitrogen losses caused
by surface runc‘f and erosion. Perhaps, even more important, incomporation can
reduce volatilization losses from urea, too.

7. Manage for Total Nitrogen Use - Manage all elements of crop production,
including nutrients other than nitrogen, to meet your yield goals, In this way,
low yields that result in only partial use of nitrogen and increasa risk of nitrogen
loss can be avoided.

" Treasure of Abundance or Pandora's Box? Soil and Water Conservation Society.

-20-




INFO-NIT-5
' Establishing Sound Nitrogen Management Programs on Cropland*

Management is used to decrease the loss of nutrients to water re..rves but still provide optimum
amounts of plant nutrients for crop production. It includes rates, placement, timing, and type of
tertilizer. Nitogen management is the key in controlling pollution of waters by agricultural nitrogen
applications.

As attempts are made to balance concerns, it must remembered that no single management practice is
best. A management practice for one situaton may be wrong for another. The problem must be
identified and reviewed and then the best management should be used. The following is a checklist of
management practices that should be considered for nitrogen management programs in lowa.

1. Set realistic yield goals with use of modern soil surveys

Because nitrogen recommendations are based on a yield goal, setting a realistic yield goal will eliminate
applications of nitrogen that could pollute. Studies have shown that some producers apply more nitro-
gen than needed. Modem soil surveys are available for most counties in Iowa as well as a list of the
yield potential of all soils mapped in the state. This information can be used to determine a realistic
yield goal and apply a rate of ritrogen based on that yield goal.

Nitrogen rates are significant in the control of the losses. to water reserves. Fertilizers skould not be
used unless needed. Excessive applications must be avoided.

Table 1. Nitrogen recommendations procedure for corn and sorghum besed on yield goal (YG) and factors for
soil areas. The recommendations should be rounded to the nearest unit of five (Killorn, 1988b).

Soil  Soil Yield Goal N Equation
Area  Associations bu/acre

0 Clarion-Nico® \-Webster <150 lbs N/a = Yield Goal (bu/a) x 1.2 Ibs N/bu

Kenyon-Floyd-Clyde = Ex: Yield Goal =140: 140x 1.2 = 168 or 1701bs N/a
Cresco-Lourdes-Clyde

1 TamaMuscatine 151180 1bsN/a =180+ (YG -150) x 1.3 Ibs N/bu
Dinsdale-Tama Ex: YG =160: 180 +[(160-150) x 1.3} = 193 or 195 Ibs N/a
Fayette
Downs >180 JbsN/a=220+(YG-180)x 1.4 Ibs N/bu

2 Otley-Mahaska-Taintor Ex: YG =200: 220 +{ (200-180) x 1.4] = 248 or 250 Ibs N/a

Clinton-Keswick-Lindley

3 Adair-Grundy-Haig
Adair-Seymour-Edina
Grundy-Haig
Lindley-Keswick-Weller

4 Shelby-Sharpsburg-Macksburg

9 Luton-Onawa-Salix

Irrigated corn in all areas

5 Marshall any lbs N/a = Yield Goal (bu/a) x 1.1 1bs N/bu

6 Monona-Ida-Hamburg Ex: Yield Goal =160: 160x 1.1 = 1760r1751bsN/a

7 Galva-Primghar-Sac

8 Mood any Ibs N(a =Yield Goal (bu/a) x 0.9 Ibs N/bu
y Ex: Yield Goal =160: 160x0.9 = 144 or 1451bs N/a

ic.



INFO-NIT-5b

Table 2. Nitrogen recommendations procedure for all soil areas for oats, wheat, and sunflowers based
on yield goal (YG) and factors. The recommendations should be rounded to the nearest unit of five.
(Killorn, 1988b).

Crop N Equation

Oats Ibs N/a = Yield Goal (bu/a) x0.75 Ibs N/bu
Ex: Yield Goal =50 bu: 50x0.75 = 37.5 or 40 Ibs N/a

Wheat Ibs N/a = Yield Goal (bu/a) x 1.3 Ibs N/bu
Ex: Yield Goal=: 50x 1.3 = 65 IbsN/a

Sunflowers Ibs N/a = Yield Goal (Ibs/a) x3.5 N/100Ibs
Ex: Yield Goal =12501bs: 12.5x3.5 = 43.750r451lbs N/a

Table 3. Amounts of nitrogen to be subtracted from recommended nitrogen rates if a grain crop follows forage legume
or soybeans. (Killom 1988b).

Pounds of nitrogen 0 be subtracted for grain crop following legume

1st year grain crop 2nd year grain crop Legume

140 30 50-100% stand of forage legume
100 0 20-50% stand of forage legume
100 0 legume green manure

1 1b N/bu soybeans 0 soybeans

2. Soil test measurements

If reliable soil test measurements can be developed for Iowa conditions, they can be used to determine
the amount of nitrogen recommended. Research is currently under way to calibrate soil and tissue ni-
trate tests. Plant measurements of nitrogen have been related to yield. Grain nitrogen at harvest, stem
nitrate in early season corn, and nitrogen concentration in the ear leaf at silkking have been related to
yield but these measurements do not permit adjustment of the current year's nitrogen program.

3. Fre-plant versus sidedress nitrogen

If conditions for leaching losses occur following pre-plant applications of nitrogen, then sidedressi.g
nitrogen should be more efficient. If conditions for leaching losses of nitrate do not occur, there
should be no difference between the efficiencies of pre-plant and sidedress applications of nitrogen. If
sidedressed too late or to a dry soil, ihere is a chance that it will not be used efficiently as would 2 pre-
plant application. This may result in reduced yields and greater losses in the fall compared to a pre-
plant application. Which time of application may be superior can be based on the long-term frequency

of water moving through the soil profile during the May-June period, but for any given year and site
the prediction may be in error.
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INFO-NIT-5¢

Fertilizer timing can be effec.ive in reducing nitrogen pollution. Nitrogen should be applied as close to
plant demand periods as possible. Fall and early spring applications are made in order to avoid the
competition for labor and equipment which occurs if the application is delayec until spring. Fall appli-
cations for the spring season can be leached below the root zone before the season begins if there is
considerable winter precipitation. If fall applications of nitrogen are necessary, ammonia forms should
be selected to minimize leaching. They should be applied after the soil has cooled to 50° F to a depth
of 4 inches to prevent conversion to the readily mobile nitrate form. Early spring applications can also
result in considerable losses as a'result of movement from heavy rainfall,

For crops s. n as corn, the most efficient use of nitrogen is accomplisied by using a light pre-plant
application followed by sidedress applications when the crop reaches knee height.

4. Source of nitrogen. i.e. nitrate versus ammonium

Fertilizer source comparisons provide a var' .y of results depending on method and time of applica-
tion, physical and chemical naracteristics of the soil, nitrogen needs of the crop, gaseous characteris-
tics of the fertilizer source, and temperature and precipitation after application. If leaching conditions
occur after application, the nitrogen source remaining in the ammonium form will usually produce the
greatest test yield. Nitrate forms should not be applied to sandy soils or under conditions where
leaching losses are probable. Ammonium (or ammonium-forming) fertilizers must change to nitrate
before they can be leached through soil. Anhydrous ammonia has an effect on nitrification that tends
to delay the total amount of ammonium nitrified relative to other nitrogen sources. The ammonia fer-
tilizer nitrogen sources used over an extended period of time have not produced any effects on soil
characteristics.

The fertlizer type can be an aid in reducing pollution. Fertilizers are available in granular, gaseous,
liquid, suspension, or slurry forms. When the pollution pathway has been determined, a fertilizer can
be selected that will reduce the pollution potential. As previously stated, nitrate forms are highly solu-
ble, and fall applications should be avoided where leaching is a proble:n. Some nitrogen compounds
are availzble that release their nitrogen over a long period of time. These fertilizers are intended to
constantly supply nitrogen as it is needed by the plants; however, they generally are more expensive.

5. Use of N-Serve as a nitrification inhibitor

N-Serve prevents the conversion of ammonium to nitrate. Use of N-Serve with fall applied ammonia
has not resulted in consistent crop yield responses,in Iowa and frequently a spring application of
nitrogen produces greater yields than a fall application with or without N-Serve, responses on fine
textured or heavy soils are unpredictable. Nitrification inhibitors slow the rate at which the ammonium
form is changed to the nitrate form. This will reduce nitrogen loss when conditions are favorable for
leaching and denitrification.

6. Incorporate

The method of application has an impact on the quantity of nutrients lost in runoff from a field or pas-
ture. If practical, all fertilizer should be incorporated to reduce the loss by volatilization and runoff.
Fertilizers are incc  orated by disking or plowdown and by injection.

It may not be possible to incorporate the nutrients on pasture and grassland. When surfacc applic tion
is necessary, it should be scheduled to reduce nutrient losses caused by rain or snowmelt. Soluble
fertilizers should be considered for surface application. They provide higner infiltration thereby re-
ducing surface runoff losses. If a crop is to be irrigated, the fertilizer can be injected into the water;
however, there should be no runoff during irrigation.
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VM-NIT-3

' ESTABLISHING SOUND NITROGEN
MANAGEMENT PROGRAMS ON CROPLAND

1. SET REALISTIC YIELD GOALS WITH THE
USE OF MODERN SOIL SURVEYS

2. SOIL TEST MEASUREMENTS

3. PRE-PLANT VERSUS SIDEDRESS
NITROGEN

4. SOURCE OF NITROGEN. LE. NITRATE
VERSUS AMMONIUM

‘ 5. USE OF N-SERVE AS A NITRIFICATION
INKEIBITOR

6. INCORPORATE

There are many management practices used
to minimize nitrogen movement into water
reserves. Some of these are 1) conservation
tillage, 2) terraces, 3) contour farming, 4)
strip cropping, 5) field borders, 6) irri-
gation water management, 7) cover or green

7. MANAGE FOR TOTAL NITROGEN USE
l
l
|
|
i
manure crops, and 8) filter strips. ‘

-25-
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INFO-NIT-5d
7. Manage for total nitrogen use

A proper balance of essential nutrients and soil moisture is needed to ensure proper plant growth. A
deficiency of one element may reduce the plant uptake of other nutrients, thus making them available as
pollutants. Soil tests are probably the most important guide to the proper use of fertilizers. These
tests, combined with information about soil type, previous cropping, and the anticipated soil moisture
level, should be used to estimate fertilizer requirements. Fertilizer rates should be based on reasonable
yield goals. Excessive application of nutrients, especially nitrogen must be avoided.

A conservation cropping system can aid both water quality and agricultural production. It improves
soil structure, which increases filtration, decreases runoff, and increases aggregate stability. In a con-
tinuous cropping system such as corn, nitrogen buildup is often the source of nutrient poilution. Us-
ing crop rotatiops can reduce buildup of nitrogen as a pollutant. Using crops that require little or no
nitrogen in rotation with crops requiring large amounts of nitrogen (corn-bean rotation) reduces the
potential for nutrient loss.

Grasses and legumes in rotation can reduce nutrient losses, aid in improving soil structure, and pro-
vide large amounts of nitrogen for use by the succeeding crops. A deep-rooted crop like alfalfa or a
perennial grass can use nitrates below the normal root zone of other crops and reduce nitrate leaching.

Legumes are nitrogen-fixing plants that with their related bacteria use nitrogen from the air. The
amount of nitrogen fixed depends on the type of legrme and the environmental conditions. Annual ni-
trogen fixation is generally in the range of 30 to 100 lbs/acre although as much as 420 lbs/acre have
been reported. If the legume is left in the rotation for two or more years, significant quantities of ni-
trogen will be available for use by successive crops. This will greatly reduce the need for commercial
nitrogen fertilizer. Nitrogen can be lost as the legume decomposes, but it is not as available for de-
tachment or transport as are large applications of commercial fertilizer.

There are many ways 1o manage 1o minimize nitrogen movement into water reserves. Some of these
are 1) conservation tillage, 2) terraces, 3) contour farming, 4) strip cropping, 5) field bord-rs, 6) irri-
ganon water management, 7) cover or green manure crops, and 8) filter strips.

A sound nitrogen management program will reduce potential nitrates from entering groundwater and
with less need for chemical nitrogen, will reduce energy needed for the manufacture of and
transportation of the chemical nitrogen.

*SCS Water Quality Guide and Best Management Practices to Control Groundater Quality in lowa.
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NITROGEN - HEALTH CONCERNS EXERCISE
Group A: You are assigned to a task force of agricultural leaders, given the responsibility of
analyzing the correlation between the increased use of nitrogen fertilizers and the reports of more
frequent high nitrate concentrations in drinking water. You are to prepare reasons and
recommendations as to how to develop an educational program for your community to:

1. make the public aware of the facts.

2. identify farming practices that would reduce nitrate contamination.

3. identify areas of concern where additional study and research is needed.

Group B: You are assigned to a task force of concerned taxpayers with the responsibility of
weighing the issues of using tax dollars for additional niirate related research.

Prepare a list of reasons why more funds should be spent on this research and another
liston why funds should not be spent on this issue. After looking at both sides of the issue,
prepare your recommendations.

-26-
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‘ Field 1

[ .

Field 2
Comn Soybeans
Field 4 Field 3
Meadow QOats

Cropping Mistory

ACT-NIT-6

You are the owner of a 640 acre farm. The farm is divided into

4 fields. The time has come to order your nitrogen fertilizer from
the local co-op. Previously you have applied 230 Ibs N/a on the
field to be planted in corn and 60 Ibs/a on the field to be seeded
to oats. You have become aware of the groundwater problem
caused by the application of too much nitrogen and you decide to
try to apply the correct amount of nitrogen for your established
yield goals. You want to average 175 bu/a of corn and

60 bu/a of oats.

The farm is located in the Clarion-Nicollet-Webster soil
association and each field consists of 160 acres. This is only the
second year that meadow has been included in the rotation

so the rotation is now corn-soybeans-oats-meadow.

Field 1: Field 1 will be planted to corn this year. Last year Field 1 was in alfalfa. The stand of
alfaifa was not the best as there was only a 75% stand of alfalfa.

Field 2: Field 2 will be planted to soybeans. Last year the field was in corn and had an
average yield of 178 bu/a.

Field 3: Field 3 will be seeded to oats. Last year the field was in soybeans and had an
average yield of 38 bu/a.

‘ Field 4: Field 4 will be in alfalfa meadow. It was seeded to alfalfa with the oats last year and
had an average oat yield of 63 bu/a.

There are three questions to be answered:

1. Was | applying the correct amount of nitrogen for the crops and my stated yield goals?

2. If the rates of nitrogen apolication are not correct, what should they be for the
corn and oat fields for the next growing season?

3. How much will | save on on my nitrogen bill by incorporating a meadow into the rotation,
allowing for legume credits, and applying the recommended rate of nitrogen fertilizer
for my stated yield goals? ( Nitrogen sells for 25 cents/Ib)

Use the cropping history and the tables in INFO-NIT-5 to calculate the total amount of
nitrogen that will need to be ordered from the Co-op.




KEY-ACT-NIT-6
- You are the owner of a 640 acre farm. The farm is divided into
‘l Field 1 Field 2 4 fields. The time has come to order your nitrogen fertilizer from

the local co-op. Previously you have applied 230 Ibs N/a on the

Corn Soybeans | figid to be pianted in corn and 60 Ibs/a on the field to be seeded
to oats. You have become aware of the groundwater problem
caused by the application of too much nitrogen and you decide to

Field 4 Field 3 try to apply the correct amount of nitrogen for your established
yield goals. You want to average 175 bu/a of corn and

Meadow Oats 60 bu/a of oats.

The farm is located in the Clarion-Nicollet-Webster soil

association and each field consists of 160 acres. This is only the

Cropping History second year thai meadow has been included in the rotation

so the rotation is now com-soybeans-oats-meadow.

Field 1: Field 1 will be planted to corn this year. Last year Field 1 was in alfalfa. The stand of
alfalfa was not the'best as there was only a 75% stand of alfalfa.

Field 2: Field 2 will be planted to soybeans. Last year the field was in corn and had an
average Yyield of 178 bu/a.

Field 3: Fisld 3 will be seeded to oats. Last year tne field was in soybeans and had an
average yield of 38 bu/a.

Field 4: Field 4 will be in alfalfa meadow. It was seeded to alfalfa with the oats last year and
had an average oat yield of 63 bu/a.

There are three questions to be answered:

1. Was | applying the correct amount of nitrogen for the crops and my stated yield goals?

Recommended: Ibs N/a (oats) = Yield Goal x 0.75, 60 bu/a x 0.75 = 45 Ibs/a for oats
lbs N/a [(com, soil area 0), Yield Goal =175} = 180 + [ (Yield Goal - 150) x 1.3)
180 + [(175-150) x 1.3] = 212.5 Ibs or 215 Ibs N/a

2. Ifthe rates of nitrogen application are not correct, what should they be for the
corn and oat fieids for the next growing season?

Legume credit:

Oats following soybeans = 1 ib/bu soybean yield or 38 Ibs/a N, 45 Ibs/a - 38 Ibs/a = 7Ibs/a for oats

Corn tollowing meadow = 140 Ibs/a for 75% forage stand for first year following meadow
or215 bs/a - 140 bs/a = 75bs/afor com.
Total: 160 acres x 7 Ibs/a =_1120 Ibs for oat field, 160 acres x 75 Ibs/a = 12000 Ibs for corn field = 13120 Ibs
3. How much will | save on on my nitrogen bill by incorporating a meadow into the rotation
allowing for legume credits and applying the recommended rate of nitrogen fertilizer
for my stated yield goals? ( Nitrogen sells for 25 cents/Ib)
Past . (160 x 230) + (160 x 60) = 46,400 Ibs Adjusted: (75+7)x 160 = 13120 Ibs

Savings: 46400 - 13120 = 32280, 32280 x .25 = $ 8070

Use the cropping history and the tables in INFO-NIT-5 to calculate the total amotint of
nitrogen that will need to be ordered from the co-op.

he nitrogen requirement for the oats and corn went from 46,400 Ibs to 13,120 Ibs by using recommended rates,
gume credits and the inclusion of a meadow in the rotation. This reduced the nitrogen bill by $8070.
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ACT-NIT-7a

Your local FFA chapter has decided they should examine the groundwater pollution problem caused by
nitrogen fertilizer use. There has been much discussion about the problem and some questions were
raised that need to be answered. These questions were divided into three areas of discussion. These
areas are: 1) production agriculture, 2) energy and economics, 3) and the social, moral and ethical
issues.

Your chapter has decided to publish a brochure about the nitrogen problem. Ycur FFA chapter has
decided to break into three groups with each group looking at one of the three areas. Each group will
then be responsible for reporting to the chapter their findings and conclusions. For the sake of time,
each group will be allowed 15 minutes for an oral presentation. Each groups findings will then be
discussed by the whole chapter. The following topic was assigned to your group.

PRODUCTION AGRICULTURE

1. Time of nitrogen application - When?
2. Rate of nitrogen application - How much?
3. Placement location - Where?
4. Economics - Savings?

5. Environmental - Pollution?
6. Type of nitrogen fertilizer to be used - ammonia versus nitrate?

7. Nitrification inhibitors - N-Serve?

8. Root damage caused by sidedressing?

9. Importance - Other aspects of fertilizer programs that may be more important?
10. Energy savings - How will this result in any overall energy savings?

11. Soil Changes - any detrimental effect to the soil by these changes?

Possible topics or questions for discussion.

1. How will timely application (application during rapid growth stage) change present nitrogen
management systems?

2. Banding; with rate, time and placement implications, may or may not have detrimental effects on
the soil. Relate the possible detrimental effects from: the practice of banding.

3. One person says that it is not feasible to band fertilizers. Another says that banding of nitrogen
fertilizers could ease some of the problems caused by farming. Who o you agree with and why?

4. "I have to fertilizer for the highest possible yield because I need the money that high yields will
bring and it is possible that this might be the year when conditions are right for the high yields."
Discuss the pros and cons of this type of thinking.

5. Would a switch to reduced tillage affect nitrogen contamination of groundwater?

6. Should the contamination of our groundwater be given the priority it is now receivin;,? Are there
other management issues more important than groundwater quality?

7. How much of the available nitrogen (applied and natural) in the soil is used by the plant?
-29-
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ACT-NIT-7b

Your local FFA chapter has decided they should examine the groundwater pollution problem caused by
nitrogen fertilizer use. There has been much discussion about the problem and some questions were
raised that need to be answered. These questions were divided into three areas of discussion. These
areas are: 1) production agriculture, 2) energy and economics, and 3) the social, moral and ethical
issues.

Your chapter has decided to publish a brochure about the nitrogen problem. Your FFA chapter has
decided to break into three groups with each group looking at one of the three areas. Each group will
then be responsible for reporting to the chapter their findings and conclusions. For the sake of time,
each group will be allowed 15 minutes for an oral presentation. Each groups findings will then be
discussed by the whole chapter. The following topic was assigned to your group.

ENERGY AND ECONOMICS

1. Time of nitrogen application - When?

2. Rate of nitrogen application - How much?

3. Type of nitrogen fertilizer to be used - ammonia versus nitrate?

4. Energy savings - How will this result in any overall energy savings?
Possible topics or questions for discussion.

1. Correlate the change in total energy use on the farm and in the production of fertilizers to timely
applications of nitrogen fertilizer.

2. Discuss some of the economic advantages and disadvantages of broadcast and banded nitrogen
fertilizers.

3. One person says that it not feasible to band fertilizers. Another says that the banding of nitrogen
fertilizers could ease some of the expenses in farming. Who do you agree with and why?

4. Are there economic advantages to the banding practice for fertilizers? Would these advantages also
apply to all pesticide applications?

5. Changes in any system mandate new skills. The acquisition of those skills usually results in
mistakes and the mistakes generally mean decreased profits. What is the responsibility of the
farmer in the absorption of these losses? the community? the county government? the federal
government?

6. Will reduced application of nitrogen fertilizers affect community economic viability because of
decreased yields?

7. Should government subsidies be used to encourage the farmer to adopt a more efficient fertilizer
program?

8. Is absolutely clean groundwater necessary?

9. Would more precise applications (rate and timing) be worth the added time, cost, and effort?
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ACT-NIT-7c

Your local FFA chapter has decided they should examine the groundwater pollution problem caused by
nitrogen fertilizer use. There has been much discussion about the problem and some questions were
raised that need to be answered. These questions were divided into three areas of discussion. These
areas are: 1) production agriculture, 2) energy and economics, and 3) the social, moral and ethical
issues.

Your chapter has decided to publish a brochure about tk. nitrogen probi . Your FFA chapter has
decided to break into three groups with each group looking at one of the . ze areas. Each group will
then be responsible for reporting to the chapter their findings and conclusions. For the sake of time,
each group will be allowed 15 minutes for an oral presentation. Each groups findings will then be
discussed by the whole chapter. The following topic was assigned to your group.

SOCIAL, MORAL, and ETHICAL

The foilowing may be from a list of the thoug!ts that may have occurred to you.

1. Who should gain and who should be responsible for environmental accidents caused by practices
that increase production?

2. Should the legislature mandate fertilizer management practices since the problem is so widespread?

3. Changes in any system usually mandate that new skills be learned. The acquisition of those skills
usually results in mistakes that generally decrease profits. What is the responsibility of the farmer
in the absorption of these losses? the community? the county government? the federal government?

4. Does the farmer have the moral responsibility for his/her possible contamination of groundwater
reserves from his/her fertilizer program? If not, then who?

5. Who is responsible to pay for damages caused by nitrogen fertilizer application?
6. Should subsidies be used to encourage the farmer to adopt more efficient fertilizer programs?

7. Should the contamination of our groundwater be given the priority it is receiving? Are there other
agricultural issues more important than groundwater qualit;/?

8. Is the groundwater quality issue being sensationalized and is it or is it not as critical as reported?

9. Is it moral for legislators to direct how an individual can use their own land? Is this an issue that
supersedes the moral issue because a fertilizer program in one part of the state could affect
groundwater quality in another part of the state or the nation?

10. When are the individual rights of the farmer less important than the safety of a community?

I1. Should environmental standards be relaxed in order to achieve economic growth?

12. One study has shown that farm operators think that profitability in agriculture as well as soil
erosion 1s more important than groundwater quality. How do you fee! about these issues?

13. Public education will alleviate many of the worries of those not involved in farming. Respond.
14. What should be the role of the Federal Environmental Protection Agency in this problem?

15. Who should fund the research necessary for development of fertilizer management practices that
contribute less to the groundwater contamination problem? Industries? Universities? State
governments? the Federal government?
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Managing Agricultural Pesticides

LESSON 1: Applying Pesticides Safely
GOAL:

Contamination of groundwater by
pesticides is a major concern of the
citizens in Iowa. Pesticides have been
found in the drinking water of many
wells throughout the state. This
contamination is threatening the quality of
one of Jowa's most valued resources -
groundwater. Only through diligent and
responsible land management can farm
operators deter further contamination. All
citizens of lowa need to understand the
importance of pesticide management.

OBJECTIVES:

Upon completion of this lesson,
participants will be able to:

1. Demonstrate accurate reading of
pesticide label directions.

2. Analyze "best management practices”
to reduce pesticide use.

3. Identify health risks related to use of
pesticides.

4. Analyze the economic savings from
reduced pesticide use.

5. Identify ways to reduce environmental
risks associated with pesticides.

6. Describe energy savings reculting
from reduced use of pesticides.

MATERIALS & REFERENCES:

Pesticides and Groundwater, A Health
Concern for the Midwest; Treasurer of
Abundance or Pandora's Box? A Guide
for Safe Profitable Fertilizer and
Pesticide Use; Water Quality Field
Guide; Self-Help Checklist for
Farmsteads and Farm Fields;
Groundwater Flow Model or Video;
Groundwater Flow Model Manual.

VISUAL MASTERS:

VM-PEST-1 Distribution of Atrazine in
Wells

VM-PEST-2 Soil Surface Materials in
Iowa

VM-PES1-3 Map of Integrated Farm
Management
Demonstration Sites

VM-PEST-4 Map of 1989 Resourceful
Farming Demonstrations

VM-PEST-5 Steps to Reduce
Groundwater
Contamination

ACTIVITIES:

ACT-PEST-1 Corn Budget

ACT-PEST-2 & Key Private Pesticide
Applicator Label
Worksheet

ACT-PEST-3 & Key Integrated Pest
Management

ACT-PEST-4 & Key IPM Decision
Making

ACT-PEST-5 & Key Pesticides in
Drinking Water

ACT-PEST-6A Ridge-till-planting to
Reduce Chemical Use and
Save Energy

ACT-PEST-6B Groundwater Quality
and Energy Conservation --
Ridge-till, Banding, and
Incorporating

ACT-PEST-7 Pesticide Selection
Exercise

ACT-PEST-8 Broadcasting and Banding
of Pesticides

ACT-PEST-9 Broadcast Sprayer
Calibration

ACT-PEST-10 Pesticide Management

ACT-PEST-11 & Key Reducing
Groundwater
Contamination Exercises

INFORMATION:
INFO-PEST-1 Lasso Label

Prepared by Martin Frick, Department of Agricultural Educaton, Icwa State University,

Ames, Jowa, June, 1989. -1-
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INFO-PEST-2 Integrated Pest
Management

INFO-PEST-3 Pesticides in Drinking
Water

INFO-PEST-4 Best Management
Practices

INFO-PEST-S Pesticide Characteristics
and Selection

INFO-PEST-6 Broadcast Sprayer
Calibration

INFO-PEST-7 Integrated Farm
Management
Demonstration Program

INTEREST APPROACH:

Distribute copies of the blank corn budget
(ACT-PEST-1) to participants. Instruct
students to complete the budget in groups
of three. Ask: How much money was
attributed to pesticide costs per acre of
corn produced? Allow students to reach a
consensus on what the normal pesticide
costs are in your area. This coupled with
fertilizer expenses constitutes a
considerable amount of the input costs
associated with producing corn. What
management practices can be utilized to
reduce this cost and at the same time,
decrease the risk of groundwater
pollution? What other costs would be
reduced?

TEACHING PROCEDURES:

1. Review Chapter 10 in the Water
Quality Field Guide, and the Pesticide
Section in Treasure of Abundance or
Pandora's Box for background on
controlling pesticide pollution.
Distribute pesticide applicator label
worksheet (ACT-PEST-2) to
participants. Using the Iabel provided
(INFO-PEST-1) have participants
locate the information from the label
needed to fill out the worksheet.
Review worksheet answers using
KEY-ACT-PEST-2.

2. Use INFO-PEST-2, ACT - PEST-3
and 4 and Keys to develop an
understanding of integrated pest
management (IPM).

3. Explain that many factors can
contribute to pesticide contamination
of groundwater. Those factors

include geological conditions, soil
type, and land topography. Use VM-
PEST-1 to determine if wells in your
area have tested positive for atrazine.
Use VM-PEST-2 to determine if there
is any coorelation between soil type in
a given area and high or low
incidence of wells that have tested
positive for atrazine.

4. Using ACT-PEST-5, ask questions
related to pesticides in drinking water.
Seek trial answers from the
participants. Use INFO-PEST-3 to
discover the answers and use KEY-
ACT-PEST-$ to summarize.

3. Refer to the soil survey for your
county to consider possible geological
characteristics, soil type and land
topography that may contribute to
pesticide contamination of
groundwater, including wells.
Consider the following questions in
analyzing why the soils in your area
may contribute to groundwater
contamination:

A. What is the organic matter and
texture of the soil?

B. What are the more typical soil
textures?

. What type of soil structure is

predominant?

. What is the soil permeability and

porosity?

What is the depth of the soil?

How deep is the water table?

mm O 0

6. In small groups, {use INFO-PEST-4
as a reference) have participants list
and compare management practices
that have the potential to reduce
groundwater pollution. Also d;cuss
the economic benefits and energy
savings from the practices.

7. In a group discussion, discuss the
reasons why a good crop rotation is
one management practice to consider
in reducing the use of pesticiues and
in conserving energy? Summarize by
writing these key points on the
chalkboard: 1) reduces erosion and
2) breaks the life cycles of some
pests, reducing the need for
pesticides. Crop rotation also reduces

UL




the need for fertilizer when legume
crops are included. Energy is
conserved when the use of pesticide:
and chemical fertilizers are reduced.

8. Use ACT-PEST-6A & B to compare
ridge-till planting to conventional
tillage as a means to reduce pesticide
use and conserve energy.

9. Use INFO-PEST-$ in identifying the
pesticide characteristics that should be
considered in selecting the lowest risk
pesticide for a given site ana purpose.
Use ACT-PEST-7 in selecting a
pesticide for a given site.

10. Use ACT-PEST-8 to compare the
amount of pesticides required for
broadcasting and banding of
pesticides. Emphasize economical,
environmental and energy
implications.

11. Use ACT-PEST-9 and INFO-PEST 6
to identify the steps in calibrating a
broadcast sprayer.

12. Use "Pesticides and Groundwater: A
Health Concern for the Midwest" to
answer the following questions about
health and pesticide use: 1) Why can
pestivides be a health problem? 2)
What are the health implications of
pesticidos in water supplies? and 3)
What can we do 10 protect our
groundwater supplics?

13. Use VM-PEST-3 & 4 and INFO-
PEST-7 to discuss demonstrations
being conducted in your county.
Contact your County Extension
Office for specifics. VM-PEST-4 and
a list of the 1989 Resourceful
Farming Demonstrations are in the
appendix.

14. Use ACT-PEST-10 to identify key
points that should be included ir; a
pesticide - "anagement plan.

15. Have participants complete
appropriate portions of Self Help
Checklist to analyze their pesticide
management procedures.

16. Use ACT-PEST-11 & Key and VM-
PEST-$ to apply important
management principles learned in
this lesson.

OTHER ACTIVITIES:

1. Locate the Integrated Farm
Management and Resourceful
Farming demonstration sites nearest
your school and arrange a field trip
for the class.

2. Invite a speaker (from SCS,
Extension or other agency) to the
class to discuss best management
practices for reducing groundwater
pollution.

3. Direct the class to write reports or
develop a conservation plan using
best management practices to reduce
groundwater pollution. Involve SCS
and other personnel in judging the
reports/plans.

SUMMARY:

It is important that the instructions
provided on pesticide labels be followed.
The need to produce ample supplies of
agricultural products and keep
groundwater supplies safe from
pesticides will require educated and
responsible applicators and farm
managers. Use biological and cultural
methods of pest contro} before using
chemicals. When pesticides become
necessary, the user must get the
mnaximum benefit with minimum
environmental damage. Integrate
selectivity into the pesticide program.
Realize that economical control does not
require total destruction of the pest --
people can live with a pest population
below damaging proportions.
Observance of these guidelines can
reduce pesticide use. Wise use of
pesticides will help agriculture prosper
and reduce pesticide pollution of lowa
water resources while conserving energy.




YIELD
PRICE PER BUSHEL

GROSS INCOME PER ACRE

VARIABRI.E COSTS PER ACRE

SEED

FERTILIZER AND LIME
PESTICIDES
MACHINERY COSTS
PRODUCTION LABOR
HARVESTING LABOR

TOTAL VARIABLE COSTS

INCOME OVER VARIABLE COSTS

*Use local variable costs

ACT-PEST-1

CORN BUDGET®*

Costs of
Conventional **Alternative
Management Management

$
$ $
$ $
$ $
$ $
§ s
$ $

in your budget

**If cost figqures cn alternative management are not available,

discuss how costs could

be reduced and at the same time

decrease the risk of groundwater pollution.




ACT-PEST-2

Name

. PRIVATE

Date

PESTICIDE
APPLICATOR LABEL WORKSHEET

Refer to any pesticide label and complete the following questions:

l. What is the trade or brand name?

2. What is the common name?

3. What is it?

(fungicide, herbicide, or insecticide)

4. What is the formulation?

5. What is the percent active ingredient?

‘ 6. Who manufactures it?
7.

What is the signal word?

8. How toxic is it?

(high, moderate, or low)

9. What is the establishment number?

10. Why is this number important to you?

11. Which crops can it be used on?

12. When should it be used?

13. Which pests will it control or reduce in Iowa?

(Over)

‘ LC-424E (Revised) Cooperative Extension Service
pril, 1984 . "
SE?S' lowa State University

Ames, lowa 50011




14. What beneficial species will this product injure? ’
4

—
15. What is the recommended application rate?
16. Why is this product classified as restricted-use?
17. wWhat clothing or safety equipment should be worn while handling
this pesticide?
18. 1In case of contact with this pesticide, what should be done?
19. 1In case of an emergency, who should be cz'led? ‘
or
20. How should partially-filled containers be stored?
21. wWnat should be done with empty containers?
Cooperative Extersion Service, lowa Stare University of 4[{5 and justice for aii '
Science and Technology and the United States Cepartment of The lowa Cooperative Extension Service's programs and ~
Agnculture cooperating. Robert L. Crom, director, Ames, lowa. 6- policies are consistent with pertinent federal and state laws
Distnbuted in furtherance of the Acis of Congress of May 8 and regulatons on non-discnmination regarding race, color,
and June 30, 1914, national ongin, rehgion, sex, age, and handicap.
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LASSO0 I

GRANULAR HERBICIDE BY

Monsanto

Selective herbicide for preemergence weed
control in corn, soybeans and peanuts.

Read the entire label.
Use only according to label instructions.

Read “LIMIT OF WARRANTY AND LIABILITY”
before buying or using. If terms are not ac-
ceptable, return at once unopened.

Keep out of reach of children.

CAUTION
IRRITATING TO EYES.
MAY CAUSE ALLERGIC SKIN REACTION.

Avoid contact with eyes and skin.
Avoid breathing dust.
Do not take internally.

In case of contact, flush s!::-: or eyes with plenty
of water.

Wash thoroughly after handling.
Launder clothing before re-use.

Avoid contamination of seed, feed, foodstuffs,
and fertilizers.

ACTIVE INGREDIENT: NET WEIGHT
Alachlor: 2-chloro-2',6'-diethyl-N-
(methoxymethyl)acetanilide . ... 15%

INERT INGREDIENTS: .......... 85%

100% LBS.

In case of emergency involving this product,
Call Collect, day or .. at, (314) 694-1000

Monsanto

MONSANTO COMPANY
AGRICULTURAL DIVISION
ST. LOUIS, MISSOURI 63166 U.S.A.

U.S. Patent 3,442,945
EPA Reg. No. 524-296-AA

|

1. LIMIT OF WARRANTY AND LIABILITY

This company wariants that this product conforms
to the chemical description on the label and is rea-
sonably fit for the purpases set forth in the Com-
plete Directions for Use, when used in accordance
with the Directions under the conditions described
therein. NO OTHER EXPRESS OR IMPLIED WAR-
RANTY OF FITNESS FOR PARTICULAR PURPOSE
OR MERCHANTABILITY IS MADE. This warranty is
~ko sudject to the conditions and limitations
stated herein.

Buyer and all users shall promiptly not.fy this com-
pany of any claims whether Lased in contract, negli-
gence, strict liability, other tort or otherwise.

Buyer and all users are responsible for all loss or
damage from use or handling which results from
conditions beyond the contro! of this company,
including but not limited to incompatibility with
products other than those set forth in the Directions,
unusual weather (i. weather conditiens which are
outside the range considered normal at the applica-
tion site and for the time period when the product is
applied with the normal range being determined on
the basis of the average range for the prior 40
years cemputed from the best available information,
and ii. weather perils, including but not fimited to
herricanes, tornadoes and floods) as well as weather
considerations set forth in the Directions, applica-
tion in any manner not explicitly set forth in the
Directions, moisture conditions outside the moisture
range specified in the Directions, or the presence
of products other than those set forth in the Direc-
tions in or on the sgil or crop.

THE EXCLUSIVE REMEDY OF THE USER Ok BUYER,
ANT' THE LIMIT OF THE LIASILITY OF THIS COM.
PANY OR ANY UTHER SELLER FOR ANY AND ALL
LOSSES, INJURIES OR DAMAGES RESULTING FROM
THE USE OR HANDLING OF THIS PRODUCT (IN-
CLUDING CLAIMS BASED IN CONTRACT, NEGLI-
GENCE, STRICT LIABILITY, OTHER TORT OR OTHER.
WISE) SHALL BE THE PURCHASE PRICE PAID BY
THE USER OR BUYER FOR THE QUANTITY OF THIS
PRODUCT INVOLVED, OR, AT THE ELECTION OF
THIS COMPANY OR ANY OTHER SELLER, THE RE.
PLACEMENT OF SUCH QUANTITY OR, IF NOT AC.
QUIRED 8y PURCHASE, REPLACEMENT OF SUCH
QUANTITY. IN NO EVENT SHALL THIS COMPANY
OR ANY OTHER SELLER BE LIABLE FOR ANY IMCI.
DENTAL OR CONSEQUENTIAL DAMAGES.

The buyer and all users are deemed to have accept-
ed the terms of this LIMIT OF WARRANTY AND LI-
ABILITY which may not be varied by any verbal or
writen agreement.

2. GENERAL INFORMATION

This product is recommended for preemergence con-
trol of most annual grasses and cerfain broadleaf
weeds. It should be applied to the soil surface prior
to crop or weed eme;gence. The soil surface should
be freshly worked and free of weed growth. The seed
bed should bs fine, firm and free of clods and trash.

"Better results are obtained when moisture occurs




within one week after application. High intensity or
excessive rainfall, or excessive irrigation, after appli-
cation may reduce control.

Use of this product not consistent with this label
may result ir. injury to persons, animals or crops, or
other unintended consequences. Keep bag closed to
prevent spills and contamination.

Do not reuse empty container. Destroy it by burying
with waste or burning. Stay away from srioke.

3. APPLICATION EQUIPMENT
AND CALIBRATION

Broadcast Treatment— Use broadcast applicators

that can apply these granules evenly.

Band Treatment(Behind Press Waeel only)—Use ap-

plicators designed for this purpose. Calculate the

amount of granules per acre needed for band treat-

ment as follows:

Band width Broadcast _ dand
Row wdth Rate = 5 a:i .
in inches per acre per acr

For example: If 26 pounds per acre are recom-
mended for broadcast treatment and you wish to
treat a band of 14 inches wide in crop rows spaced
38 inches apart:

L %= 9.6 pounds of granules needed

3 for the band treatment

NOTE: For application of this product do not rely ~q
settings used for other granular herbicides.

Calibration—The following settings are only guide-
lines for calibration; they do not allow for equipment
variation or wear. Check settings after initial cali:
bration so that the proper rate is applied.

GRANULAR APPLICATOR SETTING
Broadcast Rate Per Acre
16 pounds 20 pounds
APPLICATOR 4mph Smph  4mph 5mph
Altis-Chaln-ers 3 3 4 4
Gandy 129 145 144 163
International
Harvester 1/72 1/89 1/89 2/15
John Deere 125 11288 128 213
Noble* 10 14 14 17
GRANULAR APPLICATOR SETTING
Broaucast Rate Per Acre
23 pounds 26 pounds
APPLICATOR 4mph Smph 4 mph Smph
Allis-Chalmers 4 4 5 5
Gandy 156 175 166 187
International
Harvester 27103 2738 27121 2160
John Deere 2/ 258 213 28
Noble* 16 18 17 20

*The Noble applicator settings listed above are for
the model made prior to 973.

It is important that the applicator be calibrated
properly to deliver the desired amount of this prod-
uct. To calibrate, set the applicator and attach a bag

ove; the spreader plate or remove the delivery tube
and attach a plastic nursing bottle over the spout.
Cperate at a constant speed on terrain to be planted.
Four to & mph is suggested. For a 14-inch band, col-
lect the granules for 500 linear feet (583 sq. ft. area)
and measure the VOLUME or WEIGHT colfected. Tap
plastic nursing bottle or other measuring containar
gently to settle the granules when taking a reading.

Refer to the following table to determine the broad-
cast rate per acre for the amount collected. If neces-
sary adjust the application equipment so that each
spout dispenses the proper amount.

broadcast  Volume Collected  Weight Collected
Rate in 500 linear feet  in 50 finear feet

PerAcre  fora 14inch band for a 14 inch band
16 1b 441 oz 34 oz
201 56 fl oz 43 o
2310 64 fl oz 49 oz
26 1b 72 11 oz 5.6 oz

For other band widths calculate the calibration dis-

tance as follows:
14 inches Calibration
Band width X 500 = distance
‘n inches in fiiear feet.

<4.WEED CONTROL
When applied as directed this product WILL CON-
TROL the following weeus;

ANNUAL GRASSES Yellow Foxtail
Barnyardgrass Setaria glauca
Echinochloa crusgalli ANNUAL BROADLEAVES
Crabgrass Carpetweed
Digitariu spp. Mollugo vert-illata
Fall Panicum Flosida Pusley
Panicum Richardia scabra
dichotomiflorum Pigweed (Carelessweed)
Giant Foxtail Amaranthus spp.
Setaria fabeni Purslane
Goosegrass Portulaca oleracea
Eleusine indica
Green Foxtail
Setaria viridis

When applied imme -iately after planting, this prod-
uct at a rate af 16 to 26 pounds per acre on broad-
cast basis will reduce competition from the follow-
ing HARD TO CONTROL weeds:

SEDGES ANNUAL BROAPLEAVES
Yellow Nutsedge Lambsquarters
Cyperus esculentus Chenopodium album

Common Ragweed
Ambrosia artemisiifolia

Teaweed (Spiny Sida)
Sida spinosa
This product WILL NOT CONTROL Rhizome Ber-
mudagrass, Field Bindweed, Bull Nettfe, Canada
Thistle, Rhizome Johnsongrass, Momingglory and
Quackgrass.

5.CUL(IVATION INFORMATION
If grass or weed seedlings emerye before it rains
rotary hoeing will improve performance.

If cultivation is necessary because of soil crusting or
compaction, tillage should be shallow to minimize
-9-
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dilution of this h.rbicide.

Except for the above, as long as the grasses and
weeds are controlled, delay cultivation as long as
possible.

Only after weeds emerge in the treated band, set cul-
tivator to throw soil into the row covering the band.
On peanuts, do not throw soil into the row.

6. DIRECTIONS FOR USE

FIELD CORN, HYBRID SEED CORN,
SILAGE CORN AND SOYBEANS
For control of listed annual grasses and broadieat
weeds apply after planting and before crop or weeds
emerge. For band treatment apply granules behind
the press wheel. See table below for recommended
rates on various soil textures.

BROADCAST RATE PER ACRE
Less than 3%  More than 3%

SOIL TEXTURE  organic matter organic matter
MEDILM
Loams 16 b 2010
HEAVY
Silty Cla¥ Leam
thru Clay 201 261b

For Lister or Deep Furrow Planted Corn
Broadcast Treatment — Apply at the rate of 16
pounds per acre.

Band Treatment (Behind Press W.2el) — For a 10
inch band treatment over the row (40 inch spacing)
apply 4 pounds per acre. For a 7 inci* band treat-
ment over the row (40 inch spacing), apply 2.8
pounds per acre.

If heavy rains follow application, weed control on
the top and sides of the furrow may not be as good
as that obtained in the bottom of the furrow.

Where deep lister planting is practiced, only partial
weed control can be expected on steep furrow sides.
It is suggested that a 7 inch band be applied at the
bottom of the furrcy Better resuits can be expected
where the .aules lie on an even {lat surface which
1 not subject to shifting by wind or rain.

For Furrow Irrigated Corn and Soybeans

This product must be incorporated into the soil by
harrow, finger weeder or rotary hoe. Shallow incor-
poration of at feast % inch but not more than 2
inches is most effective for weed control. Incorpo-
ration deeper than 2 inches may result in unsatisfac-
tory weed control. Incorporation depth must be kept
above the seed. Sorl moisture at application must be
sufficient for crop and weed emergence. lrrigation
within 10 days following planting may improve weed
control. See the table above for recommended rates.

PEANUTS

Broadcast—Apply 20 pounds of this product per
acre from immediately after planting anc until either
crop or weeds emerge. NOTE: Hard to control weeds
require 23 to 26 pounds per acre.

843.77-000.07 (EPA Reg. No. 524-296-AA)




O®Llassoll...versatile
granular herbicide

for corn,soybeans and peanuts

1. Granular Lasso II herbicide controls many weeds with
good crno tolerance on your soybeans, corn or peanuts
when used as directed and at the recommended rates.
Lasso II controls many annual grasses and certain
broadleaf weeds.

2. LassoIlis versatile . . . it lets you plant the way you
want to plant, when you want to plant:

* Banding.
* Surface apply with a planter.

* Apply one herbicide to three crops . . . corn,
soybeans and peanuts.

* Allows crop rotation (no carryover).
0 3. Lasso II works well in a wide range of soi! textures.

4. Lasso II also works well under a wide range of
moisture conditions.

5. Granular Lasso II breaks down and allows you to
rotate crops without risk of carryover damage. You
can follow your corn, soybean or peanuts treated
with Lasso II with vegetables, sugarbeets, small
grains or other profitable crops.

6. Granular Lassc II fits your herbicide program
... you don't have to design your program around
Lasso Il

The label for Lasso I:

For proper usage . . . and to receive the full benefits
of this product, always read the label and follow
the label directions carefully.

Monsanto

Monsanto Agricultural
Products Company
St. Louis, Mo. 63166

aunit of Monsanto Company

~10~
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KEY-ACT-PEST-~2

Private Pesticide Applicator Label Worksheet

Lasso II

None (Lasso)

Herbicide

Alachlor - 15% Inert ingredients - 85%

15% Alachlor

Monsanto Company

CAUTION is the signal worA

Irritating to eyes. May cause allergic skin reaction.

Page 1. EPA Reg. NO 524-296-AA

The establishment number tells what factory made the
chemical. This number does not have to be on the label, but
will be somewhere on each container.

Page 1. Corn, Soybeans and Peanuts

Page 1. It should be applied to the soil surface prior to
crop or weed emerdgence. The soil surface should be freshly
worked and free of weed growth. Better results are obtained
when moisture occurs within one week after application.

Most annutal grasses and certain broadleaf weeds. See $#4
WEED CONTROL for specific species of weeds.

Use of this product not consistent with this label may
result in injury to persons, animals, or crops.

The recommended rate is between 16 and 26 pounds per acre on
a broadcast basis. The band rate of application is
dependent upon band width.

This herbicide is not classified as restrictive use.

Eye Protection, Skin Protection, Respiratory Protection

In case of contact, flush skin or eyes with plenty of water.
Wash thoroughly after handling. Launder clothing before
reuse.

Call the Monsanto Company at 314-694-1000 or Department of
Natural Resources Hotline at 1-800-532-1114.

Keep bag closed to prevent spills and contamination.

Do not reuse empty container. Since this is a granular
pesticide that is packaged in a bag, dest oy it by burning.

=11~
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INFO-PEST-2

INTEGRATED PES; MANAGEMENT

As afarmer or as a consumer, you know how important it
is to control pests. Without pesticides, one-third of all
the crops—in fields, orchards, and forests—would be
lost to pests in the United States. But pest control can
be improved in terms of energy, the environment. and
€conomics.

While more food is being produced at less cost. more
pests are becoming resistant and expensive to control.
Pesticides that cost $4 per acre 10 years ago now cost
over $20 peracre-—that's a 400 percentincrease, and
the cost of applying the pesticides is going up as well.

To keep farm production profitable, you need to control
pests as cheaply and efficiently as possible. Integrated
pest management (IPM) will help. IPM is a program that
emphasizes pest prevention whenever possibic. You
can limit your chances of a pest outbreak by timing of
tillage, selecting resistant crops, using pesticides
judiciously, and other pest management practices.
Following integrated pest management, you actto
control pests only whenit pays to do so.

IPM consists of four major strategies working together
{o manage inseclts, diseases, nematr-es, and weeds:
» crop management and cultural practices

¢ field scouling

* economic threshold

» chemical and biological control

Crop Management and Cultural Practices

Crop management and cultural practices disrupt the
pests’ environment. These methods include selecting
resistant crop varieties, timing of planting and
harvesting, tillage practices, water and fertilizer
management, and crop rotation.

Field Scouting

Field scouting is monitoring and detecting pests.
Scouting the fields is the only way for you to predict if
you must use pest control methods. For example,
rootworm beetle scouting in August will tell you if a corn
rootworm insecticide will be needed the next year. If
not, you could save $5 to $8 per acre. You can either
scout the fields yourself or hire a scout to do it for you.
Either way, your County Extension Director can help.

Scouting the fields will tell you if you need to control pests.

Economic Threshold

Scouting helps predict when to control pests based on
the economic threshold, which is simply the number of
pests that can be tolerated before you must control
them. In other words, if the pests aren't there, or at high
erough levels, don't try to kill them. For example, if less
than 35 percent of your corn shows whorl or leaf feeding

Economic Threshold European Corn Borer

65
o Treal/ e
c
Y |economic Threshold Level /
: 7
€
Q
't treat
;_B’ // Don'tireal
5 /

T T

5 10 gyy 15 20 25

from European corn borers, youwill not neecito apply a
treatment because crop losses will be less than the cost
of contrc! {see chart). 2'

1
But at the 35 percent threshiold, your treatment will be
justified because the benefits of a treatment will exceed
the cost of control. Knowing when to treat your fields not
only will save youtime, it will save you money and
energy as well.

Chemicat and Blological Control

Chemical control means applying pcsuc-des when
needed. In an IPM program, pesticides arer.t applied
until pests reach the economic threshold.

Biological control involves regulating pests by their
natural enemies. This can be a valuable pest
management tool since all fields contain some naturally
occurring parasites. Biological control works best on
non-rotated crops like alfalfa and orchards; it is not as
effective on rotated crops like corn and soybeans.
Weather also limits the success of biological control.

‘ 1#"‘

2




-ady bug larvae feeding onaphids is one method of
biological control.

Sometimas integrated pest management is confused
with biologicatl controi. Although there are times when
pestlicides are not necessary, the purpose of IPM is not
to replace vesticides with biological control, but rather
to use them judiciously with your other methods of pest
management.

integrated pest management is a risk-reducing
program—it takes the guesswork out of managing
pests, saving you time, money, and energy. IPM is
environmentally and economically sound agriculture
based on good cultural and crop management
praclices. Any time you control pests based on need,
you are reducing the environmental impact of
pesticides and are often saving money.

Let your Cooperalive Extension Se- ‘ice help you
produce better crops atlower costs. Contact your
County Extension Director concerning IPM programs in
your county.

Q 144

vy, extension edilonial assistant, and Jerry
agrated pest management.

File: Agronomy 11 IPM

Cooperative Extension Service, lowa State University of
Science and Technology and the United States Department
of Agriculture cooperating. Charles E. Donhowe, director,
Ames, lowa. Distributed in furtherarce of the Acts of
Congress of May 8 and June 30, 1914,

t
=~ and justice for all
Programs and activities of Cooperative Extension Service
are available to all potential clientele without regard to
race, color, sex or national origin Anyone who feels dis-
cniminated against should send a aint within 180
days 5(!)0 the Secretary of Agricult “wngton, 0.C.
20250.

integrated

B pest

management

|
[sa]
—

!

f
‘
what is it?

ES lowa State Ualversity
50011

1.3,
Cooperative Extension Service
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ACT-PEST-3
' INTEGRATED PEST MANAGEMENT
Use INFO-PEST-2 in answering the following questions:

l. Wwhat is integrated pesticide management (IPM)?

2. How do farmers and consumers benefit by the implementation of
an IPM system?

3. How can cultural practices and crop management reduce the
need for pesticides to produce bountiful crops? What do
these practices include?

4. How can field scouting be used to reduce the need for
pesticides?

5. What is an economic threshold?




KEY-ACT-~PEST-3

INTEGRATED PEST MANAGEMENT

(Answers to ACT-PEST-3)

ANSWER: Integrated pest management consists of four major
strategies working together to manage insects, diseases,
nematodes, and weeds:

1. crop management and cultural practices,
2. field scouting,

3. economic threshold, and

4. chemical and biological control

ANSWER: Farmers benefit from reduced energy and input cos:s
while consumers enjoy safer :ood products and an environment
with less potential pesticide hazards.

ANSWER: Crop management and cultural practices disrupt the
pests' environment. These methods include selacting
resistant crop varieties, timing of planting and harvesting,
tillage practices, water and fertilizer management and crop
rotation.

ANSWER: Scouting the fields is the only way for an operator
to predict if pest control measures are needed.

ANSWER: An economic threshold is simply the number of pests
that can be tolerate~d before it pays to control them. (Below
the economic threshold. pesticides cost mor -han the loss
from pest damage,)

NOTE: For an additional reference see page 20 of the Journal of
Fresh Water for an article entit:led: 1IPM: A Broad Perspective;

A Systems Approach".

~15-




ACT-PEST-4

IPM DECISION MAKING

Decision making to determine whether or not pest control is

needed is the bottom line of an IPM program. The three
components of IPM (crop/pest biology, monitoring, and economic
threshold) provide the needed information. Using this
information, the IPM decision making process involves the
following questions and steps:

1.

6.

Is control reeded? Answers are based on whether or not
monitoring shows pest levels above threshold, predictive
programs indicate potential problems, and crop is in a
susceptible growth stage.

Are non-chemical control methods available? Crop/pest
biolojy information indicates what .non-chemical control
methods are available. 1If available and effective, their use
is recommended.

If pesticide application is the only method available, is
there a choice of material available? 1If several materials
have equivalent efficiency, then selection is based on
potential environmental impact.

Once a pesticide is selected, the label is checked for
application rate, time, and method. Use must be accordiing to
label dicections.

Can materials be mixed or adjuvant added co improve
efficiency or reduce chances of resistance?

Pesticide is applied at the time that maximizes effectiveness
and reduces need for subsequent application.

OTHER IMPORTANT CONSIDERATIONS FOR IPM

1.

2.

How many of the above steps help reduce energy costs?

What procedures would be included in IPM if a fourth
informational component emphasizing groundwater pollution
potential was added?

Source: Adapted from "Agricultural Management Practices to
Minimize Groundwater Contamination" -- University of Wisconsin
EXxtension Service.

-16~




KEY-ACT~-PEST-4
IPM DECISION MAKING

1. If control is not needed, energy savings will be realized by
less trips over the field and less pesticides used (most
pesticides are petroleum based products).

2. Crop rotation can be a long term method of control that can
result in reduced weed and pest problems. Crop rotation can
effectively reduce energy costs and distribute labor.

3. Always choose the chemical that has the lowest environmente.l
impact and the lowest energy costs.

4. Label directions can help reduce costs by ensuring proper
application of the pesticide.

5. Mixing compatible chemicals can reduce the number of trips
over a field. The reduction of passes over a field can
result in less compaction and energy costs.

6. Timely application of pecticides reduces the need for
subsequent applications, thereby reducing unnecessary trips
over a field. This management technique saves energy and
reduces compaction problems.

OTHER IMPORTANT CONSIDERATIONS FOR IPM ARE:
1. All steps help reduce energy costs

2. The value of IPM as a groundwater protection practice could
be enhanced by the development of a fourth information
component (in addition to crop/pest biology, monitoring, and
economic threshold) emphasizing groundwater pollution
potencial., This component would include procedures for
evaluating the soils, geology and water movement
Characteristics of a site to determine leaching potential.
This information coupled with information on what pesticides,
if any, have leached to groundwater under similar conditions
could be supplied to producers for consideration when they
develop their pest control strategy.



VM-PEST-1

DISTRIBUTION OF ATRAZINE IN VELLS

9P live Alrazine Analyses
.« Atrazine

290 490 kilomelers
10? 260 milas

Oyro

Source: U.S. Geological Survey
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VM-PEST-2

‘ SOIL SURFACE MATERIALS IN IOWA
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‘ ACT—-PEST-5

PESTICIDES IN DRINKING WATER

Using the pesticides in drinking water handout, answer the
following questions.

l. How do pesticides get into water supplies?

2. what are patterns of pesticide contamination?

3. What health risks are involved in pesticide contamination of
‘ groundwater?

4. How can pesticide levels be reduced?

-20-
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INFO-PEST-3

PESTICIDES IN DRINKING WATER

Pesticides not taken up by plaats, adsorbed by soils or
broken down by sunlight, soil organisms or chemical reactions may
ultimately reach groundwater sources of drinking water. Althougn
this amount is very small, it will depend upon the nature of the
soil, depth of the groundwater, chemical properties of the
pesticide, and the amount and timing of precipitation or
irrigation in the area. Usually the faster a pesticide moves
through the ground, as with sandy soils and heavy rainfall or
irrigation, the less filtration or breakdown. Heavier soils,
combined with lower moisture levels and warmer t-:mperatures,
provide a greater opportunity for pesticides to break down before
reaching groundwater. Once in groundwater, pesticides continue
to breakdown, but usually much slower than in surface layers of
soil.,

Generally, pesticides are a problem with private rather than
community wells hecause private wells are shallower and often
located near areas of pesticide use. This means that some
pesticides' toxic qualities may still be present when the water
is drawn for human use.

Analysis of public water supplies examined by EPA, through
one~time monitoring required by House File 2363 in 1987,
indicated that a total of nine different pesticides were found in
witer of 62 water supplies. Metochlor (Dual) showed maximum
concentration of 29 ppb. Atrazine was the nost prevalent
pesticide present in about one-half of the public water supplies
where pzsticides were detected. These two chemicals were the
most prevalent pesticides found in raw water samples analyzed by
the U.S. Geological Survey during 1985-1937.

Pesticides can be absorbed througb the skin and lungs as
well as by drinking water. Adverse health effects are unknown
from consuming water with pestic:i:les below the health advisory
levels., Potential heaith e “ect’ in people consuming pesticides
above the health advisory levels cepend upon the kind and amount
of pesticid=2, how long the person has been consuming the water,
and the perscn's overall health. Acute pesticide poisoning
symptoms may include headaches, dizziness, stomach and intestinal
upset, numbness of extremities, spasms, convulsions, and heart
attacks. These symptoms would be considered chronic if they
persist over a long period of time, but ultimately lead to death.
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While the long-term effects of pesticides in humans ar. not
completely understood, some pesticides are suspected of causing
cancer. Additionally, the well sampling program must consider
possible additive effects when more than one pesticide is
present,

Removing pesticides from groundwater is not only difficult,
but very costly and sometimes impossible. To avoid further
pPesticide contamination, informed and careful pust control is
necessary. Pesticides snhould not be viewed as the only answer to
a pest problem; other methods may be appropriate. Integrated
Pest Management (IPM) may include crop rotation, biological
control, and soil analysis and conditioring. Follow label
instructions exactly when using pesticides., This includes
instructions for storage and handlirg, and disposal of empty
containers. Besides careful pesticide managerent, decreasing
entry sites (plugging) of groundwater pollutants can decrease
pesticide contamination of wells.

Demonstrating careful pesticide use for all people and
spreading awarene-s of pesticide concerns to neighbors will also
help safeguard our groundwater,

Federal and state effor:cs will continue to provide better
storage and handling guidance, cssure proper label instructions,
and increase knowledge of factors such as well denth and location
if groundwater is contaminated by a pesticide. We live in a
society accustomed to gnrick repair of damaged goods, but -ur air,
soil, and water cannhot be replaced. Remedying the problem of
pesticides in water suprplies requires public concern for natural
resources and for those who must use them in years to come.

Source: Adapted from "Pestiv®des in Drinking Water", Wisconsin
Department of Natural Resources



KEY-ACT~PEST-5

l. How do pesticides get into well water supplies?

ANSWER: Through soil or direct paths to groundwater such as
spills around a poorly sealed well, back-siphonage during
spray tank filling, improper disposal of pestic.de
containers., Research shows the most common source is through

' PESTICIDES IN DRINKING WATER
soil in field application.

2. What are patterns of pesticide contamination?

ANSWER: Generally pesticide pollution is more apt to be
found in private wells than community wells because private
wells are shallower and often located near areas of pesticide
use,

3. What health risks are involved in pesticide contamination of
groundwater?

‘ ANSWER: The long-term effects of pesticides in huwmans are
nct completely understood. Acute and chronic h~alth effects
are the two basic types of toxicity to weople.

4, How can pesticide levels in groundwater be reducec?
ANSWEL: Use an integrated pest management program, use

pesticides only if needed, and consider biological or
cultural practices such as crop rotations.

-23-
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INFO-PEST-4

BEST MANAGEMENT PRACTICES

ROTATION

Rotation has long been recognized as an effective cultural
practice. Rotations are most effective for control of pests that
have specific host requirements and 4o not have the ability to go
dormant for a long period of time. Advantages of a crop rotation
system include: Greater distributioa of labor, improved soil
tilch, decreased soil erosion, plant-produced nitrogen, and
discribut_on of income taroughout the year. Pesis that are
difficult to control with rctation because they can survive long
rotations, include wireworm, velvetleaf, and soybean cyst
nematode.

INCORPORATION

Surface incorporation of chemicals can result in increased
efficiency of the chemical as well as reduced surface runoff and
surface water contamination. This is especially true for
chemicals with moderate soil adsorption characteristics. For
chemicals with @ high attraction for svil, erosion must be
controlled to prevent transport of chemicals off-site.
Groundwater benefits may be achieved with reduction of chemical
use through more specific placement techniques such as ridyes,
where infiltration is lower. Pesticide application rates may be
reduced by utilizing these methods. 1Input costs per acre can be
reduced by utilizing this procedure.

MECHANICAL WEED CONTROL

Herbicide use can be minimized by using mechanical weed
control in association with banding chemical application methods.
This can provide improved infiltration characteristics in the
inter-row zone which can help minimize leaching in the treated
row zone. Mechanical weed control is an economically viable
alternative to chemical control for most producers if they have
an adequate cultivator and a labor supply.

VARIOUS PLANT POPULATIONS

More equal spacing and high plant stands may produce a very
slight increase in water infiltration (nitrate leaching and
pesticide movement), but could reduce herbicide needs, where
cultivetion is still possible, due to greater crop shading of
weeds. Higher plant populations and narrow rows cause the crop
canopy to close earlier, competing better with weeds.

24~
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TILLAGE PRACTICES

Tillage systems that leave a rough porous surface, protected
with a mulch of plant recidue, will have more infiltration and
less runoff than systems that leave a relatively smocth and clean
surface. The former, referred to as conservation tillage
systems, will provide more plant available water in the soil
profile as well as added opportunities for movement of solutes
downward toward the groundwater. This would be an especially
important consideration in moderatc to very permeable soils.

This practice reduces the number of trips over a field, thereby
reducing soil compaction and the input costs of a crop.

Conservation tillage is effective in reducing erosion and
improving surface water quality, but under certain conditions, an
increase in potential groundwater contamination might be
expected. Present research is attempting to provide more
answers. Early indication of some research indiccétes less
potential for groundwater contamination with conservation tiliage
compared to conventional tillage. More research is needed to
provide ".nswers on how to adapt the various kinds of conservation
tillage to a groundwater quality program.

GRASS PILTER STRIPS

Grass filter strips along field eddges can trap pesticides to
prevent surface water contamination, Similar strips around
sinkholes or agricultural drainage well surface inlets can reduce
contamination of groundwater. In a Pennsylvania study, grass
filter strips reduced atrazine runoff by 96% during intense,
lo9f-year frequency storm (Hall et al., 1983). Filter strips can
also serve to reduce erosion and compaction of equipment to and
from a field. This land muy be eligible as set-aside acreage or
conservation reserve.

Source: Acdapted from: Best Management Practices to Improve
Groundwater Quality in Iowa, Iowa State University, Cooperati-e
Extension Service
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ACT-PESTS-6A

RIDGE TILL-PLANTING
TO REDUCE CHEMICAL USE
and
SAVE ENERGY

Using the diagram (ACT-PEST-6B), direct students to list the
reasons ridge till planting could reduce pesticide use and
conserve energy.

KEY POINTS THAT SHOULD BE EMPHASIZED ARE: *

l. Only two tillage operations are necessary.

2. Less machinery is needed - no plow, no disk, no harrow, no
rotary hoe, no chisel, no field cultivator, no spring tooth
harrow - just a planter, a cultivator, and stalk chopper.

3. With banding over broadcast application, savings in chemicals
applied ‘- at least 58%; the fuel bills are lower and exergy
is saved. American farmers together could save 156,089
barrels of o0il per day, alnost 58 million barrels per Yyear.

4. Weed control is easier in the long run; weed seeds are pushed
to space between rows where cultivator can take them out.

5. Reduced erosion means less movement of pesticide which is
attached to sc¢il particles or water.

Source: Adapted from: "More Profit with Less Tillage" by Ernest
E. Behn (pg. 27-28). wWallace-Homestead Book Company. 1982.




ACT-PEST-68

GROUNDWATER QUALITY AND ENERGY CONSERVATION
- RIDGE-TILL, BANDING AND INCORPORATING

J) = Rain

o = Seed
4+ = Pesticide

\L = Water Movement

iel = Ridge Till

}
) | é|<-£ o 4%" év ---->|A é

r Runoff-\l /- Runoff \I

. Tof Residue toTy
Banding - incorporation +* AV +
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Advantages

* less insecticide - less energy used
* less leachir, of pesticide

* less erosion if contoured

FIELDB -- ional Till

Broadcast $|<’g ------ 40" gi 5| cl
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Surface + + + + + + + + +
0 o

Disadvantages l/ i i

* more leaching of pesticide

I * more insecticide more energy used
* more erosion if on sloping land
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INFO-PEST-5

PESTICIDE CHARACTERISTICS AND SELECT:ION

Some pesticide properties have an obvious effect an water
quality wnile others ar more subtle. Wwhen estimating
site-specific water qu.lity risks, the effect of pesticide
properties must be considered in relation to that site's
characteristics. Charactertistics to be considered include soil
type, slope, depth and surface water. If lower-risk pesticide
options are not available, the user should be advised to consider
alternatives such as tillage for weed control or crop rotations
to reduce pests.

The following pesticide characteristics need to be analyzed
in selecting the lowest risk pesticide for a given site and
purpose.

SOLUBISITY IN WATER

The solubility of the pesticides in water at room temperature i -
given in ppm {(mg/l). This is the solubility of the pure active
ingredient, not the formulated product. Solubility is a
fundamental physical property «f a chemical and will strongly
affect the ease of wash off and leaching through the soil. 1In
general, pesticides with solubilities of 1 ppm or less will tend
to stay at the soil surface and be washed off the field in the
sediment phase runoff. Thus practices designed to reduce erosion
will also stop pesticide runoff.

HALF-LIFE IN SOIL

Half-life, given in days, is the time required for pesticides in
soils to be degraded so that their concentration dec-eases by
one-half. Pesticide degradation c.n be accurately described by
assuming that each successive elapsed half-life will decreas< the
psticide concentration by half, so for example, a period of two
half-lives will reduce a soil concentration to one-fourth of the
initial amount. "Persistence times" often reported in the
literacure are the times required for a pesticide to degrade to
the point that it is no longer active. We have arbitrarily
assumed this equal to * half-lives when a persistence time was
the caly data availabl
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SOIL SOMPTION INDEX

The indeX for soil sorption is measured by the Koc value. The
Koc measures the tendency of the pesticide to be strongly
attached, by chemical or physical bonds, to soil particle
surfaces. The high