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ES - EAGLS

Earth Systems - Education Activities for Greal Lakes Schools

Results of studies of student knowledge abour the
oceans and Great Lakes environments indicale a
need for greater awareness and a greater under-
standing of the impact they have upun our lives,
Earth Systems - Education Aclivities for Great
Lakes Schools (ES-EAGLS) are designed to ke a
concept or idea from the existing school curricu-
fum and develop it in a Great Lakes eontext, using
tcaching approaches and materials appropriate for
students in middle and high school.

The activities are characterized by subject matter
compatibility with existing curriculum topics: short
activity time lasling one to three classes; minimal
preparation time: minimal equipment needs:
standard page size for casy doplication; suggested
extension activities for further information or
creative expression; leachability demonsirated by
use in middle school classrooms; and content

uccuracy assured by critical reviewers,

Included with the activitics are some suggestions
aboul possible ways to use the activities in
covperattve learmng situations and how lessons

can be structured according to the lcaming cycle.

This s one of a series of subject area activity
books being published. The subject of this book 15
environmental issues in the Great Lakes. Other
subject arcas available are land/water interactions,
climate and watcr movement, Great Lakes ecology.
and Greal Lakes shupping. For a4 more detailed
listing of the environmental issues activities, see
the matrix on page 7. Most of the activities in this
book were modified from Oceanic Education
Activities for Great Lakes Schools (QEAGLS),
developed by the Ohio Sea Grant Education
Program and revised from 1985 wo 1991, All ES-
LEAGLS are listed inside the back cover.
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Using ES-EAGLS Great Lakes Environmental Issues

An accompanying matrix (page 7) matches activities to the Earth Systems Understandings (ESU) and the
Earth subsystems directly addressed (hydrosphere. lithosphere, cryosphere, biosphere, atmosphere}. It demon-
strates the range of instructional opportunities available for the classroom.

The principles that guided development of the activities should also direct their classroom use:
*  Putential for collaborative learning and group decision making.
+  Use of historical and descniptive as well as experimental data.
* Intcgration of science disciplines in a social context,

It 15 recommended that the format for the activities be retained when they are used in the classroom. Some
short activities are designed for introduction to topics or for awareness. Longer activities focus attention for
extended work and are designed to build understanding. synthesis, application, and evaluation skills, The
extent and focus of the activities will help teachers decide which are useful in cooperuative groups and which
are best for use by the class as a whole.

i, Each activity is a question to be explored. Far too many classroom activities are done for the sake of
activity alone. If an important and relevant question is the guide for learning, there is greater focus and a
readily upparent reason for doing the activity. Be sure 1o call students” attention to the question driving the
exploration and encourage creative approaches to problem solving.

2. Most activities are addressed to the student for direct use. Additional notes and answers for teacher use
arc found 1n narrow columns on each page so they can be concealed if the page is to be given to students.

3. Acuides do not stand alope. They should be linked, before and after, to other curriculum topics and
information resources such as the Internet. The best questions are those that lead to more questions!

COOPERATIVE LEARNING POSSIBILITIES

There are many ways to organize the activities with cooperative Icarning strategies, and all of them are the
“right way.” You are encouraged to modify strategies to make the activities work in your sctting. Some
possible strategies follow,

GRrOUPS

Divide the class into three or four groups. with each responsible for certain tasks that will contribute to class
learning. Assign cach group member a job or task appropriate to the lesson. They are then responsible (o the
group for doing this job. Jobs can be combined. and they should be rotated between group members periodically.
Some possibie job descriptions are:

Facilitator Develops a plan with the group so that the group will finish within the time limit.
Recorder Records plan, answers, and conclusions as appropriate.

Reader Reads instructions and background material to group.

Artist Sketches diagrams, posters, and charts as appropriate.

Checker Checks to make sure the group is following instructions and (he plan.

Speaker Shares group progress report with class.

Materials Fxpert Gets lab materials and makes sure things are cleaned up and returned.

Ohio Sea Grant Fducalion Program € The Ohio State University, 1997



Jicsaw

Divide the class into groups ot four students each. These are the base groups. Then divide the class differently
into four expert groups. One persen from each base group will be in each of the four expert groups. (You will
need to adjust the numbers of groups depending on your class size.} Each student should be in two groups.
Instead of having every student doing all activities. you can assign each expert group a different activity or
task that they become experts at. Then have students meet in their base group and share what was done in the
expert group and what was learned. Or you could have the expert groups do their activities and then have the
hasc groups rotate through the activities with the "expert” miembers leading their base groups through the activity.

STUDENT TEAMS ACHIEVEMENT DIVISIONS

After some type of ¢lass presentation such as a lecture. video, or textbook reading, students are divided into
teans. Students on the teams work together to make sure that all members of the team understand the material
of the presentation. The students then take a quiz individually. Students have a minimum desired score, and
the team works to get a high team improvement score (points above the minimum desired score). For more
information about this strategy, read Using Team Learning by Robert Slavin (Baltimore: The Johns Hopkins
Team Learning Projecet, 1986).

Co-0pr. Co-0pP .

This strategy is very student-directed. Students are in teams
based on shared interest. The teams subdivide their topics, and
all students are responsible for researching their own subtopics.
They then share what they have learned about the subtopic with
their whole team. The teams then prepare a presentation for the
entire class, and they are encouraged to include the class in the
presentation in some way. Conperative Learning: Resources for
Teachers, by Spencer Kagun (Riverside, CA: Universily of
California, 1983) will provide you with more information about
this strategy.

Energy Concept Map

ASSESSMENT STRATEGY: CONCEPT MAPPING

strike

Concept mapping is one way of having students show visually
their understandings of concepts and the concepts’ relationships
to cach other, This can be done as u pre-assessment or a post-
assessment or both 10 see the change in a student’s understand-
ing. A briet strategy tor use of concept mapping would be to
brainstorm a list of terms that students know about a topic. Add make {Animals
terms that you want to make sure are included. Have students ‘m pull

start with the topic at the top or center of a sheet of paper. and
Y

then, using arrows and labels, students place the brainstormed used by
lerms on the map, showing how they are related. See the Wagons
example of a student's preliminary energy concept map. @
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There are many other ways of assessing student achievement, including pertormance assessment, portfolios.
and grading rubrics. To learn more about these strategies you might read:

Aronson. I. 1978, The Jigsaw Classroom. Beverly Hills: Sage.
Hassard. Jack. 199} Cooperating Classroom., Science Scope. March, p. 36-45.

Johnson. D.W.. R.T. Johnson and E.J. Holubec. 1986. Circles of Learning - Cooperation in the Classroom. Edina,
MN: Interaction Book Company.

Mayer. V.J. and R.W. Fortner, Eds. 1995, Science is a Studv of Earth - A Resource Guide for Science Currviculum
Restriecture. Cotumbus, OH: Earth Systems Education Program, The Ohio State University.

Special Supplement on Assessment. March, 1992, Scierce Scope. This issue contains articles on performance
assessiment, portfolios, group assessment, concept mapping. and rubrics.

ExampLE COOPERATIVE LESSONS

Example |: Toxins in the Great Lakes: micro- and macro- level issues.

Engagement

As a class discuss what 1s known about toxic substances in the Great Lakes. List the names of chemicals
known by students and discuss their awareness of the effects of the compounds on humans and wildlife. Read
a current article of your choice about an incident of toxic contamination and its impact.

Exploration
Jigsaw: Divide the class into two expert groups for completing one of the following activity sets. Each expert
group will redivide into smaller groups to complete related activities.

Micro level activities: Toxins are an important issue at the organism level. Students in the micro-level expert
group will investigate "How many is onc part per million?"; "Which fish can we eat?"; and "Where do all the
toxins go? (Internal View)."

1. Identify group leader. Obtain materials.

2. Discuss each of the objectives of the activities.

3. Divide into three smaller groups. with each group completing one of the activities listed; then regroup to
discuss the important concepts.

4. Decide what information from cach activity will be shared with your base groups.

5. The following could be added to the information provided to base groups: After doing an Internet search,
present a discusston of the concentration levels of texins deemed safe for humans and wildlife compared
ta some of the different levels of contaminants in the Great Lakes region. Add information about the
factors that cause some fish to have higher concentrations of contaminants than others (i.e., species, size,
locution, ete.).

Ohip Sea Grant Education Program © The Ohio State University, 1997



Macro-level activities: It is important to consider the effects of toxins at the ecosystem and regional level,
which will eventually affect organisms. Members of the macro expert group will investigate "How big 1s the

problem of airborne toxins?” and "Where do all the toxins go? (External View)

1. Identify group leader. Obtain materials.

2. Discuss cach of the objectives of the activities.

3. Divide into two smaller groups, with each group completing one of the activities: then regroup to discuss
the important concepts.

4. Decide what information from each activity will be shared with your base groups. For example. in base
groups, students conduct procedure 6 in "How big is the problem of airborne toxins?" as @ model of how
far various pollutants can travel by air. Members of base groups can also complete Procedure 2 of "Where
do all the toxins go? (External View)" with the help of the expert group members who completed the
activity.

Elaboration

As a class, do the following to complete the jigsaw:

[. Combine groups together into new (base) groups of eight or more members (at least onc from cach expert
group). Students should discuss the activities with one another and share what they learned in expert
aroups.

2. Choose one of the two role-play activities for the class to do together: "Should chlerine be banned trom
the Great Lakes?" or "How should the public health be protected?” Assign a role from the activity to each
base group member. Students assigned the same role should meet to discuss how they want to present
their arguments. After members have read their role descriptions, conduct the role play and decide on a
course of action bascd on the proposals of participants.

Evaluation

1. Assign an Environmentat Issues Portfolio Element. In the activities of this session, students have encoun-
tered micro- and macro- level issues involving toxins in the Great Lakes. Using the concepts of the
activilies, they are to create a concept map showing the relationships between the topics from a macro to a
micro scale. The activity "Where do all the toxins go? (External View)" is a starting place, and students
should incorporate macro concepts into their previously constructed food chains.

Develop a process rubric for use in scoring student performance. A sample rubric is given in the appendix
of this volume.

| O]

Example 2: What is the status of our Areas of Concern?

This activity offers excellent cooperative learning opportunities for jigsaw processes. Student collaborative
groups (3-5 groups of students) can become experts on any of the following and can then share their expertise
with other groups as they seek answers to the questions:

«  Whal are the characteristics of the watersheds for each of the Great Lakes? How are land uses in water-
sheds related to the numbers (or types of contaminants) of Areas of Concern on the lakes?

*  What types of contaminants are prominent in Areas of Concern? Why are these contaminants a problem
{what are their human, wildlife, and ecosystem effects)?

» How is Remedial Action Planning different among Arcas of Concern that are rural versus those that are
urban? That is. who is involved. what strategies are in place? How much progress has been made?

@ The Ohio State University, 1997
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Making Connections

There is always a danger in producing curriculum materials designed for infusion. How can we facilitate
getting new material into the existing flow of clussroom subject matter? In this project, we have designed
several kinds of connections to assist teachers in finding not only the place where the new materials fit, but
also the justification for fitting them and the ancillary resources that can contribute to their effectiveness, The
connections we see are demonstrated here and in the charts on the following pages.

EARTH SYSTEMS EDUCATION

http://earthsys.ag.ohio.state.edu

Eurth Systems Education 1s a program of cur-
riculum restructure in which teachers take
responsibility for critical evaluation of their
science cwriculum, including content, ¢lassroom
processes, learner outcomes, and assessment. and
strive to make changes that create a curriculum
more responsive to human needs and future
quality of life. Earth systems education is based
on integration of traditional science disciplines
for a more comprehensive understanding of the
interactions of Earth subsystems: the hydrosphere,
lithosphere, atmosphere, biosphere, and cryosphere.

Efforts are guided by a Framework of Scven Understandings (p. 7 and 179} developed by science teachers,
science educalors, and scientists to represent fundamental desired results of all of science education. Each
activity in this set addresses a number of the Understandings and two or more Earth subsystems, and includes
suggestions for extending learning.

The process of curriculum change is assisted by scientists and scicnce educators through development of
materials such as these. Additional materials available for Earth Systems Education include a resource guide
for science curriculum restructure using Earth as a focus. The guide, titled Science is & Studvy of Earth, in-
cludes research background, teacher experiences. and samples of activitics useful at elementary, middle. and
high school levels. Another volume of activitics is designed to help secondary science teachers address the
complex issues of global change. Activities for the Changing Earth Svstem (ACES) includes 20 interdiscipli-
nary activities. These publications are available from the Earth Systems Education Program, ¢/o OSU School
of Natural Resources, 2021 Coffey Road, Columbus, OH 43210.

Ohio Sea Grant has also produced regional information and activities about global change. Great Lukes
Instructional Materials for the Changing Earth System (GLIMCES) includes classroom activitics for second-
ary science. based on Global Change in the Grear Lakes Srenarins. These can he ordered ($9.00 for hoth)
from Ohio Sea Grant, 1314 Kinnear Road, Columbus, OH 43212-1194.

Ohio Sea Grant Fducation Program @ The Ohio Slate University, 1997



Earth Systems Understandings Larth Subsystems
GREAT LAKES 2.l
ENVIRONMENTAL ; S22
pe.# | Activities: 1 2131415 6§ 7 1 2 3 415

15 How big is a crowd? Xl X X XXX X
[9 | Who owns the resources of the Great Lukes? X XX | X X | X
25 | How (environmentallyy insulting can we get? X X| X XX X
29 | How skiltfully can you read science articles? XXX X X1 X X
45 How much is one part per million? X X X| X
49 | Which fish can we cat? X X| X X X
57 How should the public health be protecied”? X X| X X1 X X
71 How do toxins move through the foed chain? X X X
77 Toxic chemicals in the Great Lakes X1 X| X X X1 XX X X
87 Where do all the (oxins go’?t (Internal View) X X[ X XXX X X
9{} Where do all the toxins go? (External View) XX X X | X X1 X
99 1 Could we live without chlorine in the Great Lakes? XX X XXX X X1 X
125 [ What can we learn about water quality in a river? X| X| X X X
145 | What happens when nutrients enter an estuary? X X| X X1 X

1535 | What is the stalus of the Great Lokes Areuas of Concern'? X|X| X} X} X Xy XI1X X1 X
161 | Where does oil pollution come from”? XX X

167 § How can an ol spill be cleaned up? XX X X | X
171 | How does an oil spill affect living things? XX X X | X X
177 | Whatif...? (A Great Lakes investigalion) X X| X X X

FRAMEWORK FOR EARTH SYSTEMS EDUCATION®
Understanding #1. Earth is unique. a planet of rare beauty und great value.
Understanding #2. Human activitics, collective and individual, conscious and inadverntent, affect Earth systems.

Understanding #3. The development of scientific thinking and technology increases our ahility to
understand and utilize Earth and space.

Understanding #4. The Earth system is composed of the interacting subsystems of water. rock. ice, air. and life.
Understanding #5, Earth is more than 4 billion years old. and its subsystems are continually evolving.
Understanding #6. Earth is a small subsystemn of a Solar system within the vast and ancient universe.

Understanding #7. There are many people with careers and interests that involve study of Earth's origin.
processes, and evolution.

# complete Framework on page 179

© The Ohio State University, 1997 Ohio Sea Grant Education Program



Science as inquiry
* Abilities related to scientific inquiry
* Understanding about scientific
nquiry

Physical science
* Properties and changes of properties
in matter
Motions and forces
Transfer of energy

Life science
* Populations and ecosystems
Diversity and adaptations of
organisms

Earth and space science
Structure of the Earth system
Earth’s history

Science and technology
* Understanding about science and
technology

Science in personal and social perspectives
* Populations, resources, and
environments
* Natural hazards
* Risks and benefits
* Science and technology in society

History and nature of science
* Science as a human endeavor
* Nature of science

Unifying concepts and processes
* Order and organization
* Evidence, models, and explanation
* Change, constancy, and measurement
* Evolution and equilibrium
Form and function

NATIONAL SCIENCE EDUCATION STANDARDS
The activities in Furth Svstems — Education Activities for Great
Lakes Schools have connections to other national developments
in science education. Numerous efforts have been under way in
the 1990s to restructure science education in response to growing
concerns that the historic “layer cake™ (discipline-ordered)
approach to science lacks relevance to students, prepares them
poorly in life skills that demand science titeracy, leaves U.S.
students lagging on standardized international tests of science
knowledge, and ignores or perhaps even perpetuates naive
conceptions in science. The primary efforts to change these
patterns have emerged from and been supported by national
organizations in science and education.

The National Science Education Standards represent the Na-
tional Academy of Science’s uttempt to develop guidelines for
science curriculum restructure and systemic change in K-12
education. The National Standards include science content
standards that express need for integration of disciplines, fewer
topics in greater depth, and articulation across grade levels. They
do more by providing guidelines for restructuring the teaching of
science. the environment for science in schools, and assessment
of science learning. The Standards emerged in 1995 as the most
comprehensive and perhaps most esteemed of the restructure
guidelines.

The accompanying matrix demonstrates the connections of Earth
Systems - Education Activities for Great Lakes Schools to many
of the National Science Education Standards. Standards preceded
by an asterisk (*} are specifically addressed in this activity set.

Ohio Sea Grant Education Program
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BENCHMARKS FOR SCIENCE LITERACY

Project 2061 is supported by the Amcrican Association for the
Advancement of Science (AAAS). Through its book Science for
All Americuns, this project identified science concepts that cvery
high school graduate in the United States should know. Major
contributions of this effort include the idea that "less is more,” or
that a curriculum dealing with fewer concepts in greater detail is
preferred over the raditional vocabulary-laden mini-college
courses commen in U.S. secondary schools. Follow-up work
through selected school districts has produced several models for
implementing the curriculum changes implied by 2061 and has
resulted in a set of Benchmarks tor designing the course se-
quences and gauging the progress of students in science through
their school careers.

Many of the Benchmarks are addressed through activities in this
volume. They are oo numerous to list here in their entirety, but
the following Benchmarks are among those applicable to the
activities.

Examples for grades 6-8 include:

*  Scientists differ greatly in what phenomena they study und how they go
about thetr work. Although there 15 no tixed set of steps that all seientists
follow, scientific mvestigations usually involve the collection of relevam
evidence, the use of logical reasoning, and the application of tmagimation 1n
devising hypotheses and explanations to make sense of the collected
evidence.

= New technologies increase some risks and decrease others, Some of the
same lechnoelogies that have improved the length and guality of life for
many people have also brought new risks.

= The environment may contain dangerous levels of substances thal are
harmful 1o human beings. Therefore, the good health of individuals requires
muonitoring the soil. air, and water, and taking steps o keep them safe,

*  Most groups have formal or informal procedures for arhitrating disputes
among their members.

For grades 9-12 this material addresses:

*  The value of any given technology may be different for different groups of
people and at different points in time.

*  Human beings are part of the Earth's ecosystems. Human activities can,
deliberately or inadvertently, alter the equilibrium in ecosystems.

+  Benefits and costs of proposed choices include consequences that are long-
term as well as short-term. and indirect as well as direct. The more remote
the consequences of a personal or soclal decision, the harder it usually is 1o
take them into account in considering alternatives. But benefits and costs
may be difficult to estimate.

»  Conflict between people or groups arises from competition over ideas,
resources, powcer, and status. Social change, or the prespect of it. promotes
conflict because social, cconomic, and political changes usually benefit
some groups more than others. That, of course, 15 also true of the status quo.

Content standards, Grades 9-12
continned from pag.cl &
Science as inquiry
* Abilities related to scientitic inguiry
* Understanding about scientific
nquiry

Physical science
*  Chemical reactions
Forces and motions
Conservation of energy
Interactions of energy and matter

Life science
Biological evolution
* The interdependence of organisms

Earth and space science
Energy in the Earth system
Origin and evolution of the Earth
systerm

Science and technology
*  Understanding about science and
technology

Science in personal and social perspectives
*  Natural resources
* Environmental quality
* Natural and human-induced hazards
* Science and technology in local,
national, and global challenges

History and nature of science

* Science as a human endeavor
Nature of scientific knowledge
*  Historical perspectives

s

Unifyving concepts and processes

* Order and organization
Evidence, models, and explanation
*  Change. constancy. and measurement
* Evolution and equilibrium

Form and function

e
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Other Connections

NOAA Global Change Education Program. U.S. Department of Commercee,
1100 Wayne Ave.. Rm. 1210, Silver Spring, MD 20910-3603
(301)427-2089. http://www.noaa.gov/

Great Lakes Environmental Research Laboratory (GLERC) conducts environmental research with an emphasis
on the Great Lakes, including toxins in the Great Lakes. nutural hazards, ecosystem interactions, hydrology, and
ettects related to global climate change.

2205 Commonwealth Blvd.. Ann Arbor, MI 48105

(313)741-2244. http:/fwww.glerl. noaa gov/

Canadian Atmospheric Environment Service
Environment Canada. 4905 Dufferin Street. Downsview. Ontario, Canada M3H 5T4

International Joint Commission (IJC) is an appeinted commission of representatives from U.S. and Canada who
act as advisors of management activities of the Great Lakes and rivers along the border between countries. The LJC
incorporates public input and efforts of research, environmental, government, and business interests in their
ongoing efforts. Main office: 100 Ouellette Avenue. Windsor, ON N9A 6T3,

(519)256-7821; Detroit Office: P.O. Box 32869, Detroit, MI 48232,

(313)226-2170. http://www.great-lakes.net:2200/partners/IJC/ijchome. htmi

Great Lakes Commission is an interstate commission of the eight Great Lakes states established in 1955 to
"promote the orderly, integrated and comprehensive development. use and conservation of the water resources of
the Great Lakes Basin.”

The Argus 11 Building. 400 Fourth St.. Ann Arbor, MI 48103

(313)663-9135. hutp:/fwww.gle.org/

Great Lakes Information Management Resource (GLIMR} is an index of Environment Canada’s Great Lakes
programs, publications, and databases,
http:/Awww cciw.ca/glimr/ingro.htiml

Great Lakes Information Network (GLIN) is u greuat pluce 1o start exploring the Great Lakes on the Internet.
http:/fwww great-lakes.net/

National Sea Grant College Program — Great Lakes Network

http:/fwww.mdsg.umd.edu/NSGO/index.htin] (One web site links all Sea Grant programs.)

linois/Indiana Sea Grant Program, 1206 S. Fourth St., 104 Huff Hall. Champaign, 1L 61820, (217)333-1824
Michigan Sea Grant College Program, 2200 Bonisteel Blvd., Ann Arbor, MI 48109, (313)763-1437

Minnesota Sea Grant College Program, 1518 Cleveland Ave.. N., Rm 302, St. Paul. MN 55108, (612)625-2765
New York Sea Grant Institute, State Univ. of NY, Nassau Hall. Stony Brook. NY 11794-3000. (516)632-6905
Ohio Sea Grant College Program, 1314 Kinnear Rd.. Columbus, OH 43212-1194. (614)292-8949

Wisconsin Sea Grant. 1800 University Ave., Madison, WI 53705-4094. (608)262-0644

Cooperative Institute for Limnology and Ecosystems Research (CILER).
Its research focuses on climate and large-lake dynamics. coastul and rear shore processes. and large lake ccosystem
structure and function. The institute is comprised of the University of Michigan, Michigan State University, and
GLERL.

CILER, University of Michigan, Ann Arbor. Ml 48109

http:/Awww.glerl.noaa. gov/ciler/ciler htm]

Ohio Sea Grant Education Program © The Ohio State University, 1997
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INTERNE’_I‘ SITES OF GENERAL INTEREST

National Climatic Data Center, http:/www.ncdc.noaa.gov

U.S. Army Corps of Engineers, Detroit District, http://sparky.nce.usace.army.mil

Sea Grant Network, htip://h2o.seagrant. wisc.edu/greatlakes/glnetwork/glnetwork.html

Canadian Great Lakes Information Management Resource, hitp://www.cciw.ca/glimr/intro.html
NOAA Home Page, htip://www.noaa.gov/

The Ohio State University Atmospheric Science Program, hitp://asp | .sbs.ohio-state.edw/

Great Lakes Forecasting System, hitp://superior.eng.ohio-state.cdu/, Lake Eric maps updated every 6 hours.
Ohio Sea Grant, http://www-ohiosg.osc.edu/OhioSecagrant

Eisenhower National Clearinghouse, teacher resources for mathematics and science, http://www.enc.org
Great Lakes Human Health Effects Research Program, http://atsdrl.atsdr.cde.gov:8080/grtlakes.himl
ATSDR's ToxFAQs, Polychlorinated Biphenyls (PCBs), http://atsdr] .atsdr.cde.gov:8080/facts 17.htm]
The Right to Know Network, http://rtknet.org/

U.S.E.P.A. il Spill Program, http://www.epa.govfsuperfnd/oerr/er/oilspill/oilhome.htm

Try a search using the nume, if the address hus changed.

PUBLICATIONS AND OTHER MATERIALS

Fortner, R.W.. Project Director: A. Lewandowski and Richard Meyer, Editors, 1996, Grear Lakes Selution
Seeker (CD-ROM). Columbus: Ohio Sea Grant Education Program, Ohio State University.

Fortner, Rosanne W., Project Director, Heidi Miller and Amy Sheafter, Editors, 1995, Great Lakes Insiruc-
tional Materiad for the Changing Earth Svstem. Columbus, OH: Ohio Sca Grant Education Program, The
Ohio State University. This set of activities explores the potential impacts of global climate change on
various sectors of the Great Lakes. Concepts are organized for cooperative Icarning strategics.

Fortner, RW. and V.J. Mayer. 1993, The Great Lake Erie. A Reference Text for Educators and Communica-
tors. Columbus: Ohio Sea Grant. This is the source of information used in most of the activities. Chapters
are written by experts in Great Lakes topics, and readings from the book can serve as the content base for
additional nstruction,

Mayer, V.J. and R'W. Fortner. 1995. Science is a Study of Earth: A resource guide for science curriculum
restructure. Columbus. OH: Earth Systems Education Program, The Ohic State University. Ideas on
effective ways to imprave science teaching and learning, assess progress, do cooperative learning, con-
duct workshops, etc. Sample activities for grades K-HS.

Sterte of the Grear Lakes 1995, Prepared by Environment Canada and U.S. Environmental Protection Agency.
Request copies {rom: Environment Canada, 867 Lakeshore Road, Burlington. Ontario, Canada L7R 4A6
or Environmental Protection Agency, Great Lakes National Program Office, 77 West Jackson Blvd.,,
Chicago, 11. 60604 U.S.A.

The Great Lakes. An environmental atlas and resource book. 1995, Jointly produced by the Guvernment of
Canada and U.S. EPA, 3rd edition. Copies are available from the Great Lakes National Program Office.
U.S. EPA, 77 W, Jackson Blvd., Chicago. IL 60604.

The Great Lakes Forecasting System. Department of Civil Engineering. The Ohio State University, with
support from GLERL. NOAA. This online system makes predictions of physical variables of the Great
Lakes and gives maps of existing conditions on Lake Erie, updated every 6 hours.

World Wide Web address — http://superior.eng.ohio-state.edu/
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OTHER RESOURCES

Brown. Shirley, David Crosby, and Dan Jax. Earth Svstems Science Activities. 1995, Columbus, OH: Bexley
Middle School. Activities for grades 6-12 using an Earth Systems Education Framework approach.
Funding provided by Ohio Environmental Protection Agency {Ohio EPA) and Ohio Environmental
Education Fund (OEEF). Available from Bexley Middle School (publisher), 300 S. Cassingham Road
Bexley. OH 43209, Phone: (614)237-4277; FAX: (614)231-8448

Glassner, Kathe, et al. Making RAPs Happen. Financing and Managing Cleanups at Great Lakes Areas of
Concern. 1991, The Center for the Great Lakes. Request copies from: The Center for the Great Lakes,
Information Service, 35 East Wacker Drive, Suite 1870. Chicago, IL 60601

Mitchell. Mark K., and William B. Stapp. 1992. Field Manual for Water Quality Monitoring. An Environmental
Education Porgram for Schools, 6th edition, 7th printing. Dexter, Michigan: Thomson-Shore, Inc. 240 pp.

Review and Evaluation of the Great Lakes RAP Remedial Action Plan Program 1991 . June 1991. Great Lakes
Water Quality Board Report to the Internation Joint Commission. U.S. and Canada.

U.S. E.PA. Wetlands Hotline: 1-800-832-7828. Publication list and other resources are available.

U.S. E.P.A. The EPA Great Waters Program: An Introduction to the Issues and the Fcosvstems. EPA-453/B-
94/030. April 1994. Durham, NC: Office of Air Quality Planning and Standards.

WOW! The wonders of werlundy, produced through a partnership between Environmental Concern, Inc. and
The Watercourse. 1995, 51, Michaels, MD: Environmental Concern, Inc.; Bozeman, MT: The
Waltercourse. Hands-on learning activitics about wetlands for grades K-12. Available for sale by:

The Watercourse

201 Culbertson Hall Montana State University

Bozemaun, MT 59717-57

Phone: {406)994-5392; FAX: (406)994-1919

Also available from Environmental Concern Inc.. P.O. Box P, §t. Michaels, MD 21663-0480.
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Arts and Literature of the Great Lakes

Many scienlists report that their interest in science is at least in part related to their feelings of wonder at the
Earth's beauty. As is stated in Earth Systems Understanding #1. "The beauty and value of Earth are expressed
by and for people of all cultures through literature and the arts.” The developers of ES-EAGLS encourage
teachers to use arl, music, and literature in teaching. Not only does this address diverse learning styles and
stimulate creativity, it also helps students find meaning behind what may otherwise appear to be topics
irrelevant to their lives,

Much support is availabic for teachers to include the arts in teaching science. Listed below are some of the
resources the authors have found most valuable. Your school's librarian and music teacher may know of other
resources that relate o your specific region or Great Lake. Consult local units of the Great Lakes Historical
Society and merchants in resort areas of the lakes as well.

SELECTED MUsic RESOURCES

Lee Murdock's Great Lakes folk songs are popular in auditorium programs, private performances, and on
cassettes. Cold Windy and Freshiwater Highway are our favorite albums. Depot Recerdings, P.O. Box 11.
Kianeville, IL 60144 (phone 7(08/557-2742)

Paddle-io-the-Sea. 1990. Narrated, composed and performed by Liona Boyd. Winnipeg, Canada: Oak Street
Music Inc. Based on the hook Paddle-io-the-Sea by Holling C. Holling. The original book can be an addi-
tional reference for Great Lakes activities. and a supplemental guide is available from Ohio Sea Grant, The
Ohio State University.

Pat Dailey is a country rock singer from Bay Village, Ohio. His albums are a mix of bar-room humor and
serious songs of the Great Lukes. We use his "Great Lakes Song" and others from the Fresiwvater and Shore
Lines collections most often. Afbums are available from Olympia Records. P.O. Box 40063, Bay Village, OH
44140,

“Privateer," a Celtic folk duo trom the Chicago area that sings traditional Great Lakes songs and original
material related to the lakes. Sextant Music, 6342 W, Belmont, Chicago. 11 60634 (312/775-1257)

"Banana Slug String Band" has excellent songs about the Earth system for younger students. Contact them at
BSSE. P.O. Box 2262. Santa Cruz, CA 95063,

The Sierra Club Survival Songbook, collected and cdited by Jim Morse and Nancy Mathews, introduction by
Pete Seeger, illustrated by Jos. A. Smith. San Francisco: Sierra Club, 1971,

© The Ghio State University, 1997
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SELECTED ART AND POETRY RESOURCES

Earth Songs by Myra Cohn Livingston, Poet and Leonard Everett Fisher, Painter. 1986, New York: Holiday
House, Inc.

Hangdog Reef. Poems Sailing the Great Lakes. This is the only volume we have found specitic to Great Lakes
topics. Please let us know if you find others!

In a Grain of Sand, by Andreas Feininger. 1986. San Francisco: Sierra Club Books. Several photographs
portray the beauty of natural processes.

The Canadian McMichael Collection trom the McMichacl Galleres in Toronto includes the best collection of
the Canadian Group of Seven landscape artists.

Great Art for Great Lakes is a program of the province of Ontario,
through Environment Canada.. Each year since 1993, Ontario students in
grades 3-8 are given the opportunity to express their interpretations of
the greatness of the lukes through a visual arts contest. By visiting the
Internet site at http://www.cciw.ca/cgi-bin/ you can see the winning art
from the past years.
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The Great Lakes and the surrounding land provide many resources for the people who live in the area. Water
for drinking and industry. fish tor food, mincrals, and other resourccs are abundant. However, people change
the landscape. They create wastes and add chemicals to the environment when they use resources, and these
can be harmful. When many people arc concentrated in one arca. they may compete for resources. In addition,
the wastes thesc people generate tend to concentrate in the area immediately around them and may cause
pollution problems.

Unlike other activities in this volume. this is written to and conducted by the teacher.

OBJECTIVES -
When students have completed this activity, they will be able to:

«  Compare the relative sizes of the five Great Lakes and their
human populations.

+  Describe some of the problems that arise when many people
depend on a limited resource.

Pre-Lan

[. Cut lengths of string and tie the ends together to make loops
proportional to the areas of the five Greut Lakes. Suggested
lengths in meters are given for groups of less than 30 and
more than 3(} participants.

String Lengths Needed

Class Size
less than 30  greater than 30

, _Eaké Superiog 8.5m 11.0m
Lake Michigan 6.0m 7.5m
Lake Huron 6.0m 7.5m
Luke Erie 2.5m 3.0m

Lake Ontario 2.0m 2.5m

O

| ]

Decide how many students will be "populating” each of the
Jakes. Use the chart on the next page to assign numbers of
students to represent the relative numbers of people living
around each lake. Numbers are given for both United States
and Canadian residents (U.S./Canada). Remember that Lake
Michigan is the only Great Lake that shares no border with
Canada.

Materials

= Ball of string.

 Musking tape.

» Arca. Population, and Fish Production
tables.

» 100 {minimum) wrapped candies or
peanuts in shells.

* 5 paper bags.

Farth Systems Understandings

This activity focuses on ESU 1 (beauty and
value). 2 istewardship), 4 (interactions), and
7 (carcers and hobbies).

Source

This activity originally came from Supple-
wental Curriculion Activities to Acrompany
Holling's Paddle-to-the-Sea by Marcia L
Seager. Rosanne W. Fortner, and Timothy A,
Tavlor.

Note

You may want 1o invite another class o
share in this activity, especially if your class
has less than 20 people in it. Larger numbers
of participants better illustrate the differing
concentrations in population throughout the
Great Lakes region.

© The Ohip State University, 1897
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Total participants

Number of People
U.S./ Canada

15

20 25 30 35 40 45 50

i Lake Superior

Lake Huron
Lake Ontario
Lake Erie
Lake Michigan

Proportional Number of Fish Caught

Lake Superior
Lake Michigan
Lake Huron
Lake Eric
Lake Ontario

0/
1A4)
172
4/1
6/()

|

|
35

00 00 10 10 10 10 10
/2 V5 RN V4 WS V4 W74 U Y4 W)
113 23 24 24 U5 35 36
61 8/L 82 112 122 133 1573
7090 WO 130 IS0 170 19K

3. Divide wrapped candies or peanuts in shells into groups
representing the proportional number of fish caught annually
in each of the Great Lakes. You will need at least 100
candies or pcanuts, One candy or pcanut represents approxi-
matcly 30 tons of fish. Label the {ive bags with the names of
the five lakes and use the tuble below to put the correct
number of "fish” in each bag. (For groups of less than 25
students. you may want to halve these numbers.)

PROCEDURE

Arrange the loops of string that represent the five Great
Lakes into the approximate shapes of the Great Lakes. With
masking tape, add a dividing line to each lake to show that
cach lake (except for Lake Michigan) has both a U.S. and
Canadian side. Ask the students:

» Which of the lakes has the largest area? Which has the
smallest area”

* Without using the chart as a reference, where would you
guess that most people live?

b

Assign the appropriate numbers of participants to the U.S.
and Canadian sides of each of the lakes. (An alternative is to
asstgn participants to each lake without specifying a country.
In this case you do not need the border.) Each participant
should put one foot on the string “shore” of the lake.
= Where are people closest together?
+ Did anyonc have a hard time finding room to stand?
* On which lake or lukes do you think the biggest cities
dre located?
* Which lakes have the largest and smallest populations”?
* Are more people living near the eastern or the western
lakes?
* Are more people living near the U.S, or the Canadian
shores?

Ohio Sea Grant £ducation Program
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Pass the appropriate bag of "fish" around each lake. Each
person takes ONE piece of candy or peanut each time the
bag is passed to him or her until the bag is empty. (If you
have no one assigned to Lake Superior, set aside that bag and
do not distribute those "fish" in the other lakes.)

* Which lake had the most "fish"?
* In which lake did people catch the most? Why do you
think this is so?

People create waste when they use resources, and much of
that waste is carried by water. Too much waste causes
poliution problems. Open and eat your "fish." Put the
wrappers or peanut shells on the floor inside the loop of
string that is your lake.

* In which lake 15 the waste most concentrated (greatest
amount, closest together)?

+ Remember that the water from each lake flows into the
lake downstream (in this casc. to the east) of it. Which
lake or lakes do you think might have the worst pollution
problems? Why do you think so?

Have students use the Great Lakes Atlas and/or the Great
Lakes Information Network (GLIN} online to find out more
about the uses people make of the Great Lakes, the relative
sizes of the lakes, and the human impacts on the region. Start
the searches at http://www.great-lakes.net.

Clean up and discuss the activity together.

@ The Ohio State University, 1997
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'DISCUSSION QUESTIONS
L.

2.

What relationships have you seen between population,
resources, and waste?

What could you have done 1o make sure ALL participants
got an equal number of "fish?" {Sell or trade for other
resources or services, for example.)

3. How do you think the amount of pollution in the Great Lakes
could be reduced?

4, How could you reduce the amount of waste you produce?

EXTENSIONS

Play math games with Great Lakes areas and populations. For
example, find out how many times Lake Erie could fit in onc
Lake Superior, how many people per square meter there are in
ecach lake’s watershed, and so on.

Organize a Clean Campaign to learn more about recycling. Find
out what lakeshore communitics do with wastes from fishing.
Use the Internet to find out what the pollution levels are in each
of the Great Lakes.

Ohio Sea Grant Education Program
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Who owns the resources of the Great Lakes?

The Great Lakes are a valuable resource for many people. This section examines the cooperation and conflict
that exists among the groups who share the Great Lukes as a common resource, Several organizations have
been established to help various interested partics work together. The International Joint Commission. (IJC} is
one of the primary groups. It was formed in 1909 by Canada and the United States 10 assist in resolving
transboundary water pollution issues: water quantity, water quality, and water altocation and use. In 1972,
Canada and the United States signed the Great Lakes Water Quality Agreement as a first step toward the
protection and clean-up of the Great Lakes. The role of the Native American community in the health of the
Great Lakes hasin is also very important and is often surrounded with controversy. In Part 1 of this activity.
Native American uscs ol the Great Lakes region resources will be investigated.

Part 2 of this activity will help you understand what is meant by the term "tragedy of the commons,” or how
resources ¢an become abuscd when they are owned by cveryone.

The eagle is a cultural symbaol universally recognized by
Native American people. Not only docs the symbol depict
the Great Lakes basin arca, but it also symbolizes some of
the cultural principles of the native peoples of the Great
Lakes.

Surrounding the center medicine wheel are the four colors
of human beings (red. vellow, black, and white). This
acknowledges respect for all people, who are all part of
Creation. The seven eagle feathers represent both a proph-
csy and a philosophy for decision-making. The time of
renewal and reflourishing of the Native American tradition
is know as the lighting of the Sevenih Fire. The current and
seventh gencration from the time when this prophecy
originatced has symbolically lit the Seventh Fire. The seven
feathers also symbolize a traditionul decision-making
process which decrees that any course of action taken must
not negatively impact all relations (hoth human and non-
human} seven generations into the future.

The Medicine Wheel represents the holistic approach to
health, which embodies the physical. mental, emotional,
and spiritual well-being of individuals and communities.
The four points on the wheel also represent the cyclical
process for change. A problem is idenuified in the Easy,
feelings regarding the problem are expressed in the Sourh,
an understanding of the prohlem is achieved in the West,
and positive actions are taken to bring change in the North.

Source of symbol and description of symbaol: Assembly of First Nations
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Materials

Procedure Part 1

« Materials for a display - posterboard.
markers. tape. ete.

= Access to resource maleriils aboul Nalive
Americans in the Grean Lakes region.

Procedure Part 2

* Bowl or plate,

* [tems to represent resources (eneugh for
everyone in the class 1o have ot least
four). Can be candy (marshmallows,
chocolate kisses, jelly beans) or an tem
such as styrofoam "peanuts.”

Earth Systems Understandings

This activily focuses on ESU 7 {carcers and
hobbies) and 2 [stewardship).

Suggestion

Invite & Native American leader in your
region lo speak to the class. Prepare
questions ahead of time and also allow time
for a presentation by your guest. Ask your
visitor o comment on prevalent Native
American issues today.

OBJECTIVES

When you have completed this investigation you should be able
1o

1. Describe the need for international cooperation in the

protection of resourccs.

Describe many of the ways that Native Americans use and

rely on the Great Lakes basin,

3. Describe the contlict regarding Native American rights and
responsibilities to the Great Lakes.

r2

PROCEDURE: ParT 1

Conflicts often arise because people disagree on how resources
should be used and who should get to use them. For instance, the
history between Native Americans and others living around the
Great Lakes includes many disagreements as to the hunting and
fishing rights of the various parties. Legally, Native Americans
do not have to follow the same hunting and fishing laws as other
citizens because they never gave up thosc rights based on treaties
made with the U.S. povernment. Several activist groups have
developed which either support or lobby against the "special”
rights of Native Americans in the Great Lakes region. The groups
Honor Qur Neighbors Origins and Rights (HONOR} and Citizens
Equal Rights Alliance fCERA} are examples of these groups.

1. Your class will conduct rescarch to learn about traditionat
and current Native American uses of Great Lakes regional
resources, (wild rice culture, fishing, nutive songs/dances.
hird uses. water uses, etc.). You may also decide to include
important Native American issues. such as health or hunting
rights. in your investigation of Great Lakes Native Ameri-
cans.

I3

As a cluss, decide which uses/issues are the most significant
and should be included in a Native American display.

3. The class is divided into groups. Each group is responsible
for developing a display about onc or more of the sigmficant
uses of Great Lakes resources or an important issue.

4, The class will present a Native Amcrican fair to display the
ideus for others to see.

Chio Sea Grant Education Program
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PROCEDURE: PART 2

The class should be divided into two equal sized groups
{Group | will be the first generation and Group 2, the second
generation. Group 1 can then become the third generation,
and so on.)

Group 1 sits on the floor in a circle with a container in the
middle. Group 2 should watch and listen but not ofter input.

Read the following insiructions and conduct Round 1:
The group sitting in a circle represents all of the people
presently living in the Great Lakes region. All of the re-
sources of the area (fish. clean air. clean water, timber,
minerals, recreational areas, ete,) will be in the container.

Round 1 will tast only 10 seconds. During that time each
member of the first generation may take as many resources
as they want, because the resources belong to everyone. The
more resources each person has, the more "wealth” he or she
has. One resource picce represents a frugal life-style, two
pieces equal a modest but comfortable life-style. three picces
represent a very comfortable life-style, and four or more
pieces represent extreme wealth,

Any resources that are left in the bowl after the 10 seconds
will be doubled, and the next generation (the group watch-
ing) wilt get a turn. For instance, if there are 10 picces left.
an additional 10 will be added for the next round. This is
done because many resources are renewable, Fish, for
instance, will spawn if they are not all caught and there will
be a renewed supply of fish the following year. If all the fish
are caught, however, they become extinet and do not reproduce.

Following Round 1, Group 2 sits in a circle around the
container, and follows the above directions while the first
generation watches.

Discuss the following questions.

A. What is meant by the term "tragedy of the commons"?

B. Did you discover anything about human nature while
playing this game? (greed, sharing)

C. [Is more always better’!

D. What resources can you think of that belong 1o everyone
and have the potential of being abused?

Teacher’s Notes

You may create an armosphere that wil]
cncourage students 10 be competitive and
greedv, This will clearly demonstrate what
can happen o resources without effective
cooperation and planning.

To start Round 1. put enough candy in the
bowl for every member of the first group 1o
act four picces (if they were 10 share
cquitably ).

Theoretically. it the groups are the same size
and everyone always takes only two
[¢SOUTCE units, the game can continue for an
infinite number of gencrations, because the
"pot” will always be replenished to the
originai level. You may want to explain this
to the students after they have completed a
few rounds to encourage them not 1o grab as
much as they can — they will realize that
they will ultimately get more resources if
they do not initially take as many as they
cun get.

‘Today the demand for
fish has greatly
autstripped its supply,
and non-Indians deeply
resent Indian treaty
rights. Indians
frequently have had to
rely on federal courts to
enforce these rights.”

LLS. Supreme Court opinion
December 5, 1979

Hints for Q_u_&stian

A1, Students may want 1o discuss how the
almaosphere and oceuans act as common
resources and the potential impact of
one's country's use ol the resources on
another nation's available supply,
Regional wildlife are often shared
resources, such as game specics and
migratory walerlowl].
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The following is an excerpt regarding a current situation involving tribal fishing:

Court Sets Great Lakes Tribal Fishing Zones

A federal court finding in a Great Lakes salmon dispute between the state of Michigan and various tribal
entities provides a foundation for futurc ncgotiations and resolution according to Department of Natural
Resources Director . . . (It) set interim tribal salmen fishing zones in Lake Michigan and Huron for 1896, and
also outline specific eriteria for fishing activity in those zones between August 1 and October 15,

Grand Traverse Bay in Lake Michigan has been at the center of the dispute, and much of (the) finding
addresses a 3.5 mile stretch involving one species of fish and one tribal {isher. The order designates the
boundaries of the Grand Traverse Bay zone and authorizes the Grand Traverse Band of Ottawa and Chippewu
Indians to issue a single license 1o target fish for salmon under a set of narrowly defined conditions. Restric-
tions on the Grand Traverse Bay license and penalties if the terms are violated . . include:

* Any nct used to target fish for salmen is restricted to between 600 feet and 900 feet:

*  The net must have 7.5 inch mesh or greater stretch measure:

*  The top float line must be submerged at least eight feet below the surface until September 30);

«  From August 19 to August 24, only enc nct is permitted. while two nets will be permitted during the
following week. The number of nets permitted after September 1 will he determined afier an evatuation
by the Technical Fisheries Review Committee and the Law Enforcement Committee, which consist of
represcntatives from state, tribal, and federal governments.

The order directs that all fish taken under the permit must be landed at the Grand Traverse Band's biologl-
cal station for data collection. monitoring and inspection by the two committees. Both groups then will submit
periodic progress reports (o the court.

{The tollowing is a quote from the DNR director): "While we aren't completely satisficd with the order.
we recognize it as an honest attenipt by the court to provide a selid basis for resolving our differences in 1997
and beyond regarding fuir and cquitabie distribution of fish stocks in the Great Lakes.”™

The order states that target fishing tor salmon by tribal commercial fishers is imited to waters within one
mile from shere and delineated by the following landmarks:

Lake Michigan

«  Grand Traverse Bay zone: westerly of a line extending trom Omena Peint Light house south to the Stoncy
Point Light house and in accordance with the Chippewa-Ottawa Treaty Fishing regulations. no fishing
within a halt-mile radius of any river or creck mouth.

{Source: Michigan Department of Natural Resources, 1990).

QUESTIONS

1. Does the court order seem fair? According to the article, is
this a final decision or a starting point for fishing manage-
ment?

2. Would Native American interests regard this decision
favorably? Would non-native lishing interests? What
additional information. if any, do you need to answer the
question?

3. How will the court order be implemented? What follow-up
steps are being taken?
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EXTENSION

Do research on the history of trearies made between the U.S. (or
Canada) and Native Americans of the Great Lakes region. Based
on your findings, decide what vou think is a fair policy as far as

hunting and gathering rights of Native Americans.

SUGGESTED RESOURCES.

Great Lakes Indian Fish & Wildlife Commission (GLIFWC) has
numerous publications on Native American uses of resources, A list of
their publications can be provided by contacting:

GLIFWC

Public Information Office

PO, Box 9

Odanah, WI 54861

Phone (715} 682-4427 or (715) 682-6019

Fax (715) 682-9294

The Envirenmental Protection Agency and various tribes have initiated
4 plan 10 identify and prioritize tribal environmental needs for 1995-
1997, Informatien is available {rom:
EPA-Great Lakes National Program Office Tribal Liaison.
Phone: (312) 886-6942.

Wedll, Don. Fimn Pence, Mare Slonim and Ferdinand Martineau, 1995,
A Guide to Undersianding Chippewa Treaty Rights. Minnesota
Edition. Distributed by Great Lakes Indian Fish and Wildlifc
Commission.

Internet Connections
Index of Native Americun Resources on the Internet
http://hanksville.phast.umass.edu/misc/NAresources himl

Native American Technology and Arts
http:/www.lib.uconn.edu/ArchNet/Topical/Ethno/NativeTech/
NutiveTech.html

Native Americans and the Environment
hitp:f/www.ecsu.ctstateu.edu: 80/depts/edu/bookmarks/native. him)

Native American Literature Online
hitp:f/web.maxwell.syr.edu/nativeweb/natlitYNAlit.himl

The privilege of hunting,
fishing, and gathering the
wild rice upon the lands,
the rivers and the lakes
included in the territory
ceded, is guaranteed to
the Indians...

-Treaty of 1837
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How (environmentally) insulting can we get?

Everything that we do impacts the world around us in some way. What are some examples that you can think
of? One of the challenges of science is to come up with ways of measuring how much impact we are having.
Is that impact bad, good, or not as bad as some other activity’s impact? How would you go about trying o
measure the impact of certain activities that you take part in each day on the world around you?

In this activity you will be taking part in a survey method to develop a way of measuring impact so that you
can compare activities and decide what is more or less insulting to the environment.

" OBJECTIVES |
Upon completion of this activity, you will have:

* Collected and analyzed data.
+  Quantificd the environmental impact of one activity com-
pared to another.

PROCEDURE
1. You will be collecting data in this activity and entering it into

a spreadsheet or formula to come up with a number that will
represent the EIF - Environmental Insufr Factor for some
activity/parameter. The formula we wilt be using is: EIF =
(bad EI - good EI) + total EI { EI=Environmental Impact}.
For this to work, we must find some environmental impacts
that we can judge as either good or bad.

For example, at a given intersection we might compare the
number of cars that have one passenger to those with more
than one passenger and say that cars with multiple passen-
gers represent less impact compared to single-passenger cars.
What are some other examples that could be compared?
Would doing the counting/survey al different times of the
day make a difference? What else might need to be taken
into account?

2. Plug some fictitious numbers into the formula to determine
what happens to the EIF. When the EIF is large, does that
indicate a4 good or bad situation? What type of EIF do you
want, large or small?

Source

Modified from an activity developed by
Robert Hellstrom. The Ohio State
University. Environmenial insult
equation developed by Paul ). Kinder,
The Chio State University. Modified by
Rick Meyer, The Ohio Stute Umversily.

Earth Systems Understandings

This activity focuscs on ESU 2 (steward-
ship). 3 (scicntific process). and 4 {intcrac-
tions).

Materials -

+ Handoul, graph paper, calculator.

* Optional — Access (0 a compuler with a
spreadsheet such as Excel for computer
graphing.

Teache'r’s'Nét'e

This activity has been designed for grades
7-12. With moditication it could be used at
other levels.

Possible Answers -

2. Brdents may discover that negative
answers represent a good situation: for
example: (Shad EY- 10 good Ely = 15
total El = -1/3, whereas (10 had Bl - 5
good EI} = 15 wotal EL=+1/3. A
negative number shows less impact, and
a posilive number more impact,
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Answers

Answers will vary depending on the data
used.

3. Some possible sources of dats (o use in
the classroom without going into the
field o collect data are: toxic releases
by statc, number of cars per state, water
consumption, wetland percentage,
money spent on pollution, and money
spent on recreation. You might look in
an almanac for this information or use
the Intcrnet as your source. The Grear
Lakes Atlas 1s a good source of data.

'Iie’acher"s Notes -

Start with a whole-class aclivity. Go (hrough
the activity as a group and explain any
questions. You may want to stait out by
vollecting some data such as the car duta or
some other factor that you can do close o
school. and then go through the activity
using those data to plug into formulas as an
example. Once students understand the
formulas and the concept of Environmental
Insult Factor. divide the class into groups to
discuss what activily they would like 1o
study using the ETF. Have students fill in
procedures 4 and 5 and discuss them with
you before they start their study. You should
censider whether they will be getting data in
number format and determine that the study
will be safc (nat put the students in danger).
students then should collect their duta,
record them and graph them. Each group can
then report back to the class on what was
studied. why, and what their results were.

]

Your formula;
Your definitions:

6.

want to study. Decide what the good factor is and the bad
factor so that every one understands how to judge the
activity. (Consider safety in your selection, and get your
sclection approved by your instructor before beginning.)
What activity are you going to study using the EIF?

Write out your formula. For example: EIF of passengers =
(singlecar - multiplecar) + totalcar: singlecar = cars with one
passenger; multiplecar = curs with more than one passenger;
totalcar = total cars counted.

What impact are you trying to quantify (use numbers to
compare) in your equation? (In the above example, the
objective is to quantify the impact of number of passengers
in cars on air pollution. More passengers means that less
pollution is produced per person.)

Collect some sample data to make sure that cvery one
understands and that it will fit into the formula. Determine
how the data will be collected (when. where, how long, .. ..

Collect data on the activity that your group decided to study.
Collect the data from several locations or at different times
of the day. Organize the data into a data table and also graph
the data so that you can compare what you collected, If you
have access (o a computer with spreadsheet software, you
can usc it o produce your tables and graphs.

Two factors that will affect the actual environmental impact
are population of an area and the size of the area that is being
studied. Higher population density will often contribute to
environmental degradation. So if it is possible, you can
multiply the EIF by the population density that transfers the
responsibility of the environmental insult onto the inhabit-
ants of the area. Population density is calculated by taking
the population and dividing by the area. This will change the
formulas to the following:

EIF = (bad EI - good ED) + total EI x Pepulation + Area

EIF of passengers =

(singlecar-multiplecar) + totalcar x Pop + Area

Ohte Sea Grant Education Program

© The Ohio State University, 1997



How would population density aftect your study? Compare
the EIF with a low-population density and a high population Note
density.

9.  Onc EIT number cannot be compared
directly to the EIF of another activity.
9. Can you compare your EIF directly to the EIF that other The activity must be the same for a
groups collected for other activitics? direct comparison. The ETF of a variety

of activities for a particular area might
be compared over time to see if the
environment is being mare or less
severely impacted by human activity.

1(3. What might cause the EIF that you came up with in your
study to change? What could you as an individual do to help
improve the Environmental Insult Factor where you live?

EX’I_‘ENS_IONS

1. Usc a computer to help in the analysis of the data you
collected.

2. Collect population data for your arca by contacting your
local government or going online and accessing census data
(use the Internet site http://www.census.gov).

3. Collect EIF data before and aiter the completion of a public
service project to determine the effectiveness of the project.

RESOURCES

Statistical record of the environment. Damay. Arsen. 1992, Gale
Research. Detroit, M1

Green Index: A state-by-state guide to the nation'’s environmental
health, 1991, Island Press, Washington, DC.

The Grear Lakes: An Enwvironmental Atlas and Resource Book. 19935,
Gaovernment ol Canada and the United States Environmental Protection
Agency. Great Lakes National Program Office, Chicago, IL.
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Sample data for a comparison of single-passenger vehicles to multi-passenger vehicles arranged in
a spreadsheet format and in graph format.

Location EIF 1/car 2+ /car Total cars
A -(3.43 0 25 35
B -(.33 15 30 45
C -(1L.27 20 35 55
D (.43 25 10 35
E 0.67 25 5 30
Traffic Insult vs. Location
08T
06T
04T
02T B A
[ 3]
(L.
50 B C
D
02T LIE
04T
0.6
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How skillfully can you read science articles?

Do you believe everything you hear ar read? Certainly not. You probably have some sources of information
that you trust mere than others — the television news reporter, the {ront page headlines, or maybe a teacher
who seems to know a great deal about a lot of things. You fecl that whal these sources report must be true.
Whenever you read or hear something, you react to it in some way. Whether you are aware of it or not. you
make a decision about accepting or rejecting the information. You may also decide, based on how important or
interesting the information seems to be. whether to try to remember it.

Speakers and writers sometimes take advantage of people by trying to make them react in 4 certain way. By
using certain words or tones of voice, they try to persuade us that what they are saying is true. While scare
tactics are not really an approved method of getting people’s attention. sometimes they can be very effective.
In the late 1960s for example, WBBM-TV in Chicago aired a special called "Too Thick to Navigate, Too Thin
to Cultivate." exposing Great l.akes pollution problems. NBC News followed with a special documentary on
"Who Killed Lake Erie?" Lake Erie has always been a valuable resource for those living around it, Could we
lose this resource one day because of pollution?

This activity contains three articles. By analyzing them. you will study problems associated with water
pollution in Lake Erie and develop strategics for reading science articles skilifuily and critically.

OBJECTIVES

Materials
After completing this activity vou should be ablc to: - o
= A copy of the included articles and
*»  Recognize the main topic in a science article, procedure for each student.

»  Recognize the subtopics. : o
+  Orgamze related information under each subtopic. Earth Systems Understandings

This activity focuses on ESU 1 (beauty and
value), 2 (stewardship). 3 (scientific
process), and 4 (interactions).

Source

Maodificd from QEAGLS EP-8B, Puliution
in Lake Evie: An Invroduction, by Carole P.
Basehore and Rosanne W. Fortner.
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Answers

Ad. Paragraph 1 is used as an example,

condensing it to say "People and
[ndustries Killing l.ake Erie.”
Paragraph ¢ introduces the effects of
poilutants on the lake. Paragraph 9
begins a section on what is being done
about the problems.

10 major sources of pollution inclede:
s sewage

» chemucals from agriculture. industry
= 5ol from erosion

» power plants {thermal poliution)

» spoil from dredging

* industries (loxic materials, oil, acids)
* boat wastes

* trush

» radicactive matenais

» phosphates [rem fertilizers. detergents

Industnial wastes include acids, oil,
cyunide, iron, phenol, toxic metals, and
puisonous chemicals from pesticides,
plastics. und chemical industries.

The luke's value had decreased in these
wilys: using up oxygen in the water,
stimulating the growth of water plants,
killing organisms. preventing sunlight
from penelrating the water, causing the
fishing industry to decline, und making
people sick. Swdents may infer other
effects or offer personal expericnces
that should be discussed as additional
answers o this question.

Answers will vary based on student
maturity and understanding ol the
materiils, Be accepting and discuss all
pussibilities with the class.

PROCEDURE

Part A: So LonG Lake Erre (READING COMEREHENSION)

A. Read the article So Long. Lake Erie using the following tips
to help you develop a strategy for reading.

1. The article discusses three major ideas. You can identify
these ideas by picking out key terms in paragraphs 1, 6
and 9. Paragraph |, for example, could be condensed
into the main idea "People and Industries Killing Lake
Eric." That gives you a clue about what to look for in
the first section - HOW are people and industrics killing
the lake?

2. See if you can condense the {irst sentence of Paragraph 6
and all of Paragraph 9 so that you have the main ideas
for the sections that follow those paragraphs.

3. Read the entire article with the ideas of each section in
mind. Try to find explanations for and details about the
key statements you have found.

B. When you finish reading and feel confident that you have
grasped the major ideas, answer the following questions.

4. List 10 major sources of pollution for Lake Erie's
waters,

5. The authors of the article, Se Long, Lake Erie, noted
that approximately 360 industrial companies discharge
their wastes into the lake. From the article, identify the
types of substances that make up industrial waste. You
may use some of the same answers you found for
question 1.

6. List six ways that pollution in Lake Erie has decreased
the lake's value.

7. From your understanding of what you read in the article,
describe the water of Lake Eric and the conditions of life
within the lake.
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C. The article mentioncd that one of the major effects of
pollution on Lake Erie was "eutrophicution.” To better
understand cutrophication. read the next paragraph from the
book Wuter Wasteland, by David Zwick and Marcy
Benstock. Remember to first identify the general statement
that will give you a cluc as to what kind of information to
expect in the reading.

"Phosphorus stimulates the growth of algac and aquatic weeds in
fresh-water lakes and rivers. Sudden and massive algal growth
(called blooms) appear in many American waterways in early
spring and summer. They are ugly growths, but the problem 15
not solely aesthetic. These blooms age a body of water as they
dic and decay. Oxygen and other resources are exhausted in the
oxidation of large amounts of dead organic maticr. Slime and
scum appear, flows are clogged, and the water is unable to
support fish or other normal kife forms. This natural aging
process, by which lakes and rivers turn to swamps and then dry
land over the course of centuries, is calied eutrophication. When
phosphorus and other nutrienis for algal growth pour into our
lakes and rivers from municipal and industrial wastewater and
{rom urban and agricultural runoff. the natural aging process is
speeded up, often many hundreds or thousands of times. Lakes
and rivers "die” an early death from over-enrichment,
overblooms, and what might be called overkill in the algal life

eycle.”

EXCERPT FROM WATER WASTELAND

8. Using the information from this paragraph, construct a
chart that shows the events, in order, that take place

in cutrophication.

9. From the chart and the article, do you think that Lake
Eric is dead? Explain your answer.

8. Europhication chart {may vary in form,
but should include all major parts):

Phosphorus
CLake
algal I death, oxygen
blooms ! decay used up
- slime.  flows fish
scum i cloglgcd dic
vswamp
dr3 ]zmd-'__\,-

9. From the chart and the article. icappears
that Lake Erie is living much oo
quickly but is not dead.
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Teacher’s Note

Lncourage students to discuss the creden-
tials of the authors of articles and whether or

not people’s backgrounds can add strength to

or weaken their arguments.

Answers

10.

1970. The article was a part of the
“alarmist” phase of environmental
protection. People were actively
pointing out how bad the conditions of
the environment had become, NBC's
"Who Kilicd Lake Erie” came in late
1969, for example. Conditions have
improved greatly since then, Recogniz-
ing its mistakes, society has determined
to correct many of its abuses o the
cnvironment,

. The authors were mainly concerned

citizens. Their professional training did
not involve any preparation {or serving
as water pollution experts.

. It appears that the article states facts.

There are no words that indicate an
opinion is being stated. like "it seems.”
"probably.” and such. There are some
parts of the article that have no basis in
fact. For instance, radicactive materials
have never been a problem in Lake Erie.
and the mnumber of nuclear power plants
along the shore is not increasing. Since
the article does not have a list of
references at the end. it 15 impossible o
discover where such ideas originaled.

. From paragraph 8 - "the attacks upon

Lake Erie are now so strong and so
unceasing that little hope remains for its
survival " The article has evidence that
paints 1o this conclusion. There are
glimmers of hope. as in paragraph 9. bul
they are qunckly extinguished by
PessIMmIStic reparts,

. Yes, Some persuasive terms used are:

disastrously. raw wastes. dangerous and
filthy. a mob job. and so forth.

Part B: So Lo~ne, Lake Erte (CRITICAL READING)

In order to become a critical reader, one who can determine the
truthfulness and possible value of what is read, you have to look
curefully at every word of the writer. You should try to:

= Avoid guick judgments,
+ Sort out arguments and
* Weigh evidence.

D. Answer the following questions:

1. When was it published? What was happening in this
country at that time? Have conditions changed since
then?

11. Who wrote the article? What qualifies the authors to
write about the subject, i.¢., what are their credentials
that would make the article believable.

12, Does the article state opinions or facts? How did you
decide?

13. What arc the writers’ conclusions? Does the article have
evidence that supports the conclusion?

14, Does the article use words designed to persuade your
thinking? If so, list three or four of these words or
groups of words.

Ohio Sea Grant Education Program
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Part C: LAkE ERtE BY JamEs BARRY

E. Rcad the included article Lake Erie by James Barry and
answer the following questions,

15.

When was it published? What was happening in this
country at that time? Have conditions changed since
then?

. Who wrole the article? What qualifics the author to

write about the subject?

. Does the article state opinions or facts? How did you

decide?

. What are the writer's conclusions? Does the article have

evidence that supports the conclusion?

- Dacs the urticle use words designed to persuade your

thinking? It so, list three or four of these words or
groups of words.

PART D : COMPARING AND UPDATING THE ARTICLES

Read the SOLEC 1995 article titled Lake Erie for a recent status
report on the Lake, Compare it to the other articles.

F.  Answer the following qucstions.

20.

22.

23,

Docs the information in Lake Erie by James Barry and
the SOLEC article conflict with what the writers of So
Long, Lake Erie had to say? How is the conllicting
information presented?

. In which information do you place more confidence?

Why?

Summarize what you believe 1 be the present condition
of Lake Erie.

One of the most valuable things you can de to become a
skillful critical reader is to read widely from all kinds of
books, magazines, and newspapers. Why?

Answers

i5. The article Lake Erie is from a pamphlet
prepared for the Ohio Environmental
Protecrion Agency, March 1980,
Students should investigate and discuss
how the decade of the 1970s was
different than the 1980s. They may want
10 do some additional research on the
two time periods for comparison
purposes,

6. James Barry is the writer of the article.
and he is an author and photographer
whose work deals with Great Lakes
opics.

17. Answers will vary for questions 17-19,
Discuss reasons for different answers.

Students can also read the September 1996
article in Audubon titled Biography of a
{.ake by Jon R. Luoma for a recent status
repott ol Lake Erie. They can compare it to
the articles included in the activity.

20. Yes. Sce the James Barry article, Barry
1s a respected writer on Great Takes
topics. The article is published as an
official statement from the Ohio
Environmental Protection Agency.
Students should discuss differences be-
tween the articles.

21. Students should place more confidence
in the Barry and SOLEC articles
becausc of their recency and sponsor-
ship by the Ohio Environmental
Protection Agency and Environment
Canada in the fatter. Also, they are
written in a less dramatic and more
factual rone. Each is no less impressive
in its message. but it is much more
rational than the third article.

22, Answers will vary. The present
condition of the lake has improved over
the past and in the current decade. and
continued improvement is expected,
especially in phosphorus levels,

23. 1f the students had read only the first
article, they would have a distorted
impressicn of the Lake's condilion.
Only by cxploring many views on a
problem can a person build an informed
OpLILIONn.
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Answers

1. (Any four or five of the following
should suflice.) Sewage, poisonous
chemicals, soil, hot water, dredge spoil,
industries, boat wastes. (rash. radioac-
tive materials. and phosphates pollute
Lake Eric.

!‘J

People have recognized the problems
and taken steps to elean up the lake and
prevent more damage to it. Sewage
treatment plants have been improved.
and laws now prevent the dumping ol
industrial wastes.

3. Lake Eric was never dead. The present
condition of the lgke is much improved.
Beaches are open, lishing bas improved.
and phosphorus levels arc down.
Pollution input has slowed, but carctul
monitoring and continucd concern are
still needed.

4, Lock for opinion words and persuasive
Janguage, determine who wrote the
article and when, and cxamine the
cvidence for conclusions that arc drawn.

Ev.alu_atit'm

This activity is not designed 10 teach facts
about pollution, but rather to develop
particular reading skills. We recommend that
if specitic evaluation is needed, you may use
the actual answers students give, especially
tor the Review (JQuestions.

For further invegftigaﬁén _

Numerous references and activity guides
about water pollution are available, and
most biology and life science textbooks
tnclude sections related to this topic. Take
care to select recent works for accurate
presentation of the ideas.

If interest in water pollution is high,
consider making a study of a nearby lake or
stream during the course of a year. Basic
physical and biological characteristics can
be determined using standard equipment
available in most school laboratories, and
water analysis can become fairly sophisti-
cated if you use a test kit such as those
marketed by scientific companies.

REVIEW QUESTIONS

l. Historically, what are the major sources and types ot pollution
in Lake Eric?

2. How have some of these problems been handled?

3. Was Lake Erie dead? What is the present condition of the
Lake?

4. List three things you should look for in something you read to
tell if it is worth believing.

ADDITIONAL ARTICLES

For reviews of historic pollution and health incidents, consult the
Reader's Guide 1o Periodic Literature. References you may be
interested in for their photographs and general information are:

Colten. Craig E., and Peter N. Skinner. 1996. The road to Love Canal:
managing industriaf waste before EPA. 1st ed. Austin, TX: Univer-
sity of Austin Press. 217 pp.

Hoftman, Andrew J. "An uneasy rebirth at Love Canal.” Environment.
Vol. 37, No. 2. March 1995, pp. 4-9+ (13 pages).

Hoffmun, Andrew J. "Love Canal lives." I The Environmental Maga-
zire. Vol. 5. No. 6. November 1994, pp. 19-22.

Holden, Constance. "Apple growers vs. CBS: TV wins.” Science. Vol.
262, No. 5130. October 1. 1993, p. 35. {Note: Apple growers
brought suit against CBS News' "60 Minutes" Alar report.)

"Love Canal polluters finally fined.” Environmenial Action. Vol. 28, No.
[-2. Spring 1996. p. 6.

Marshall, Eliot. "A 15 for Apple, Alar, and . . . Alarmist?” Science. Vol
254, No. 5028. October 4, 1991, pp. 20-22.

Miichell, ). G. "Corporate responsibility in Silver Bay" (Reserve mining
campany's pollution of Lake Supenior). Audubon 77:46-61. March
1975.

Negin, Ellioit. "The Alar ‘scare’ was for real.” Columbia Journalism
Review. Vol. 35, No. 3. Seplember 1996, pp. 13-15.

Reisch. Marc, "Court rejects punitive damages for Love Canal." Chemi-
cal and Engineering News. Vol. 72, No. 13. March 28, 1994, p. 7.

Smith, W_E. and A. Smith. "Mercury pollution ravages a Japanese
villuge.” Life 72:74-81. June 2, 1972
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TRUE MURDER STORIES

S0 LoNG, LAKE ERIE

by Claire Jones, Steve ). Gadler, and Paul H. Engstrom

The killing of Lake Eric is a mob job — the combined efforts of some 11 million people who live near its
shores and along the rivers and tributaries that empty into it. They are being aided and abetted by 360 indus-
trial companies that discharge their wastes into the water.

Nine mitlion people in the area are served by sewers and sewage treatment plants, but more than half of the
plants give only primary treatment: that is. they strain out the solids and sludge. and then pump out the rest of
the liquid without further treatment into the nearest waterway. Two million people live without sewers at all
and dischargc their raw wastes directly into the rivers and the lake. Thus sewage is one of the main sources of
pollution in Lake Erie.

Grant industrics discharge 9.6 hiflion gallons of water a day into the lake and its rivers, much of it contami-
nated with dangerous and filthy pollutants. These include acids, oil. cyanide, iron. phenol, and toxic metals
such as copper, cadmium, chromium, lead, nickel, zinc, and iron. Poisonous chemicals enter the water from
pesticides off agricultural land and from plastics and chemical industries. Phosphates pour in from fertilizers
and detergents,

Also, power plants contribute thermal pollution to the water. And the radioactive content of the lake is rising.
partly from the increasing numbers of atomic power plants being built along the shores.

Other poltutants in the lake include oily wastes, {ish entrails, and human excrement from commercial and
pleasure boats. In addition, spoil from harbor dredging — 6 million cubic yards cach year — is dumped into the
middle of the luke. Soil particles picked up from croded land areas and from highway and urban development
also clog the water. Trash and debris are widespread at all depths of the lake.

All of these pollutants have varied effects on Lake Erie. Some use up the oxygen in the water when they
decay. Others overstimulate the growth of the underwater plants, leading to accelerated eulrophication, so
that even more oxygen is lost. Some pollutants are poisonous, killing plant life, microorganisms, and the fish
that feed upon them. And the decay of all this matter causes even more decomposition and loss of oxygen,
Other pollutants color and obscure the water so that the sunlight cannot get through, causing the death of
organisms that depend on sunlight. The inevitable result. if the pollution of Lake Erie continues, is a dead lake
— water thal is of no value to man or animal.

Eighty-seven beaches on Luke Erie were closed down by 1968. Commercial and sport fishing declined
disastrously, und now there ure restrictions on the sale of fish caught in Lake Erie because they are so con-
taminated. Some species of fish have disappeared altogether. Ships are prohibited by the Public Health
Service from taking drinking waler out of the lake unless they are cquipped to give it full cleansing treatment.
In Cleveland. the inadequate sewage treatment system is allowing raw sewage to contaminate the residents’
own drinking water. A doctor in the arca made tests which showed that there were dangcrous germs in water
that had sat in the pipes overnight. He regularly treats patients for vomiting and diarrhea after they have drunk
waler or eaten food out of the fake.
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Eri¢ is a tough little lake. Because it receives a high volume of good quality water from Lake Huron and
empties out vigorousiy over Niagara Falls, it has a rapid flush-out time. This helps to replace the polluted
water with cleaner water. But the attacks upon Lake Eric arc now so strong and so unceasing that little hope
remains for its survival.

The forces of law and conservation are making rumbling noises, threatening to take action against the indus-
tries and cities that are the major polluters. But they are going to have to move fast, enforce the spending of
vast amounts of money, and do a major ¢lean-up in record time if Lake Erie is to be saved.

In 1970 federal investigators reported that most cities and some industries were falling far behind pledges
they had made earlier to clean the wuter that flows into Lake Erie. The federal government also was accused
of failing to provide the money it had promised and of failing to clean the wasle waters under its own control.

Poliution: The Waters of the Eurth by Claire Jones, Steve ). Gadler, and Paul H. Engstrom. copyright 1970 by Lerner Publications
Cempany. Repraduced by the publisher. All rights reserved.

ABOuT THE AUTHORS OF TRUE MURDER STORIES, SO LONG LAKE ERIE

Pollution: The Warters of the Earth is one of eight books on pellution writien by Claire Jones, Steve 1. Gadler, and Paul H. Engstrom.
This volume was a cooperative effort. each person contributing his or her own knowledge and experience. with the final result a kind
of "literary synergism.”

Paul H. Engstrom is a minister, a lawyer. and a family counselor. as well as president and cofounder of the Minnesota Environmental
Control Citizens' Association. Under his leadership, MECCA has worked for preservation of §.ake Superior and the Mississippi
watershed. reduction of radioactive pollution, reuse of maierials in solid waste. and many other environmental goals to improve the
quality of life, Thus Rev. Engstrom's major conttibution to this series of books on pollution was 4 social and legal perspective
resulting from direct expericnee.

Steve J. Gadler also is experienced in the fight (o save the environment; he is a registered professional engincer who was an environ-
mentalist long before pollution became a national issue. A retired Air Force Colonel. Mr. Gadler has for many years been asking
pertinent, revealing questions about the damage caused by our industrial society. He has been especiully concerned about radivactivity,
which is an invisible but deadly threat to life itself. In 1967. the governor of Minnesota appointed him as 4 member of the stale's
Pollution Control Agency, Mr. Gadler's technical expertise is apparent in each hook in the series.

Claire Jones is an experienced writer who first became aware of the dangers of pollution in 1956, when she lived through one of the
famous Londen killer smogs. Teaming up with Rev. Engstrom and Mr. Gadler gave her an excellent way o express her concern over
the condition of the environment. However. her contribution had heen more than a concemned citizen's point of view and a crisp.
sparkling writing style. A native of England. Mrs. Jones brings a special international outlook 1o this series. None of the problems of
pollution can be seen as less than worldwide, and this impartant perspective gives The Waters of the Eartl added value.
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LAKE ERIE

by James P. Barry
Introduction

Lake Erie is onc of the best known bodies of water in the country. It is well known in a negative way - nearly
everyone has heard that the lake is badly polluted. That is certainty true. But many things that have been
written or said about Lake Erie are not true. The lake is not a swamp, it is not dying, it is not without fish.
There are places where it is beautiful, there arc places where you can go swimming, and the fish catch is
reaching record proportions. At the same time, the lake has many problems. This article will tell you what
some of them are, how they developed, and what we can do and are doing about them.

What Happened to the Lake

As our country grew, all the things that people did on the land also affected the lake. When forests were
cleared for farming. the land itself often washed into the lake: the Maumee River which flows into the western
end of Lake Eric carries silt all the way from Indiana farmlands and piles it on the bottom. And as cities grew
around the lake, their sewage and factory wastes were usually piped directly into it or into the rivers flowing
1o it.

By 1970 nearly everyone saw what bad condition the lake was in. It had many problems caused by oil and
industrial chemicals. But the worst problems were caused by sewage. by lertilizer that washed off ficlds, by
other material acling as nutrients to the algac and other tiny plants in the water causing them to grow.
Eutrophication 1s the process of aging and it is speeded up if people pollute or partly fill in a lake of normal
size. People have certainly polluted Lake Erie, and in a sense they have partly filled it in by causing silt and
sediments to wash into it. This action has caused the kinds of plants and fish to change and the numbers of
them to increase. So to some cxtent, Lake Erie has been affected by this aging process of eutrophication. This
fact has caused some people o say that the lake is dying, but Lake Erie is so large that the rules pertaining to
smaller lakes do not fully apply to it. If we continue polluting the lake over a long period, eutrophication
could pose a serious threat. But today many of the ways we have damaged the lake can still be corrected, and
a number of things are now being done to correct them.

What Is Being Done

The material that causes the most trouble in Lake Eric is phosphorus, for it is the phosphorus in sewage. in
fertilizer washing in from the fields, and in other sources that feeds the algae and makes them grow. (Sewage
contains phosphorus both in human wastes and in the great amount of detergents that we usc for washing and
then drain into our sewage systems.} Perhaps the next biggest problem comes from bacteria that can cause
disease. When they are in water, swimming can be dangerous and beaches must be closed.
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Much of the phosphorus and most of the dangerous bacteria come from sewage. and so the first thing that wus
done to help the lake was to build more sewage treatment plants and to make the old plants better. Hundreds
of millions of dollars in federal grants (administered in Ohio by the Ohio EPA) were given to towns and cities
tor their treatment plants. Cleveland. for example. has a treatment system that serves over 1,280,000 people
in Cuyahoga County and that was first built many years ago to tuke care of fur fewer people. There are threc
treatment plants in Cleveland, Both the network of sewer lines and tunnels running to these plants, and the
plants themselves, are being rebuilt and improved. The work will continue over several years and will cost
about 5300 million. Similar programs are going on in lowns and cities all around Lake Erie. The main
purpose of all this work is to keep phosphorus and disease perms out of the lake now and in the future.

Another important kind of pellution comes from toxic substances. These range from pesticides that were used
on farms and orchards and then washed into the lake to chemicals drained into the lake by industry. These
substances can kill or deform fish, birds, and other animals, and also can be carried in the flesh of animals that
seem healthy. A person who eats such a fish or bird or muskrat can absorb some of the poison and may be
affected by it. Most of the dangerous pesticides have now been banned by law. Another poison, mercury. is
no longer being drained into the lake and may. in time. gradually disappeur from it

There are other poisons in the water and in the mud on the bottom. but the chemicals called PCBs seem to
cause the most problems today. They have been used in making a great number of items for the past forty
years, and so they not only arc in the bottom mud but also, things made of them are at many locations around
the shore, where rain and snow can wash over them and carry PCBs to the lake. And PCBs are still used in
some manufacturing. Ways of controlling them are being studied. and the U.S. and Canadian governments
have passed or are in the process of passing laws that limit their use.

The Situation Today

Lake Erie 15 still polluted, but the flow of pollution into the lake is stowing. Today the lake is at a point of
balance: in years when the water level is high and more water flows through the luke, diluting and washing
out the pollutants, it gets betler. but in other years it does not. At certain places around the shore, however,
the water is definitely better than it was. There are places where new or better sewage treatment plants have
been built, or where other local action has been taken to stop pollution. As one result, most of the beaches
that were ¢losed because of pollution have been opened again. And walleye, one of the preferred kinds of
fish, is coming back to the delight of hundreds of sport fishermen. But we must keep working to repair the
damage we have done to the lake, There are still significant problem areas that remain to be corrected. The
cost of cleaning it up is not great 1f we think in individual terms. Experts believe that to clean up the lake it
would cost each person living on its shore, each year, about the same amount as a carton of cigarettes or a
day's food. That is a price we can afford to pay for Lake Erie. What we must do now is get together and do
the job.

ABOUT THE AUTHOR OF LAKE ERIE

James P. Barry is an author and photographer who specializes in Great Lakes subjects. He made his first voyage on a lake freighter al
the age of eight, graduated from The Ohio State University with distinction. and has written 10 books. half of them dealing with
various aspects of the Lakes.

This article was adapted from a pamphlet prepared for the Ohin Fovironmental Protection Agency, March 1980,
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LAKE ERIE

Section 7.4, State of the Great Lakes, 1995,

Luke Erie 15 the smallest of the Lakes in volume and second smallest in area. Yet it is still the tenth largest
freshwater lake in the world in terms of surface area and 16th in volume. Of all the Great Lakes it is ¢xposed
to the greatest stress from urbanization and agriculture. The Lake receives runoff from the rich agricultural
lands of southwestern Ontario and parts of Ohio. Indiana and Michigan. Seventeen metropolitan areas of
over 501000 population are located within its basin. The basin population is approximately 13 million with
approximately 88% of the population within the U.S. . ..

There are cight Areas of Concern on Lake Erie . . ., but four more from the Detroit and Sarnia areas contrib-
tte to its problems. The Buffalo AOC has little affect on the Lake as most of its discharge is drawn into the
Niagara River and into Lake Ontario. Presque Isle, Pennsylvania and Wheatley Harbour, Ontario are rela-
tively small, but the others are major problem areas. The Ashtabula, Cuyahoga, Black, Maumee and Raisin
River areas all present formidable problems as do the St. Clair, Clinton, Detroit and Rouge River areas
upstream.

The Luake is large in area, but the average depth is only about 19 metres (62 feet). It is the shallowest and
therefore warms rapidly in the spring and summer and frequently freezes over in winter. It also has the
shortest retention time of the Lakes, 2.6 years. The western basin. comprising about one-fifth of the Lake. is
very shallow with an average depth of 7.4 melres (24 tect). The waters of the Lake. like the surrounding
farm lands, arc highly productive: far more productive than the other Lakes.

Although the Lake Erie basin is the most intensively populated and tarmed. poltution loading has been
mitigated through sedimentation from the productive algae and fine soil particles from farmland erosion.

Therefore, with respect to toxic contaminants, Lake Erie organisms have historically shown relatively low
concentrations compared to the other Lakes, As eroded soil and nutrient levels decline and zebra mussels
deplete algal populations, this may change. increasing rates of bioaccumnulation,

In terms of environmental quality. Lake Erie is severely degraded with respect to habitat. Although never
"dead" as reported in the 1960's, it was severely stressed by eutrophication stimulated by excess nutrients.
The resulting algal blooms closed beaches, disrupted food chains and aguatic communitics, and caused wide
spread oxygen depletion in the central basin. Massive investment in municipal and industrial waste treatment
and voluntary programs to control agricultural land runoff have produced excellent results. They have
achieved target levels and are producing the biological results expected. Oxygen depletion still occurs in the
bottom waters of the central basin. but to a diminishing extent. Phosphorus concentrations in the western
basin have nearly reached target levels but sediment resuspension during storms results in recycling of
nutrients from bottom deposits,

The near total removal of native vegetation from the basin, and severe exploitation of fisheries followed by
exotic species invasions, have devastated the original aquatic community of the Lake. Recovery is under
way, but the long term nature of the resulting community is unknown. Species having particulurly heavy
impact include zebra mussels, and carp. Others such as alewife. smelt, white perch, pacific salmon, and most
recently the round goby have added stress to the system.,
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Zebra and quagga mussels are closely related exotic species that prefer habitats typical of Lake Erie. The two
species are very similar. a major difference being that quagga prefer deeper water than zebra mussels. Without
any natural predators or diseases, their populations have exploded. Both musscls are voracious filter feeders.
and as such. have had profound effccts on the Lake's ecosyster including abrupt changes in water quality,
watcer clarity and the food web. By consuming large amounts of phytoplankton, they have increased water
clarity (a 77% increase in water transparency has occurred between 1988 and 1991). By increasing the clarity
of the water, sunlight is able to penetrate deeper. allowing rooted aquatic plants to spread into deeper waler.
This has had ecological benefit to many organisms but has interfered with swimming and boating in some
areas.

The eating habits of mussels have led to large changes in the food web which may result in major changes in
the future abundance of various species of fish. They have depleted the food source (phytoplankton) for other
filter feeders, and have also assimilated toxic contaminants. By removing large amounts of particulates, which
formerly absorbed/adsorbed pollutants, more contaminants are left in the water. This could result in higher
contaminant concentrations in the remaining phytoplankton and zooplankton as well as higher concentrations
in fish and wildlife species feeding on the plankton or directly on the mussels and other benthos (bottom
dwellers). The resulis of the zebra mussel invasion have become far more complex than the physical problems
of clogging intake pipes or jamming machinery.

Although not yet established in Lake Erie another exotic species to be concerned with is the ruffe, Ruffe
habitat consists of warm shallow water such as found in much ot Lake Erie. In fact. considering all of the
Great Lakes, Lake Erie has over half the thermally suitable habitat. Potential effects of large populations of
ruffe on fish communities are unknown, but if it were to become as abundant in all the thermally suitable
habitat as it did in the St. Louis River estuary of Lake Superior, it would be a major problem for the Great
Lakes fisheries, A decline in the yellow perch abundance similar to that seen in the St. Louis River estuary
would seriously impact the fishery which is presently valued at $141 million Can. ($101 million U.S.) in Lake
Erne alone for yellow perch.

Historically, the top commercial fish in Lake Erie included whitefish, walleye, blue pike, lake trout (only
found in the castern basin of Lake Erie in the colder deeper waters) and sturgeon. The demise of the lake trout
was mainly a combination of overharvesting and environmental stress. The populations of whitefish, walleye
and sturgeon have diminished from overfishing and blue pike became extinct. In 1970 high levels of mercury
led to the closure of the commercial walleye fisheries in the U.S. and Canada as well as restrictions on the
retention of walleyes caught by anglers. After 1972 the mercury levels had declined and the walleye fishery
re-opened in Ontarto to both sport and limited commercial use; however in Michigan and Ohio it was re-
stricted to angling. Due to the relief from commercial fishing and to the quotas imposed after re-opening the
fishery, the walleye fishery of the western basin has shown a spectacular recovery.

Some fish consumption advisories are in effect for lake trout, chinook salmaon, coho salmen, walleyed pike,
smallmouth bass and white bass. As in other lakes, advisories differ by species, size and location so it is
important to check with the appropriate state or province.

A LaMP (Lakewide Management Plan} is currently being devetoped for Lake Erie, in accordance with the
GLWQA. between the Canadian and U.S. federal governments, the four Great Lakes states (Ohio, Michigan,
Pennsylvania, and New York) and the province of Ontario. The goal of the LaMP is to restore and protect the

Ohio Sea Grant Education Pragram © The Chio State University, 1997



beneficial uses of Lake Erie using an ecosystem approach. it will address critical pollutants, habitat foss.
exotic species and natural resource management including fish community objectives. Fish community
objcctives are being developed in response to the Strategic Great Lakes Fisheries Management Plan and are
currently under review.

Four critical pollutants have already been identified for immediate action: PCBs. DDT and metabolites.
chlordane, and dieldrin. and the remainder of pollutants will be identified through the beneficial use impair-
ment assessment. LaMP activitics will closely coordinaic with the Remedial Action Plans for the AQCs in the
Lake Erie drainage basin, as well as coordinating with programs downstream such as the Niagara River Toxic
Management Plan and the Lake Ontario LaMP.
(Source: State of the Great Lakes 1995, Preparcd by Environment Canada and U.S. E.PA.
Refer to Section 7.4 Lake Ene pp. 44-47.)

ABOUT THE AUTHORS OF STATE 0F THE GREAT LAKES 1995
"The report was writien by several different employees of U.S. EPA and Environment Canada drawing upon materials . . . developed
for the 1994 State of the Lukes Conference, Educationl levels ranged from BS 10 PhD in various scientifie ficlds. (The) Intent was to

write for a general readership assuming somge level of interest in the topies.”

Source: Fuller. Kent. SOLEC 1995, [clectronic mail 10 the cditor]
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Great Lakes Water Quality: Background and Issues

The Boundary Waters Treaty of 1909 was created to prevent and resolve disputes along the boundary between
the United States and Canada, particularly those concerning water resources. The Treaty states that neither
country shall pollute boundary waters to the injury of health or property on the other side. This commitment is
echoed in the Great Lakes Water Quality Agreement first signed in 1972, which provides a framework for
cooperative and coordinated national programs to restore and maintain the chemical, physical and biological
integrity of the waters of the Great Lakes Basin Ecosystem. The International Joint Commission (IJC) was
asked by the Governments to monitor progress under the Agreement. Among other things, the Commission
reviews progress and advises Governments — through biennial reports and other meuns — on Great Lakes
water quality matters.

The purpose of the “Parties™ to the Agreement is to restore and maintain the chemical, physical. and biological
integrity of the waters of the Great Lakes Basin Ecosystem. In order to achieve this purpose, the Parties agree
to make 4 maximum cffort 1o develop programs, practices and technology necessary {or a better understanding
of the Great Lakes Basin Ecosystem and to climinate or reduce to the maximum extent practicuble the dis-
charge of pollutants into the Great Lakes Systern. /

Some of the regulations and initiatives that support Great Lakes water quality include:

*  Great Lakes Water Quality Agreement of 1978, Article II
Laws and initiatives in Canada and the United States have created the building blocks for comprehensive
action on environmental concerns. The Agreement has provided a binational framework for these initia-
tives within an ecosysiem approach to environmental management for the Great Lakes. It has served as an
outstanding example of what two countries can do with vision and commitment. The Agreement’s com-
munity of scientists, informed officials, and volunteers has become a world-class example of binational
cooperation and environmental stewardship.

Investments in sewage treatment, stormwater runoff management, controls on industrial discharges,
shipping and dredging, and limited bans on phosphorus and certain pesticides have produced significant
results. Other initiatives, including the Lake Superior Binational Program, Remedial Action Plans. and
rural nonpoint strategies. have focused attention on best management practices and needed local actions.

*  The GGreat Lakes Water Quality Initiative (G1.I) is intended to bring together federal water quality
criteria in a uniform plan, and make it simpler to implement procedures in the U.S. portion of the Great
Lakes basin. It is also designed 1o help the U.S. work with Canada under the Great Lukes Water Quality
Agreement. The GLI established water quality criteria for 29 pollutants, addressed nonpoint and point
sourees, and established antidegradation policies. It incorporated the concepts of prevention, precaution,
and weight of evidence and local empowerment.

The Joint Great Lakes Five-Year Strategy commits U.S. EPA and its {ederal, state and tribal partners to
programs to fulfill Agreement goals. It was expected to drive many actions identified in the United States’
September 1995 report to the Commission, Great Lakes Program Progress Report, including actions to
achieve zero discharge and virtual elimination.
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* The Canada-Ontario Agreement (COA) facilitates federal and provincial cooperation to implement the
Great Lakes Water Quality Agreement in Canada. In 1994, joint specific objectives and milestones by the
year 2000 were formulated in three broad areas: restoring degraded arcas; pollution control and preven-
tion; and conserving and protecting the Great Lakes ecosystem, including human health, Areas needing
further attention are human health research, water conservation, remediation of Areas of Concern, and
progress towards zero discharge [or most persistent toxic substances.

*  Great Lakes 2000 provides a focus for several Canadian federal programs. They include restoring Arcas
of Concern, preventing and controlling pollution, and conserving human and ecosystem health. As of
January (996, the Canadian Great Lakes Cleanup Fund had provided $14.8 millioin for habitat restora-
tton and & total of 543 million for all Great Lakes projects: an additional $79 million was provided from
other sources. Several worthwhile projects are under way al this writing in 1997,

*  Health effects programs. An important U.S. program. the Agency for Toxic Substances and Discase
Registry (ATSDR), has recently studied the health of people who consume Great Lakes fish. Health
Canada is rescarching the health effects of air pollutants, drinking water, and other routes of exposure to
contaminants, including specialized studies on high-risk populations such as native people. While not
formally linked in a binational program. scientists and officials in the two countries are cooperating and
exchanging information as the studies progress. These studies are critical (o understanding health effects
of persistent toxic substances.

VIRTUAL ELIMINATION AND ZERO DISCHARGE

"It is the policy of the Parties that...the discharge of toxic substances in toxic amounts be
prohibited and the discharge of any or all persistent toxic substances be virtually eliminated.”
Great Lakes Water Quality Agreement of 1978, Article i

There are various interpretations of virtual climination and zero discharge. Virtual elimination is not a techni-
cal measure but a broad policy goal. This goal will not be reached until ali releases of persistent toxic chemi-
cals duc 10 human activity are stopped.

Zero discharge does not mean simply Icss than detectable. It does not mean the use of controls based on best
available technology or hest management practices that continue (o allow some relcase of persistent toxic
substances, even though these muy be important steps in reaching the goal. Zero discharge means no dis-
charge or ml input of persistent toxic substances resulting from human activity. It is a reasonable and achicv-
able ¢xpectation for a virtual elimination strategy. The question is no longer whether there should be virtual
elimination and zero discharge. but when and how these goals can be achieved.”

Eighth Biennial Report on Great Lakes Water Quality. 1996

Additional information and updates can be found at the Internet site for the Great Lakes Information Manage-
ment Resource htp://www.cciw.ca/glimr). Great Lakes Information Network (www.great-lakes.net/) and the
LJC website (hitp://www.ijc.org).

{Source: Excerpted {rom the Eighth Bicnnial Report of the International Joint Commission. Windsor, Ontaria. 1997,
P s P
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How much is one part per million?

Many potentially dangerous chemicals can be harmiul n small concentrations. The level of polychlorinated
biphenyls (PCBs) in a solution, for instance, is considered dangerous when there are only two parts of PCB
for every million parts of solution. In this investigation students determine the extent of dilution necessary for
a substance 10 have a concentration of a few parts per million.

PCBs are virtually indestructible pollutants produced by people {or use as coolants in electrical equipment.
They have escaped into the environment and are now found in food and water sources. They are thought to
enter bodies of water such as Lake Erie through the air as a result of burning plastic objects containing the
chemical. from direct dumping of liquid waste {rom industries using PCBs in their industrial processes, and
from water running through solid waste disposal sites where transformers or other PCB-containing materials
have been dumped. Although the United States production of PCBs has ceased. it 1s estimated that 450
million pounds of PCBs exist in the environment, and 750 million pounds of PCBs are still in industrial and
domestic use in the 1990s.

Bivaccumudation of a toxin (such as PCBs) occurs when a toxin colleets in the body of the organism that
ingests the chemical. The toxin PCB is soluble in fat. which means that il collects in fatty tissue. PCBs ure
present in small concentrations in some of the waters of the Great Lakes. As fish and other organisms live in
these waters. the PCBs collect in their fatty tissue so that the concentration of PCB in their bodies is much
higher than in the water around them. The longer they live, the more toxins accumulate. I a bird eats several
fish that are contaminated by PCBs, then that bird "collects” the toxins from each of those fish. In this man-
ncr, the PCBs are passed up the food chain at higher and higher levels of concentration,

Suggested Approach

The first part of this activity is writlen as a
teacher demonstration. Tt (through Step I

could be conducted as a student lab il
sufficient equipment were available,

Materials -

Demonstration:
» [ndia ink.

« Two eyedroppers.

» Graduated cvlinders: 10 ml, 100 ml. and
XY ml (or a liter vessel).

* Two I} gallon aguaria or one 15 1o 2{)-

gallon aguarium,

it gy T AR ERRTEE L T R P TP e TR Yy T T T AT e e

I Source
( l ﬂ Modified from OEAGLS EP-23. PCBs in
i Fish: A Problem? Activity A, by Victor 1.
Mayer. Amy ). White-Predieri. Vanessa 1.
Steigerwald. and Stephanie Martin.

OBJECTIVES
When you have completed this investigation you should be able Earth Systems Understandings

to explain to someone about the concentration of PCBs that is

A This activily focuses on ESU 3 {science
considered to be dangerous.

process and technology).
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Teacher’s Note

Concentrations of substinees in solution are
expressed as parls of the substance to the
total parts of the xolution. Theretore, it there
were a solution of 1 purt of ink and 9 parts
of water, the concentration would be
expressed as | part in 10, Discuss this with
your students as you begin the activity.

At each step of the dilution, hold the vessel
containing the solution in [ront of a white
sheet of paper, and ask the class whether
they can still see the ink. Alternatively. pour
a small amount into a petri dish and display
it on the overhead projector.

Answers

1. | partidrop of ink
2. 9 parts/drops of water
310 total drops

4. 142 ml (There are 20 drops to a
millititer.)

5 1/2mlx 10=3ml

6. There were 1) drops in the original
solution.

7. 90 parts (drops) must be added.

8. There are 100 total parts (drops) in the
solution.

ProCEDURE: StEP I

To begin this investigation, your teacher will place one drop of a
colored materiul, probably ink, in a 10 mi graduated cylinder.
Then your teacher will add nine drops {parts) of water. Answer
the following questions on a sheet of paper.

How many parts (drops) of ink arc in the cylinder?
How many parts (drops) of water are in the cylinder?
How many total parts (drops) of solution are in the cylinder?

b

Since your teacher has 10 drops of solution that has 1 drop of ink
in it, the concentration of solution is described as 1 part ink per
10 solution. This ratio can be written 1 part ink: 10 parts solution
or | part ink / 10 parts selution.

4. Look carcfully at the graduated cylinder. What is the volume
of the solution?

Keep a record of all the data from Step I in the data chart.

Step IT

In Step I we had | part ink in 10 parts solution, Now we want to
dilute the ink in solution by adding more water. The concentra-
tion of ink will be reduced because more water will be added.

In Step 1l we want to dilute the solution 10 times.

h

What volume of solution is 10 times greater than the original
volume of solution?

6. How many parts (drops) were in the original solution?

7. How many parts (drops) of water must be added to dilute
this solution 10 times?

8. Now, what is the total number of parts (drops} in the solution?
Add the data from Step II to the data chart. Be sure to note on

your paper what the concentration was when you were unable
to see the ink because it was dijuted too much,

Ohio Sea Grant Education Program
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Step 111

Our original drop of ink is now diluted to 1 part per 100. Let's
keep diluting this solution untal the ink is diluted to 1 part per
million,

9. What volume in milliliters would be ten times greater than
the volume we have obtained in Step II?

Cur 10 ml graduated cylinder is too small to hold this volume, so
the teacher must transfer our solution into a larger 100 ml
graduated cylinder. Then the teacher will add water to dilute the
solution to the volume you have calculated in question 9. Instead
of counting drops as in Step II, you can calculate the number of
drops (parts) of total solution using the equation;

20 drops (parts) = 1 milliliter |

10. How many total parts (drops) of solution are in our newly
diluted solution? Record the data in the data chart.

SteeIV.

11. If we dilute the new solution 10 more times, what volume (in
milliliters) of solution would we have?

12. What volume in liters wouid be equal to the number of
milliliters in question 117

13, Using the equation 20 drops (parts} = 1 ml, how many total
drops (parts) of solution are contained in the volume ob-
tained in question 117

Your teacher will make the dilution to the volume you calculated
in question 11, A liter vessel must be used to hold the solution
since the 100 ml graduated cylinder is too small. Tabulate your
results for Step IV in the data chart.

' DATA CHART
STEPS 1 I LI

9. 50 ml is [0 times greater than 5 ml.

1.

There should be 1,000 parts (drops).

. There would be 500 ml of solution.

- 0.5 liters is equal to 500 ml

There would be 10,000 parts (drops ).

. Data Chart Answers

It [11 v ¥ linal step

1100 1:100 1:1000 1:10.000  1:1.000.000

| 1/72ml 5ml  350ml 500 ml 50,000 mi

v

V final step

PARTS  1:10 ‘

VOLUME  122ml ‘

© The Ohio State University, 1997
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14, Two additional dilutions. One dilution
will take it to 100,000 drops and the
second o 1,000,000 drops.

5. For the first dilution you will end up
with 5,000 ml or 5 liters of solution and
for the second, 50,000 ml or 50 lilers of
solution.

16, 13.2 gallons

17. After a concentration of 1:1000 has
been reached. students will find it
difficult to see any indication of the
presence of the ink.

Teach_gr’s 'Note.s

You might want te bring out somge other
comparisons of what one parl per million
mieans. For example: it is | minute in 2
years: one second m 11.6 days. | peany in
$10.000, and 1 ovunce of chocolate in 8,000
gallons of ice cream.

In 1990, Congress amended the Great Lakes
Criticaf Programs Act, alse known as the
Federal Water Pollution Control Act. The
amendment mandated that the Environmen-
tal Protection Agency (EPA). in consultation
with the Agency for Toxic Substances and
Disease Registry (ATSDR) and the Great
Lakes states, submit to Congress by
September 30, 1994, a research report
assessing the harmfut human health effects
of water pollutants in the Great Lakes basin.
{Source: Great Lakes Human Health Effects
Research Program, November 994,
Execeutive Summary — http://atsdr | .atsdr,
cde.gov:8080/grilakes html)

Sce hitp:/fatsdrl atsdr.ede.gov:8080/CHEM/
PCB gif for an image of the molecule. Web
addresses sometimes change. Do a word
search if necessary.

STEPV

14. How many more tenfold dilutions arc nccessary to dilute the
ink to one part per mitlion? Explain how you arrived at this
ANSWET,

I5. What volume (in liters) of solution is necessary to perform
each of these dilutions?

16. How many gallons of solution are needed to dilute the ink to
a concentration of 1:1,000.0007 HINT: 1 liter = 0.264
gallons.

As your teacher carries out the dilutions you have deter-
mined above, fill in the rest of the data chart.

17. At what concentration were you no longer able to see the
ink?

EXTENSION

Contact industries to find out which and what levels of chemicals
they add to the water or atmosphere. Conduct research to deter-
mine the amount of the pollutants that companies can legally add
to the ecosystem. Examine the risks associated with various
pollutants and decide whether you think the allowable amounts
are appropriatc. What points of view could/should be taken into
consideration when deciding legal limits of pollution?

REFERENCES/ WEB SITES

http://www.epa.gov/glnpo/health/atsdr. htm
The Effects of Great Lakes Contaminants on Human Health,
Report to Congress.

htp://atsdr] atsdr.ede.gov: 8080/ grtlakes.html
ATSDR (Agency for Toxic Substances and Disease Registry)
Great Lakes Human Health Effects Research Program.

hitp:/fatsdrl.atsdr.cdc.gov:8080/ToxProfiles/phs882 1 himl
Agency for Toxic Substances and Disease Registry, Public
Health Statement, PCBs, ATSDR Public Health Statement, June
1989. This site answers questions such as: "What are PCBs?"
and "How do PCBs affect my health?"

http:/atsdrl atsdr.cde. gov:808(Vifacts 1 7. html — ATSDR's
ToxFAQs, Polychlorinated Biphenyls (PCBs), April 1993,
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Which fish can we eat?

Binaccumularion of a toxin occurs when a toxin collects in the body of an organism. PCBs. a class of organic
compounds, and DDT, a compoeund previously used as an insecticide. arc toxins of concern in the Great
Lakes, because they remain in the environment long after their use is prohibited. When some oxins (such as
PCBs or DDT) are ingested, they do not pass through the body of the organism but collect and accumulate in
its body. High concentrations of toxins can causc a variety of health problems, genctic disorders., and death in
humans and animals. The class of toxin called PCBs (polychlorinated biphenyls) 1s soluble in fat, which
means that it collects in fatty tissue. The family of PCBs includes 209 compounds. and PCB products contain
both the chemicals and added components, As fish and other organisms live in bodies of water that contain
PCBs, they cat other organisms, such as plankton, which contain the toxins. As the tish ingest PCB-laden
food. the toxins collect in their fatty tissue so that the concentration of PCBs in their bodies is much higher
than in the water around them. The longer they live in those waters, the more toxins they accumulate from the
organisms they consume. I a bird eats several fish that are contaminated with PCBs then that hird "collects"
the toxins from each of the fish it eats. In this manner, the PCBs are passed up the food chain at higher and
higher levels of concentration.

Some of the symptoms in humans associated with PCBs are cancer, neurological effects, and effects on
reproduction and development. In wildlife, PCBs have been associated with premature deaths and eftects on
reproduction and the immune system. It is recommended that people not eat tish that have PCB concentra-
tions of 2 parts per million or more.

Figure 1. Accumulation and amplification ot organic contaminants in an aquatic systern. Like PCBs, DDT is no longer
produced i the U.S.. but it persists in the environment. {Source: Green Bay/Fox River Mass Balance Study, Executive
Summary, EPA-905/8-89-002, GLNPO Report 07-89. August 1989)

DDT in
Fish-Eating Birds

25 ppm
DDT in Large Fish
2 ppm

DDT in Small Fish
0.5ppm

DDT ir Zooplankton
0.04 ppm

DDT in water
0.000003 ppm,
or 3ppt
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Materials

= Paper and pencil.

Earth Systems Undefsténdings

This activity focuses on ESU 2 {steward-
ship). 3 (science process and technology)
and 4 (interactions).

Source

Muodified from OEAGLS EP-23. POBy in
Tish A problent? Activity A, by Victor ).
Mayer. Amy ). White-Prediert, Vanessa J.
Steigerwald and Stephanie Martin,

Answers

I. Concentration of PCBs (ppm) in white

hass vs. size (inchesy

1.00

0.50

0.00
9-10.9 11-129 =13
Size (inches)y

2. Concentration of PCBs (ppm) in
walleye v, size (inches)

1.00

0.50

0.00

14-17.9  18-12.9 » 22
Size (inches)

OBJECTIVE

After completing this activity you should understand some
reasons why toxic concentrations vary in fish.

PROCEDURE

The Ohio Department of Natural Resources measured the PCB
concentration in white bass and walleve in Spring 1987 and Fall
1987, respectively. Each was collected at three different places
on Lake Erie. Table | has the data that were obtained.

. Using Table 1 and the graph below, construct a bar graph of
the data from Sandusky Bay for white bass (concentration of
PCB vs. s1ze of fish).

£
j=5
&
o
o
L
=
9-10.9 11-129 =13
Size {inches)
2. Construct another bar graph with the data trom Middle Sister

Island for walleye.

PCBs {ppm)

14-17.9 18-12.9 >22
Size (inches)

Table I. Concentration of PCBs (ppm) in White Bass and Walleye tuken from Luke Erie in Spring 1987 and Fall 1987, respectively.

WHITE Bass

Size Maumee  Cedar
Bay Point

9-10.9" 1.34 0.66

11-12.9" 1.27 (.93

13" and over 1.64 0.96

WALLEYE
Sandusky Size Middle Cedar Lorain
Bay Sister Island Point
0.74 14-17.9" 0.16 0.16 0.15
0.91 18-21.9" 0.25 0.24 0.22
1.06 . 22"andover  0.33 0.36 0.42

Chio Sea Grant Education Program
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3. Answer the following questions:

Al

How is fish size related to PCB content for the white
bass at Sandusky Bay?

Is the relationship between size and PCB content the
same for the walleye at Middle Sister Island?

What could cause this relationship?

Now examing the data from the other sites. Does the
relationship seem to hold for fish taken ar each site?

Compare the data collected for the concentration of
PCRBs in white bass and walleye, Which species contains
higher concentrations of PCBs?

When comparing data, be careful to note the size categories. The
wallcye samples were lurger than the white bass. Remember,
PCB concentration should increase with size hecause PCRs
bioaccumulate (i.e., concentrate in futty tissues as fish become
larger and older).

F.

Why might the concentration of PCBs be lower in
walleye compared to white bass?

Locate each of the sites on a map of Ohio. Is the concen-
tration of PCB in the fish related to the site at which they
are obtained? Which site seems to have fish with the
highest concentration?

Update the information on PCBs in Great Lakes fish by
examining data {rom the Internet site http://CS715.cciw.
ca/glimr/data/sogl-final-report. Investigate the figures,
specifically Figure 10 (Source: Government of Canada).
What seems to be the trend over the years for the amount
of PCBs? Find the concentration of PCBs in fish from
your lake and other Great Lakes as well,

‘Levels of persistent togic contaminants have
been reduced substantially since 1978, "

fSource: Govermment of Canadu, 1996},

Answers

A.

G.

The larger the fish. the higher the
concentration of PCB.

Yes, the concentration of PCB increases
as the [ish increase in size.

This is probably truc because the larper
fish are older. and therefore have had
more time to concentrate PCBs in their
fatty tissues.

The relationship seems o hold at each
site; however, the white bass at Maumee
Bay deviate somewhat.

The whitc bass have higher concentra-
tions of PCBs than the walleye. even
though the white bass size categories
sampled were smatler than those for
walleye.

The walleye may have lower PCB
concenlrations hecause they tend 1o
inhahit the open, cooler waters ol the
lake more than white bass. Thus, local
sources ol contamination such as
industrial wastes vr industrial dump
sites an the adjacent land would be
mare dilute by the time they reached the
farther, cooler open walers where
walleye feed. Additionally, bottom
feeders of the luke such as carp and
catfish would be expected to contain
higher PCB concentrations than hoth
walleye and white bass. Both carp and
catfish tend to remain close to shore and
therefore uptake higher concentrations
of local sources of contaminaion from
industrial wastes and industrial dump
siles on the adjacent land.

The concentrations did differ according
tor the siles al which the fish were
obtained. This may be related (o locad
sources of contamination such as
indusirial wastes or industrial duemp
siles on the adjacent land.

"Levels of orpanochlorine contaminants
in the tissues of top predator and forage
fish declined significantly from the late
1970 to mid 19805 but have shown a
slower rate of decline more recently.
{(Lievels . . . 1n seme areas continue o
be high enougeh o restrict consumption
by humans” (Government of Canada,
1996).

© The Ohio State University, 1997
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Public Health Advisories for Great Lakes Fish (1996)

Restrict Consumption*

Lake Michigan Lake trout over 23"(north of
Frankfort) [A]

Lake trout 20-23" (south of
Frankfort) [A]

Walleye over 22" (B

Do not cat

Brown trout over 23"

Carp and Channel catfish
Lake trout over 23" {(south of Franktort)
Whitefish aver 23" (south of Frankfort)

Lake Superior Lake trout 20"-30" [A]

Lake Huron Brown trout over 21" [A]
Lake trout up to 227 [A]

Lake trout over 30"
Ciscowet over 18"

Take trout over 22"

Lake Erie! Walleye
Freshwater drum
(Sce State of Ohio Advisory)
Detroit River Freshwater drum over 14" [B]
Lk. St Clair Walleye over 20"
White bass over 137
Smallmouth bass over 18"
White perch over 10"
Rock bass over 8"
Largemouth bass
Bluegill over 8"
Freshwater drum over 147
Carpsucker over 18"
Brown ballhead over 14"
Northern pike over 26" [B]
Carp over 22" [A]

Lake Ontario** While perch
Coho salmon up to 18"
Rainbow trout up to 18"

* Restricted consumption: No more than one meal per week, or

Carp and Channel catfish

Carp
Channe} catfish over 22"
Muskellunge and Sturgeon

American ¢cl

Channel catfish

Lake trout

Chinook salmon

Coho salmon over 21"
Rainbow trout over 25"
Brown trout over 18"

|A] Nursing mothers, pregnant woemen, those who anticipate bearing children, and children under age 15 should not eat these fish.
|B! The above-mentioned group should not eat more than one meal a month of these fish,

**ake Ontario data from 1992

'Data obtained from Michigan Department of Community Health, Public Health Advisory; and State of Ohio Advisory, Meal
Advice for Eating Lake Erie Sport Fish, printed in Tivine Line. Ohio Sea Grant Program.
For the most up-te-date information. contact the Michigan Department of Communily Health, Department of Environmental Epidemi-

ology. Updated February, 1996, Phone: {317) 335-835)
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State of Ohio Advisory

Meal Advice for Eating Lake Erie Sport Fish

Fish
Yellow perch

Walleye
Freshwater drum

Number of Meals Suggested

No Restrictions

One Meal a Week
(52 meals/year)

Carp under 20"

White perch

Steelhead trout

Coho salmon

Chinook salmon over 19"
Smallmouth bass

White bass

Carp over 201

Carp from Maumee Bay
{all sizes)

Channel catfish

Lake trout

Channel catfish
from Maumee Bay

One Meal a Month
{12 mealstyear)

One Meal Every
Two Months
(6 meals/year)

Do Not Eat

Source: Twine Line, February 1996, Ohio Sea Grant Program.
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Answer

[ There may be a range of student
answers on this guestion. However, the
data suggest that there should not be any
prablems in consuming white bass and
walleye that have heen taken irom |ake
Erie. since the recommended standard
of 2 ppm wis not exeeeded atany of the
sampling locations.

Answer-

Larger tish are often older than small
{1sh and have had more tme w
dccumulate loxins.

See the role play that lollows this
activity lor additional review questions,

Teacher’s Note . .
Even if you do not do the role play in the
following activity, find ways to introduce

the important information in the rales and
resOurces,

Extension Notes

[n the minds of some anglers and charter
boal owners. the Narional Wildiife article
and other publications had an economic
eflect on fishing in the Great Lakes. The
number of charter wrips dropped., lor
example by as much as 30% in Wisconsin
{Butlerbrodt 19096), Some boal owners sold
their boats. und some bait and tackle store
owners also experienced an impact
{Butterbrodt 1996). One observation 1s that
the chuarter fleet declined from 1,200 boats to
340 on Lake Michigan in Wisconsin
{Appleby 19096).

Many people belicve that warning articles
and fish consumption advisories do have an
ceonomic impact on fishing in the Grem
Lakes. For example, FDA mamained a
Sppm action level through the "70s 1w carly
805 but then lowered 1t 1o 2 ppm. Stales
{ollow different consumption advisories
even though they may share the sume Greal
Labe {Tlunias, Nuvember T4, 1990).
Students can investigate similar issues.

PCBs arc found in Lake Erie fish - but are they dangerous? The
Food and Drug Administration, using information from the
occurrence of PCB poisoning in Japan and from studies of
laboratory animals. has established a standard of 2 ppm of PCBs
as the maximum allowable concentration in fish used for human
consumption. The white bass and walleye arc an important food
and sports fish.

I, What would you recommend to a fellow sports fisher
about eating white bass and walleye caught on a fishing
trip to Lake Erie?

REviEw QUESTION

Why is it often more dangerous to cat larger fish from the Great
Lakes?

EXTENSION

Brainstorm what impact a "fishing scare” caused by possible
contamination in fish in the Great Lakes would have on the sport
fishing industry, commercial fishing and the states econorny.
What other impacts would there be?

Consider the 1996 "crazy cow” scare in Great Britain. The
possibility that the disease known as "crazy cow" could spread to
humans who eat contaminated beet caused many people to stop
buying and eating beef (even though the connection between
eating beef and catching the disease has not been proven). The
cconomuag repercussions of this scarc on the beefl industry
climbed into the billions of dollars.

How might a Great Lakes fish scare be similar or different from
the crazy cow scare? Consult the Michigan (http://www.dnr.
state.mi.us/) and Wisconsin (gopher://gopher.dnr.state. wi.us: 70/
i) Departments of Natural Resources and the Great Lakes Sport
Fishing Council (http:/www.execpe.com/~glsfc/) for informa-
tion on how charter fishing was impacted hy the Nutional
Wildlife article "Arce Great Lakes Fish Safe 1o Eat™ August/Sept.
1989, Yol. 27, No. 5. p. 16(4). See also the Federal Register
June 29, 1979, Vol 44, no. 127, p.38330-38340 regarding the
FDA reducing tolerances of PCBs in fish from 5 to 2 ppm.
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How should the public health be protected?

PCBs are virtually indestructible pollutants produced by people. They are thought 1o enter bodics of water
such us the Great Lakes through the air as a result of burning plastic objects containing the chemical, from
dircct dumping of liquid waste from industrics using PCBs in their industrial processes, and from water
running through solid waste disposal sites where transformers or other PCB-containing materials have heen
dumped. PCBs are a petroleum product that will not burst into flumes at high tcmperaturcs. PCBs were
developed as tnsulating material and used in electrical transformers and capacitors. The compound has also
been used in a variety of consumer products such as motor fuels. detergents. nylon, pesticides. plastics, naints
and varnishes, adhesives, lubricants. printing inks, fluorescent light starters. waterproofing and fireproofing
materials. and other products. These latter uses have been bunned since 1971,

In 1968, the danger of PCB was revealed in un even in lapan. A rice plant had used PCBs as a coolant in
pipes that circulated through the hot rice oil. The pipes had developed leaks, discharging the PCRs into the
oil, which was then eaten by people who developed the diseasc. PCBs were found in concentrations of 2000
ppm. After eating rice from the plant, four people died and more than 1.000 others suffered symptoms sixch as
stillbirths, miscarriuges, skin discase, nervous disorders, hearing loss and discharge [rom the eves, weakness,
numbness of limbs, dark coloring of skin, swelling of cyelids, and disturbuances in liver function. Babies born
to mothers who had eaten the oil had skin discolorations. Recent laboratory studies have shown that mornkeys
ted PCBs developed reproductive problems, liver disease, ucne, cye inflammations, weight loss, and loss of
hair. Liver tumors or liver damage have also been produced in test animals such as chickens. rabbits. quail.
mice. and rats that have eaten PCBs,

Severe PCB contamination of fish was discovered around 1976
in the Hudson River. Many fish had leveis of PCBs as high as
200 ppm. A tolerance of 5 ppm was established for PCBs in fish.
This level was later lowered to 2 ppm in 1985. At this time it was
discovered that striped bass in the lower Hudson River and off
Long Island Sound were contaminated up to 20 to 40 ppm. The
commercial fishery for striped bass was closed, and there were
prohubttions placed on the possession of sport fish. This prohihi-
tions created a great amount of protest from anglers in the form
of civil disobedience and violation of the regulation. The Depart-
ment of Environmental Consceryvation decided 1o publish adviso-
rigs against eating the fish instead of prohibiting pcople from
catching the fish.

All anglers who get a license receive the advisory. Many anglers
do not take these restrictions seriously and disregard them. Some
anglers believe the advisories to be a pelitical decision ra?hgr
than one related to health risks. 1t has also proven to be difficult
to reach many of the individuals who are subsistence fishes on .
the lower 90 miles of the Hudson river, where a fishing license is .
not required (including Nutive American groups). =

These difficulties raise many questions as to the most effective - >
way 10 protect the public health from toxins in fish.
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Materials
* Set of role descriptions {included).

Source

Modified from OEAGLS EP-23. PCBs in
Jisfe: A problem? Activity B by Victor ),
Maver, Amy J While-Predieri. Vanessa 1.
Steigerwald, and Stephanie Martin.

Earth Systems Understandings

This activity refers to ESU 2 (stewardship!,
3 tscienee process and technologyi. 7
{carcers und hobbies), and 4 (interactions).

Roles

Experts (one student [or each role):

+ Scwentist from the Federal Food and
[Drog Adinimistrabion

« Officer of the New York Department of
Environmental Conservation

[nterest Groups (2 or more students each):

* Associition tor the Protection ol the
Health of New York Citizens

* Assoctation of Local, Munmicipal, and
State Pubhic OHicials

* The Marina Operators Association of
New York

* The Sports Fishers of New York

« The New York Association of
Commercial Fishers

The Bourd (3 or 5 members):

= This group asks guestions and will
ultimately decide the cutcome of the
role-play sttuation {the teacher may
decide to include hersell/himsell 1n
this group).

OBJECTIVES

After completing this investigation vou should be able to:

L. Identify ways in which dangerous materials can enter the

environment.

Describe the degree of danger in cating fish that contain

PCBs.

3. Explain how to prepare fish to reduce the danger ol cating
harmtul amounts of PCBs.

4. Discuss the possible effects of different ways of controlling
PCBs upon the fish and sports industries.

5. Analyze the difficulties 1n taking action against the threat of
PCBs.

[l

THE SITUATION

Certain species of fish from the Great Lakes. according to fish
advisories, still contam PCBs at a level that might be dangerous
to the health of people eating them. The New York Department
of Health 1s considering several policies for reducing the health
hazard. In this activity, vou will play the role of a member of an
interest group or an expert concerned with contamination problems.

You will be part of a hearing similar to one that the Department
of Health might hold to gain information and select policies.
These policies will then be implemented and enforced through-
out the state. At the end of your hearings, the board members
will vote to decide what they consider to be the best policy.

Ohic Sea Grant Education Program

© The Ohio State University, 1997



THE POLICIES

L.

V.

VI

The Department is considering the following policies:

Close Lake Ontario to any fishing.

Lower the allowable level of PCB concentration in fish to
| ppm or less.

Restrict fish takes to only the smaller, and therefore less
contaminated, of the affected species of fish.

Close only those areas of the lake in which fish are found to
have concentrations of PCBs above 2 ppm.

Develop and broadcast an advisory that tells the maximum
amounts of fish that can be eaten without danger to health
and describes ways to reduce the amount of PCBs {rom
fish.

Take no action.

PROCEDURE

1.

The teacher will assign you a role and provide resources for
developing your argument.

You will have time o study your role and o do any addi-
tional background research that you may find necessary.

Meet with your interest group or with others with similur
roles to discuss the positions and make plans.

The hearing will be held and the following rukes followed:
a. The experts witl present prepared remarks to the board.

b. Each interest group will have no more than 5 minutes
to present a prepared statement,

c.  Only members ol the board may ask questions, and they
must be directed to the presenter immediately following

the presentation,

d.  When all presentations have been made. board members
may ask additional questions of any of the presenters.

€. Board members meet to decide on one of the policies.

[Teachers may wish to duplicate this box
on card stock so each student can keep alt
the opticns in niind.]

’Ibacher’s: Note

Assign roles at least a day or two before vou
plan to start the simulation. Duplicate
enough of the role descriptions so that each
member of a role group can have the one
pertaining (o his/her role. Have the five
policy options displayed in the classroom
ahead of time so that the students can refer
o thern.

@ The Ohio State University, 1997
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Answers to Review Questions

L

PCBs get into water through the air as &
result of buming plastic objects
containing the chemiesl: from direct
dumping ol liquid waste from industrics
using PCBs: and from water running
through solid waste disposal sites where
transtormers or other PCB-contaiming
materials have been dumped. Fish take
up PCBs from the food they cat. The
PCBs concentrate in the tissue. ¢spe-
ctally the futty tissue. of the fish's body.

The data suggest that there should not
be any problems in consuming white
bass and walleve that have been taken
from Lake Eric. since the recommended
standard of 2 ppm was not excceded at

any of the sampling locations. However.

bottom teeders such as carp and catfish
would be expected 1o contain higher
PCB concentrations and should
probably not be consumed,

The threat of PCBs to human health cun
be reduced by trimming off the fatty
tissuc when filleting fish and avoiding
the consumption of fish that have PCBs
in concentrations above 2 ppo. the
recommended standard.

The ceonomics of towns along the lakes
would be sigmficantly affected if
fishing was banned. Marina owners and
operators, the charter boat business. and
tackle and bait sellers would all be
grcatly affected. Allow students to
brainstorm. Answers should include lost
recreational spending (hotels, fishing
cquipment’ and commercial interests.

Probably the most difficult policy to
enforce would be the closing of Lake
Ontario to any fishing because of all the
opposition that would result. For
instance. many sports fishers do not cat
what they catch. However. closing only
those arcas of the lake in which fish arc
found to have concentrations of PCBs
above 2 ppm would also be very
difficult to enforce. It would be difficult
10 keep track of the closed arcas.

The answers 1o this guestions will vary.
The reasons for students’ choices arc
important to note, Hold a class
discussion and compare the reasons in
favor of each policy.

REVIEW QUESTIONS

1. How do PCBs get into water? Into fish?

t

How dangerous is it to eat fish from the Great Lakes? Why?

3. Lisl ways in which the threat of PCBs to human health can
he reduced.

4. How would banning the taking of fish trom the Great Lakes
affect the economies of towns along the lakes?

5. Which of the policies would be most ditficult o enforce?
Why?

6. Which policy would you support? State your reasons.

EXTENSION

Takk with restaurant owners or (ishers who sell or catch Great
Lakes fish. Ask them what they know about the health risks
associated with the fish and how this knowledge has changed
their practices. Decide whether you think thut people have
enough knowledge about toxins in Great Lakes fish.

REFERENCES

Hom, BEd, 1993, Risk Assessiment, Communication and Management in
the Great Lakes Basin. Article titled "Use of Risk Asscssment and
Risk Munagenent in Relation 1o Fish Advisories” International
Joint Commission.

Schoudt, Wayne A 1989 "Are Great Lakes Fish Safe o Eat? Nationa!
Wildlife. Vol. 27, No. § (August-September): 16 (4).
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SCIENTIST FROM THE FEDERAL FOOD AND DRUG ADMINISTRATION (FDA)

The FDA is responsible for ensuring the safety and wholesomeness of all foods sold in interstate comnerce
except for meat, poultry, and eggs. all of which are under U.S. Department of Agriculture (USDA) jurisdic-
tion. The USDA and the FDA have been routinely inspecting fresh fruits and vegetables. dairy products, eggs,
grains, fish, animal feeds, and processed foods for high concentrations of PCBs. The tolerance level for PBCs
in fish and shellfish was set at 2 ppm in 1985 (The FDA develops standards for the composition, quality.
nutrition, and safety of foods, including food and color additives).

Polychlorinated biphenyls (PCBs) are virtually indestructible pollutants produced by people and now found in
food and water sources. For ulmost 50 years, this toxic chemical has been used in numerous products. Each
year. millions of pounds of PCBs have been dumped into rivers and waterways through industrial waste
disposai and accidental spills, leaked into the soil from trash in dumps and landfills, and carried into the air
from burning of waste and vapor escaping from paints and varnishes, PCBs are chemically stable and not
easily broken down. Complete destruction requires temperatures above 1,200 degrees Fuhrenheit. Once PCBs
are incorporated into fish. animals, and other foodstuffs, they cannot be eliminated by processing.

About 1.4 biilion pounds of PCBs were produced in the United States between 1929 and 1977. Although the
United States production of PCBs has ceased, it is estimated that 450 million pounds of PCBs cxist in the
environment, and 750 million pounds of PCBs are still in industrial and domestic use.

Some people, however. teel that no level of contamination is acceptable. The FDA regulates the usc of PCBs
in equipment and machinery employed in food and animal feed production and food packaging and storage
nuaterials. Regulations are necessary since there have been cases of PCB contamination of various foodstulls
from herbicides, paper wrappers, and cartons. and transfer fluid Icakage.

PCBs pose a great threat to freshwater fish because it is extremely difficult to eliminate the PCBs alrcady
present in waterways. PCBs also tend to accumulate in the fatty tissue and flesh of fish and other animals that
eat them. Freshwater fish most affected with PCBs include: coho and chinook salmon, steelhead trout, striped
and small-mouth bass, carp. ccl. rockbass, catfish, alewife, and lake trout. Even in the late 1980s, a two-year
study funded by FDA revealed that people who eat Lake Michigan fish had more PCBs in their blood than
people who do not: however, long-range effects on human health have not been confirmed.

For added information review the activity "Which fish can we eat?” in this book.
Wehbsites: FDA homepage - http://www.fda.gov/fdahomepage.himt
Catalog of FDA Information For Consumers Publications and Audiovisuals — hitp://www.fda. gov/
opacom/cutalog/decemcat. html
US FDA Pesticides and Chemical Contaminants — hitp://vm.ctsan.fda.gov/~Ird/pestadd.html
FDA Seatood hotline — hitp:/fvm.cfsan.fda.gov/~Ird/seafood hunl; Phone: 1-800-332-4010 (1-800-FDA-010}

FDA Public Affairs Specialists in the Midwest Region:

Chicago: FDA, 300 S. Riverside Plaza. Suite 550 — South, Chicago IL 60606: Ph. ((312) 353-5863 (cxt, 188).
Detroit: FDA. 1560 East Jefferson Avenue, Detroit, MI 48207 Ph. (313) 226-6260 (ext 149),

Indianapolis: FDA, 101 W. Ohio St.. Indianapolis, IN 46204 Ph. (317) 226-6500 (ext. 13).

Minneapolis: FDA, 240 Hennepin Ave., Minneapolis, MN 55401: Ph. (612) 334-4100 (ext. 129).
Milwaukee: FDA, 2675 North Mayfair Road, Suite 200, Milwaukee, WI 53226 1303; Ph. (414) 771-7167

For the most up-to-date information on fish restrictions, contact the Michigan Department of Community
Healtl, Division of Environmental Epidemiology, 1-800-648-6942 (in Michigan), or (517) 335-8350.
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OFFICER OF THE NEW YORK DEPARTMENT OF ENVIRONMENTAL (CONSERVATION

The Department is responsible for the enforcement of all laws and regulations relating to fishing on Lake
Ontario. Its budget for these activities comes from fees for the licenses it issues to commercial and sports
fishers. These revenues are also used for stocking fish in many of the waters of New York State. Although the
department is part of the executive branch of the state government, it is sensitive to the concerns of state
legislators, since they are responsible for approving any increase in the department budget.

The Federal Food and Drug Administration (FDAY} has issued maximum standards for PCB content in milk.
poultry, eggs, animal feed. and fish. (The PCB level wlerated by the FDA in {ish is 2.0 ppm.) Tests have
shown that all species of fish in Lake Ontario contain some PCBs; however, only salmon, trout, white bass,
striped bass, and channel catfish contain concentrations of PCBs above the 2.0 ppm level. Generally the older
and larger the fish, the higher the PCB contamination. Many of the young of the {ish species mentioned above
have less than the 2.0 ppm level. Also, the department has found that the amount of contamination varies
according 10 the area of the lake in which the fish were caught; only in certain bays do the fish exceed the 2.0
ppm level. The department intends to test Lake Ontario fish menthly for PCB levels.

It is important that fishers are advised of the PCB contamination in fish. The Department intends to print a
warning on the fishing licenses of the sport fishers. It cautions them to eat no more than one meal per week of
contaminated species. Besides advising fishers of the PCB danger. the general public should be protected
from cating contaminated fish caught by commercial {ishers. Pregnant women and younger children are
especially susceptible to the side cffects of high PCB concentrations. The Fish Filleting Guide is one effort of
the department to inform the public of ways 1o reduce PCB content of fish.

The New York State Department passed a regutation that became effective before the fishing scason opened,
which placed a statewide ban on all commercial striped bass fishing. As a result, fishers must turn to other fish
species. This legislation has caused impacts on consumption and affected the livelihood of commercial
fishers. charter boat operators, and other busincsses such as restaurants that rely on this industry as well.

In addition, any regulation enacted by the health department that calls for strict regulations on species or size
of fish caught commercially in Lake Ontario will be ditficult to entorce. Depending on the amount of addi-
tional enforcement needed, the department may not be able to fund it for at least 2 years. The department
operates on a fixed budget which is developed und approprizated 2 years ahead of time.

Cleaning and Trimming

An abbreviated version of a filleting guide is « Remove all of the skin

included here from the University of Wisconsin = Cut away the dark meal on top of fish along the backbone.
Sea Grant. To obtain the New York Filletin + Slice off the fat befly meat along the bottom of the fish,
X ’ . & » Cut awat a V-shaped wedge along the lateral line on each side of
Guide, contact: NYS Dept. of Environmental whole fish or on skin side of each fillet.
Conservation, 50 Wolf Road, Albany, NY 12207 e, =—— Dorsal

Also: Division of Public Affairs and Education — Fat
(518)457-0849, and Health Department — 1-800- Lateral
458-1158, ext. 409 {in New York). = Fatty

Tis:
Learn more about New York State Department of 1w

Environmental Conservation — http://

unix2.nysed.govfils/executive/encon/dec007.htm B

Belly

Tissue

Source: "Eating Lake Michigan Fish.” University of Wisconsin
Sea Grant Insticute, June 1989,

Ohio Sea Grant Education Program
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ROLE:_ ASSOCIATION FOR THE PROTECTION OF THE HEALm OF NEw YORK Crimzens

The Association tor the Protection of the Health of New York Citizens is an activist organization. Its members
monitor industry for pollution sources. The organization acts as a watchdog over governmental actions that
mught affect regulation of possible pollution sources and health hazards. It has a small professional staff of
two lawyers and one environmental scicntist,

The association has engaged in a variety of activities. 1t will frequentty bring lawsuits against poliuting
industries. It can turn out large numbers of members at hearings that the organization feels could influcnce
policies having an impact upon health and the environment. It sponsors leticr-writing campaigns to elected
officials when they are considering issues of importance to the association. The staff will write newspaper
articles and articles for magazines on issues of importance. They can call on members who are effective
speakers to present the association’s point of view on health and environmental issues at conterences, public
meetings. and on radio and television broadcasts.

The representatives of the ussociation present at this hearing want the obtaining and distribution of fish tightly
controlled, They feel that this is the best policy for ensuring that New York citizens are not affected by PCB-
contaminated fish. They feel that any effect of tight regulations on the economy of the stute would be less than
the cost of health care and loss of wage earning potential to those citizens whose health would be affected by
the cating of contaminated tish.

For related information see the article: Schmidi. Wayne A. 1989, "Are Great Lukes Fish Safe to Ear?" National Wildlife.
Vol. 27, No. 5 (August-September): 16 (4).
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RoLE: AsSOCIATION OF LoCAL, MUNICIPAL, AND STATE PuBLIC OFFICIALS

Mcmbership of this organization includes local and state elected officiats. Mayors, county commissioners, and
state legislators make up the most powerful groups within the organization. The association has a responsibil-
ity first to its membership: to lobby for bills and regulations that the membership agrees best serve their voters
and themselves. Because the people they represent have different interests and needs, they are frequently in
conflict, making it difficult for the association to develop single, coherent positions on issues. For instance,
health interest groups such as the American Cancer Society want benefits for the consumer that provide high
health protection. Options [ - IV seem to offer the greatest health protection. Business groups dealing in
recreation, such as hotel owners, restaurant operators, and marina operators do not want polictes that would
cut into their business, such as restrictions on fishing. The public officials know how important income from
recreation 15 1o New York, and they do not want any policies that would give New York a had name and
thereby discourage people from spending their vacations there. These groups favor se action as the best
option for recreation needs.

Because they are responsible for law enforcement, public officials realize that any regulations resulting from
policies must be enforceable 10 be effective. Yet they do not want to burden enforcement agencies with
programs that will require a great deal of moncy and additional staft. Options | - 111 would be difticult to
entorce.

With these points in mind, examine the graph below. It shows the relative amount of health protection, ease of
law enforcement and recreational benefits to society of each of the policies under consideration.

COMPARISON OF POLICIES
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Close the Restrict Restrict Restrict Broadcast Take
Lake ﬁShng fishing ﬁShil‘lg a ﬁshlng no
by by by area advisory action
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Amount of Health - Amount of Recreational /// Difficulty Enforcing
Protection Benefits / Law
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ROLE: THE MARINA OPERATORS ASSOCIATION OF NEW YORK

Marina owners and operators carn their living front recreation aclivities near Lake Ontario. A big source of
income 15 from the charter bout business, Many anglers cannot aftford o own a boat and do not have the
experience necessary to safely operate a boat on the lakes, but they can srill enjoy the relaxation and challenge
of tishing by chartering a boat for & duy. Martnas often rent space to charter beat operators. A maring is
important 1o those who own their own boatls also. H the owner has no room to store a hoat or does not want 1o
tow the hoat (o the lake every time it is used. the owner will rent a space tor the boat at a marina. Il fishing is
restricted 1n Lake Ontario, boat owners will take their boats to other lukes where there are no restrictions.
There would be many emptly marinas on Lake Ontario il this happened, and some would be forced to close.
Another mejor source of income comes from selling tackle and bait o fishers,

Lake Ontario marinas employ many workers and are important to the cconomy ol lauke towns. Restricted
(ishing would hurt marina business and force many 1o close. Instead, the Deparument of Health should use
marinas as a valuable information source. They are the perfect location tor distributing pamphlets and bro-
chures on PCBs. Used this way, they could supply every angler with information on unsalc lish species,
proper cooking wehnigues, and instructions for eleaning fish to reduce PCB content. L this way, the angler
could decide, on the basis of impartial information, whether to tish and how to handle the fish once it is
caught.

Marina operators are very concerned about the anglers’ health — atter all. they keep the marinas in business!
But restricting fishing would not benefit anyone. Instead. they believe the angler should be allowed to make
the decisions that bear on his/her recreation und health.
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Based on Ohio and National Survey Data
Sports fishers are a very large group of people with influence in the state legislature. Total angler expenditures
for the state in 1991 were $867,242,000. There are over 1 million anglers throughout the state, many of whom
spend much of their fishing time on Lake Ontario. Overall, anglers spend over $60 million per year on fishing
licenses, charter boats, fishing tackle, bait, hotel accommodations, and meals while at Lake Ontario. This
money supports many lake-town businesses. The license money helps to stock fish in the lake and supports
enforcement of fishing laws on the lake and throughout the state. It is easy to sece why sports fishers are a
powerful group whose recreational dollars are important to New York State.

Many anglers are business people who like the relaxation and enjoyment that fishing provides. Because of
their busy schedules, they do not have a lot of free time to devote to fishing, and they are glad that there are
no major restrictions on their fishing. Recreational freedom is important to them. Sports fishers also believe
that restrictions on Lake Ontario fishing would violate their freedom of choice for eating fish. Most fishers
say they are aware of the danger of PCBs, but they know how to minimize these dangers. Many pamphlets are
available that explain which species are affected, which sizes of fish arc affected, and how to clean and cook
fish to reduce the PCB content. Most anglers feel that this information is sufficient to control PCB problems.

Also, some people do not even eat the fish that they catch! Restrictions would be very unfair to those who fish
just for the fun of it.

Find out more information about fishing in the Great Lakes. Start with the Great Lakes Fishery Commission
homepage (http://www.glfc.org) and the Great Lakes Sport Fishing Council (http:/fwww.execpe.com/~glsfe).
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ROLE. THE NEW YORK ASSOCIATION om‘ COMMERCIAL FISHERS

(This role is based on information from the fishing mdustry on the Ohl() pomon o‘r Lake Erie. Lake Ontario
does not have an important commercial fishery.}

Many of the fisheries on Lake Ontario have been owned by one family for many generations. The owners
have fished all their lives and are dependent upon the fish for their livelihood. Most have either a grade school
or high school education. The fisheries employ many additional people 1o catch and process the fish for
eating. A restriction on commercial fishing would have a severe cconomic effect upon the owners and their
employees. In fact, the fishery on the lake may have to close down completely, causing a great deal of unem-
ployment.

Fisheries arc significant contributors to the State's economy. All of the fisheries on the Great Lakes coniribute
$95 million each year to the United States and Canadian economies. New York would lose millions of doltars
if restrictions were placed on commercial fishing.

Busincsses such as restaurants and grocery stores depend on comunercial fishers to supply them with fresh and
processed fish. They want to spend their dollars in New York. instead of buying expensive out-of-state fish.
This benefits New York by keeping money in the state, and consumers by providing less expensive fish.

When consumers buy Lake Ontario fish, they are getting a great deal. Lake fish are just as tasty as ocean fish,
they cost less than occan fish, and a fish dinner is a healthy and nutritious meal. The National Marine Fisher-
ies Service in Washington, D.C.. reports that a serving of fish has less calories and more protein than an equal
size serving of beef or pork. Consumers really benefit when they eat fish. Even though PCBs can accumulate
in fish, there are effective ways to prepare fish so that they are safe to eat. Pamphlets are available from the
New York Department of Fish and Wildlife that illustrate methods of trimming fat and procedures for cooking
that can reduce PCB content 25-64 percent.

Consult the COMCAT Internet site for more information:

"COMCAT contains commercial fish catch data for the Great Lakes from 1971 to the present time.,
Data include species caught, location, month of take, total catch in pounds, and dollar value. Data

are used for economic forecasts, evaluation of fish populations, and stocking calculations” (Great Lakes
Commercial Catch Database. [Online] Available http://www.nbs.gov/irm/CaisCOMCAT.html).

© The Ohio State University, 1997
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"Annual Report of the Lake Carriers Association” 1987,

National Survey of Fishing, Hunting and Wildlife-Associated Recreation, State Overview. Issued December 1992. U.S.
Department of the Interior, U.S. Fish and Wildlife Service.

"Polychiorinated Biphenyls (PCBs) in Fish and ShelMish; Reduction of Tolerances; Final Decision.” Federal Register,
Vol. 49, No. 100, Tuesday May 22, 1984, Rules and Regulations. See also the Federal Register, Vol 44, no. 127.
June 29, 1979, p.38330-38340 for an earlier notice regarding the issue,

The New York Times, as follows:

Clavin, Thomas."Bluefish Study Stirring Concern on Health.” The New York Times, Sunday, June 28, 1987
Faber, Harold. “State 10 Ban All Commercial Striped Bass Fishing." The New York Times, Tuesday, April 22, 1986,

Knudson, Thomas I. "With Striped Bass Ban, A Way of Life Is Fading." The New York Times, Friday May 9, 1986.
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June 1990. A Reference Manual of
Chemical Contaminants in Ontario Sport
Fish. Ontario Ministry of the Environ-
ment, Toronto, Ontario. 32 pp. Located
from A Strategy for Virtual Elimination of
Persistent Toxic Substances. August 1993.
Volume 2. Windsor, Ontario: International
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An additional reference about PCBs:

EATING LAKE MICHIGAN FisH

What Are PCBs?

PCRBs, polychlorinated biphenyls, are colorless and odorless
chemicals that were widely used in electrical equipment and
cther industrial applications before they were banned in 1976,
These man-made chemicals are considered toxic because
exposure to small doses is suspected of contributing 1o a variety
of health problems. PCBs do not quickly decompose into less
harmtul chemicais, so they are extremely persisient in the
environment,

Are PCBs Still Entering the Environment?

Yes. Of the 1.4 billion pounds of PCBs produced in this country
before 1976, about half has entered the environment via
discharges to air, land, and water. Products that contain PCBs
are also siill being disposed of. The problem is, PCBs remain
mobile in the environment, leaching out of landfills into rivers
and lakes, and evaporating into the air. Scientific studies have
shown that atmospheric fallout accounts for a substantial amount
of the PCBs entering the Great Lakes today.

Why Are PCBs a Problem in Lake Michigan Fish?

Mest PCBs in the environment end up in rivers, sireams, lakes
and, ultimately, the oceans. Once there, PCBs enter the food
chain and become progressively concentrated from small
organisms to large fish and, finally, in people who eat the fish,
Many large, fany fish like lake wout, carp, and chinook salmon
have heen found to contain PCB concentrations 100,000 to 1
million times greater than the concentrations in surrounding
waters. As a result, some fish contain high enough PCB levels
that they are considered unsafe for human consumption.

How Long Will PCBs Remain a Problem in Lake Michigan
Fish?

Unlike sugar, which is metabolized and passed through an
animal’s body, most PCBs tend 10 build up over time in a fish's
fat and tissues. The older a fish is, the more it has ¢caten, the
mote PCBs it has concentrated in its body. In large older fatty
fish, PCBs may remain a problem for at lcast a decade. Because
PCBs become attached Lo particles in the lake, they eventually
settle out and are buried in botiom sediments, However, it takes
a long time for PCBs to become permanently buried, As
bottom-dwelling organisms feed, they ingest these PCBs and
pass them back into the food chain.

Even after all inputs of PCBs into the Great Lakes have stopped,
the chemicals still remain in the food chain for years. Several
studies are currently under way to determine how long contami-
nated sediment will continue 1o contribute PCBs into the aquatic
food chain.

What Levels of PCBs Are Considered Safe in Fish?

The U.S. Food and Drug Administration has determined that fish
containing PCBs at levels over 2 parts per million (ppm) pose
health risk to people who eat them. One part per million is
comparable to one cup of milk out of the total volume of 16
milk trucks. Commercially caught fish containing more than 2
ppm PCBs cannot be sold for human consumption. Based on
this standard, the states bordering Lake Michigan have issued
health adviseries concerning consumption of certain
sport-caught fish, The standard is based on the fuct that high
levels of PCBs have caused cancer in exposed laboratory
animals. Medical authorities suspect prolonged exposure o
small doses of PCBs can contribute to a variety of human health
problems, including developmental problems in children, liver
damage and cancer. The federal PCB wlerunce level in fish is
based on the assessment that the average person, consuming 13
pounds of fish per year, will not accumulate dungerous levels of
contaminants over his or her lifetime. As in fish, PCBs accumu-
late in humans and are not passed out of the body.

Whali Is ihe Risk of Eating Great Lakes Fish?

There is controversy over whether PCBs, when consumed at the
levels found in Great Lakes fish, actually harm humans. But the
longer you live and the more PCBs you ingest, the more PCBs
you are likely (o concentrate in your body, so state health
agencies recommend that you limit your consumption to fish
with PCB levels below 2 pprn. Most people today have traces of
PCBs in their blood and fatty tissues. Individuals who consume
large guantities of fish that contain high PC8B levels (such as
large chinocok salmon, brown or lake trout} from the Great
Lakes, especially from Lake Michigan, will have substantially
higher intakes of PCBs than the general population. Based on
conservative projections from animal studies, such individuals
may face an increased risk of developing cancer. However, it is
far more dangerous to smoke cigarettes or not wear a seatbelt
than to eat Great Lakes fish. All three of these risks are volun-
tary and can be minimized by an individual.

Is the Risk Higher in Some People?

Yes. Medical studies indicate the risks of developmental or
health problems from PCBs are highest for the developing fetus
and nursing infant. A woman who has accumnulated high levels
of PCBs in her body cun transfer large doses of PCBs directly to
her feius while pregnant, and later her infant can receive
additional PCBs through her milk. Because they are smaller,
children can receive u higher body-dese of PCBs than aduls
ealing the same fish. Thus, if they eat any sport fish, young
children {especially girls) and women of childbearing age should
eal only those with the lowest levels of contaminants (Group 1
tish in Wisconsin's heatth advisory). Men. and women past their
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childbeaning years or who plan o have no children, face o
comparalively lower health risk if they uvoid cating highly
contaminated (Group 3) fish (based on the average consumplion
of 13 pounds of fish a yeur),

What Kinds of Fish Are Most Contaminated?

It is the larger older fish. which have caten more food {espe-
clally oily alewives). that have the highest levels of PCBs. Lake
trout can live in Lake Michigen for 1 years, so they generally
contain more PCBs than chinook salmoen. which only live in the
like for 3 to 4 yvears. Coho salmon. which are in the lake only 2
or 3 years, contain even lower levels than chinook salmon.
However. the amount of PCBs in two similar sized fish of the
same species, caught in the same area of the lake, can vary
greatly. Recent samples indicate these Great Lakes sport fish are
likely to contain PCB levels hagher than 2 ppm and, according to
{ish consumption advisories, should not be eaten:

+  Lake trout over 23 inches.

*  Brown trout over 23 inches.

*  Chinook salmon over 32 inches.

Furthermore. children and women of childbearing age are
advised to avoid cating:

¢« Lake trout over 20 inches.

¢« Chinook salmon over 21 inches.

+  (oho salmon over 26 inches.

+  All brown trout.

Many other species of tish in Green Bay contain PCB levels
higher than those found in Lake Michigan fish. For information
on these fish, contact the nearest Wisconsin Depariment of
Natural Resources office.

Are PCB Levels in Fish Declining?

Yes. PCB levels in most Lake Michigan fish appear to have
declined dramatically in the last 10 years. and this trend seems
to be continuing. However, PCBs remain a problem in lake
trout, due to their size, age and alewife diet. The levels of PCBs
in fillets taken from large lake trout formerly tested around 25
ppm PCBs. Today, they test out at 4-8 ppm. PCB levels in larger
chinook salmon have dropped, but they remain in the 2-3 ppm
range. The states around Lake Michigan have stepped up their
sampling programs and poeled their information to determine
the PCB levels more accurately.

Due to the vast amount of PCB-contaminated sediment in Green
Bay, however, declines in PCBs in tish tissue there have not
been as evident over the past few years.

Are Small Fish Less Contaminated?

Yes. Small fish and fish that do not teed on alewives contain

lower levels of PCBs because they have not lived as long and
ingested enough PCBs to have accumulated high levels of the
chemical. Lake trout smatler than 23 inches, cehe salmon and

rainbow trout generally have PCB levels below 2 ppm. Perch
and smelt contain PCB levels lower than any other Lake
Michigan sport fish.

Can Cleaning Fish Reduce PCB Levels?

Yes. but not always enough to bring PCB levels below 2 ppm.
Great Lakes fish consumption advisories are based on an
analysis of fish fillets, including the skin and certain tatty areas.
You can significantly reduce the level of PCBs in fish by
properly cleaning. trimming and skinning your catch. It is
important to trim all the fat from four key areas: the belly flap.
lateral line. along the backbone. and adjacent to the skin. Tests
on chinook salmon from Lake Michigan show that proper
removal of the skin and fat from these four key areas reduced
PCB levels by more than 5{) percent. Similar tests on lake trout
show that PCB levels can be reduced by maore than 3() percent.

Can Cooking Fish Reduce PCB Levels?

Yes. While cooking does not destroy PCBs, the heat trom
cooking melts the fat in the tish, thus removing some of these
contaminants. [t is not advisable to deepfry your Great Lakes
catch. It is best to broil or hake trimmed, skinned fish on an
elevated rack so any additional fat melted out of the fish drops
off. Do not use the drippings for sauces: Dump the drippings in
the garbage. If you boil or poach your fish, discard the fish
broth. Studies on smoked fish have shown that while some oil
leaves the fillets, a significant amount of moisture also leaves, so
smoking does not substamially reduce PCB levels,

For more infonnation, contact your local University of Wiscon-
sin Sea Grant Advisory Services office or the University of
Wisconsin Sea Grant Institute, 1800 University Ave. Madison.
WI 53705-4094, Information is also available from local
Wisconsin Department of Natural Resources offices and the
Wisconsin Department of Health and Social Services in
Madison. (W1S-SG-88-154)

contammaum issues speclﬁc to Lake Mtchagan,
the issues are similar throughout the Great Lak%
: Each Sea Gmut program m the mgmn produces
and ang!ers get sumlar lhfb@ﬁéﬂ whcn they
purchase ﬁs]nng hcenscs I Lo

Ohio Sea Grant Education Program

© The Ohie Slate University. 1997



How do toxins move through the food chain.’

Many of the cher»icalwe usein ourhot resmdon our farmsarepoisonousr toxic. Thesechemicalinclude
insccticidcs, weed killers, and other pesticides, oil-ba»ed paint», nail polish remover. silver polish. motor oil.
and many cleaning products. Our lactories also produce many toxic chemical» aswastesin manufacturing.
Whathappensvhenthc»cchemicalentertheenvironmenl®Mow do theyaffecl lhe planlsandaninralsin a
food chain?How are birds in thc Great l.akcs affccted by thesetoxin»".

Many toxic chemicals bioaccurnulate. Thi» nreansthat they collect in the body of lhe organism that ingests
them. PCB» for instance, remain in thc fatty tissue of organismsthat consumethem. Il a fish lives in conlairii-
natedwaters, it eatsother organisms that contain the toxin». sothat the PCB» collect in its fatty tissue. The
concentration of PCB» in thc fish'» body becomesmuch higher than in the water in which il lives, The longer
a fish lives, the more toxin» it will accumulate. If a bird cats scvcralfish that are contaminated with PCB»,
then that bird "collects" the toxins froin each of those fish. In thi» manner.the toxin is passedup the food
chain at higher and higher levels of concentration. Thi» activity will demo»stratethat phenomenon.

Birds that eatfish are nearthe top of the aquatic food chain and for this reasonsornetirneshave health prob-
lerns causedby toxic chemical». The bald eagle. for instance, becar»eendangeredwhen DDT. a pesticide used
to kill insects, enteredthe water systemand eventually reachedthem through thc food chain, causing the bird»
to lay very thin-shelled eggs. These eggswere easily crushed by the parent bird when it tried to incubate
them, Other chemicals found iri the Great Lakes affect other speciesof birds. Cormorant chicks, for instance.
are»ometirnes born with misshapenbeaksthat kccp thern from cating.

Figure 1. Biorrragrrifrcatiorof PCBs in the Lake Ontario food web, 1982.'
PCBsshownin partspermillion.

For a class of 20-30 studcin;

~A large open area inside or outside!.

~At cast 200 small square! ot paper.

~Onc paper lunch bagfor each student,

~Short picccs of three colors of yarn to
identify which of rhc three groups c;i»h
student belongs to!. These will bc tied
onto each student's wrist.

IEA! ESEP-3! tar«i<,iike a H<r<i
Activity B hy .hris Br<ilhersand Rosanne

"Source: Environment Canada. 1<ari»Ciieini<.aii in he Cir»arLakes and VVv'hirtner. Basedon a Pr<>jeeWIlli
Arlo»iate<i Ejt'e<s. 5ynripsis, Depart!neat of I-isherics and Oceans, Health ind lesson.

W tf <:»d.T tO  t.vittl < btunttf moot ~

Air Pollutants to the Great Waters First Rc ort to Con ress.U.S.E.PA., M iy Earth System#&Jnderstanding

1994, EPA-453/R-93-055.
| his acti» ity focuseson ESU 4 pertaining to
interactiolls.

OsgRCXmZ

After you completethis activity you shouldbe ableto give an
ex!ltripl< <!l lie lit'sic priricipie t!f bioaccui»uiation.
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Natty-litth} ',

Before thc game, mark about 1/3 of the
papersquaresvith anX, Foldall thepapers
in half sotheyall appeato beidentical.The
markedpapersepresentontaminated
algae.

The s udentswill be in three unequal size
groups,Todeterminghe appropriategroup
size, divide the lunch bagsin half io form
two groups of equal size. From one of these
two groups. separateoui one-third of the
bagsto form a thirdgroupof bags.If there
are 30 students, you should have about 15
bagsin the largestgroup Duphniu!, 10in
the secondgroup sunfish!, and 5 in the
smallestgroup cormoranis! The appropri-
ategroupnamecouldbewritten on eachbag
io help avoid confusion.

Vell&eia\elleai

At the beginning of the activity, each student
should gci one bag and a piece of yarn to
indicaiemembershipvith a specificgroup.

8. Allow about 30 secondsfor the
Duphntu io eed before sending the
suniish into the game and about 30
secondsfor the sunfish to feed before
sending in the cormoranis. Let ihc
corrnoranis feed about | minute before
ending the game. You will needio
adjust thesetimes depending on huw
quickly students gather food and catch
eachother.

It is very important that each group
remember who or what they "feed" on:

~ Duphniu eatAlgae
~ Sunfish eat t3uphiiiu
~ Cormorants eat sunfish

OhicgseaGranEducatioRrogram

A

In thi» game you will first play the part of a Daphnia water
flea!, sunfish, or cortnorant a bird that feedson fish!, The
Daphnia will feed on papersquare "algae," the sunfish wilt
feed on the Dophnio, and the cormorants will feed on the
sunfish. Since this is a taggame, you will be trying to get
enoughfood into your lunch bag "stomach" to survive
without beingeatenyourself.Daphniacanonly gatheralgae,
the sunfish may only catch Daphnia, and the cormorants

may only catch sunfish. Eachorganism in the gamewill be
identifiedby a differentcolor pieceof yarn.

Decide where the boundaries of the game will be.Your
teachemill scattethe paper'algae"overthegroundwithin
theseboundarie». This algaeis the Daphrua's food source.
When the signal is given, the Daphnia can start "feeding" by

gatheringa»manypapersquaresstheycanandputtingthe
"food" into their “"stomachs,"

OncetheDaphniahavehadsometime to feed,yourteacher
will sendin the sunfish to start feeding on the Daphnia. The
sunfish should try to tag the Daphnia. When a Daphnia has
beentagged,it niustgive its stomacHunchbagincludingall
the paper algae collected to the sunfish. TaggedDaphnia are
out of the game and must go to the sidelines.

Once the sunfish have had sometime to feed, your teacher
willsend in the cormorants to startfeeding on the sunfish.
Whensunfisharecaughttheymustgive their stomachswvith
all the papersthey have collected to the cormorant who will
put it into his or her stomach. The sunfish is then out of the
game and must go to the sidelines. The other sunfish should
continue to catch Daphniu whiLeavoiding the cormorants.

At theendof the garnegatherwith therestof your classto
discusgheresults Find outhow manyof eachgroupwere
"eaten” and how tnany escaped.Have those who escaped
empty their stomachsand count the number of contaminated
algae papersthey collected. The containinated piecesare
marked with an X. U»ethe Effects of Toxin Accumulation
chartto determinehow manyof eachgroupwill "dic"
becauseof the amount of poison they have eatenand how
many will not be able to reproduce successfully. Discuss
whichorganismhasthe greateshumberof contaminated
algae piecesand why this is so.

I TheOhioStateUniversity 1997



EFFECTS OF TOXI1VACCUMULATION

Number  of Toxic

Organism Algae Papers Status
Less than 3 Survives

Daphttia 3-4 Survives but cannot reproduce
More than 4 Dies
Less than 4 Survives

Sunfish 4-6 Survives but cannot reproduce
More than 6 Dies
Less than 5 Survives

Cormorant 5-8 Survives but cannot reproduce
More than 8 Dies

F. Answer the following questionsbasedon the game and the
chart.

1. Did any Daphrtia survive being eatenby the sunfish?
How many of the Daphnia survived but were not able to
reproduce™Mow manyDaphttiadiedbecaus¢hey
accumulated too much poison?

2. Did anysunfishsurvivebeingeatenby the corrnorants?
How many of the sunfish survived but were not able to
reproduce? How many sunfish died becausethey
accuinulatedoo muchpoison?

3, How many of the cormorants survived but were not able
to reproduceMow inany cormorantgliedbecausehey
accumulatedtoo much poison?

4, What kind of organisin collected the most contaminated
algae piecesin its stomach?Why did this kind of
organism accumulate the most toxins?

In this game, you should have seenan increasein the number of
toxic algae paperscollected by the organisms at different levels
of the food chain. The sunfish should have had more toxic algae
papersthan the Daphrtia and the cormorant more than the
sunfish. This increasein the amount of toxins found at higher
levels in the food chain is called biomagnification. In addition,
older or bigger individuals have higher levels of toxins in their
bodies than younger or smaller ones, This phenomenon i» called
bioaceuiuulation.

I The OhidtatdJniversityl, 997

Source: ScaWorld, Inc. 1996

Responsew® thesequestionswill vary
dependingntheactualdatacollectedby
yourclass.

The cormorants should have collected the
most contaminated algae pieces. because
they accumulateall thosepickedup by the
Daphniaaswell asall thosepickedup by
the sunfish.

"Highlevels of toxic
contaminants in the diet
led to severe eggshell
thinning during the 1968s
and '78s, and a dramatic

decline in the cormorant

population. "

- Fnviranment Canada, Cireut Lukes
Fat't Sheet. The rise «f the Dtiuhle-
t'rested Cnrmtirant un the CireatLikes:
Winning the War Against Contaminant».

OhioSeaGrantEducationProgram



S. Olderarrimaldhavebeenfeedinglonger
aud have had more time to accurrrulate
toxius.Largeranimalsgenerallyneecto
cat more food, thus they pick up more
tOXinSthan animalS that Cousuuieless
food. Olderanimalsarealsolargerthun
younger ones of the same species.

6. Auimalshighiu thefood chainhave
accumulated all the toxius picked up by
thc animalsthey feedoo aswell asthe
toxins accumulated by all the other
organisms lower than them in rhe food
chain.

PCBs
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Figure |. Couceotratious of chemicals in
eggsof Bald Eag'es from the north shore of
Lake Erie in the 1970s aud 1980s.Source:
Ontario Ministry of Natural Resources.
Obtained from Environment Canada,A State
of the EnvironmenfactSheetBringing Ire
Bald | agie irack ta Lake E:rie, SOE,Fact
SheetNo 98-3, 199-s,
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5, Why do older,biggeranimalsusuallyhavehigherlevelsol’
toxins in their bodiesthan younger or smaller animals?

The toxic chemicals consumedby an animal in its food are
stored in its body fat and arc in turn passedon to any animal that
catsil. For instance,if a sunttsheats |0 Dat7hni that areeach
contaminated  with | nioJecule  of toxin. then the sunfish will
gather 10 toxic molcculcs in its body, Then. if a cormorant or
other bird eats 10 of those sunfish, the bird would accumulate
100 toxic molecules,

6. Why dothoseanimalshighin thefood chainhavehigher
level» of toxins than animals at lower levels of the food
chain?

Thechetnicalpoisonsaccumulatedby a fishor bird may notKkill
it directly butniay keepit from reproducingor inay causeother
problems such as tumors, cancer, cross beaks, cataracts,and
dcforined feet. Scientists can measure the amounts of toxins in
the bodies of different animals to gct an idea of how inany and
what kinds of toxic chelnicals are found in the Great Lakes.
Althoughthelevelsof somechemicalsaredecreasinghrough
clean-up efforts, other toxins are still found at high levels even
though their useor production hasbeenbanned. This is because
thesechemicalarevery long-lastingtheytakea longtime to
breakdown. Figure 1 showshe progresghathasbeenmadein
reducingtheconcentrationsf certaintoxic chemicalsFigure2
indicatea continuingeedomonitobirdegg®ofdifferenspecies.

Normal

gJl

-10

Cv

B

n.25

1940 1950 1960 1970 191 1990

Figure2. Thinningof Corruorau€ggshellsn Ontario.
Data Sources:

1947-69 Ontario AudersocandHickey 1972!;
1971-8% LakesOntariok. Huron CWS urrpublishcd!.
Obtained from Environment Canada, CrreatLakes Fact Shcct.
The rrse rif the A rrrble-create f Crirrnrrrant rrn rhv Circa Inkar

WirrrrirB he WarA gaitr Crrn arninantr, 1995.
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CONTAMINANT SPFCIES EFFECT

DDF., dieldrin, PCB Bald eagle Eggshellthinning, embryo mortality; adult mortality

PCB Forster's tern Embryonianortality,deformities

Dioxin, PCB, DDT Douhle-crested Embryo deformities; eggshellthinning

cormorant

PCB Snappingdurtle Embryoabnormalitiesembryomortality

PCB, dioxin Mink and otter Reproductive dysfunction

PAH Brown bullhead Liver and skin tumors

PCB Lake trout Reproductivelysfunctionhatchabilityand fry mortality

Dioxin, PCB, DDT Herring gull Embryonic mortality; porphyria; thyroid hyperplasia;
Vitamin A depletion; deformities; feminization; poor
parenting

PCB Human offspring Short-term memory deficits visual, verbal, quantitative,
pictorial!; growth retardation; activity retardation

Lead Human offspring Hyperactivitypermanentlyeducedntelligence;
neurobehavioral abnormalities

Mercury Human offspring Learning and motor skill deficits

SourcePensisterioxic Substanced’/innally Fliminating Inputsto the GreatLakes.InternationallointCommissionJuly 1991.

. [An excellent setof public sersice an-

1. Do re;earchor? the safe useand d|§posal of household nouncemenis designed for television is
chemicals, Which products aretoxic? What nontoxic prod- available at low cost from the Lake
ucts can be used instead?Does your community have a MichiganFederation'It's Ail Connected.."
household toxic chemical collectiom site or disposal pro- hasrecipesfor nontoxicalternativeso
gram? householdleansersndotherproducts.

The announcements make it very clear tha

everydayactivitiesin the homeaffectthe
2. Read more about toxic chemicals in the Great Lakes. How quality of waterin thc GreatLakes.]

do toxins enter the Lakes? What chemicals are of special
concern'?What is being dometo clean up toxins in the Lakes"?

Ashworth, William. "The Great and Fragile Lakes." 5'ierra. NovJDcc.. 1987.p. 42.
Brown, Michael H. "Toxic Wind," Dixi oi er. Nov., |1 987,p. 42.
Cutler. Daniel S. "Chain Reaction." Bu-:,icons; The Environmenta! Journal. Autumn, |989.p. 32.

Edwards, Clayton J. "Toxics in Lake Erie" in The Great Lake Erie, Rosamm&V, }ortner and Victor J. Mayer, editors. The
Ohio StateUniversityResearclroundation.1993p. 136.

Lipske, Mike. "Danger: Are You Throwing Poisonsinto lhc Trash?" canona Wiklii/e. July, 1986, p. 2I.
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A significantamountof the pollutionin the GreatLakescomesfrom a somewhatinexpectedource

theair. Accordingto the GreatLakesCommission995!, "The GreatLakes,largein surfaceareaandsur-
roundedy numerousrbarandindustriatentersareparticularlyulnerableo contaminanshoweredn
themfrom the atmospheréittnospheriadepositioncanaccountor asmuchas90 percenbf sometoxic
loadingsothelakesScientistaavdongsurmisethatthctoxicdepositioproblenmn theGreat.akess not
merelha consequermidocalemissiongersistetbxicsubstancesleasenhtotheatmosphetbhousands
of miles away eventually end up in the lakes."

Effortsarenowin progres® understarehdcurbthispollutionin orderto prevenits depositiomtothe
GreatlLakes. A regionalAir Toxicg-rrtissionslnventorys to documentataon point sourcesandareaemis-
sionsof 49 toxic air pollutantsin theeight GreatLakesstatesThe sourceof informationaboutthelnventory
and related efforts is the Great Lakes Information Network GLIN! on the Internet at
http;//www.great-lakes.net

Activity A. How big is the problem of airborne toxins?

When we consider the toxic chemicals that enter the Great Lakes by air, we are actually looking at three types
of processeselease froma sourcavhichmaybenaturabr anthropogenidtansporto othelocations,
anddepositionin eitherwetor dry forms,asshownbelow Figure 1!.

Figurel, How doesatmospheridepositionoccur?
~ Indirectepositionis directdepositiorto landfollowed by runoff or seepage
through groundwater to a surl'acewaterhody.

Air Masses Wet
) Deposition
~l.ocal or long-distance
transport )
~Changesn chemicaV
Sour cesof Toxic Pollutants physical forms )
Indirect
. Deposition~ Air/Water
Hutnan Anthropogenic Natural Sources Particle Gas

Sources Deposition Exchange

EPA, Great Watersp.12!
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Thepresence andimpact
of persistent toxic

substances on all sectors

of the ecosystem... defies

boundaries and is not
easily resolved through

traditional technologies

and regulations.

1JC, 1992

Modified from "Toxic Chemicals and Cdnhal

Change" in Grrrit Lutres Instructionol
Itfutertot for the Chottghtg Forth .Sy'xtm
JGILIMCFS! by Ros'innc W. Fortner-
Project Diret:tor. Editors Heidi Miller and
Amy Sheafter. Produced by the Ohio Sea
Cirant Fducation Program.

This actisity focuses on FSU 2 impact of
human activity!, 3 scientitic thinking and
technology!, and 5 change through titnc!.
Understandings 4 and 7 are addre»ed

in hc extensions. Refer to the appendix of
this book l'or a ful! description of each
understanding.

per team of 4-5 students!
~Copy of Charts 1-3.
~Ciraph paper.
~A rangeof suppliesfor constructinga
model of air pollution detection
such as srn'ill electric fan!.
2 9x13" cake pans.
Source of water, pattie ¢ source such
asdusty erasersor powdered drink
mix.
Wet deposition source such asv.ater
with food coloring in it.
Contactpaperfilter paper.
Other items that might be useful in
creating, transponing, collecting, and
measuring airborne pollution!.

OhidsedasGranEducatioRrogram

Thedepositionitself is consideredhonpoinlpollution becaus®f
its diffuse nature. However, it come» from some sources that are
identiftable: Iroinr sources,such as factories or incinerators;
rttohilesourcedike carsandtrucks;andareanonpointsources
thatarethecombinedoutputof sourcesn a geographiarealike
the dry cleaners, gas station~,and other stnall businessesof a

corn tnunity.

Of their RELEASE -> TRANSPORT -! DEPOSITION to the
lakes thereleaseof thetoxic substanceis reallytheonly
processhumanscan control ona large scalcDeveloping differ-
entwaysto tnanufacturgoroductsfor people'dives mayreduce
theamountof toxic materialsenteringthe environmentyet some
byproducts are still likely to he produced. This activity is a series
of questionsto be answeredwith existing datasetsand creative
applicationof ideas |t invites studentgo explorethe sourceghat
releasghetoxic substanceandpossibletnethodsby which the
toxins can be transported and deposited.

Oigzcmms

Upon completion of this activity. studentswill be able to:

~ Describe the types and values of information available from
the USEPA'sToxic Releaselnventory and Great Waters
Program.

~ Analyze the trends of toxic rclcaseshby air for the Great Lakes
states.

~ Designa methodor demonstratinginddetectingthc amount
of airborne pollution likely to reach points at varying dis-
tances from a source,

PROA9JRR

1. What are the sources of Great Waters
"Pollutants of Concern" ?

To answetthis questionstudentexamineChart |, whichlists
selectedpollutants that are known to be deposited by air in the
areasshownonthemap,includingcoastalareasput espe-
cially the GreatLakes,ChesapeakBay,andLake Champlain.
All of the pollutant»aretoxic, theyarepersistentn the
environment, and they have the potential to bioaccutnulate
throughthe food chain.To simplify the atttountof informa-
tion, teamsof studentsould choosewo pollutanttypesto
follow throughthe activities,buttheyshouldalsopay atten-
tion to the entire range of pollutants, sottrccs, and effects.

! The OhioState University, | 997



Dii«uii  viilh Ihc «I<isi lli,<I soiiie ol lie poilu «nts;ue no
lot!'ger produced or' | til;<hlcin lhc Gitc«l | '<kci I'cgl !», htlt
I'>lipOl hy a» st<lbakeSthex»liip >IIL1 <tritele.

. Ahat I<ical s<iurcei are contributors t<i Pollutants  of

C:oncern to the threat Waters".

As lhev c!aminc |hc «iluirsi ori "S<I<ir«ei !I'Air Enlissiot<s,'
students sho<tldidentity |ic;<Liouicci Ih,it I'it thc dcicriptioni
giveii. Thii ih lulel hCdiSCxiied In ligllt Oflhe inipOr<aiit
«onlribuliolli Ih " ilut«ci '»c 1»akin>o <lu'<lilyof life an j

it md;<rd <!I'livin< in thc c »ni»unity. ‘i cecil ti cni ir<Inmcnlal
I lI<P<1«'t.
Studenti  ihould,ilio «<Iniul ot licit<l documcnli rallier Ih<ui

iimply spe«ulating Oiie <iSSIO80»t'CeSThe EI-',Ys'I'0l:i«
Rclc tsclnventory is «v<iil<ibloonli<ic fion! RTK NET the
Right to Knov Nctv,ork! <tn fllir<!lugh C.'D-Rolls «v«if;<bfcin
local govern<»entenviron»len <il'ficei. It ¢;>nhe icar«hed hy
rip <o li t<!le<ekiii»cif <iittoxins;ire bei<i<l ele;iied ;tncl
I'cportccflhy lhe loc'il i<>urcciiuipcctcd. Rcpor in > iuch
rcleaies ii a<eiponiihle hing I'ir induitry t<!do: it rlial.cithc
p illutcii and the public;lvv;ue of the inip;icli of cloing husi-
»Cii «»d alcrti theiii all to thc aced for clc;<ncrlifeslyles,

H >«e'er, iuch groups;<sfarmcri using iniccliidci, ai vvclfai

people driving ni<itorvehiclei producing lcacl. nitrogen.;<nd
POX'ls, do <lotilavc to I'cpofi.

. 'A'hat distant sources arc important
contributors of pollutants?

Accordiiig to thc I!PA. thc Great

L <kes'A<<shed Isa»ely I<ug<'»ic.

Even clc inin< up 1 icali lur«ci woul f /
not pf'eventai ' tox<tii fi ol1ktltet'tig
Ille Gre<tt E;<kei.

;i. Studentsihould dticuii h lvvlil'cify les
;<ildli«i;<ICO»ditiO»s«OOper;|tiOt1,
<4 DIHC i,«u. A kilh & 'l O«his ¢
i>i irder I<irn;ik<.'<lciircd «h<ingcsin the
envirOnlnent, I<'h;lt;lre  the COili «nd
henef ili 0 »l<<kit<"theic«h<tti'>Ci.

UeTheDhidStatevnil/ersityt997

It D~

bates

RTK: JtIT t><i,n>In<»rn»<»oni>»»ii<>n, i<
h<<p.//khlist.<>1 hil<»<>riilil»tsre»<d<iir<.
aviiilahl» only <hi»<<ali I<>n~~-distr»»»
I»<J<.ni "JlllI< | >0>>23-<-<<>Fo»ta tth I»
h!' ><>i»pll<>iint <202! 3-t-a-I<14or
JAl»malil»i - <>rx»-isail: Ad»>inc<RTK.NI:T.
Alio»-»>alil: iiito CRIK.> I: T for «dditional
i»i<>ri»aiio» and in»lad» th» «'ord RTK.IspT
lit i illi' ni»isle».

The Cire.ii »<hei
'‘A»ihe J" Bi>mi
iiidi»<I e th» iippr<iii-
iii<ite I'<ill! »| > la>i
1» | In»J f<>lI>I>hola»
»oi>lillli jii<ircilo 1>
Il snip<it<ed<I> »
Cil»,it l;ih»s  >;IL»>,
t.p >>Cx»'«'» u<u<'ri
>l</<'«p. >
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Char2.ToxidReleasbgAirinGreatakeState4990-ORTKNET!

The Toxtc
Release
Year State TRI pounds Tkl pounds Total air Invenlory TR1!
. . . . is an inventory
from stack air from fugitive air toxirts of the ypcs and
CHILiiti@S Of
199 ! IL 57391103 33145881 90536984  tovic clicmical s
1991 IL 55129856 28337929 83467785  releasedhy
1992 IL 50520449 23418974 73939423  manulacturing
1993 IL 43967230 19043824 63011054 facilities. Data
Total IL 207008638 103946608 310955246  arecollected
front reports to
1990 IN 67652416 415958S2 100248268 ¢ PA
1991 IN 59580387 33550843 93131230 Stack air
1992 IN 58382077 26660384 85042461 |r11siiocCul
1993 IN $3339189 23536681 76875870  through
Total IN 238954069 125343760 364297829  contineil ui
streams such as
1990 M 61885749 22287721 84173470  stacks. vents.
1991 MI S3585439 18770944 72356383  duets, OrpipeS.
1992 MI 50908819 16622228 67531047 11181 vdir
1993 M S1134898 16726566 67h61464 ‘;'C)Ttlrﬁj;g:;‘s
Total M 217514905 74407459 291922364 through a
Coil 11Cd
1990 MN 42927365 7965081 50892446 gtream. They
1991 MN 32072713 7462350 39535063 includc
1992 MN 23962351 $800445 29762796  equiprnent
1993 MN 17037541 5301484 22339025 leaks,evapora-
Total MN 115999970 26529360 142529330 tive losses and
ventilalion
1990 NY 51509864 23994992 75504856 ~ '©16ases:
1991 NY 43808425 17563959 61372384
1992 NY 39044653 161456900 S5S01553
1993 NY 30929618 13925366 44854984
Total NY 165292560 71941217 237233777
1990 OH 82964283 37305207 120269490
1991 OH 72698854 33937499 106636395
1992 OH 6S059157 28732506 93791663
1993 OH 57654861 26942846 84597707
Total OH 278377155 126918058 405295213
1990 PA 43977773 34132223 78109996
1991 PA 39778738 28543068 68321806
1992 PA 37502293 25724047 63226340
1993 PA 32019747 20051830 52071577
Total PA 153278551 108451168 261729719
1990 wi 33504530 1082151S 44326045
1991 Wi 29188553 8359246 37547799
1992 wi 29399800 7692449 37092249
1993 wi 26043982 7203245 33247227
Total wi 118136865 34076455 152213320
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b. Trend! show dccrcasttlg ttlltoutlls 11l toxt<’ b. Look at Chart 2, with its pounds of toxic rclea»csby air by

rC'CU!ICSbe air. Total ttrnount! differ state As»ignteamsto analyzethe datafor differentstates.
t tc. . o . e

greatly by s uie graphing the trends in air pollution emissions, and then

c. Answers vill vary and cttn be chceked on comparing the total amounts acrossstates,

RTK NET or through atlases.

c. Compare thc population of the assigned state.and other
demographic «nd economic indicators. with thc.atnount of
toxic relea»eseported Do the atnountsot releaseseemo
be related to particular factors within the states'?

4. What are the potential human health and wildlife effects
associated with Pollutants of Concern?

a. Teams examine the data in Chart 3a and 3b. Remember that
the effects listed are for lhe total pollutant present, not just
the air-carried component.

h. Given the contribution» of the pollution sourcesto quality
of life and/or standardof living, is there enough evidence
here to demand that thc. sources be eliminated?

4h.Discussion should focus on costs and
benefits of the sources.

Chart 3a. Health Effects in Wildlife in the Great Lakes Basin.

oy £QQ
Ly

Chart 3ai ustrates the varieO of health
effects obserted itt tvi d Ife itt the Great

La es Basin. B <ut .cells do not ne<'essar y
mean thereis nv effe<'ton u'ild ife. ottly that
research has >totbeen petformed on ihe
species.

Modifie<l front Hi entan, 1< 93.Chcrnical
and Enginccring News, i

Rote: Effects listed rare beenin scientific
liter<rture pub ished dur ng tlte past decade.
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Chart 3b, Potential

Pollutant

C;ldmium and
colrlpounds

Chlordane
DDT/DDE
Dclldrin
Lindane
Lead and
compounds

Mercury and
compounds

Polycycl le
organic matter

2.3.7,8-TCDD

Toxaphcne

Human

Cancer

Prohahle

Probable

Probable

Probablc

Probable

Probable

Probable

Probable

Probable

Probable

Health Effects Associated

Reproductive/ Neurological
Behavioral

Restrictions

gamma-HCH !

with  Pollutants

5. To what extentdoes air transport contrihute to overall
pollutionin the Great Lakes"?

An example of the approximate amount of PCBs in Lake
Superior from various sourcesis shown in Figure 2. The
numberstell how much of the pollutant is in different loca-
tions atmosphere,water. sediment!.
a. Does it appearthat the atmosphereis contributing the
greatestamount of the PCBs directlyo

b. Not all lakesare assubjectto contamination by air
Figure 3!. Examinethe implicationsof the percentages
in this figure. How important are the following in determin-
ing the percentageof pollutants entering by air transport?
~ The upstreamlake
~ The surface area of the lake
Gleographicproximity to pollutant sources

I The Ohd Stat®&Jniversityl, 997

Irnmunological Endocrine

of Concern

Other Noncancer

Respiratory and
kldnCy tOxiCity

Liser toxicity
Liser toxicity
Liser toxicity

Kldney and llver
toxicity

Kidney toxicity
Kidney toxicity

Liver toxicity

Blood cell
toxIClty

Integulrlent toxlcl'lv

Cardiovascular effects.
liver toxicitv

5a.Mostarcenteringthe waterfrom
"rccycting,”  or rCSuSpenSiCaf farmelly
settled or buried material, Of the direct
sourcesof input. however. the atmo-
spheric component is grca er han that of
the river inflow, Case studies such as this
demonstrat¢éhatatmospherideposition
maybc animportantcontributorof toxic
chemicals.

SbAIl arccxtremclyimportantinfluences.
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Figure2, MassBalanceof PCB»in Luke Superion
Nvmhersrepresentedre approximations. EPA. GreatWaterg. 49!

Atmosphere: 2 kg

Figure3, Atmospherid_oadingof PCBsto the GreatLakes.

Arrows andtlow depictpollution thatdepositsrom the atmospherélirectly to water
surfacesandtravelsthroughthe Csredtakessystetn;The percentageseflectthe amount
of suctpollutiorcompareb thatfromall otherroutesl oexatnplegpproximately
63percentt'lukcHuron'$?CBloadings fromatmospheriepositiotothctake
itselt, andapproximately!S percents from atmospheridoadingto the upstreaniakes.
Theremaindeiof Huron's PCBloadingis from nonatmospherisourcesapproximately
2 percent!. EPA, Grec<iWinstonp, 54!
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6. How can we demonstrate and document long-range
pollution transport.

Within teams, studentsdesign a rncthod of testing how far
various pollutants can travel by air from a point source. Make
available a spraybottle with food coloring in water as a source
of wct deposition, or some eraserslull ol chalk dust, or a
blower bottle with powdered drink mix to puff out for dry
deposition. The following design rules apply:

a. Pollutants mustbe releasedin a way that carries them
AWAY from other students, Thc pollutant releasewill bein
two or three episodesonly three squirts, eraserpats, etc.!.

b. Pollutants are released in front of asnrall fan or hair blower
rnountcd for a steadyflov of wind.

c. Deposition should be tracked by distance from the source,
with sorTtemeasures near the source, and others farther
away in a nleaningful pattern,

d. It should be possible to demonstrateto others that deposi-
tion hasoccurredin theamountsandplacesreported.

Evidence should bc provided.!

e. While the question here i» pollution over water, it is
understoodthat pollution over any surface constitutes
acceptableevidence. Thc measuremay be hov much
pollution getsin the water, or how much gets on a paper,
etc.'l

A sample design might be asfollows: Setup three panswith
equal anrounts of water, at regular distance intervals away from
the fan. Pat eraserstogether threetimes in I'ront of the blov ing
fan, and watch which of the pansof water gets dust on top. Filter
off thedustto measurdnow far the pollution traveledandwhich
lake got the most pollution by wei hl or volume. Il powdered
drink mix is used,a colorimetric comparison of the waters could
be the nreasure.

RKvIKw QUESsrrows

|. Supposeyou area citizen v ho suspects hat a local industry i»
releasing harmful gases,eventhough there is no bad odor in
the air. What information sourceswould you consult to find
out the types and amounts of emissionsthe company release»
by air'?What kinds of information must be reported by those
who releasetoxic ernissions. What other pollution sources
might be responsible for your local air quality but arc cxernpt
from reporting ".

I The OhiOStatdnlveraity,997

Answer to Review Question

1. The FPA has prepared a number of

docuinents ro assistcitizens using the
TRI and other FPCRA Emergency
Planning and Community Right-to-Know
Acr! data. To request TRI reports and
other documents, citizens shouhl c;ill
their State Section 313 contact or the
toll-1'reeEPCRA Inl'ormarion 1 lotlinerit
1-800/535-0202.

Only rnanuficturing facilitics i.hathase
10 or morc full-time crnployccs and meet
the cstablished rhresholds for manul'ac-
turing. processing, or othcrwisc using
listed chemicals must rcport their
rclcascs and translcrs. Thresholds for
manufacturing arc currently 2s,0
pounds for each listed chemical.
Eacilitics arc rcquircd ro provide rclcasc
and transfer cstimatcs for each cnviron-
mcental rncdium and type of transfer,
locations of off-site transfers, and v astc
trcatment methods and cflicicncics.

There arc somelimitations of the TRI
darn: 23,000 facilitics submit over 82,000
reports eachyear, yct this capturesonly a
portionof all toxic chemicalrcleascs
nationwide. Von-nranufacturing facilities
currently are not required to report | such
asmining and electric utilities> and are
oftentimes sources of significant releases
of toxic chemicals. Many facilities that
arc required to report either do not file at
all. or do not file all of the necessary
reports, A company may also use its

own estimation techniques if actual
mcasurcments arc not available. and
thesc techniques arc not monitored

for accuracyAlthoughadditional
informationis necessaryo assess
cxposurc and risk, TRI datacan be
usedto identify areasof potential
concern,
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2. The older people you know claitn that even5 years ago the
air was not aspolluted asit is now. Reactto this statementon
the basisof infoimation available to the puhlic.

3. As anenvironmental scientist you arehired by a polluting
industry to prove to the government environmental agency
that even though sonic toxic chemicals are being releasedto
the air, they are nut being deposited to the lakes. Describe
how you would monitor thc transport and deposition of
airborne emissions from the company to check the ainount
reachin 'both nearby and distant waters.

I. Develop a conceptmap showing how gasoline contributes to
toxic air pollution but also to quality of life in North Ainerica.

2. Make a list of the careersor college inajors that would be
neededamong the people who produce, contribute to, and use
the Toxic Releaselnventory. What additional careerswould
be involved with pollution prevention using the infortnation
in the Inventory?

"Toxic air emissions in the Great Lakes region.' Special In»crt. Great
Lakes Commission AChisor Newsletter of the Gretit Lakes Commis-
sion! 8 l:I-2A.  May/June 199S.

USEPA, 1994. Two free documents served as information
sourcesfor this activity:

Deponititrn of air/rolitttant» to tite great n'ttters. Ft'rst report to
Cottgre»». EPA-4S3/R-93-0S%. and

‘T/ieFPA Great 1VatersPrograttt: Anintroduction to tiie i true»anti
eeo»JI»tern»EPA-453/8-94-030.

Limited free copies are available from the producer»of the
reports: Office of Air Quality Planning and Standards,Pollutant
AssessmentBranch MD-13!,USEPA, ResearchTriangle Park,
NC 27711, Attention: Great Waters Docuinents.
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Activity 8: Where do all the toxins go'? Internal View!

An unfortunate byproduct of thc high standardof living enjoyed by dcvclopcd nations is a heavy reliance on
chemicals, Chemicals are used in agriculture and industry and are unintentional byproducts of many human
activities. Many ol the chemicals that we have become so dependenton are entering our Great Lakes as toxic
fallout from the air.

In whatwaysdo chemicalgresent problemn thc GreatLakesecosystemNot very often dowc hearabout
niassive kills from chemicals, The c!Tcctsare much more subtle, Many chemicals enter the food chain ut thc
lower end and accumulate and magnify within organisms throughout the chain, Those carnivores at the top ot
thefood chain,includinghumanshavethehighestlevelsof thesetoxinsin their bodies.Oneof the foodsthat
is popular with humansis fish fatty fish such astrout and salmon accumulate the most toxins through the
food chain, and larger tish are the most dangerous. People are warned not to eattish that exceeda certain
length such asbrown trout over 18inchesin Lake Ontario! andto restrict consumption of smaller fish of
thesespecies.

The characteristics of acheinical that determine whether or not it will be an environmental hazard are: its
toxicity. its persistence,and its affinity for water. Chemicals that have no afl'inity for water tend to havcan
affinity for lipids fats!. They combine with the fatty substancesin an organism's body, and if persistent, will
remainwith theorganismuntil it diesor is consumed.

PCBs polychlorinated biphenyls!
are aclass of toxic chenucals that
appearin many Great Lakes fish.
They were frequently usedas
coolants, especially around electric
transformers. becausethey conduct
heat but not electricity, All produc-
tion of PCBswas stoppedin 1976
after it was discovered how toxic
they were. However, they do not
break down in nature. and many
products containing them are still
around. As old transformers and
other such equiprnenl are discarded,
PCBs may leak into the air or water.
PCBs then enter the marine food
chain and collect in the fatty tissues
of fish. PCBs cause carnivorcs such
ascormorants, and scavengerssuch
asqulls, to develop reproductive

problem» or deformities. 17teGreat Lai.es.'In Ftttirnttmentttt Attar and Rerottrce Bnoi. Produced by
Environment Canadaand U.'S.Environmental Protection Agency 1987 and
1995i
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In this activity. iodineis usedasanexarnplcof a fat-solubleeompoundTheiodineatomsassociateéhertr-
selveswith oil fat! moleculexandcausea colorchangeln thelakeenvironmentchemicalssuchasDDT and
PCB»aref'a soluble Theytendto be extractedrom thelakewaterandconccritratedn fatty substances
plantsandanimals Carnivore»sucha»fish. cat otherorganismshatcontainthe toxinsandaccumulatehe
»Uub»tancds their bodie» High concentration®f thesecheinical»arefoundin thc belly fat andunderthe skin
of fatty fish suchaslake trout, salmon. and «hub,

Thisact»i y wasoriginatedby Michigan OagECV>VES

Se;iGrin inits curriculumactivity,"A tish ) o .
Iiiiphenomenon'rr rrrleer/rgishingit> Whens udenthavecompletedhi»activity, theywill beableto
Trrrr>s>lirs>! demonstratehow chemicals accumulatein fish fa , the

biopathway»»f thetoxinsin thefi»h's body.andway»to prepare
fish to avoid consuming the toxin».

~lodine crystals  per den!onsiration!

~Screv -top vial about 7S ml!

~20 ml v ate

~20 ml vegetable olil

~Ohio'Se.aGrant | act SheetQO?: VQ:Ssr PROCEDURE
Their Aisrr>rvu>rrir>rrdienllli.  op iona !

I. Introduce the conceptof solubility to the students.

Earth Systemé&Jnderstaattl}ags Ask the following questions:

This activity focuseson BSU 2 steward- a. Whathappengo a teaspoownf sugarwhenyou putit

ship!, 3 science processes!,0 interactions! into a glassof water?

and 7 careersl. . . .
b. Whatwouldhapperto a patof butterif youmixedit

into a glassof water?
¢, What is meantby svltrbrlir

a. The sugar dissolves.

The butter woukl not dissolve: it would 2. Asa demonstratiorputthe iodinecrystal»in the vial with

stay in lumps. . .
¢. Solubility refers to thc ability of one 20 ml of water.Tightenthelid. andallow the studentdo pass

c

substanceo br:co navenlydis rihu edin the vial around and»hake it.
another substance. d. What happenedto the iodine v hen it wa» mixed
d. Soine of the iodine dissolve~ soine with tire water '?

docs not. The water turns light brov n.
c. lodine was extracted into the oil because

iodine is more soluble in fat than in water. 3. OpentheViaI andpourin 20 rnl of vegetabIEDiI,
Since there is no more iodine in he water. Replacehelid. andpa»ghevial aroundfor moreshaking.
thev a erclearsup.Theoil layerturns c. What happenedwhen the oil is added?Why?
f girllk. indicatin>' the presenceof iodine. f. In which substanceis iodine morex»oluhle, water or oil'?
g. Theoil representfat: waterrepresen s g. What type of bodily substancein an animal doesthe
other bodily fluids lood. saliva. sweai.!. oil represent? The water".
h. PCBs accumulate in the fat. h. Where do PCBs accumulate in fish and other animals?
I. They can't be viashed out becausethe fais i, Why can't the PCB» be "washed out" hy blood or urine'?
won tdissolve in these fluids. j. If you want to consumefish, but are not sureif it
j. Toprepardish safely clea~all thefat off J- y . ’ .
bcforccooking. andbroil thetish oii a containsPCBs,howwould you preparet to be safe?

rack sothat it doesn't cook in its own
juices. Note that this inethod would not
rernovc poison metals such as mercury.
hec>use hey accumulate in mtisclc tissue.
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4.

6.

Distribute the fact sheeton preparing your catch flt !,

If possible, have a studentwho i» an experiencedangler
demonstrateproper tish cleaning, Other studentsshould note
where fat is found in the fish's body.

Gravid fish full of eggs! carry most of their toxin load
in the eggs Discussthe implicationsof thisfor

a. Using fish eggs a» bait.

b. Fish that feed on fish eggs,and

c. The safest time to catch female fish.

The useof cheniicalshasbecomepartof thelifestyle of

pcoplc living nearthe Great Lakes.

d. |If all the toxic chemicals were eliminated from the
environmentwould everyonebe pleased®hich
professionsvould sufler withoutthe chemicalshich
professions are impacted now hy the presenceof toxic
cheniicals,

Investigate the existing and proposed cooperative regulations
betweerthe United StatesandCanadaegardingprotection
of the Great Lakes environinent, Do you feel that they are
sufficient, or canthey be strengthened'?

Supposea stateor province decided to regulate commercial
fishing sothat consumerswould receive fish with less
chance of contamination. Use the activities titled "Which
fish canwe eat?"and "How should the public health be
protected?" to role play the issuesthat would have to be
addressedto strengthenenviron nental regulations.

I The OhidStatdJniversity1997

Answers

a, Fish eggsusedas bail do no have time o
be diges ed. Therefore, hcy v ould bc
relatively harinless o hc fish and hc
angler.

b. Fish ha eailish eggsregularly are
exposed o a large amount oi oxins.

Thc inore they eai, the more they
bioaccumula e.

The safes iroe o catch tenaal»fish
v:ould be when they have~us spawned
andrid hcmsclves of the toxic load

Hov ever, fish fles some imes becomes
less desirable for food a su»ha iine i
nay bc aof er and have a darker color!. It
the fish werc caugh before spawiiing,
while still gravid. hc problem might be
climina cd, People do no usually ea lish
eggs exccp for caviarl. Fishing a his
tirnc could scriouslv reduce the next
year's popula ion of tish.

d. Acccp studentbrains orrned an»wersand
discuss hem. American» depend on toxic
chemicals tor a variety of thing»: for
ins ance. hc fuel we use o power our
vehicles gasoline! i» ovi». Toxic
chemicals are componen s of mos
paints, plastics. batteries. roofing
ma crial». and peslicidcs usedin far r ing.
They arc also used in developing tilm,
diy ch:aning, producing paper. making
many medical supphesIX-ray film!,
purifying wa crl'urpublic use caringtor
lawns. and a large variey o 'o her hing».

Teacher's Note

A recco public heihh advisory chai' that
indicates «hich tish are considered
dangerous o ea islocaedintheaciviy
"Which lish c;in we ea"." l.ocal inforrna ion
is available wherever fishing licenses arc
sold.
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ActivityC: Wheredoall thetoxin»go? ExternalView!

Bio«rxor«krtirtathebuild-upf chemicals anorganismsody thelongemlanor anismlives,themore
it absorb¥heranolder)argdaketroutis caughttheconcentralioof toxingn itsbodycouldoca million
timesthatof the original concentrationg thc water Bir>mr ,>lificatimgsultswhentoxinsbecomeancreas-
inglyconcentratestheypasshroughihcfoodchainWhera fishfeedonzooplanktorfior exatnplehc
fishlakesuptoxingn all of theplanktorit eat»In thefish,manyof thctoxinsaccumulate its fattytissues.
Whena gullor aneaglefeedson thefish, the bird takesupall of thetoxinsthefish hasaccumulatedrom all
thecontaminateganismis hascvcreaten]'hereforéhehigheuupanorganisis in thefoodchainthc
greater the amount of toxins it is likely to consume.

Earth System&/nderstandings OSJECITVXS

Thi» activity addre»»cklit 2 »tewardship!. _ o
'3 »cicnce proce»»cx»l,and 4 interaction»!. Whenyou havecompletedhis activity.you shouldbe ableto

describehow bioaccumulabn andbiotnagnificatiorof toxinsin
the food chain cause health disorders in humans and anitnals.

I".ich group wi!! need:

'Copy ot Tihle 1. PROCEDURE
~ Ciipy ot hzznznmztiviriei nnd izzrtzzrzzy
N f:‘r’;!;c;rgage“ I, Theteachehaspreparedardsfor theteam»Eachof the

~Cilpy o fozzrtzizninirzrdx  pages! eight themes fish. matnmals. etc.! is on a different color.

~Ciipy iif offerxof roirincards page!.

~Qcz»» # 2. Workin groupsof threeto four peopleto makea posterfFirst
*:’r‘ztgrhov”do’ hutcher paper. assctnbl@ reasonabléood chainfrom thecard~you have.
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Tablel. ToxtnsSourcerindl;ffecl Lnformution,

Name of Toxin Uses Source of Toxin Effects of Toxin

Lead Usethgasolineaintglazes,  pumingeadetlelsincinerator  Toxiccffectonhumangishand
pipesindoofingnalcrials emissionspoilers wikllifccarcauderainlamage

Arsenic Usedn pesticidesmclters, Pesticidesecoatombustion, Poisonous humangishand
glasgproduction primargoppesinclicrs wildlife

IVJercury Usedn battenepaints, Naturatpatombustionunicipal Affectthenervousysteand
mdustrlallnstrumentsand wast@acineraticoppemelting, permanedamagearnresulithe
pulpandpapemills SCwagmeineralion braimayalsdedamaged

Benzopyrene BaP! Notusedalonebuti§ tound_asa Combustigirocessesjchas Believadbecausefhighincidence
hy-produatf burnindossifuels  woodurningigarettsraoke, oftumoiisfishcarcinogen

andcakeovenemissions

Hexachlorobenzene Usedoconlrolnsecls Pesticidaisc.manul'aclurof
chlorinatedsolvents

Addition&irborn& ownkloLongeProduceatheUSA:

Linketbnervandivedamage;
suspectetb causebirth defects

PCBs Or!ceusedn_industri_atroducLs- Existingndfillspillsieaking linesdevelojishumarBatally
paintsplasticglectricatansformers randormers toxicto fish andwildlife

DDT, dieldrin Tmontrdhsecmnguwdentsv Bannedn USA, butstill usedin Will accuinulaia huinangi,shand
andweeds Mexico,CentralandSouthAmerica Wi|d|ife;camauseancei|n humans;

toxic lo fish andwildlife
Toxaphene Pesticidasedncottorcrops WasseisouthestataacludingExtremédyidofish
Texagzeorgidlabamand_ouisiana

Dioxin Not usedalonebut s foundasa ImpropeincineratiooFherbicides  Huniailinessivestoakortality,
by-produsfimanufacturing andeachinfromlanddisposal cxtremelyoxic
herbiddes

sourceBincntaxdsrragpA/987

REVIEWQUESTIONS

I, With theuseof the constructedood chain,explainwhat
bioaccumulatiorandtnagnificationareandhow thesefactors
cause heal.th disorders in humans and animals.

2. List andexplaindifferenttypesof humanactivitiesthat
produce airborne toxin» and what effects thesetoxins have on
humans and animals.

EXTENSIONS

1, Look up informationon the percentagesf toxinsfoundin
thc GreatLakesthatprobablyreachedhereon air currents.
Use your mapsto dctcrminc where thesetoxins may be
originating.

2. Do a study on how incincrators work and hov they are
te ulated.

3. Choosea city and discussthe human health effects that might
be found in its residentsasa result of the airborne pollutants.

I The OhidStatdJniversityf997

Answergo ReviewQeestions

I. Varies hy choice iil loxin.

i. Referlo Chartl in Activity A of this
sectionaridTable | of Activity , which
Is oii Il page.

Teadtier's Note

A public healthadvisoiy chart,vshich
indicates the fish that are considered
dangerousto eat. is included with the
activiiv 'Which fish canv,e eat"."These
restrictions arc a reflection of the
bioaccumulation or toxins in those fish.
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Could we live without chlorine in the Great Lakes'?

In thettioderWestersocietiepeopldavebecomaccustomead manylifestyleconditiond-orexatnple,
peopleexpectanddemandtleanair andwater.security jobs,a cleanenvironmenfor recreationgetc. How-
ever,suchdemand®ftencreatenlutnyprobletus During thc Ic 0». whenenvironmentalaw wasnotas
stringenasatthcpreserime.humamnemanéor productsicreasenhdustrigbollutionresultingn high
usool'pcesticidedierbicidesndsomendiscriminatdumpingf toxicwastexAsthenextdecadap-
proacheda newconsciousnedsegano develop.anda humbepf significanteventsoccurredin thc Great
LakesegiorthaiwouldncreasthisconcernrAsdramatiexantplesiebrisan theheavilypollutedCuyahoga
Rivercaughtire outsideCleveland)hio,anda toxiovastelutnpyvasdiscoveredndethecommunitpf

Love Canal. New York.

The»éncidentandmanyothersationwidgavempetuso theenvironmentalovemerdandhelegislation
forwhichit iscalledThisle isltttionncludedhcClearAir Act.theCleanVateAct.theCotnprehensive
Fnvironmcntd&espons€ompensati@mdLiabilityAct alsoknownastheCERCLAor "Supetfund“gs
weilasmanythersHowevegverthoughnuchofthislegislationvascnttctcan thel' !s, it iscontinually
amendedstheresultof newdiscoveriexoncerningchemicalsandtheirimpacts.

OnesuchamendmetdtheCleanNaleAct proposea "chlorinsun»ctgventuallyesultingn virtual
eliminatiomf chloringelate@&nvironmentasuessuchanamendmemtouldoanall dischargesf org;t-
nochlorincrmedustheresulof chlorine-basdidieaching thepulpandpapemanufacturingroce~#n
additiont wouldrequirghattheEP Amakeecommendationghin 18tnonth$o Congres®r zerodis-
chargef otherorganochlorim®tnpound$hisv ouldikely haveanimpacbnthequalityandsafetyf
surfacewaterasv ell asall chlorinedcpcndentndustrie~.

In this activity, the Internationalloint Cotnmission IJC! hasdctcrrninedhatan internationatommitteemust
beformedo examinéheimpacof sucha decisioantheGreat.ake+egionFollowingheformatiorof the
comrnittceg reporhago beproducedntheimpacbf thisproposedctiorontheGreat.akesegion.

~Surnrnary ihcct of' partic».

~Description~ of intlivitlual role».

~Map ot Ireat L:tkcs Rcgton.

~Conflict reiolution fact sheet
incl udekh

Iptionah Information»hect» frotn
variousinterestgroupsantilibrary
resourcev.

Earth SystemsUnderstandings

Tht activity locu»e»on LSV 2

~te~ardshipl. 3 Ivcien tltc prttcei~I.

4 interactionv!. and 7 careers anti
Pulp and PaperTreatment Plant hohhiesh
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Developed by Dr. Tony P.Murphy.

Teacher's Notes

1The neg<>tiali<>process should he
described briefly by the teacher. An
inl'orin;! ii>nal sheeton conti<et
rcsolulion is prosi<ledwith this ac<isty.
It is very importantlo explain io the
class that a consensusmust he reached
rifle>lill pl<r icipants hlive spoken Do
not take a vote i>nany measure All
must agree that they can live with a
decision in order t'ori to be adopted.

2 As you will note the su>nmary~beet
«>ntains a description of the players.
The sheetw<>@roduced with the view
i>f having the students "walk in someone
else.'sshoes" and try to get to know the
perspective of the plaver. Canadaand
the Il S. are countrie~ of d>vetsity, and
this diversity is utilized in this activity.
If you are, or you think your students
<nayhe uncomfortable with this, then
omit the personal characteristics ol the
players The namesmay also he altered.

Committee members may want to refei
to the chlorine fact sheetincluded with
the activ>ty in preparing their presenta-
tions for the group.

OhioSeaGrantEducationProgram

Following thi» activity, you will be able to:

1. Visualize a complex issuefrom many different perspective».
2. Describe the legislative process,its functionaries agencie»,
individual» involved in crcaling legisla ionl, andthe tiine

involved in creating cnvirontnental legislation.

3. Appreciate the difficulties in consensus-building in environ-
mental disputes.

PROCEDURE

A» a class.read "How Cun Public Dispute» be Resolved?"

The classwill be divided into sevengroups. Each group will
have a»urnmary sheetof the potentialcommittee members.

Each group will selectcommittee members.There will bea
total of sevencommittee member»who will investigate the
impact of the Zero Discharge Act on the Great Lakes region.
Diplontacyrequireghatmetnbershiill includerepresenta-
tives of the U,S Canada. and the First Nation Tribes. Each
group will have 10ininute» to make the remaining four
selectionsfrom the sumtnary sheet.

Each group will write the candidate~they selectedon the
chalkboard. If eachgroup's list is the satne, proceedto step
4, If the lists are different, discuss thc»e differences and resolve
them sothatone coinplete list of sevennamesremains.

One tnember from eachgroup should volunteer to play the
role of a committee member, Each group of ~tudentswill
helponecommitteememberassembla presentatiobased
on the information from the role-play sheetand additional
sources.Charts, data, posters, or other visuals should be used
in eachplayer'spresentationThefol/owingweek thepresen-
tationswill be madeduring the meetingof the committee.

At the committee meeting, eachof the committee meinbers
will put forward a different a»pectand supporting dataon the
issue.Once the presentationsare finished, negotiations
should begin to determine the action to be recommendedto
the comtnittee.

Finally, a reportis to be completed, cotnpiled from the

enlarged script» and reference materials used by the different
groups. h,achgroup i» responsible fox tt »ection of the report
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SUMMARY SBEKT OF PARTNERS

The International Joint Commission 1JC! i» to form a committee to examine the impact of the proposed ban ot' chlorine
in the Great Lakes region or proposed amendmen o the Clean Water Act!. Th» budgetfor his cornrru tce is approxi-
matelyli40,000.whichmeangh;i hecoinmi cecanonly haveseve>pcop!coni BecausehelJCis involved,threent’
the people nn the committee have tn be representativesof the U.'S.,Canada, and First Nations. The committee will have a
month lo hold its preliminary selection meeting, its negotiation, and the production of i s report.

The four other members of the committee may be selectedfrom the following roles.

Ken Cnn! ress.a reprcsen ative nf he ~tate<il'Wisconsin, is a middleaged politician whn has servedhis cnnstituency for a
number of years. While he viess»the aspiration of a clean, healthy environment asbeing very noble, he v,antstn know

v ho will pavfor hisif hebanis successful. Funding is necessaryto h<ivca «lean»nvironmen . He is v'orried about the
impact the ban will hase on thc industrie~ in his state.

lahn Uriirer/, a representativeof the sta e province! of....... [Minneso a, Ohio, Nev York, Pennsylvania, lllinois.
Indiana, Michigan Quebec, or Ontario!], is a young, newly elec cil piili iciam and h»,is iinpressed ha a consensus
approachis being usedin this matter. While he understandsboth sides of this issue, atthe moment he is undecided on
wha wav to vote unil he hears some more evidence.

Bea Heatrhv, a representativeof the state province! of....... [Minnesota, Ohio, New York, Pennsylvania. lllinois,
Indiana. Michigan Quebec. or On arrolJ. is a young pohtician, For this representative, the issue of health is of pnmary
importance, and she believes that this is the only issueto be contemplated.

B. Leach. a represen aliveof' the chlorine industry. is concerned at the probabrli > of hc banon all dischargesof chlorine
into v ater. A middle-aged professional. he deal~mainly with public relations issuesfnr the chlorine Industry. He remind~
people that they use chlorine-derived products on a daily basis, although people generallv are unaware of this fac . His
main objec ion o the proposal is that.banning chlorine would have a major impac on he socie y and economy of the

IJ S. and Canada.

P.Abe Err is a representative of the pulp/paper indus ry. He is concerned «bou h» proposed ban on the discharge of
chlorine and thc implica inns fnr his in lus ry Hc works as a senior execinive in a paperindus ry in the Orea l.akes
region. He is middle-aged and raises a family with a wife and two children. He believes that people should realize the
consequencesof this ban on Ihe pulp/paper industry «nd the economy of the region.

Crirsra/ Ctaire is scientist and representative of a group of citizens who would like tn seethe ban on chlorine passed.She
has worked wilh a number of o her scientists on the possibl» cff»c s on human and wildlif'e health. Hecr professional
career involves working for a non-profit nrganiza iorr ha deals with environmental anr3nnnenvironmental issues.Sheis
middle-aged svith a young daughter. Her main concern is with human health impacts, although her organization has also
investigated wildlife health problems.

Di Orin is representativefor citizens againstthe ban. As a long term resident of the region. she hassailed and fished in
the Grea Lakes. A senior «ilizcn, sheis concerned with the impac on the local and regional economy. especially ash»r
grandchildren will coon seekemp92nymeniShe hasbeeniiivnlved in previous campaigns on envirnnmen al issuesand
ha»beena vocal representative, often quoted in the media.

F. Wurgs is member of the envirnntriental group Cireenpeacenr Pollution Probe!. A recent college graduate, he hasbeen
employed by he group for 2 years. He hastraining in policy analysis and enviionmental issues.During hi» college years,
he was involved in vi rrous protests concerning cnvironrnen al pollutcrs and has been working for a number of year~on
the chlorine ban project.
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U.S. REmmszm~vK

M nanieJar]eﬂtfyergncH represiatnitedtatgovernmantatrestshrissu&éhgurpose
ofthisommitteeetimgphedhedeasdonceafzariogsoupwolvedhissud:you
knowhenternati ommissld@hasnnountegdt wishésreduckschargédlorine
intdheGredtakesneffortareontinuiagthdeder&vetorequinadustrigseliminateausof

chlorine under the Clean Water Act.

Onchisneetirsgompletedcbitheyovernmepiresentatitiesturiohi»/hewmcountand
discusisecsullbsthigowmmeetivgthotheofficialkecommenddoiustheactioanthassue
andtsimpacintheepresentediongeenvironmertdheecononstabiligftheareaviltbe
madewoulikdothantkeyroupsdrganizatiorselectitihgre presentadivessditings
meetirBeforedegithisneetingvoulkeaoremirtienembénsivearderlistetoyour
concerngwantoprodueedocumamwhickveryomellhaveontributedhatllcarfeehappy
withtheecommendatiwatgillhavbeeproposddyCanadiaolleagudloutlinthdormadnd
theagendbatvillbefollowednd trughathisneetinglibefruitfubncdhddomeevdimensidns

the issue at hand.

Thankyoufor givingmetheopportunityo speak.

Cwxmmx RFpazsFmwvrvx

MynamisJaclCollingndama representafveCanaditederglovernmeamiouliiketo
welcorpedothicommitteeetidggMsMyermyAmericeounterpsatgyupbjectieres
tolistetoyowagepresentadiyergrou@s forusoleawsitrandeafthdestpprodothe
taskefores Wehavanimportaaindifficultaskoperforrandvouldiketocoméoa consensumns
thebesaindmosequitablapproacto usen achievingheresult.

Weaneetbtreathassuma conscientroasnand eigtheémpactsatheroposednvillhaven
thevarioggoupspreseiecnthgenemibli¢othisneetitmproceetficientdpeffec-

tively, theserules needto be followed:
1, Weall agredo followtheagendasit is currentlyorganized.
2. All theinterestsfthevarioupartiesieedo beheard.

3.Naname-callwegklirginterruptimidgbepermittetheanothgreaksoutlinirgs

or hcr views/interest».

4. Peoplmaysavhatevappropriateearsndnateriahecessdorthepresentatioftheir

points/interest».

5. Eaclpersohaya definitmleasa representatf@e»pecitoxganizatianccannaeprc
sentany other group.

6. All groupsnusteacha decisioara consensosthereportNovotewill betaken.

Thankyoufor giving metheopportunityto speak.
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FIRST NATIONS RKPRKSKNTATIVK

My naineis RonPotversandl represerthevariousFirst Nation»tribesthat live andlish in the GreatLakes
region.Wehavefishedfor manyyearsn this areaandweregladto seethe 197 >banon harinful chemicals
thatcausegroblemsor the fish andeagles However we againhavebecomeconcernedvith thereappear-
anceof problemswith fish in the region,Tuinorsareonce;igainbeginningto affectthe tish, andwe are
concernedfor thc health of our people and thc environment.

As a nationandpeople we hopethatthisineetingv ill considemotonly the economicdmpactthata chlorine
banwill have, but also the itnpact that continued useof this chemical willhave on thc health of the environ-
mentandhunianhealth,It is importantto rernernheandto weighinto any proposathehealthof wildlife and
people Weneedto be concernedor everypersonandeveryplantandaniinal. Quality of life is abouta
healthyenvironmentandbeingableto enjoyit. So, letusconsiderthe~dssuesarefully.

Whenpeoplehearaboutthe contatrtinatedish in thc Grc;itLakes, it makesxthemnervousabouteatingsuch
fish. Of coursewe needto recognizehatnot «llthefish in the lakesarecontaminatedo the samedegree.
Fattyfish willaccumulatenoretoxinsin their fat tissuefish nearindustrial,ind agriculturalpointswill tend
to bc morecontaminatedhanlish in deepemater.

From a tribal perspective, zero discharge of harinful and toxic ~ub~tancesnto the waters of
theGreatLakesis a goalthatmustbe vigorouslypursuedWhile zerodischarganaynotbc
possiblein theimmediatetuturc. eliminationof additionaldischargeof toxic contarninants
into thc GreatLakesis imperative.Cooperatiorfrom federal,state andtribal agencies;
industry;environmentagroups;andthe public sectoris requiredto meetthegoalsof a
healthy Great Lakes ecosystem.

NativeAmericandelievethatmanis oncwith his environmentnot masterof it. In this view,
to dischargehemicalsn o thcenvironmentandcauset dainages to causedamagedo
oneselfLJInfortunatelythetruth ol this philosophyis becomingpainfully obvious,asevi-
dencedyy thetremendouslamagenanhasalreadyinflicted uponhisenvironmentAs
steward®of our environincntwc mustrecognizethe GreatLake~asa fragile,irreplaceable
treasura@hatrepresents systenthatwe areall partof anddependentpon.The GreatLakes
havesustainedife for inanygeneration®f NativeAniericans.anda commitmenmustbc
madeto protectandpreservehisresourcdor futuregenerations.

Thank you for giving mc the opportunity to speak.

[Quotationdrom aZeroBirrhardie/\ftual Flinrinnlior<riPersisterizone CheiniealxA Tribal FisheriesPerspec-
tive. 1993Amy |, Owen.Chippewa/OttawdreatyFi»heryManagemenfuthority. SaultSt. Marie, Michigan,]

OhidSeaGranEducatioRrogram I TheOhio State Vniversity, 1997



STATH ROVINCIARKPRKSKNTATIVK

lvipameKe @ ongresd) represbatam\Wiscongithjlelmpleasatheneetiagthe
goandbiectioiyatheralthe geodi@yetianusathat adeepipncerabdthie
Impagthi®anrthemploynmemhornstataprovinddhile ealh!'agspitea cleand
healtbypvironnveaustistealizenasastateer@ housaoib athproducoion
chlorirmmd»usen hg@apangulmdustnyuyanisAddothishenumeraikgobinservice
industriemadvecoultbclookingta totdbsetoverl milliofobsplusaxevenudowsthatobe
recoupetfowdowepayforschoolsgadsnfrastructure’

Yes,woultkea healtg%ae\nvirontnbuarcwewillinngayhe:osﬂ%thepossibiekoa
smahumbefindividuairtitheecononaodocidlavothawillbecausdyythdoseftheulp/
Papmdusaydth@hIo_rlne-de_pmmtdmﬂ&aﬂbhs?uﬂxammeosandmpI_oyment
igurésichlorine-depenistiab érebbkesgianthe). InCanadhavill”
réeplabe sastmounittonsiyowlabaohlorivéRatilbecootalthevorkersy®y ill

wc payfor a clearenvironment".

TabldustratingW'&alwdClilori@hemistimariou< usttabésredt-<kest<ike), ndCain<alis<<

are in U.S. Dollar».

ProcessingPVC Fabrication ~ Total Number Direct Total Attributable Direct Wages Total nges
Plants Plants of Plant~ Etnployment  Etnployment $ million! $ million!
Wisconsin 151 63 78 8.175 24991 211
Minnesota 701 5,379 12,035 119
lllino» 31 130 1 10,887 39.116 970
Michigan 153 178 18.741 65.889 627 2.064
Ohio 30 ~19 249 26,076 78.592 631"
View York 3i 104 140 11.917 29,267 319 677
Indiana 12 143' 13,106 38,181 326 1,006
Pennsylvania 132 13,037 42,783 3361, 1.001
pU.STotal 718 2.530 366,738 1.314,971 9,939 31, 9
Ontario 29 61 90 9,902 32,614
Qttebce 19 40 5,249 15.712
CanadaTotal 3 318 28.350 529 2.283
LTJcljeﬁ conada 821 3.556" 395,088 1,395.088! 10.706

Source: Charles Rir<.rs.5sso<iates 19<. i

Ifwdightermmlutiawandegulationthatavbsamepadthinlvereddexamine
sucboncem@mnntegrpamfanalteratimhdawkemembacaramendmspasset il
changaliveforevécautipmaltorementhenobnlisth@atuehvironragsd ugere,

butthe humanenviron neni» atrisk of collapse.

Thankyoufor givingmetheopportunityo speak.
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STATEPROVINCIARRPRKSRNTATIVR

My name i» John United, and | representthe state province! of,....., [Minnesota, Ohio, rVewYork.
Pennsylvaniallinois, Indiana.Michigan, QuebecOntario!J.Thisis a veryimportantissueto the people
whoml representEnvironmentalssuescanoften becomeemotional.becaus¢heydealwith topicsthat
pcoplc are extremely concernedabout, even fearful for the damageto the environment or to their health or thc
health of their children. When people become emotional about an issue.it becomesmore difficult to resolve,
becauseeoplefearthattheir very existencea» threatcncdHowever by involving peoplefrom the beginning
in thisprocessit i» hopedthateveryonev ill contributeto theknowledgeconcerningheissue.Thc resulting
decisionwill be seerasf'airandv orkedtowardby all thegroups.

Asyouareall well aware.t is difficult to satisfyall of the peopleall of thetinre.However,if peoplearcnot
involvedin decisionghataffecttheir lives deeply thenmoresevereproblemscanoccur.lt is hopedthatin
this corrscnsus-buildingrocessthe variousgroupsinterestswill be consideredandthe final decisionwill
include elementsthat satisfy everyone's needs,Even though wc think that we know where thc final outcome
of this processgs heading throughconsensubuilding we maybeableto attainthe goal of the committeein a
morc equitable nranncr. My position i» unclear atthe moment. | am uncertain of the recommendations | will
make to my constituents. Before | make any final decisions, | would like to becorrrerrroreinformed on thc
issueand am glad to be here at this meetin to dojust that,

Thank.you for giving nte the opportunity to speak.
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STATEPROVINCIARKPRRSKNTATPVE

My nameis Bea Healthy andl rcpre»cnthe state province!of......... , IMinncsola,Ohio, New York,
PennsylvaniéinoisindianaMichiganQuebe@ntario!Jamattendindp!>meeting voicany
concernandtheanxietiesf myconstilucnlen hi»issuet chlorinel attended locatownmeetingn my
homeslate provincetoncerninthcchlorindban My questioins: Canweaffordnotto banthesehemicalg’
After hearingall thc evidence,l amsurprisedt took solong for this banto bcformulated.

Examininglltheevidencéhaveheardindseen| wouldiketo saythatchlorinechemicalwiththeir
potentiaiskgeallyfrightemel ammotalonéntheséeelinggccorditgmyconstituendesl realize
thatmanyobsarein dangeandlo sof fundsareinjeopardybulwhatpricedoweputona life,a singldife?
Isall themoneyn theworldableto replacéhelife of a persornfowdoyoutell peopleéhatyouknowthese
chemicalaredangeroubutforthegoodof societyheyarcnecessatyg u»e'flowdoyoutell thisto
someonghdchadreastanceorthep.uenvfa handicappedeformezhild'?don‘tvantotellpeople
this. do you'?

| thinkthattheevidenceés conclusivenouglatthisstagéo banorganochlorirdhemicalaltogethelt is
timeto sunsetgtire orban hc»chemicald.et'sexaminevhathappenetd thcamounbf chemicals the
environmentandhumanbodyfat contentwhentheyweresunsettcd,

Manypeoplatthismeetingndn thcchloringndustryvill»ay thata totabanof chlorinas counterproduc-
tivetosocietydowcartheysaythawiththccurrergvidencé®accannal!owcurrenmpactsf this

group of chemicals on human health and wildlife to continue, Neither can we wait to test all of' thesechemi-
calsindividually; wejust do nothavethetime. This is anurgentproblen-\We mustact «ndactnow. But what
frightenshicevemorasthaevenf webarchlorinaowresidues dangcroahemicalbastillpersist
insedimentsill betransferrenh thcfoodchain»Onceahcbanisin placethenextogicalstepin mymind,

is to try lo removesuchdanicrou»chemicaldrom the existingpollutedandcontatninatecrea.

Tablellustratingercentagdangé humanxxlyfatandsedimentgtersunsettinghemicalis certaipractices,

Pollutant Time Period PercentChange Control  Measure
Lead crnissions 1975 1985 86clc removed from gasoline
DDT in body fat! 1970 1983 -79'7¢c agricultural use banned
PCB» in body fal! 197! -1980 -75'7< production banned
Mercury in»ediments! 1970 1979 -80~/c replaced with chlorine production

rorce: kfairsberg asrdnidorin,  199!.J

Finally] wouldike totakelhisopportunityo saythatl ampleasetb beinvitedto thismeetingl.
amgladto seethatvariousgroup»areinvolved in this; andhopefullywe will reacha consensusnthc
approacho bctakenin thisissue.l do hopethatwe cancometo anarrangcrncnon this mostseriou~matter
before us.

Thankyou for giving metheopportunityto speak.
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CHLORINE INDUSTRYREPRESENTATIVE

My nameis B. Leo<h, and | represent thc chlorine industry. A» you know, wc arc all hereto discussthe
lilovementathandto banall discharge®f chlorineinto water.However we usechlorine-derivedoroductson
a dailybasisalthoughpeoplegenerallyare unawareof this fact. Chlorineproductsinclude;polyvinyl chlo-
ride PVCI, otherplastics flanie rctardantschlorinatedsolventshydrogerchloride usedin a varietyof food
processingndindustrialapplications! Jaundrybleachesanddetergentsiry-cleanindfluids, andwater
purificationandcrop protectionchemicalspcsticidesherbicidesndfungicides!Chlorine'aiscin thernanufac-
tureof certairproductsncludegpigmentsn paintspaperplasticsnonstickcookwareandpharmaceuticals.

I'neproposedanhasresultedrom thc belief that"certainchlorine-containinggompoundsavebeenfound
to poseunacceptablbealthandenvironmentatisks. Theserisks shouldnotbeignored.Any situationwhere
chlorine-dependergrocessesr chlorineor chlorine-containingompoundsreatesinacceptablaealthand
environmentatisks shouldbe correctedIn April 1992 thelnternationalloint Coinmission'dVaterQuality
Advisory Boardrecominendcdhatthc United StatesandCanadaconsideiphasingout the useof chlorineand
chlorine-containingompoundssindustrialfeedstocksHowever,any public policy debatethatproposeghc
banningof all chlorineproductionanduseshouldtakeinto accounmnot only anyrisksassociatedavith
chlorine'susebut alsothe socialandeconomidmpactsof sucha banon thc United StatesandCanadaandthe
risks associatedwith thc usc of substitute products.”

Thc econotnidocncfitsof the chlorineindustrywerenut!incdin a recenteportconductedy the Charles
RiverAssociatesCRA!. The flguresrepresenthe"benefits or savings'thatchlorinecurrentlyprovide»to
the consuniemandthe contributionsthatchlorine-dependenhdustriegprovideto local, regional,andnational
economics."

Whatwe aredealingwith here ladiesandgentleinenjs a multi-billion-dollarindustry Any banor the useof
substituteswill cost consumersand the industry millions of dollars in additional costsand could result in the
closureof manyindustrialplant~,The CRA reportnotesthatthe "useof substitutesor chlorine-basegrod-
uctsandprocessewould costanadditional$91billion peryearin thc V,S.and$11billion peryearin
Canada"p, 2!. Theinvcstrnentequiredto constructfacilities to producesubstitutesvould approacts67
billion, This constructiorwould probablytake 10to 20years,andit is likely thatconsumersvould beforced
to beartheburdenof this costthroughhigherconsumerprices.

Let'sexaminethe figuresin thistable[nextpagel.

Besideghis cost,let'sexaminethe nurnbcrof peopleemployeddirectly andindirectly in thi»industry."In
1990 chlorine-dependcrindustriesemployedalmost4 , 0 workersAn additional 1.0million workersare
employedn relatedindustriesandservices... Nearly 1,4million jobs in 48 U.S. statesandnine Canadian
provincesdependn chlorineproduction.Totalwagesexceede®33billion. If chlorineproductionwereshut
down, many of the workers would lose their jobs, and society would hearthe cost.”

Therefore asyou cansee banning«hlorincwill havea majorimpacton thc socialandeconomidabric of the
U.S.andCanada] would askthis committeetn seriouslyconsidertheconsequencesf this chlorineban.

Thankyou for givmg methe opportunityto speak,
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I'abldlus ratitigel 990 aluefChlorir@hemistAflcos arenU.Sdollars.
1

Economic  Value What i» bleach?
United Accordingto the Clorox Com-
To Consumers U States Canada Total pany bleachis not the satneas
chlorine. White chlorine is used
I direct uses 8 Billion/Year 110 hastheactiveingredientsodium
hypochlorite The solu ion
In productscontaining decomposéstosaltandwater.
chlorine 'f Billion/Year 314 i 33 P
"As a facilia or !'Bilhon/Year 49.9

The Clorox Companyhasmade
Total 911 102.4  severahttemptdo address
environmental issue» in the
manufacturingf its products.
Oneexampleis the construction
Value of sales ssillion/Year 8.5 of a manutacturing plant sur-
roundedby a 75-acravetland

To Local Economies

' Fconomic contrihu ors

Einployrncntdirec Workers 366,700 284Xt 398100 thatsupportsrariouswildlife
Employmerindirect Worker~ 948300  S5,6001.003,9 X' specie§hecompanpasalso
trived to reduce accidental toxic
1.31S.000 84,000 1.30t,000 S
Employmentotal Workers releaseslowerreportedreleases
Wagesirect SHlion/Year 0.8 107 of chlorine 92 poundsin | 989
Wagesndirect $8i lion/Year 214 . i%rgg?re(ép 107p0uhndsm f
. I andincreaseheuseo
313 2.3 ) .
Wagesial 138illion/Year recyclednaterialin packaging
' Cirossdomestic invesunen  $8iltion 56.8 61.2

products. Source:The Clorox
Balance of frade SBillion/Year +2.9 +0.l +30  CompanyEnviro/urlentat
ProgressReportl 995.!
Source:CharlesRiversAssocia ¢s,1993.!
For more information contact:
The CloroxCompany,1'221
Broadvay.Oakland.CA 94612,
Phone; 10! 271-7732 Fax:
f510! 271-2946

Alltheinformatiaseéhthisshedstakefroma FindkcporAssessineithe
FcononigenefisfChlor-Alkalihemicatsthcl.'nite@trrtemdCanadprepardor

TheChlorinmstituténc, 2001 StreelW\Washingt@nC" X 6.publishedApril
1 9'3.
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PULP/PAPERINDUSTRYREPRESENTATIVE

My nameis P.AbeEt.r,andl representhe pulp/papelindustry As you realize,this banon the dischargeof
chlorinecouldhaveseriousmplicationsfor our industry We aretaking stepgo helpthe presensituationbut
are concernedabout the itnpact that a total ban will have on the industry. One of the main usesof chlorine is
in the pulp andpaperindu»tty.lt is useddirectly to bleachwood pulp»in the productionof high-quality
papersWhile all pulpsarenotbleachedin 1990almost4Smillions tonsof bleachegulp»wereproducedoy
1 S6 mills in the U,S. and Canada.

In the proces®f producingpulp, varioustreatmensequencesanbe useddependingn thewood usedand
thefinal productdesired Oncethe sequencewhich entail»extensivarecyclingandrecoveryof intermediate
washandbyproductsetc.! ha»beenestablishedvithin thc overalldesignoi themill, thenanyalterationsno
matterhow small,arccxtrernclydifficult andexpensiveConsiderablénvestmenthavehccnmadeby the
industries involved. Justexamine the figures in this chart.

Investment
U.S. f Millions!

Wisconsin 1,583

Minnesota 339

Illinoi» 1,855

Michigan 4,742

Ohio 2,372

Ncw York 2,216

Indiana 1,388

Pennsylvania 1,737

1.1,S,Total 56,837
Tableiuttstrating theinreStntettts ntade bv

Ontario 1,734 companies dependetrton chlorine in the

Quebec 818 Great Lal;es regiott, the U,S., «nd Cattada,
All costsare in U.S.ClauarS, Sottrcet

Canada Total 4437

Charles Rii er Associates, |1 993.i

In addition,wein the pulp andpaperindustrybelievethatthis industryis beinguseda»a scapegodty tnany
of the politicians and environtncntal groups. Looking at the estimated releasex»of dioxin in the United States
in 1991t is clearlyvisible thatincineratorgposea fargreatetealthproblemthanpulp bleaching.

For sontetime, the pulpandpaperindustryhassoughthe developmenof cost-effectivaechnologieghat
woulddecreas¢hedischargesf chlorinatedcompoundsn effluent. Generallythesetechnologiesubstitute
chlorinedioxidefor a portionof the chlorineformerly usedin hcbleachingcycles,Increaseefticiencyin the
processasalreadyreducedhedischargel toxic substancesuchasTCDD. During 1988-89,104U,S, mills
surveyedjeneratea totalof 2.5poundsof TCDD; in 1993thiswasreducedo below 8 ounceperyear.The
amountof chlorineusedin the bleachingprocesss projectedo fall from 1,4million tonsin 199 to 920,000
tonsin 1995,Increaseduseof hydrogen peroxide and oxygen will also aid in the decline of chlorine,
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MumoGipea orsOthefr

Forest Fires . r/< !
MurucipalSewager/r!

uel Wood Combustion .5«/i !

Ither Combustion [ hicl S«
chicles .S«/r!

ulp Hlea«hing '7«!

t.'s irrrRtedseHii>xerh Uk Stat@O 3Sir>enl>rrer>raar@dirt rim s sidini@0 3. |

Howeveihileorme mpahiaeterduesystetntireiythg@roductdrapwithoctlo-
ringheangdproducthavmnieexpaenagabgo. «iwehadmesetfthibleaching

agentThisalteratiohasbeerexpensive;

‘TheJniteBtatesdustsstimatimit haslreadperdvet billionmpletnentingse
changestheshortimesincelioxirwasattributetdthepulpingrocess.

Ontario86pulpandpapeiactoriemmployl 6,000eoplgrovidingnehirdof allthe
tnanufacturjogsin norther@ntaridn Quebeemploytncimithisindustrigalssubstan-
tial. BetweetheU.S andCanadamploymerni thisindustryandthemillionsof dollars
producedwill beinjeopardyif thi»banproceeds.

Thepulpandpapeindustrhasdemonstratélatit is achievingirtualelitnination voluntar-
ily, atgreaexpensandwithouthavingoelitninateall uscof chlorinecompound$husthere
isnorationabasidor singlingoutthepulpandpapemdustryor for banningheuseof all forms
of chlorinein thepulping processywhenvirtual eliminationis beingachievedhroughother
processmodifications.”

Thank you for giving me the opportunity to speak.

[All quotations aretaken from the | 993 Report of the Virtual Elimination Task Force to the International Joint
Commission, 4 Strategyfor Virtual Elimination of Persistent Toric Substance»Volumes I k 2.]
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SCIENTIST

My nameis Crystal Claire, and | representa group of citizens who would like to seethi» ban on chlorine
passedAs thanyof you know,whatwe aredealingwith hereis a healthissue Whatgoodarejobs to peopleif
theyarenot healthyenoughto work in them?Whatgoodis an environmentf it is unhealthyandcannotbc
enjoyed? But many industry representativeswillsay that we are being overly emotional. They ask, "Where is
your prool?" Well, herei» our proof.

Whenit wasdiscoveredhatsotnechlorinatednsecticidessuchasthe pesticideDDT, weretoxic andpersis-
tent.they werebannedr regulatedn the 1970y theU,S. EPA.A chemicakhatis persisteniccumulatesn
the body fat of animals and is passedalong the food chain, up to the final consumer.In the caseof DDT, thc
final consumersvereoftenraptors birds of prey,suchaseagleshawks.falcons.owls, ctc. Thischemical
causednumerousprobletn» for the birds, includirtg;

~Thin eggshellsthat brokeprematurelykilling theyoung

~Birth defects, such as crooked beaks

~Reproductive defects, such asinfertility.
However peoplearealsothefinal consumerg$or someof the food atfectedby DDT. Justexaminethis chart
and the defects causedby exposure to organochlorines.

Chartllu»tratinthevarietyfhealtleffect«oh«erviavildlifeintheCireat ake«Ra«iRlankcellsdonotnecessaritgearthathere
i» noeffectonwildlife, only thatre«catctha«notheenperforrttedn the «pectic».

<r

<r
Species

Bald eagle
Beluga whale
Black-crowned
Caspiantern
Chinook-coho
Common tern
Douhle-crested
Forster's tern
Herring gull
Lake trout

Mink

Osprey

Otter
Ring-billed gull
Snapping turtle

Source:ttileman, 1993 Cfrerrani nrrdErrerrreenrms<h <1
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Inadditionthctargetethsectfor thispesticiddevelopennmunitytothechemicathusmakingt ineffec-
tive HowevedBDTwadannedptbecauséthcadverseffectenwildlife putbecausdthepossible
carcinogenicitgbilityto causeancerin humans)therchlorinateshsecticideggulatedr banned
includealdrin chlordanelieldrinkepondindanemircx,andioxaphen&omet'thesearestill usedbut
undesstrictregulationg-orexamplaieldrini»usedisa mothiepellenin carpetandru s,andlindanes
aningredien a preparatiarsedokill headicein childrenFearfiaverecentlygrowrovertheuseof
Ir'ndando kill headlice, asresearcherfearit mayincreaseherisk of braincancers.

Researchesaggeshatnewdisturbingpealtirendsrelinkedto exposurto organochlorinasthcenvi-
ronment.Increasein mostcancersparticularlybrain.kidneyandbreasthavecreateda ncwinterestin this
possibléink.In Swederpeopldornin the19SOwaven greatethancetwotothredimeslbf developing
cancer than people born between 1873 and 1882,In the U.S., between 1973and 1987.cancerdeathsde-
creaseith youngpeoplehuttheoveraltrendf incidencehowednincreasa all agegroups.

Theshkealttrendaraisturbingndheederiousonsideratidimencreas# pollutiomourdailylives
hasanimportaninfluencenourhealtrandthehealttof ourchildrenBy consideringlternative® chlo-
rine andits byproductswe arecomingcloserto creatinga safetandhealthierenvironntenfor us.our chil-
dren, and future generations,

Thankyou for giving methe opportunityto speak.
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CFIXENS GROUP - AGAINST BAN

My nameis Di Oxin, and | representa group of citizens who would like this proposedban dropped. Before |
go any farther. | would like to saythat | am an environmentalist. | have lived all my life in the Great Lakes
region,havefishedandsailedthe lakesandw anto seethemmaintainecasa goodresourcdor everyone'.s
usc. However, in thesetough economic ttmes, people do not realize the devastatingimpact that this ban v;ill
haveonthe economyof our region.Aroundthe GreatLakes,| 22, X jobs and$3billion in wage~createdoy
chlorine-dependenndustrieswould be atrisk. Studieshaveshownthat40'7®f U.S.andCanadiarobs and
income are in someway dependenton chlorine and the products of the chlorine industry. Even scientists who
realize the potential danger of thesechlorine compoundsthink that a full chlorine ban is an extreme position
andridiculous."EndocrinologistH. LeonBradlowof CornellUniversity's StrangCancerPreventiornCenter
in New Vork City acknowledgesthat all toxic chemicals should be usedjudiciously and only when suitable
nontoxic substitutesaren't available." However, and | quote Dr. Bradlow here, "l think methylene chloride [an
animalcarcinogen]s a dandysolventandwould hatenot to beableto useit" Quotesfrom Raloff, 1994.
,Science Nen's.! If a scientist and cancer researcher of I3r. Bradlow's caliber thinks it is safe, then | think it is
safe enough for me and you. Justlook at all the useswe make of chlorine andthe amount of resourcesit
produces.

| would agreethat it is imperative to maintain a cleanenvironment, but there is a costto pay for this. Are we
all willing to paythis price,becauseve all will. Canpeoplelive on cleanair? We needfood andjobs. In my
areaalone, over 6,000 people would be affected directly by this ban. Taking into accountall the service
industries that are connectedto theseprimary jobs, over 10,0 Xjobs may be lost. Factoring in the loss in
revenue to local, state,and federal government, well, the figures goesinto millions of dollars. And where do
the funds to rcplacc this cornc from? Stateor federal government”. We all know how strappedfor money
thesegovernments are already, There is no way that they can replace the lost money. Lct's face it, a total ban
would be disastrousfor people and the environlinent. Where do you think existing money for environmental
protection comes from?

A more sensible strategy is to phaseout the use of chlorine, to use substitutes, and to reduce the discharge to a
level that is not asharmlul ascurrent levels. Such a proposalwould benefit all thc partie~involved and reduce

health risks, while maintaining the economic structure of the industry.

Thank you for giving mc thc opportunity to speak.
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Filimated benefitsof chlorine cheniisnytn consumer.in the LIniuxiStatesand C madi.

Estimated Net Benefits

$ bliltinn/Year!

Vse or Application V. S. Canada
Direct uses
Pulp bleaching 2,100 260
Water treatment 5.430 570
Sodium hydroxide 2,11.0 400
Potassium hydroxide 120 10
In products
PVC products 6,125 765
Chlorinated solvents 1,210 140
Hydrogen chloride 400 60
Bleaches, etc. 740 60
Flame retardants 160 20
Polychloroprene 360 20
Crop protection 22.140 2.160
Chlorinated polyolefins 110 10
Polyvinyli dinechloride 160 20
As a facilitator
Propylene oxide 170 20
Epichlorohydrin 43S 4s
Isocyanates 345
Titanium  dioxide 470 10
Fluoropolymers 220
Polycarbonatcs 225 25
Pharmaceuticals 47,010 6,590
kefrigerants 500 50
Silicones 480 50
Total .91.020 11,340

Source C'buriesRiver A«ociaics, 1993.!
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GREENPKACFJPOLI UTION PROSE

My nameis F. Waters,and | representthe environmental group Greenpeace or Pollution Probe!, We would
like to sccthe production of PVC, polyvinyl chloride.,phised ou, asthc processcreatesmany harmful. sub-
stances,In Germany and Austria>city and tov,n planners have created new construction policies that tavor
non-useof plastics in their new buildings. The reason?Combustion of this plastic atlow temperaturesis
similar to burning in inefficient v'uste incinerators, v hich producestoxic ~ub~tance~suchasdioxins and
turans. The probferrrof melting plastic tailing on people in tire situations in public buildings is also a safety
consideration.

Few useful products can be manufactured from pure PVC. Additives are mixed with it; the added substances
aredependentnthefinal useof the product.Thereforepnly a fractionof thetotal anrounof PVC produced
can bc easily rccycled, Any products that are recycled, usually are down-cycled that is, manufacturedinto a
product that is lessvaluable than the original commodity i.e.. rug hacking!. Currently, only 1%of all PVC is
easily recycled. Imagine all that plastic useddaily that will riever be reused.While the Vinyl Institute in
Akron, Ohio, is aiming at a rccycling rate ol 25%, eventhis is extremely low,

IssuesotherthanPVC productionshouldalsobe corisideredln additionto the problemscausedor wildlife by
theseorganochlorincs, they also pose a major threat to people in the form of anincreasedrisk of cancer.
Chlorinated insecticides already regulated or bannedinclude aldrin, chlordane. dieldrin. kepone, lindane,
mirex.andtoxapheneHowever someof thesearestill used butunderstrict regulations.

Fven when chlorine insecticides are banned, thesedangerouschemicals can still enter into our lives by atmo-
spheridransporton iniportedfoods,andacrossorderghroughwatcrsheds-or example the wasteeffluent
from pulp and paper facilitie~ in the U.S, and Canadamay affect citizen» of both countries who shareconimon
water resources such as the Great Lakes.

The chlorine industry state~that banning chlorine will be expensive, that it would "devastate the economies ot'
the U.S, and Canada,with costs of a total phase-outestimated at S102billion annually. However, a more
carefulview of thcinformationpresentedhn the reportactuallysupportshefeasibility of eliminatingchlo-
rine, 'Let's examine the data.

Table comparing costs of the f«asihiliry of «liminuiing «hi<>rine.

Pro‘ect Estimated costs

C<>sto phase-oui f e/e ni' chlorine use.U.S. & Canada S102villion/yr.

Cost ro phase-nut< % nf chlorine use,| J.S& Canada S20billion/yr.

Health care costs for effects of persistent toxic substances,

U,S, & Canada S S75-100 billion/yr

U.S. industry expenditures on end-of-pipe pollution control ~ S< bO!ion/yr.

U.S. milirar! budget $3 Xlbillion/yr.

U.S. Savings and 1 oanBailou $500 bililon/yr.

Clean-up of toxic and radioactive waste dumps in U.S. /I>50@illion 't 1 tritlion total!

Directand rax subsidiesfor fossil fuels and nuclear power,
U,S, governirienr $53 billion/yr.

Source Cireenr>e««er<r<r3.r
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As statedearlier thereasorthatmanyof thesechemicalswercbannedvasbasedmorcon thepossibility of
carcinogenicityfor peopleratherthantheirimpacton wildlife. The mainconcernwith theuseof chlorinated
chemicalbasbccrtheincreasan humartancersverthelastthreedecadefesearchessggeshatthe
nev.disturbinghealthtrendsarclinked to exposureo organochlorineg theenvirontncnt Increasesn most
cancersparticularlybrain.kidneyandbreasthavecreatedh newinterestn this possiblelink. In Sweden,
peoplehornin the 19SOkavea greaterisk tv o tothreetitnes!of developingcancercomparedo people
hornbetweerl873and1882In theU.S betweeld73andl987,cancedeathslecreasad youngoeople,
buttheoveralltrendof incidencesht!wedanincreasen all agegroups.

It is crucialto the safetyandhealthof thc environmentaindpeopleasinhahitantot'thatenvironmento
preventthefurtherdischargeof chlorineandit» byproductgnto our surroundingsilt is importantfor usand
for our childrenthatwe accepthis challengeanddo theright thing.

Thankyou for giving metheopportunityto speak.

Iguotationandchartfrom "1ndustryStudyBackfires:ChlorinePhase-ouis Feasibleand Affordable™ in the
Grecnpcacepublication, Chlorine Free, 1993. ~
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Chlorine Industr  Publications

Charles River Associates, inc, 1993, Asre»»mentof the Fcc>nc>r>Benefit» of Chlor-Alkali Chemicals ro'he Uniteci States
and Cunadian Fco>iomiei. A report preparedfor The Chlorine Institute, Inc. 2001 L Street, N.W.. Washington, D.C.
20036. Charlc» River Associa cs. Incorporated, 200 Clarendon Stree , Boston, Mass«chusctts< 116.

Chlorine Institute, Inc. 1993.Chic>rineCherrrisrn Plcrysa Vital Rulc'in the U.S. Fc!>nc>myWashington D.C. Address:
20 !'1 L Srcc. N.W. Washington, D.C. 20 6. A summary of thc report cited above! prcrduccdby Charles River
Associates. Incorporated, 1'orthe Chlorine insiu e.

Many i'«ctsheetsand other information source»are available from the Chlorine Institute. For a brochure ol'chlorine-
related publications. con ac The Chlorine Institu e, Inc., 2001 L S rect, N,W., Sui e 506. Washing on D.C. 20036.
Phone 02 75-2790. Fax 02 23-7225.

Green eace Publications

Clrlorine-Free Future'.One-page infornration sheet.

The Chlorine Zero Discharge Acr of' 19cr3:Whar Will Ir Accnrrrplish:>Action Alert.

Breast Can er Tied to Toxic Poiircrion. Press Release for Oc ober 15. 1993.

6 Good Reasonsto Phase-out Orc!crnotiiorines as crClass.

Chlorine Free. A Grecenpcacc Publication. Fall 1993. Vohrme 2, Number 1.
Many fact sheetsand o her inl'onna ion sourcesare available from: GreenpeacePublic Information, 1436U Street
NW. Washington, D.C. 20009. Public Infomsation Phone 02 19-2444. Fax 02 62-4507.

The ADV/SOR. September/Oc ober.Nev slet er of the Grea Lakes Commission. pp. g-9.
Pollution Pbe PIi" ins
Mausberg, Burkhard, and Paul Muldoon. 1991.Develol>irrgu SunsetChemical Pic>tc>cfibr the Grear Lakes Bu»in: ir»

Baii s,Smlre,unctl>rri>1e>rrcentmtunsetringClrernicals 1993 Pollution ProbelnformationPackages.

Available I'rom: Poiluion Probe, Probe Pos, 12 Madison Avenue. Toronto, Ontario M5R 2S1, Canada. Phone 16!926-
1907 Fax 16!926-1601. E-mail:pprobeO~web.né& publicationdis is availablewith postagepaid by recipient.

Other Chlorine Publications and Information

Abelson, Philip H. 1994."Chemicals: Perceptions VersusFacts." Scienc.e April 8. Volume 264. p. 183.

Adler. T. 1993."Dioxin linked o reproduc ive disorder.” Saenee >VervdNovember 27. Volume 144,No. 22. p. 356.

Adler, T. 1993."Dioxins meddle with key thyroid hormone." SciencerVervsDecember | |. Volume 144.No. 24, p. 391.

Bevacqua. Frank. 1993."Chlorine Sunsetting Discussion Gains Momentum at Biennial Meeting." Fc>c.uen Interrra-
riorial Joint CornrnissionAcriviries. Vol. 18,1ssue 3. pp. 1-3.Available from 1JC Great Lakes Regional Office, P.O.
Box 32869. Detroit, MI 48232.

Cushman, John H. 1995. "States Issue More Warnings Against Eating Polluted Fish." 1Ve»York TriinesAugust 29,

Great Lakes SeaGrant Network. 1993.Zerr>Disckcrge crncViirtualElimi>iatiorrin rhe Great Lakes. A Collection of'
Vie»'poinrsfionr 1'ronlilrent Grear Lakes Slreciairsrs. Michigan SeaGrant College Program,

Hileiniin, Bette. 1993."Concerns Broaden over Chlorine and Chlorinated Hydrocarbons," Cire>nicalcmd Errgi>reering
1Ve»sApril 19,pp. 11-20.
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LienhartBradandlackVeinberdl993. Thechlorinelebatefosunscorno ."TheVinylInstitutc355Lexington
Ave., Nev' York. NY 10017, Phone 1251  5400.

WoodsRobin. 1995."EPAReleases.ist of S a eFishAdvi»orics,"FPAPresReleaseAugust28.

International oint Commission Re arts

1995Reportto hc InternationallointCoiiimission.GreatLake»Sciencé\dvisory Board.
1993Reportof the GreatLakesWaterQuality Boardto theinternationaldoint Commission.
1995Reportto the internationallointCommissionCouncilof GreatLakesResearciManager».

199FReporoftheVirtualEliminatiomask-orcao helnternationdbin Commis»iofA S ratcgyorVirtual
Fliminution ol Persistent Toxic Substances." Volumes 1k. 2.

1995Reportof hcGreatLakesWaterQuali y Boardto the Intcrnat onulJointCommission,

Lemonick.MichaelD. 1994 No SoFertile Ground,' Time.Septembed 9.pp.68-70,

Lemonick,MichaelD. 1993."Toxinson Tap." Tiiue.Novemberl15.pp. SS-87.

MobergpPavid,1993:Sunsdbr Chlorine" E TheEnviroinrientaga:ineJuly/AugusY/ol.IV,No.4, pp.26-31.

Moberg,David. 1993."ChlorineCrisi»."hi TheseTimesOctoberl8.pp. 26-27,

RalolfJ.A, 1994 Thcroleof chlorine and itsfuture.Science/Vedanuar22.Volumel45No .4, p.59.

Internet  Sites

TheGreat_akesthcPulpandPapemdustryandECF ElementaChlorine-Fre&leachingA Con inuin§uccess
Story http://uct.org/ac /fus/ma pece,html

ECF Elementalhlorine-FrddeachingGendin®ippleg\roundheWorld h tp://aet.org/facts/ripplcAd.hunl

ChlorineHomepageCopyright0 1996 the ChorineChcmtcalCouncil.http//c3,org/home.html

Consortiumlember& SFandSUN YBuffaloT oStudyChlorinelebatéor NewY orkState http7/149.119.6.124/glrc/

two,htm
ChemicalsThreatenM alereproduction http;//www.nwf.org/nwf/pol/actonpg/s»ue»/cwaest.html
Greenpeacattp;//www.greenpeace Argéarctooli»availabléorfindingchlorine»i candrelatedopic»for
exampleGreenpcaddumarHealtrandtheEnvironmerReportsh p://wwv.greenpeace.org/-u»u/pubinfo/

health.htinl

HumanHealthEflect»ol Pollution http://www.grea -lakes.net/pollution/heahltml| lists resourcesagencies,; nd
reports as sources of inforination.

WebaddressesometimeghangeDo a vord searchf necessary.

I The OhidstatdJniversityf997 Ohio SeaGrantEducation Program



HOW CAN PUBLIC DISPUTESBE
RES ILVED~

An Informational Sheet

Disputesariseeverydriy. in ihc home.in classatwork.
betv een friend~. betv,eenorganizati<>ns¢lc. Public

dispu cs usually occur when some i»sueis viewed
differently by the variouspc<>piwho couldbe affectedby
thc<>utcomaf theissue Tireresolution<il hesealisputes
will depend on thc context, the issue at hand. and the
people soinetirnesalledpor icsor players!involved,At
presentdisputesareusuallyre»olvedhroughnegotia-
ions, h» succe»»of which will depend on many different
factors,

What makes Public Disputesdifficult to resolve",

Many people lindconflict unpleasantand there orc avoid
it, If hcy become emotional when the conflict arise»
initially, peoplemaylea into a confrontatiorwith the
other party ic»!. Recou»epeople are son>crimesuncom-

up<>nol cn without fully considering all the issues, Such
resolutions arc likely to be flawed and could lead to
fur her frustration and I'ur her conflict.

When m;iny different parties bcc<>ménvolved in a
dispute a com licated network of interest» evolves. Of en,
evenv henit is bclicvedthatalhe partiesareinvolscdin
thediscussionandhaveinput, o nevparty or parties!
mayemergeanddisruptthe situation. Wii.hm<>nparties
involved. or with certain special types of issues,a wide
range ol' considerations may have t<*he taken into
accountAs such,manypublic disputes'often ir>vove
com licated financial ue»tions com lex re ulator
prnccdnres.;ted detailed t chnical data. The nndcrstand-
ing of technicainformationniay v;iry drama icaly
amongindividualsinvolvedin a negotia ion"Carpenter
and Kennedy, 1988, 5-6!.

As in mostconf'ronta iond>owemill play animportant
role.'Power comesn a varietyof forms.includingtha
derivedfront financialre»pureesegalau hori y knowl-
edge and»kill», numbers of people, access <xecision
makerspersonatespectandfriendships" pageé of
CarpenteandKennedy!.

In many disputes. the parties do not know each <ither
personallyalthoughthey moyhovedealtwith the
opposingorganizatiorpreviou»lyOncethedisputeis
settled, licy may not maintain contact and thercf'oreit
moy bc difficult to e»iohli»h a co<»err>tive relation»hi i

OhidseaGranEducatioRrogram

initially. Als<>.he different organizations involved are
likely to have a sarict of' internal decision-rnakin
procednres, which may helper the negotiation process.
This maybe especiallytrue ol the influenceof govern-
ment rules and regulation».

How are Environmental
Public Disputes?

Disputes difTerent from

Oneof hc mostimportantconsiderationsvhendealing
with environnientali»pu cds ho manyof themare
based on »tron 1 held values. Thi» makes them more
difficul lo re»<ilvaspeoplerarely,if ever.negotiateheir
values.Forexampleto hornepeoplethe valueof clean
drinking v a ercannotbecornpr<imi»eith any situation.
Sometime», environmental disputes may hc hosed<in
interestsind he»orcusuallymoreeasilyresolvedl'or
example. if a factory building is t<*he constructed on a
fores cdlot neara residentiatircathenthe factory<iwner
may agreeto replantthetrccslostin heconstructionplus
plantadditionaltreesto conceal hebuilding from view.

In this v,ay, everyone's interests are met.!

How are EnvironmentaDisputesesolved?

A present.to oid in hc solution of environmental

dispute», difl'erentapproachesare considered as conflict
managemerdandrex»olutinrtechniquesTheseinclude
nego iationmediation arbitration.the legal systempr
thc Fr» i rrsrnr<vrr<drisi>«lei<tesotrrion EDR! Process.

~Neotiation

This processhouldinvolve»omcor all of thefollowing
points. The decision maker becomesa lacili o or of the
process. ensuring that a» many parties aspossible will hc
involvedgiveii hecon»traint»ho areactingon the
procc»»lt is alsoimportantto involve thecommunity
from thc outset;otherwisethecommunitymaynot trust
thepeopleinvolvedor who theyarcdoing.

At thc beginning of the process,the parties should he
involvedin»ho in he rocesscreatingthegroundrules,
if possible agreeingvith them.onds ickingto them
during the discussions.The focus of hc roblem should
be he be»t o»sible solution of the roblem not who i»
correct, To perform his taskin the bestway, it is crucial
hat .hc artics meet face to face to discu»» all the issues
andinterestrai»edoy this dispute.Only in thiswayi»a
»ucce»sfulesolu ion o thedisputepossible although his
doesnot alv,ays guarantee a successfulrc»<ilution!.

Any final re»oluti<>n»houldbe a consensusdecision. "The
goal of conscn»u»decision making i» o reacha deci»i<in
thatall partiescanaccept” Carpen crondKennedy,1988!
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Mediation

This is a processwhereby a personi» introduced to the
conflict and becomes aneutral » okes erson to aid in the
re»olu ion of u dispu e. The media or is agreedupon by
all the other parties and hasno direct stakein the out-
come of the conflict. The mediator does not impose
decisions. bu helps the different par ie» reach an agree-
ment that eachcan live with. Media ors are u»ually
people that are well-known to the partic», trustworthy,
and have good skills when de;iling wi h people.

Arbitration

This is generally usedwhen dispute» are in de'idlock
v,ithout any sign of resolution. tJ»ually in disputes.

arbi ra ion is the last resort. bccau»cthc courts gc

in ohed. Thearbirraror may bedim o ad by lhe eoerlor a
local, state, or federal agency.In arbitration situations,

all the paries, If a any s ige pirie» do no abide by the
resolution, they may have to return to court.

~L.aiblITlLn

Similar to arbitration, parties may seekthe aid of the
legal systemif the di»pu e i» deadlocked or if they
believe thol they have been wronged in a decision
Sometiines, the judge may appoint an arbitrator or decide
he bestremedy o the dispute. As in arbitration, such
judge-madedecision»aie bindingon all the par ic»xinvofvcxi.

Environmental Dis ute Setlcment Process

One of the techniques usedin many environmen al
disputes i» the Environmental Dispute Settlement
Process.As defined by Crowfoot and Wondolleck in
1990, his is ba»edon three key elementtci

Il "Voluntary participation by the parties involved:

I Direct or "face-to-face" group interaction among the
representativesof theseparties; and

I Mutualagreementr consensudeci»ionshy the
parties on the processto be u»edand any settleinent
hat may emerge" page 190l Crowfoot and
Wandolleck!.

This is a consensus-buildin approach. Peopleinvolved
in dispute resolution believe that »uchiin approach s
best. Each party has input into the proeex»s,thereby
creating a senseof participation and facilitating a
resolution in which everyone wins.

IThe OhidStatdJniversity7997

Shouldthe useof chlorine in the Great Lakes region
he banned? A Case Study in Negotiaiions or
Lnvironmentai Dispute Resolution!

The par ic» and i»sue»that may become involved in an
environmental dispute can be explored by examining the
proposedchlorine banin the Great Lakes region. In this
»i uaion, hc par ic» that mav be affec ed directlv include
the citizens in the local area both the workers in
chlorine-dependent indus ries and the people vchowan o
» opthe pumpingof «hlorineinto water the industrialists
who dependon chlorine for production, and the local

poli icians. Hov ever, many other groups may en er he
dispute.includingenvironmen ali» sscicnti» »federal
and sta e representatives.and other national representa-
tive» v,hen anothercoun ry is involved. Issuesraised by
suchpartiesm;iy involve healthandeconoinicconsider-
ations as well astechnical questions on»atety to the
environment, v,orker», and the general public.

In the propo»ed chlorine ban negotiatiiin» in the;ictivity
"Could wc live xvithout chlorine in the Great Lakes'!.' the
1JC is the decision maker and, because of a rextricted
budget, a committee of only sevenpeople i» po»»ible.
Also wi hin this committee. three rcprcscntatives werc
already chosenbccauscof thc international dinien»ion» of
aibail.

Already at this stage, it is po»sible to»ee that various
constraints are v orking on the nego ia ion procc»s,In
addition, becauseevery party cannot he representedon
the ¢ >mmittee,implementation of hc sc ticmen may run
into difficuhie».

Examine other local. rcgionalaand na ional cnvironmcental
disputCsand try to pinpOint thC partiC»and ih»uesin-
volved. I» con»en»u»building «lway» appropriate.

This is a brief description of the resolution techniques
usedin managing environmental di»putc».Additional
informiition  mav be found in:

Ceirpenter,SusanL., and Kennedy. W. J. D. 1988.
Mcutaginty Public Disputes. San Francisco. CA,;
Jo»»ey-Bas»Publishers.

Crov,t'oot, James E., and Julia M. Wondolleck.  1990.
Fnii runttuvttttt Di bputeS. Ctymtnuttity fnvttlvetnent iit
Conttic.t Re»crt«ticniVashington D.C.: Island Press.

Produced by the Ohio SeaGrant Education Program at
The Ohio State Liniver»ity, 1994. Editor: Tony P. Murphy.
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%hat Are the Comerns About Chlerine?

The current anxiety over «htorine and its pro<fu«I»h«sheen
grov,ing over a number of decades. 'l his i» not! >st peculi«r o
Nor hAmerica.hutin maiiy <i heindustrial;mddeveloping
na ion»aswell. Toexamine hepresensituation,it isi>ecessary
o investigate the historical basis of thc issue.

Health of AVildlife and the Environment

Following thc publication of variou~ environniental
writingsin the 1960»«new awarcne»beganto form concern-
ing thcenvironmentandthcimpactof peoplelike you andii>e.
on it. After he first Earth Day in 1970and the establi»h>»cntof

hc U.S.Environmen aProtectiorAgencyl FPA3N f972.
people began to take their fe us and vvorriesto he elected
oflicials in theirareaandthe agcncicghatwereto provide
protectionfor theenvironment.Subsequertb hediscoverythat
somechlorin«tcdinsecticidessuchasthepes icideDDT. werc
pcrsistcntthey werebannecbi regulatedn the 1970>by the
EPA. A chemicakhatis persistenaaccumula egh hebodyfat
of'anin>alsndis passedilongthcfood chain,up to ihc final
consumer. In thc caseof DDT. thc final consumersv ere vf cn
r«piors birds of prey. such as eagles,hawl.s, falcons, owl». ctc.
This chemic«l caused numerous problems tor the birds.
ii>cludingthin cgg shellsthatbrokeprematurelykilling the
young;birth defects suchascrookedbeaks;andreproductive
delbcts,such«sinfertility. In addition,so>r>@ganochlvrinc
peslicidcs became ineffective fron>con~tant use bec«usethc
targe cdnsectsdevelopedrnrnunityto the chemical.

The manufactur@anduscof DDT vvasannedby Canadian
I'cdciallaw in thccarly'70» circa 1970!, Unlike U S practice.

his pesticideis nolongermanufacturedn Canadaandexported
to othercountriesfor use. DDT levelspeakedn 1972theyear
hc chlorinated insecticide was banned. and re>namedlow until
recently. In thc GreatLakesin the'90s.fish areagainbeginning
o showhighlevelsof this cheinicalin their tissues.Long-range
a mosphcri¢ransports believedto be carryingthe «heroicato
theregion from places wherei is still used.

Otherchlorinatedcchemicalscausingproblemsare PCB»
Ip<!lychlorinatedbiphenyls!. Eventhoughthisgroupwas
bannedn 1976 ,PCBsarestill in our environmentpresenin
«loscd ransf'ornick,in paintson older shiphulls, storagen
w >rchouscsand many landfills, and in con aminated sediment».
Fvcn oday only certain amoun s of some Great Lakes fish can
bc consuined becausetheir tissue contains PCBs. Such
r«s rictions»c alsoplacedon fish trom heBoundaryWaters,
Minnesota, a pristine areaf'>rfrom standard sourcesof PCB».
Some rcscarchcrs estimate that nore than 70~>gf PCB»
producedvorldwidearestill in uscor storedandcouldescape
into theenvironment. If this occurredjt could makethe pre»en
»i uution «ppcar minuscul!c,

Declining aninial populations recruitingfrom these
«hf<>rien cachemicals may be difficult to ascertain, as such
dea hs>nayb»rnaskcdy othercauses For cxamplc.since
1<%7gk>ha populations of marino mammals dolphin. »cal,and
whale! have experienced wide-»cafe die-otfs | he i>nmcdiiitc
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causeof dc«th»corns to be common viruses and bacteria,
However.in someareagesearcherfbundhigherlevelsof PCB»
in hctissueof the deadanimalsthanin animalsin thegeneral
population. This ledthemto believethatorganochlorines thc
inimi>Ixtis»ucssuppressecheiriinrnuncsystems.nakingthc
;>nimalsmorc susceptible to ordinary infections,

Health of Humans

V'f>eu DDT wxi»pr<!hihii«d it v as biinned not becauseof
the «d<er»elf'cc »onwildlife hui be«au»of'the possible
carcin<>genic>ty;ihility lo causecancer! in humans. Other
chporii>«teidsecticidesurrentlyregula cdor bannedncli>de
aldrin, «hlordancdieldrin, kep<>ndéindane mirex, «<ndtox-
aphei>eS<>mef hesdiie»t>Ifusedutpresentputunders ric
regula i<>ng-orex«<mple dieldrinis useda»a >nothiepellentin
carpe »andrugs,andfmdane» «ningredientin a preparation
u»edc<ikill headlice in children. Fc;irshaverecentlygrown
oversucha useof lindane,iis researcherfearit mayincreasehc
risk <ifbr«in cancers.

The banning <>bkuchcheniicals in the U.S. and Canadadoes
notsafeguargeoplefron>lheircff'ec sither.In 1991according
to he I'<>un<hi>iolor Advan«cine»i in Science «nd Education in
| os Ai>gele»,4.1 million pound» of canc«lcd, volunt >rilv
suspendeg>ha>incgex»t>cideincluding 96 tonsof DDT! were
exported. Air»oathalf wereshippedo developingnations.
Many of ihe chcinicals iire sill usedin hose nations on food
crop». Somew illreturn <i hc U.S.andC«nadaniinpor ed
crop» by «iiiiospherictri>ii»portor by migratoryfish andbirds.

As s i> edearlier, the,reasonthat many of these chemicals
werebannedvasbased>noren Ihepossibility ot'carcinogenic-
ity I'oi peopler;> hethantheir imp;ictonwildlife, Thern«in
coi>cernwith the»se of' chlorinated chemicals has been hc
increase in hum<»i«an«eraover thc last three decades. Research-
ers suggestthat some d>» urbinghealth trends are linked o
expo»ure |<>rg,in<>chlorincsin ihc cnvirkmment. Increasesin
mostc»neersp«rtieulaly brain, kidney,andbreasthavecrea cd
a newinterestin this possihlelink Duringthe'60»,0ne
An>ericamvorn;inoui of every2flhad hc chanceof developing
breasttancery thetime»hewa»85 Al pre»emtherisk has
i»ere«»edb <mdn nine. Since1940.»perncountsin incnhave
fallenbv 42"c. At the»i»netime. bir hdefectsin malereproduc-
tive organs have increased. Scien itic research has shown that
orgaiiochlorincan«ycrossthe placentabarrier resultingin
dmnage» lhcfe us. In Swede>peoplebornin thc 1950arc
w<%o lhrcctimes>nordikely o developcancerthanpeople
born between 1f4 and 1tt" Between 1973and 1<981 thc
U.S.cancerdeathde«re»»eih youngpeoplebu theoverall
trendof in«idenceshovedanincrca»én ullage groups,

Di<ixinis a wordthatci>usegearin inanypeoplemainly
becauseof'ihe possih!e coiiiiectioii «i h cancer. Recent studies
in the Ne herli>ndshave shown thi> dioxin» and f'urans,a rcla cd
cheimcajroupi»ayretardentrabcrvousysterandosycho-
<T>otoskills! dc»of up>nunt> l«lliex.

Dioxin concentrates fai-rich food. includinghut>>;iii
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breast milk. Scientists believe that up to 12<>ef an individual's
intake of dioxin occurs during the first year of life. Hosvcvcr,

most scientists and thc EPA believe that the bene its of hreast-
feeding infants outv cigh an> possible hazards.

American rcscarchcrs have found a link hctsveenTCDD, an
extremely toxic dioxin. and endometriosis. This painful disease
causesreploduc ive pi'oblelirs tol vvor»eliarid iiiav affect up to
10 percent of the feniale population.

However, not all scientists agree with the resulksof reports
that show the possible links hetv:een bunlan cancers and
chlorine containing products. Most do agreetiiat in high doses
such chemicals are clearly oxic and carcinogenic, however
v he her human~ are affected hy small or minute do~esis not as
clear. Some would suggestthat the chei»icals are heing used as
a scapegoatfor many problerris har really are not corrnectedto
poilu io», For exairlpie, risiiig or 1'ailingbirthrates i»ay be
corlrlecled <>conomics and ii<>foilu i<i<i.the increasirlg
incidence of infertile couples could be a resul of their waiting
too long before rying to begin a far»ily: aiid higher ra es of
certain cancers, such as tes icular cancer, i»av be the product of
iiiipl oved detectlorr and leportlllg, lio ail ilier'easelll lie l'ateasa
result of pollution.

In 1993the U.S. FPA re-registered 19of the 270 old
pesticides. Reregisteration is a long, lahoriousprocesswhere
the chemicals are testedfor possihle hurrian health impacts. The
19reregistered pesticides have been cleared for use. Two
hundred fifty SO! other con>poundsare currently undergoing
similar treatment. The Clinton Adr»imstration in 1994began
implementing new legislation in which chemical companies
have o show that pesticides v:ill not posea liealth threat, and
repeatthe proof 15years later when they are heing reregistered.
The current situation in v;hich ihe U.S. FPA hasto prove hat he
chemicals are detrimental o buma» health, ssll hus be altered
corisiderably.

The PVC Prohlem

Polyvinyl chloride PVC orvinyl!, a plastidhatis inert,
easyandcheapo produceandhashundred®f usesmayeven
create pollution problems. Products manufactured from this
pl <streinclude vinyl siding. gutters. windom frarncs, pipes, floor
tiles or coverings, furniture, clothing, toys. buckets, packaging,
andelectricalwire coatings. How could anyonefind a problcnr
with this innocent-looking plastic?

Grcenpcacc wants the manufacture and usc of PVC phased
out, becausethc process of manufacturing it crcatcs many
harmfulsubstanccs. In Germany and Austria. city and tov'n
planners have created ncw construction policics that favor non-
useof plasticsin their ncv buildings. PVC coi»bustiorat low
ternpceraturcss similarto burningin incfficicnt wasteincincra-
tors,which producesoxic substancesuchasdioxinsand
furans. In addition,if tires occurin public buildings,melting
plasticcouldfall on people.

In addition,fcv usefulproductscanbc manufacturedrom
purePVC. Additivesarc mixedyv ith it, dcpcndingon thc final
uscof thc product. Thercefore,only a fractionl1.<currently! of
thc o al amount of PVC produced can bc easily rccycled. Any
products th it are. usually arc down-cycled that is. man»fac-
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tured into a product that is less valuable than thc original
commodity i.c.. rug backing!. The Vinyl Institute, in Ncv
Yorl . aims at increasing this recycling rate o 259<,hut adnri s
that economics will bc a crucial factor in reaching this goal.

Further Developments

Other national and intcrnation«l organizations hasc
examined thc usc of chlorine <ndits impacts on health and
wildlife. Onc such organization is hc International Joint
Commission 1JC!. thc L'.S.-Can <dianagency that is an
cnsironrncmal ‘watchdog for thc Great Lakes. 1JC responsibili-
ties include thc collation. collection, analysis. and distribution of
data; advising and rccoinmending actions to various environ-
mentalprotectionagcncicsinvestigatingvariousissuegclcvant
tothc Grea Lakesbasinccosystcrnandinformingand
educatinghc public aboutthc GreatlLakesecosystem.!lt called
for thc gradualphase-oubf thc uscof chlorineandchlorinc-
containingcompoundsn industry a Virtual Elimination
Strategy.In a 1993 rcportpublishedby thc IJC,thc organization
s atcd that "cven though many of the [chlorinated organicsJhave
not beenprovento bc individually toxic. thercis a groving body
of cvidencc that thcsc compounds arc at best foreign to
maintaining ccosys cm integrity and qui ¢ probably pcrsis cnt
and toxic and harmful to health....Thus. it is prudent. scnsiblc,
and indeed ncccssars to treat these substancesasa classrather
than as a scrics of isolated individual chemicals." A 1994
arncndment o thc U.S. Clean Water Act suggested morc dcfini ¢
rccoinmendations on a national scalethat could have an
importan influenceonthc proposafrom thc 1JC.

Someof the Canadiarprovinceshavesetreductionlimits
or chlorinecontentof effluentfrom paperandpulp production.
Theuseof thechemicalwill eventuallybe phasedutcom-
pletelyhy thc Ca.nadiapaperandpulp industry.

In Septembeof 1992 the ParisCommissionthe European
equivalenbf thc IJCthatrcgulatccmissionsof pollutantsinto
thc northeast Atlantic Ocean. called for sii»ilar action. It
rccommcndcdhatdischargesf organochlorinebe reduced
immediately and phased out graduaHy. Swedenhas set similar
goals for its paper and pulp industry. Usc of plastics in public
buildings will bc phasedout in Gerrnany and Austria.  Usc of
certain chlorinated chemicals, such asatrazinc a heavily used
herbicidc in the U.S.\. is rcstrictcd in the Netherlands, Germany,
northern ltaly, and scvcral Nordic countries.

In addi ion to thcsc governmental actions, national and
in crnationaknvironmentabrganizationsuchasSierraClub.
PollutionProbeof CanadaandGrccnpcac@rcalsocalhngfor
an irnmcdratc reduction in thc usc of chlorine and thc cventual
phase-oubf its use.

As thcscchemicalsandproductsarc still preseniin the
environment and in use by industry and the general public how
much PVC do you use every day'?!. it is likely that such
prohler»s v ill continue and may increase iri the future.

Chlorinelndustry'sResponse

'I'nc «hlorinc industry hcheves that a total chlorine ban is
unw irr med. | statesih'ii m <nyof the medical fears arc
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unfounded asresearchershave basedtheir esidence on a few
selectedorganochlorincs, i.c.. DDT and PCBs. nians of svhich
havebeenphasediutof uscor banned.Present»nip<>unds
usedo notaccumulaten theenvironmenthavehigh-wa er
solubilities. and arc not pcrsistcnt. Also. hc total ban d<>esui
rake in » account the fact that a certain level of chemic,>1
concei>traiiuhasto bc reachedbeforean>adversémpact
OcCcurs.

Seine industry officials believe hat thc scienul>e evi lence
usedhy researchersallingfor the banis que~t~onableiisic;>d-
ing.andsociallyirresponsible. They pointto there«over>of thc
Great l.akes signaled by thc lov, levels ot contaminants in fish
andtheirincreased¢onsumpt>onl'hevalsostatethai othertoxic
chemicaln fish from the GreatLakes.heavyineials rncrcury!
for insianc«crcatcthc satnerisk for peopleas<>rganuchlorinc
compoundsindmay notbedistinguishabldroin them 'I'hcy
perceivethclink betveencancersand»rgiinochlurincgo be
more tenuous than other researchershase siated.

Industrvofficials alsospeculate»rtheiu urequality ol
human <Irinking water if chlorine is banned. The chlorination ol'
the publi«'s drinking water and v;aste v'ater could be in serious
Jeopardy,Theadditionof chlorineto drinking wa eran<s«wage
dextro>snanytypesof microorganisn>that»<incrent»scnous
healthproblemsandd>scasesihile this ace<>unig>amly | 't«
ot'thenation'schlorineuse, it saxesupto gS,00lesperyear.
A totaldischargébanv ouldhaveanincredibleiinpaetun this
aspecbf public hca.ltandsafet>.

Insteadbdf a totalban.the industryv:oukl pret'etihe
standard assessmcntprocedures to continue. This involves a
case-by-casapproacho hetestingandsubsequentegulation
or banning uf' specific substances.rather thar>a t<>1dlan un u
groupof'chemicals. In this v'ay.the industr>would haveiitnc to
rc-equipanddevisencw processefor the manuiiiciureof
rcplacemenisfor thc cherniCalS.

Chlorine  Ban/Ciean Water Aet
Amendment Policy and its Interpretation

United States: If theproposedmcndmcrZeroDischarge
Ac J v,ereto become p irt of he U.S. Clean Water Ac . or if th»
1JC v eresuccessfuin establishinga Virtuall:liminaii<>n
Strategy, then the discussion on the treatment of chlorina ed

co npounds individually or asa»lass will become more intens».
In addition,once heaincndmenbr banis passedy ihe federal
governmen regulationamustbeformulatedhy theagency
enforcingit. Formationof thc regulations»a lengthsprocess
with nun>en»sfagesnvolving severafjroups. Theagencyis
thenre~pon~ibléor ihecnforcernenof the regulat>ons,

Policy that evulvcs from the amended!aw or ban result~
fromthein erpreta iurof thclanguageandthedefiniii»n uf th«,
termsusedin the law/banandthe subsequemnegulati<>nghc
termsandv ordsneedto bc definedso hatthebroadg<>iilar
intentof thelaw canbc cnactcd, Forexainple soniceriviron-
mcntalistavorry tha ihc word 'zero'mayheredefined » 'sum,’
‘almost,’viitual,' or a limit maybe placedon thea>noun<>f
pollutants releasedinto the v atcr. Such redefinitions occur
s»me im«@&sa compromisén thcnegotia i<>meadingl»
passageol the law/han li'indus ries violtue the new laic or ban,
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the»nfor»einentge<icynayiiik» thcrnto cour . Judgessill
d«cidethe out«»meof su«hcus«dasednthe languageof tbc
law andthe definiti<>r>I'ihfcrins usedn thc regulations.

In 1<J<JBe Inter>iaiiunal Jomt Commission produced
d»cument®on.| .s'fr«tey fr>Vit«<>Fii>uirati<saf Persiktnt
li><i« .«I>>t<>n<'<which contain v>ewpoints from different
se«torsof the c<><>>muniby thc proposed strategy. If the
S rategy is ad»pie<l.a similar processm the definition of ter us
and formulati»n ul'regulaiiuns lur the Great Lakes state~ and
provin»es! v,<midb« l'ulluv «d asin the a nendrncnt to the Clean
Water A«t.

Canada: InCanaddhefederajo<en>memaghepoweio
dcvclopegula i»rts ensuréhev>r uisllitninutiof persistent
toxic cheinicals. ‘I'ne Can<idianFnv>runmental Protection Act
CEPA! gives ihe Ministries of ihc Environment and National
HealthandWell'<ire<u>si<leriillowers.'I'he 1<><@Riewof'thc
Ac exan>inethe incurpor;iii»nul'a pollutionpreventiorplan

into thislegislaii»n or other b<4ml si;i utes. However. unlike thc
U.S..anynew«o>nprehensiwartu<celiminationstrategwvill

have to he a»»»perative venture in C<in;<ddc ween the
provincialandiedei;ilgovermnenis

In Ontaii<icleaixvinerregula ionl'<illaunderthe Municipal
IndustrialS rategyl'»rAhaiernentMISA! programv'ithin the
provincial Fnvirsiimer>ial Pr»te« ion A« EPA RSO IRevised
Statu©ntari»199CC' F..19! MISA usthchnamesuggestis
dividednto v,»are;is m<ini«>p;il;inchdustnal Speci 'ic
regulationdor the fsrmerureaares ill underdevelopn>eniThe
industriahreds c« eg»riteidtonin«differensectorsOnly
tssmftheninesexiorsurren havsLimitsandMonitoring
Regulati»iis.'lheseindusines. hcpctrolcumandthe pulp and
paperindustrie~hasespe«>tiéamiis unthcquali yof et'fluent
discharge<1;ii>dhisve<newmonitoringystemTheother
seversectorshavein»nit<>riirggulaiiononly. effluent
standardaie «u<renilbeingd»s»loped994!. OncetheLimit
andMo>>it»ringRegula i<>hsie beerdevelopedor a sector.
thevsupersedall exis ingmonitoringregulations,

For the pulp and paper in<lusirics. MISA became lav,un
Noveinber2S,! 994 Fi liuent Muni uring andEffluentLimits
PulpandPap«iSectorRe ul<niun760/93!. 'l he objectiveof this
legislationisihe s >r uielin>inaiiurul' p«rsistentoxinsfn the
dischargegront pulp aridpapemills to he province'siversun<I
lakes.Thisv ill h;<sa diredtnpaconthev,ategualityoi'thc
Great.akesassix»f theprovin«c'86pulpandpapemills
dischargeheii eltluentsdirex»ily into ih< GreatLakesbasin.

C<rn>t>iteid'&nv P.M<rri>/*gr ri>e
Ohi<>,SixGr<>nt d><c<>ti<Btugrn>n, /995.
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What can we learn about water quality in ariver!

There aremany river~ that flow into the Great Lake».With eachriver, the lakes not only replenish their water
but increasetheir load of sediments,dissolved salts, chemical pollutant», and living organisms. At the places
where the river» becomepart of thc Great Lakes, they tend to lo»c their individual identitie», but asrivers they
have a specialcharacter of their own. A river is the producer and the product of it» la/els/reri, the are;twhich
it drains. The river's physical attributes. thc chcrnical propcrtic» of itw»trcatts bed, the living things in and
around it, and the human dcvcloprnent» on it» bank» contribute to thc quality ol its water. In turn, Ihe river' »
water quality influences thai of the Great Lake into which it flows.

Thi» i» aninve»tigation that can bc modified to deal with almost any river in the Great Lakes region. In it. you
will examine the data source»lor learning about one sampleriver. the Cuyahoga in Cleveland, and for corn-
parison the Black River in Michigan. As you find and use the data»ourcc» about thc Cuyahoga and Black.
clas»teamswill look up the»arne information about other river» for comparison. Contact your»tate'» or
province's natural resourcesagencyto seeif any organizations are monitoring your selectedrivers for water
quality. Perhapsyour class can contribute to those effort».

OBJECTIVES Source

Adapted from OEAGLS hp-!S: Hou o

When you have complctcd this activity you will bc able to: T
Rnueiruriier. hy Donald L. Hyatt. Beth A.

Describe somephy»ical characteristics of a local river and it» Kenncdv and Victor J. Maver.
watershed. .

. . . Earth Systems Understandings
Investigate the types of testsusedto monitor rivers,
Compare the water quality among»orne rivers in the Great This activity dealswith ESLI3 science

proces»calto investigate interacting
suhsystentsiESU 0! and aspectsot huntan
impacts ESU ! that influence the suh-

Lakes basin.
Compare thc water quality in a local river with state stan-

dards for water quality, svstems.
Compareseverativersonthebasisof their pollution input
to your Great Lake, Materials

~internet accessor a recent copy of thc U.S.

Geological Sursey publication titled tvrtrer
Kigurc |. Cuyahogrt River Rap ResourcesData for Oirio or your state!,

tt/uter Year1996 or current year!. There
tna> be a specific solume for the Great
Lakes watershed.

~Fieid~ltanua/ for tth/rer @toilingMonitor-
ing. by M. Mitchell and W. Stapp.
University of Ivlichigan. 1992, or instruc-
tions from starer testing kits optional!.

~Generalized map ot thc v'atershcds for thc
Cuyahoga River. Ohio. and Black River,
VI

~Laminated topographic quadrangles from
three sites along rhc Cuyahoga River,
Black River and/or your rivers,

Scc: http://h20.usgs.gov/swr/ to accessmaps
and other data from monitoring sites.
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I.  Cities along the Black River include
Croswell, Jcddo, and Port Huron. Near
thc mouth of the river. where it drains
into Lake Huron, is an international
boundary between the U.S. and Canada.

Teacher'tr Note

Maps need to b» laminated so that students
»anoutline hc watcrsh»d and the activity
»anbe repealed by olh»rs.

Landmarks along th» Cuyuhoga River
include Cleveland, Cuyahoga Valley
National Re<:rcationArea, Akron, and
Cuyahoga Falls.

Students inay want to do an internet search
to deterinine populations ol' cities along the
rlvels,
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PRocEDURK

l.ocate the Black River on the map of rivers entering Lake
Huron. In which direction does the river flow? Listseveral
major cities or other landmark» I'rom the source of thc river
to its motrth.

Obtain the topographic map that hasthc sourceof the Black
River on it, and thc onc that has the rtrouth, where it enters
the lake. What is the approximate elevation of thc source of
the river’. The mouth? What i» thc distance from source to
mouth?

Calculate the slope of the river by dividing its length into the

difference in elevation from source to mouth. The formula is:

The slope is generally expressedas elevation pcr rnilc
kilometer!. A low slope meansthe river flows slowly
overall. Identify areasalong the river where the slope is
greater.What is the compj;uative speedof the river atthose
places?

How manystreamsentertheriver alongits length?Theseare
its tributaries, Name the major ones. Describe the topogra-
phy along the river and its tributaries.

Using a water-soluble marker. outline the watershed of the
river the entire region where the river and its tributaries
collect water!. Use your math skills to determine the ap-
proximate areaof the watershed for comparison purposes
only!.

Repeatsteps 1 through S with the Cuyahoga River in Ohio.

What similarites  and dilferences  are there between the two
rivers, i,e,. size of cities nearby, topography, ctc,? Selecta
river nearyour school and investigate its characteristics.

Repeatsteps 1 through O for your river. Compare the rivers

you have studied.

Different aspectsof river quality are important. Three typesol'
monitoringare:physicalmonitoring,biological monitoring,and
organic chemical monitoring. You will investigate two types of
waterquality monitoring.Testingfor organicchemicalgequires
equipmennotusuallyavailableto schools.
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PHYS1CAIMOMTORING

Physical monitoring can include several of th» following tests:
Dissolvedxygen theoxygenavailablein thewater;higherlevelsarcassociateavith healthierrives.

Fecal coliform J=.soberifga coii or F.,coli: bacteria found in human and animal fcccs; fecal coliforms are
normalorganismsassistingn humandigestion.Thc prcsencof E, «o/iin waterindicatescontaminatiorby
sewage,and high numbers indicate that other pathogenic organisms might also he active.

pH measuretheH+ ionsin water;a oneunit changen pH correspondso a ten-foldchangen theacidity
of thewater.Organismaircaccustomedb a moderatelyarrowpH range,sochangesn pH canaffectwhich
onescan survive. Extreme value~on the scale prevent living things from surviving in the river.

Biochemicabxygen demand BOD! showxtheamountof oxygenusedby aerobianicroorganismsn
breaking down organic matter; higher BOD levels indicate that oxygen is heing usedreadily by aerobic
bacteriaandis unavailab]do otherorganisms.

Temperature watertemperatureanaffectothercharacteristicsuchasdissolvedoxygen.becauseooler
water can hold more oxygen than wartner water,

Phosphates phosphoruss a nutrienthatis activein growthandmetabolisnof plantsandanimals Excess
phosphatesnaycauseanabundancef algaein thewaterandleadto accelerate@utrophication.

Nitrogen it is a buildingblock for proteinandis morcplentiful thanphosphorusn ecosystemsammonia,
nitrates,andnitrites aresomeof its forms.Nitrogencanalsoaccelerateutrophication.

Turbidity  waterclarity is affectecby suspendedolids;the amountof turbidity affectswatertemperature
becaussedimentsabsorkthe sun'sheat.Turbidity alsorelatesto the atnountof light enteringthewaterand
affectingphotosynthesiandoxygenlevels.Sedimenteanalsocovereggsof tish andinsectsandmake
aguatic hahitats less suitable for organisms.

TotalSolids measurebothdissolvedandsuspendegarticlesin water. Too high or too low levelsof solids
in water can aftect organism~by limiting growth and/or affecting nutrient and v ater transport to and from
cells.

7. Crcatc a concepttnap using the nine types of physical tests
discus~ed.Show how the results of one test may influence
the results of others. For example. high nitratcs accelerate
eutrophication, which increasesturbidity and lowers oxygen
levels, Explore other relationships and illustrate them in your
diagram.

The river and its tributaries collect things besideswater asthey
flow toward the lake. In Maps | through 3, cities and other
features are shown that can affect water quality. How do you
think river quality changesdcpcnding on where the river flows',>
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Map 1.Region Surrounding Black River Near Jeddo. M,

LEGEND
County lg  National Park
Metropolitan Area ~ City
5. Lake/Pand/Ocean County
Expressly Denotes  station site
H | ghway
~ Stream
8.  Military Area
. 05 18 15 mi
Scale  :411353I 8¢ fg
4average  true scale depends Qn leanitar resolution

Source: U.S. Geological Survey, Map ol region surrounding Black River nearJeddo,MI. [Online] Available
http://h20.usgs.gov/swr/Ml/data. modules/nmdmap,cgi?statnunt=041 59492kht=0.5. Map provided by U.S.

CensusTiger Mapping Server.
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Map 2. RegionSurroundingCuyahogaRiver at Independenceéhio,

LEGEND
Metropolitan Area ~+ National Park
~ Lake/Pond/Ocean Other Park
Expressway ~ City
H ighway County
Connector . Denotesatisie
~ Stream
~ Military Area
Sta e !ID2468 81 23 45 6 km

daverzge trve scale depends on monitor resolution

Sourced.S GeologicaburveyMapof regiorsurroundinGuyahogRiveratIndependend@hio,[Onlincj
Availabléttp//h20,u»gs.gov/swr/OH/data.modules/ntntlirnap.cgiQ4281&00Mapprovidedy U.S.

Censu»Tiger Mapping Server.

I The OhidStaté/niversity7997 OhioSeaGrant~ducatiorProgram



Map 3. Region Surrounding Cuyahoga River at Old Portage, Ohio,

LEGEND
County ~ Military Area
Metropolitan Area ~ National Park

~ Lake/Pand Ocean cy Other  Park

Expressway ~ City
H i gheay C ounty
Connector ~ Denotetatiosite

~ Stream . .

SC(_!1 o 1'l02797 §i8 8.5I.% 31'52'842553'8m'6km

daverage  true scale depends an manltar resalUtian

Source: V.S. Geological Survey, Map of region surrounding Cuyahoga River at Old portage, Ohio. [Online]
Avatlable http://h20.usgs.gov/swr/OH/data.modules/nmdmap.cubi'?stathum=042060004ap provided by U.S.
CensusTiger Mapping Server.
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In the following tables are water quality measurementsfrom two

placesalongthe CuyahogaRiverin Ohio andonesitealongthe

Black River nearPortHuronin Michigan. Theywereobtained Teacher's Note
fromthe U.S.GeologicalSurvey Obtaincomparablalatafor the

otherriver s!you areinvestigating. Studentganconsiderthc seasonathanges

in thedata.For examplethc earliestreading
) o takenin sprin~ shoulaccurv,henmelting
The USGShasseveraWebsites.Beginwith http;// snowandrain causehigh waterandrapid

h20.usgs.gov/swendfind out moreinfortnation,including flow. Somesummerreadingsv ill occur
regional maps of tnonitoring sites closestto your school. whentheriver hai relativelylow flow,

Table5 with the Stateof Ohio waterquality standardss also
included.Statessetstandardén orderto meetnationalrequire-
mentsunder U.S. EPA, Studentsmay want to obtain standards
for Michigan.Whenstategnonitorwaterquality,theyuseU,S.
recornrnendationsl.S. criteria,andstaterules. Stateagencies
may issue permits to discharge for industries. Decisions are
basedon the quality of the river and bow much additional
pollution they deentthe water can withstand. Permits limit the
guantityot pollutantsgoinginto rivers.Ambientmonitoring
involvesongoinginvestigatiorof surfacewaterquality in rivers.

8, What is meantby water quality' >

9. Arethereanydifferencesn waterquality betweerthe
tnonitoring stations'?

10, In the Great Lakes region are several Areas of Concern. The Two internet sites provide touch
Cuyahoga River i» one of them. Do researchto obtain a list information:
of thematerialsfoundin theBlack River andCuyahoga w ww.ca w.caldL iinr/gl-programi/R APi/
River thatareconcernsaflee ingwaterquality basecn intro.htnil

www.great-lakes.net:2200/envt/water/
watqual/manag/rap

standards for those materials. Consult the Internet about the
materialsor readaboutthemin theManualfor ti/t/ater
Quittliti Monitoring.

11.Whatcanbedoneto correctthesepossibleproblemsof
waterquality?Spendsometime discussinghis with your
class.

Teacher's Note

INVESTIGATINGTHE DATA

. . . Students can discuss climate;ind
1. Are theredifferenceshetweersummerandspringreadingsat seasonalchanges and the differencei

a specificsite?Betweerfall andsummereadingslIf so, theynotein waterquality meaiurcnienii

what could cause the differences? throughout the year.

2. Comparghedatafrom 1985-86Gor thetwo sitesalongthe
CuyahogaRiver Old Portageand Independence Tables 2,
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3!. You may want to graph the datafor a visual comparison.
How do the data differ? How can you explain the differences
or sitnilarities?

Compare the 1985-86figures Table 2! with thosefor 1990-
91 Table | latthe Independencesite'?How do the dala
compare betweenthe years shown? Do the data suggest
changesin the water quality of the river'?

Compare the data for the beginning. middle and end of the
Inonth. Choose one parameterand graph the data by month,
Do you observe any trends?What do the trends, if any,
suggestabout monthly changesin a river?

Table 1. Cuyah !ga River at Independence Ohio, 1990-199I.

JjH, WATER, WHOLE. FIFLD, STANDARD UNITS, WATER YEAR OCTOBFR 1990TO SEPTEMBER 1991, DAILY

M EAN VALUES

DAY OoCT NOV

1 8.0 7.9

15 7.8 8.0

28 7.9 7.9
MEAN 7.8 8.0
MAX 8.0 8.J
MJIN 7.7 7.8
XYCEN DJ'LVED

DAY OCT NOV
9.0 10.0

15 9.0 10.8
9.9 9.8

WATER TEMPERATURE,
MEAN VALUES

DAY OoCT NOV
1 5 12.5
15 15.0 8.0
28 10.5 11.5

OhioSeaGrant~d /cationProgram

DEC
8.1
7.9

MGIL!,

DEC
11.3
I"0

JAN FFB APR MAY JUN JUL AUG SFP
7.9 80 8,2 8,0 7,9 8.4
8.0 7.9 7.9 8,0 8.4 8.2
8.0 7.9 8.1 8.0 7,8 8.6 8,3 8.2
8.0 8.0 8.3
8.4 8.2 8.6
7.8 7.8 7.9 --- --- 7.8

WATER YEAR OCTOBER

J990TO SEPTEIVIBER 1991, DAILY

MEAN VALUES

JAN FEB MAR APR MAY JLU'N JUL AUG SFP

13.4 --- 12.2 9.3 6.18.8 8.5 8.0
13.2 12.6 J2.6 10.3 8.2 9.1 7.2 8.4 7.9
13.0 J3.2 1.0 9.9 6.4 8.5 8.6 8.4 9.5

DEGREES CELSIUS, WATER YEAR OCTOBER 1990TO SEPTEMBER 1991, DAILY

DEC
7.0
5.5

JAN FEB MAR APR MAY JUN JUL AUG SEP
2.5 15 --- 9.0 18.0 25.5 Z5.5 23.5 23.0
3.0 2.5 6.0 12.0 23.0 245 23.0 72.5 235
2.0 35 11.5 Ib.0 23.0 25.5 22.0 Z5.0 14.0
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4, Do youdetecta relationshipetweeranytwo of thepararn- Arts5ver
eters?Graphtetnperaturclataanddissolvedoxygendata.
Whatdo the datasuggestbouttherelationshipbetweerthe

So>ncof the mtnimu>n le>els <>f
dissolvedoxygenin the Ctlyahogaat

two pararncters in ariver”. Old Portage 1t!185-1986 werc out ol
range of the criteria I'ur exceptional
5. Do any of thc datareveal rneasurcrnentsoutside of the litnits w armwater anti c»ldwaicr habitat~, t.c.,

October and A ugus t.Tempcraturc data
tue heJondthe upper warmertrang>c

. . . Itnlits f»r certatn nlon ha, >.c.. April at
6. Discusghcrangeof pH valuesgivenasOhio'sSurface the Independer>casite, 1985-1'186, and

WaterQuality Standardén TableS.In your view is therange others
toowide?Toonarrow?Designaninvestigatiorto assesthe
itnpactof theextremeof allowablepH.

specified by Ohio's Surface Water Quality Standards?

Table2. CtlyahogeRiverat Independenc®hio, ]985-19116.

pH, WATER, WHOLF., FIi;1,D. STANDARD UNITS. WAI'ER YEAR OCTOBFR 1985TO SEPTEMBER 1986.DAILY
MEAN VALUES

DAY OCT NOV 1= JAN FFB MAR APR MAY JUN JUL AUG SEP

I H.4 H.3 7H H.0 7.9 7.9 8.5 8.1 7.8 7.9 8.3 8.2

15 H.0 7.9 7.8 8.0 7.9 7.7 8.0 7.8 7.7 7.9 8.0 8.2

28 8.2 7.8 H.0 73! 7.9 8.1 8.4 7.6 7.6 8.3 8.1 7.6
MEAN H.2 7.9 7.9 7.9 7.8 7.9 82 7.9 7.8 8.0 8.1 H.0
MAX H5 83 HO HI 79 8.4 8.6 8.5 8.0 8.3 84 H.3
MIN 7.9 7H 7.8 7.7 7.7 7.7 7.8 7.6 7.6 7.6 7.9 7.6

OXYC'KN DI'SSOI,VFD MG L!, WATER YFAR OCI'OBER 1985TO SEPTEMBER 1986.DAILY MEAN VAI 1.1;8

DAY OCT NOV DE . JAN FEB MAR APR MAY JUN JLL AUG SEP
I 77 85 109 126 I'l H130 119 85 68 H7 85 92

15 9.9 12.4 14.2 I'LH 11.6 '.9 8.1 7.2 7.7 7.6 9.2

28 97 109 122 114 130 118 HH 76 71 82 88 60

WATER TEMPFRATURF., DEGREES CEI SIUS. WATER YEAR OCTOBER 1985TO SEPTEMBFR 1986. DAILY
MFAN VALL hS

DAY OoCT NOV DEC JAN FI'B MAR APR MAY JLN JLL AUG SEP
| 175 135 H.S 3.> 3.0 2.0 14.5 17,0 24.0 20.S 245 20,5
15 17.0 12.0 2.0 1.0 2.5 6.5 13.5 20.0 23.0 235 24.5 19.5>
28 13.0 8.0 15 5 2.0 9.5 19.5 20.0 23.0 25.8 20.0 22.0
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Table 3. Cuyahoga River at Old Portage Ohio, 1985-1986.

yH. WATER. WHOLE, FIELD. STAVDARD UNITS. WATER VEAR OCTOBER 1985TO SFPTFMBFR 1986, DAILY
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JI.N JUI. AUG SEP

| 8.2 7.9 7.9 8.1 8.0 8.0 8.3 8,0 7,9 7.9 8.0 8.0

15 7.9 7.8 8.0 8,2 8.1 7.9 8.17.8 7.9 7.9 7.8 7.9

28 7.9 7.9 8.0 8.0 8,0 8,2 8.2 7.8 7.8 8.! 8.0 7.9
TOTAL 244.4 235,2 248,5 250.4 2229 2491 245.1 245.2 2352 243.3 243.2 235.4
MEAN 7.9 7.8 8.0 8.1 8.0 8.0 8.2 7.9 7,8 7,8 7.8 7.8
MAX 8.2 7.9 8.1 8.2 8.1 8,3 8.4 8.2 8.0 8.0 8.0 8.!
MIN 7.6 7.7 79 79 7.9 7.9 8.0 7.7 7,7 7,6 7,6 7.7
MED 7,9 7,8 8.0 8.! 8.0 8.0 8.2 7.9 7.8 7.8 7.8 7.8

XY FN DT 'LLVED  41G/l.l. WATFR VI'AR OCTOBER 1985TO SEPTEMIIER 1986,DAIl.Y MFAN VALII'S

DAY OCT VoV DFC JAN FFB MAR APR MAY JUN Jul AL Cj SF.P

| 7,1 9,0 115 12.2 13,1 13,4 12.0 8.1 7,6 7.7 82 87

15 7.2 10.9 13.3 12.2 134 12.5 9.6 72 82 7.6 65 7.5

90 115 12.7 13.5 13.4 11.9 10.0 7.7 7,3 7,7 7.9 7.6

TOTAI, 238,0 322,8 383,0 385.1 371.3 389.4 317.4 244.6 229.0 732.6 717,6 220.1
VIBAN 7,7 10,8 12,4 12.4 13.3 12.6 10.6 7.9 7.6 7.5 7.0 7.3
MAX 9-1 11,8 13,3 13.7 13.7 13.7 12.0 9.6 8,5 8.3 8.5 8,7
MIN 54 83 11,5 115 12.7 11.6 8.9 6.4 6.3 64 5.3 6.2
MED 7.7 11,0 12,3 12.1 13.3 12.5 10.7 7.8 7.7 7.6 69 73

'O'ATER TEMPERAT RE. DEGREES CELSKS, WATER YEAR OCTOBER 1985TO SEPTEMBER 1986.DAILY
MEAN VAI.UES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
| 17.0 12.5 7,0 2,0 2.5 20 14018 5 22,5 215 24,5 19.5
15 18,0 11.0 1,5 1,5 2,0 55 140 20 5 22.0 23.5 24,0 205

28 13,0 7.5 5 1,0 2,0 10.0 19.0 20.5 23.0 26.0 215
TOTAL 510,0 297,0 94.5 69,0 66,0 180.5 418.5 597,5 678.0 767.5 7920 651.0
MEAN 16.5 9.9 30 23 24 5.8 13.9 19.3 22.6 24.8 23.3 21.7
MAX 19.5 13.0 7.0 3,5 4,0 13.0 1J.0 23.0 25.0 28.5 25.0 0
MIN 12,5 6,5 5 1,0 1,5 2.0 11.0 15,5 21.0 20.5 20,0 18.5
MED 17.0 9.7 2.0 2,0 5.0 13.7 19.5 22,5 25.0 24.0 21.7
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'lable 5. Ohio's Surpac&gu eQual! >q undards.
Numcr>caandnarrativecriteriafnr Aqui>tid_it'c HabitatandWatersuppl>usedes>gnat oAll value-areexpressedsinta co»centra>i»imnless
spccificdnthcrvisc

UseDes»nations
A vatic Kabhitai V'ateSv 1
Fxcepti<inal L t>pted Pub i<: Agreult ural
VVa»nsvatcr VVarsvater  Cv dssiter Resource V»'afe Vvater
Paramctci Habitat Habitat Habitat >Aeter Su >I» Su |

DissolvedOs>gcn
< lutndc M>xingZone-
Sh»»»>ustan>li»le! n>g/l >.0 20

licsolvedSolids
<OutsideMixii>gZ»n<!
Maximum mg/I 7S0'
30-dayaverage >/l 15 XY' S Xr

Nitrate N

<OutsideMixing Zonc-
HuinanHealth30-da>
»92.I'ag<'! mg/l

Nitrate»+ Nitri>es
i OutsideMixing Znnc
3 I-dayaverage! mg/l

pH OutsideMi~ing Zone! s.u. > -9.0 f>.5-9.0"

Plivsph<trsinsideinixing
ZoMdhxim»»>

HuinanHea!ih30-da>
ave>'agc

Te«>peiatuieOu>side

Mixing Zi>nc!
Mavin>um <F<C! 'l'able2 9X<37!
30.da>avera<'e I>"' ! ''<>hip 94 4!

No cs;Forthe purpose®f settingeater qualit>basedet luem lim>kshe criteriawhichapply " lutside Mix»>gZone"shallbe metalterthcc T!ucnt
;<ndhereceiv>ngvaterhu»eheendeterminedo hc rcacxmahl>well mixed ha<cduponinform;>>ioreadily availableto thedirector nf thc OFPAL...
Thclimitedcsnurce atce»te»acprescithecmini>numeategualiixtv bemetin all surfacavatersfthestat@ut<»dbenuxingzone.

">Var»>water'the~earevsuter»capabhe 'supportingandm;»nt;uning halanccdintegratedadaptivecv>ntnunityf warmwateraquaticorganisms,,
. "Except>omarmwatcrthese<amvatcrs apabdé supportingnd>naintain>argexceptional unusuaommunityf wart>=¥emquatic
nrganisms... "Coidv"ater" are ssaaterscapableof.supportingovpulat>vns cok!svaterlish andassncia>cdertebrateandinvertebrat®rganismaind
plantson a»anm<aia~is.. "Lini>tedres<>ureevier" these;>rcss;ucrghaihavehccn I>csubjectol'a useaitainabilityanalysisandhavehccenfound
io lack the potentialfor anyrcscmhi<ancé an>otheraquaticlife habitatasdetetm>nells the biolofucalcrit<-.ria.. to thisrule 745-1-07 Ohio
V'uterQuality Standards

O'utersupp *Puhl>c'thesearcv atcrghatwithconventionaieat»>eni.>lbesuitabléorhumartntakeandneetedeiategula ionwr drinkeng
v uter.. ' Agr>cultuial' thesearewaterssuitablelvr >rngai>oand i»est<>ckatcring v irhnut reit>>>en .

i pllistv bcf>S-90. wi>hnn changev,ithm thatrangeattributableto human-inducedondhions.

b Acid minedrainageStreatosversandstongCO ypareexempt rom thepK crite»on.
TotalphosphorusisP shalbelini<<etkitheex>enrec¥siry I<ipreventuisancayrovthsnf algae s»eedsandshmeshatresultin a violation of
thev'aierquality criteria sctforth in Ch;>p cB745- -04 E! of thc Ohio Administiat>seCodeor. for public watersuppliestliat resultin tastevr
odorproblerosin areasvheresuchm>>»ange-owth&xisk phosphorusi>»chargds«>»pnint «> tcscle>el'mi>isign>I>cutyy the Ohio
environ>»entarotect>viag<encshallnotexceeda da>haveragent nncmilligram perliter as>oraP or suchstricterrequirementasmayhc
iu>posédxs ihcOhicenvironmentalo>co inmgene»accordaneéththcinternat>vrldintCommission nitcdStates-Canadgee>neat!.
Equivalent2S<Gspcchicconductancealueis 2400micrornhvs/sn>.

¢ l:quivalet>6 Cspec>teanductanealuearel X!in>cromh»s/asa maximuandX X3»icrornhvs/tas 30-dagverage.
Ai no umeshallthewatertemperaturexcee<hetemperature hichv ouldoccurif thcic wercnistempera»>rchangeattnbutablcto hu>nan
Hot $#&C»
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Tablé Ohio'Surfacé/ate@ualityTemperateteria.
x geaHea Ehﬁsu ya )ya@orDaRotth€uyalitig@h(Phannel.
Showasdegredsahrenheaimd Celsius!.

Jan. Feb. Mar. Mar. Apr,  Apr. May May June
181 129 115 1631 135 1630 115 1631 1-15

Average: 45 45 51 53 55 60 65 71 80
2! 2t 106" 170 281 56/ 83 17! 6.71

Daily

Maximum 49 49 55 57 62 66 20 78 84

Junc July Aug. Sept. Sept. Oct. Dct.
16-30 1-31 131 |- 16-30 1-15 16-31 o  qar

Average: 84 84 84 84 77 70 63 - 45
8.9 89 89 89 50 111 72! g o1

Daily 88 RR RR 88 82 75 69 64 52
Maximunt.1! 1.1! 1.1' 1.1t 7.8!' 39! 0.6> 7.8 11l

7, ExamingatdromtheBlackRiveneadedddll Table .
41 Orwhatlateveréhenighesitrogeanghosphorus Qn?$$§§29$ﬁ§ﬂ>wgiéiﬂ?f !
readingsecordedWhatoulchavecausethelevels fordissolvemkygerStudentBayg
gggﬁg\’,ﬁg%itg gjrézsgt&?ﬁg“?g@aecgw g%%j/%tﬁ’ speculateon how nutrients affect
thinkherisa relationshawesinghreparameters? E'isfc',vrzfﬁgggg‘;ﬁﬁﬁﬂﬁﬁ;}’aﬁ&{n
Whakindofrelationshipould/oupredidbasednthe oci eﬁ’]tistsyou lf:] ow. 9

dataFlowvoulgtoutesyouhypothesxdmpaother

parameterso discoveranytrendsin thedata,
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BIOLOGICALMONIYORP46

hven if somewater quality threatsare present,there could still
be living thingsin theriver. Somescientistspecializen deter-
mining waterquality by looking atits effect»on stream~naro-
invertebmtes. These arc stnall but visible animal~ without
backbonesCertainkindscanlive only in very clean,unpolluted
water and cannot tolerate even small levels of pollution, Other
organismaarepollution tolerant,andtheywill bepresentin a
stream regardlessof its condition. Still others are sothcwhere
betweerthoseextremesMacroinvcrtcbratcsando two thing»:
theycanserveasindicatorspeciesndicatingpollution or
absencef pollution, andthey candemonstrateliversity of
organismsn a stream higher diversity suggestindgnealthier
rivers.

Int I't Sies will notbefoundin pollutedrivers.
Stoneflies require oxygen-rich water; thus, they arc an intolerant
species,

I'acultativeS ccics can adaptto pollution in their environment;
caddisfies, for example, increase pumping of their abdomento
take in more oxygen when there are low oxygen levels.

Tol tS s will befoundin poor-qualityandgood-
guality water.Somemidgescansurvivewith low oxygenlevels,
andaquaticworms Oligochaetatantoleratehigh levelsof silt
and organic substances.

Macroinvertebrateareaffectedby the temperaturef the water
in a river,aswarmerwatertendsto encouragéheirgrowth. The
current strength. type of substrateon the river bottom, and the
amount of food available also influence the survival of the
organisms.

The chart on the next page shows what the macroinvcrtebrates
arelike for manypartsof the GreatLakesregion.If your class
hasthe opportunityto actuallytestwaterquality in a streamuse
theguidelinesfrom your stateor province.andtakealonga
similar sheeto guideyour countingof organisms,

Theanalyseghatfollow are similarto the onesyou would
perform using datafrom your local stream.

Ohi®GedsrarEducatidirogram I The OhicStateUniversity1997



Group 1. These organisms arc geneiall> pollution intolerant. Their dotninance generally signifles GOOI! WATER QUALITY

Caddistly Larva

Other Snails
Vfayfly Nylilpll
r Water Penny
Beetle Larvae
nelly Nymph .
Y IR Riffle BectloAdult /
llohsontlv Larva
Croup 2. These organisms can exist in a wide range ot'water quality conditions
DamselflyNymph
Crane Fly Lars «
[ | .
Cray ish .
Clams Sowbug Beetle Larv'i

Group 3. These oiganisms arc gcncrallv tolerant of pollution. 'Their dorninancc us«alll significs POOR WATER QUALITY

Agquatic Worins
Midge Larva
Leeches

Blacl Fly Larva
Figurc 1.Macroitlvertebrate Taxa Groups

Stream Assessment

To conduct stream asssessmenbbservati<msand analysis, assign each group the following index values: Group 1 =3, Group 2 = 2,
Group 3 = 1. Count the number of t~es of organisnts present from each category and inulti ply the group index value. Add thc
respective indexes for a cunnilative index value.

Stream Quality Assessrneut Cumulative Index Value
Excellent 23 and above

Good 17 22

Fair 11 16

Poor 10o0r less

Example:

Group 1 taxa= caddistly, stonefl! and mayfly. 3x3 = 9; Group 2 tax i = drigontly. crayfish, clam, 3x2 = 6: Group 3 tax« = btackfly,
midge, 2x 1 = 2. Cumulative index value = 17.

Soiirce llivision of Nal«ral Are:is;in<i Preserves.Scenic Rivers Section Igi 3 itcac rn Vnlantsr Srrnnm Qnanrv Mnnirnrine  'hio
Departnien of Natural Resources, Colun!hus, Ohio. 23 p.
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Lisethe following table to assessthe water quality of each site.
Add the seores relative index values! for each category to obtain

a composite score.

Composite Score: Site 1 Site 2

la. Site | = 24, Site 2 =8,

1bStillv cll Road 22: Infirmary Road 13
The Stillwell Road site was similar to a riffle
that mav have intorduced a slight biasin he
data. Infirmary Road was prone to inputs oi
organic material and had poor habitat for
inacroinvcrtebrates. thus factors other than
svatcrquality could affect the number of
organisms observed. The station is 2 km
below a wastewater treatment plan . vet the
data do not necessarily suggestthe effec s of
organic substanceson the community oi
benthic organisms Olive et al. 1988!,

Tahle 7. Criteria based on benthic rnacroinvertebrate structure for establishing levels of water quality

in the upper Cuyahoga River, Ohio,

Community structure
characteristic

No. of species or tuxu! 0-10
Density no./m'! <500
or'
00
A/l <1-1
S-G/D" <0.2
Organicpollution
intolerant <20

~Amphipodto isopodratio
"*Scraper-grazer to detritivore ratio
"*Percent of total organisms

I The OhidstatdJniversityt99/

11-20

21-40

Relative

21-30
500-1000
or
2000-4000
1-2
A4-.6

41-60

inrfex value

31-40 !
1000-20 0

et-80
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Divide into teams,with each Leamselecting a different river that
entersthc Great Lake closestto your area. Work with your team
to obtain water quality datafrom your river; for exantplc, usethc
[nternet or contact your local or »talc agenciesfor more informa-
tion. Answerthe »arnejuestionsaswith the BlackandCuyahoga
Rivers; questions 1-5and 9-11 of thc Procedure section.

2. Discusswith your teamwhat kind of water quality existsin
the river you chose, and what might be the source ol any
water quality problems, Preparea short presentationfor the
rest of the classto report this information.

3. Examine the data presentedby other teams, snthat you have
information on severalrivers entering your Great Lake,
Basedon what you have learned. are rivers contributing
substantial water pollution LoLheGreat Lakes".What are
some specific problems or successstoriesyou know about
along theserivers?

If any of the classes' selected rivers enter the Great Lakes at a
site designatedas an Area of Concern, it would be valuable to
follow this activity with Lheone tiLled, 'What is the statusof our
Areas of Concern' ?'

I.  Whatdatasourcesareavailablefor learningabout;
a. Physical characteristics of a river and its watershed
topography, size, etc.1?
b. Chemical characteristic»  ot' the water in ariver?
c. What kinds of living conditions are presentin the river".
d. What human developmentsexist in the watershed?

2. What other data sourceswould you like to have to give you
more information aboutjudging v uter quality?

3. Whyi»it importantto learnaboutriversin a studyof the
Great l.akes?

Err KNssox

Contact other schools along a river you have studied. Share
water quality data and information from your cia»ses'discus-
sions. Organize a method of sharing river information with the
community and its leaders. Use Great Lakes RAPs as a resource
f'arhow other colmmunhics organize around water quality
initiatives.

OhicSeaGranEducatioRrogram | The Ohio StateUniversity, 1 997
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&hat happenwhemutrientgnteranestuary?

AlongheshorestheGredtakearammumeronmrshaastuariddanyfthensarbchoughbfas
transiti@aondetwearivaandhesredtakentovhiclheiveemptieBheseetlandsppaoat
greatliversitgfplanandanimdlfe Abundamiguatianderrestriakganisnuseareasitheona
temporargr permaneiasisUniquaevetlandhabitatsuppora greaterarietyof plantandanimalife than
anyotherareaof equalsizein theregion.

EstuariearenoteasilydefinedTheyhaveraditionallypeertharacterizestheareavherdreshwater
meetbeseandvatdeveldsandallwitithaidesE=stuariéswevearemorthajustaraquatic
interfadeetwedneskandsaltvateina largeneaninficyareheparpofinemoutlofa streamwhich
thavatdevebinfluencegthdak@rseantaovhickhestreaffowsdnthicasehewpccuwvhere
riversnedteshwatakedMangifferetiabitat» rnarshlanmsewatesanteacheplantbrests,
evercitiesandagriculturdiclds can mergattheseiniquareas,

Terrestraaldguatiegetatiawesegeralnctionmsarestuafgmergaguatmantiiteoutarge
guantitiesf nitrogenphosphorupesticideandsilt. Subsequentggmef thenutricntsndtoxinsare
takempby theroosystentd thesaquatipglantsVithoutstuariemdnarchectingisa naturauffer
zone, even greater quantitie» of pollution would enter thc Great Lakes.

Additionally, plantsprovidea foodsourcefor herbivorcsand
detritusfeedersorganismghatfeedon deadmaterials! which
«rethebasef thelakefoodweb. Thethicklayerof foliagein
ariestuaryprovideprotectivebreedingandnurserygroundsfor
fish andotheraquaticanimals. Finally, estuarieseducethe
harmfulflooding effectsof stormsin the GreatLakeswater~bed
byabsorbirigrgeuantitiexf stornwaterindherslowly
releasing the water into the lakes,

The following two activities demonstrate some of the beneficial
environmentalnctionsvetlandsontributéo theecosystewf
the GreatLakes.Bc sureto supplementhe~eactivitieswith | !
the estuaryplanktonandplantactivitiesin theES-EAGLS
bundle Life in the Greeitakesand ! a visittothe Internetsite
fortheNationalWetlandgwentorywww.nwi.fws,gov/
datahtml'tolearnabouthcstatusf wetlands yourstate,

! The OhicStateUniversity1997 Ohb SedGrantEducatiofProgram



HowdophosphorwnadnitrogemetintotheGreat.akes'@newayis fromwaterunoff.Rainwateialling
onfarmfields parkindots,roadsandbackyardfowsintocreeksstreamsndrivers Therainwatecarries
soil.fertilizersandpollutiont hasvashetromtheland.Y ouhaveprobablgeermowmuchmorewater
creeksarnjustaftera stormkndhowtnuddythewatetooks Eventuallyall thiswaterunsintolhelakes,
bringing nutrien sandotherchemicalswith it.

Saurces

OEAGLS EP-29B, "Nuiricnti in the Great
Lakes"by Chris BrothersDavid A. Culver
and Rosannc Fortncr.

Part K tnodificd from Ecological Pi<it'ileof
Old Woman Crcck Estuary Taik 3! and
NutrientLoadingModel Task4! hy Brian
Luths.

Earth SystemsUnderstandings

Theie activities focus on ESU 2 stev ard-
ihip!,! ieienceniethodiandtechnology!.
<<lid} t<lteractlo>ts!.

~Nitrateandphosphatelatacharts.
~Map of Old WomanCreek.
~Graph paper.

~Pencils.

~Glasi jar withlid.

~Soil.

Answers

1. Thc creek flows north into Old Woman
Estuary and then ernptiei into Lake
Eric.

U.S.Highvay 6, Ohio Routes~ and6l,
and other roads run through the
watershed. There arc;ilio ieveral farini.
Runoff v,uter from roads and farms will
carrypollutantsandfcrtilireri A land
usemapis mcludcdin FS-EAG!.SI iji
in n>eGre<»L<>!;<'s.

3. There arc seven waicr teil itationi in or
near the estuary. Statioii 1 ii closest to
v herc ihe creek enteri the eituary.
Staii<>rv ii nearthe entrance of the
creek into | ake Erie.

OhidseaGranEducatioRrogram

OSSKCI1rVES
Whenyou havecompletedhis activity. you shouldbe ableto:

~ List sourcesof nutrient inpuls to Lake Erie,
Explainhow wetlandscanimprovewaterquality,

~ investigatethe effectsof nutrientson the microcopicspecies
in an estuary.

PROCEDURE

A, Look atthe mapof Old WomanCreekonp, 15I. With your
pencil,tracethe pathof thecreek,startingat the point
marked A.

I, Wheredoesthecreekgo?Doeswaterfrom thecreek
flow into Lake Ene'l

B. Onthesamemap,look al the landthatis surroundedy the
dashed line. All the land within this line is thc watershed of
Old Woman Creek. Water from this land runs off into Old
WomanCreek.thenthroughOld WotnanCreekEstuary.
beforereachingLake Erie. A watersheds all of theland
drained by a creek. stream, or river,

2. Are thereany roadsor farmsin the Old Woman Creek
watershed?How might these affect the water enlering
the creek'?

C. Thesmallerinsetmapshowsplacesn the estuarywhere
scientists have tested the creek's water to see how much
phosphorus and nitrogen it contain~,

3. How manyteststationsarelocatedin or neartheestuary?

Which station is closest to the lake? Which is closest to
where thc creek entersthe estuary?

! The Ohio State University, 1997



D. Ona pieceol graphpapergraphtheconcentratiorof
phosphoruw Stationl intheestuaryoreactdayafterthe
stormfrom day | to day 11.Usethe datafrom the Nitrate 4. Pliosphorus levels v ere highest | day

" I afterthe stormandlowest11daysafter
andPhosphat®ataChart Seel'igure 2!. the storm's onset, At day 1.a lot ol

) funol'f’ water was entering the es uiu'v.
4. At Station1.howmanydaysafterthe stormwere This water contained high concentra-
phosphorudevelghehrghest®henverephosphorus tions of phosphorus, By day 11, there

levelsthelowest?How canyou explainthis? was much less runoff fr<mi the si<>fin.
Thus, I'ewer nutrienls were heing

) ) carried into the estuary.
E, Now graph phosphorusconcentrations at Stations 3 and 6 for

eachof thedaysafterthe storm.If youuscthe samesheebt
graphpaperto drawthis graph,besureto labelyour lines
Station |. Station 3, and Slation 6.

5. Peak phosphorus ci>ncenlrations

S. Whatduydid peak highestlphosphorusoncentrations occurred on day at Station 3 and on
occurat Station3?Whatdaydid phosphorupeakat day 4 at Station 6. Stations "t i<id6 arc
Station6? Canyou explainwhy peakconcentrationsf located further downstreain in_hc creek.

. . Water from the creek re<<cheS§ «lion 1
phosphorusoccurred later at Station 3 than at Stalion | first, then Station 3. then S a ion 6.
and later at Station 6than at Station 3? Nutrientssuchasphosph<> biging
carried hy the water reach these slu iona
F. Look atthedatashowingnitrogenconcentrationsit Stations in thc same order.
1,3l and 7. 6, Peaknitrogen concentrations <iccurat
Station! onday4, at Stationl on day6

6. Onwhatdaydothepealconcentratiois nitrogen andat Station7 onday | . Nitr<>gcn

occurateachstation?Doesit seetrthatthepeak concentrationsrefollowing thesarnc

general pattern a» phosphorus concen-
trations. The peak concentration i>f
niliogen occlirs al Ups tea>rsta >on<
before occurring downstream.

nitrogenconcentrationarefollowing the samekind of
pattern that peak phosphorusconcentrations showed?

7. Byday9, havethepeaksin phosphorusndnitrogen

concentralions occurred at all seven stations'? 7, By day che peaksin phosph<iru<and

nitrogen concenlfati<ins have <>ccurrcd
at each of the sta ions.
G. Ona newsheebf graphpaper)nakca graplol theconcen-

tratiorof phosphorweachstationn theestuarpnday9.

Forday9, atwhich stationarephosphorugoncentra- 8. Phosphorusoncenliationsn diy 9 urc

tionsthg highgst'?\t which stationargtheythelowest? highest ar Station ! and lov estat
Whatmightthis suggestaboutthe actionof the estuary Station 7. Th>ssuggeststhat nulrien s
onwaterflowing throughOld WomanCreek". are reinoved asthe wa er passesthrough

the estuary before entering | ake Fnc,

H. Onthesam@raphpapeyouusedn StepG,graptthe
concentratiorof nilrogenateachstationin the estuaryon
day 9. Note that N and P arenot Ineasuredin the same units.

This is consistentwith Ihe data.!
9, Niliogen concentra ionarelhe highcs

. . . . . ) at Station 2 and lhe lowes al Station 7.
9. Atwhichstatiorarenitrogemoncentratiotisehighest' Forms of nitrate and phosphatecan bc

At which station are they the lowest? eilherdissolvedin hewater,suspen<fed
a<pi>f<>cfof alia<'hl.<i<>sed»|>e<i<S.
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Answers

1! loll»wing a s ormgreekv,a cris
i»uddy from carrying soil and nurien s,
and i isinoving very quickly. As wa cr
flov s hr<>ughhe estuary, i s move>ncn
is sl<iwed.Much of the sedimen , soll,
aiid nutrierits in the v ater settles ou as
he wa er slows dov n. Thus, hc wa cr
reachiilg downstream stations is clearer
and has lower concentrations of
nu rients han the water flowing through
he ups reani s a ions.

I'l. 'I'o explain the decreasein thc phospho-
rus and nitrogen concentrations from
Saion 1 oStation 7, ry hc following:
Plants in the estuary nccd phosphorus
and ni rogen asnurien s o grow. Thus,
plants in the es nary akc up and use
phosphorus and ni rogen from the creek
water asit passesthrough the estuary.
The plants filter ou nurien s that hey
needfroni the creek wa cr. This is
ano her reasonv hy fewer nu rien s
reach the downs reain stations.

12. Becauseof the es nary's fil cring action,
water entering the lake will contain
fewer nutnents hani o herv'isc would.
Many of Lake Erie's water problems
result froni too many nu rien s cn cring
the lake. Es uaries i»ay improve water
qualiy in he lake by reducing hc
nu rients entering it.

1. The nu nbcrs of many specieshai e
either increasedor decreased,probably
due o hc ferlizer in the runoff. Overall
abundancehas increased, algae have a
huge increase, carnivores have a large
decrease.

OhioSeaGrantEducationProgram

Fill a jar half full of water. Puta handtul of soil into thejar.
Shakehejar»o thatthewaterandsoil are novingquickly
andgct nixcdtogetherYouhavecreatedmuddy stirred up
creek water in your jar. Wait a few minutes 1'orthe water to
slow down and the soil to»ettle to the bottom of thejar. The
water in thejar now is more like water in the estuary.

10.Wheredo you think estu uywaterwill be the muddiest?
Whcrc will it he the clearest"AWhat is one rc son why
phosphorusand nitrogen concentrations are lower a
Station 7than at Station 1?

11. The estuary hasmany pla~ts growing in it. How might
the plant»affectthe amountof nutricntsreachingeach
station?

Estuariesndotherwetland»acta»sinksandsponge®of
nutricnts. associated with mud»ettle  out of the
creek water and sink to the bottom of the estuary as the water
passesthroughtheestuaryAt the sametime, nutrientsare
taken up by estuary plants for growth.

Nutricnts

12.How mightane» uary“actionasa sinkandspongeor
nutricnts affect the lake into which the creek etnptics?

You decide to learn more about the effect of nutrient load-
ings on thc biology of the estuary by taking a plankton
sample 4 days after the storm. You want to compare your
sampleio another»tudent'samplecollectedprior to the
runoff enteringthe estuaryAfter crossingtherailroadlinc
you selecta site for your sample, halfway between station |.
2,and4. Youcollecta 1.00Qiter sampleof surfacewater
assuminghatmostplanktonlive in theupper3 feetof water,
and that this level representsan averagewater volume of
100,000itersthroughouttheestuary;Toexaminethe
sample, you place a drop on a slide, remembering that there
are 2,000 drops in a liter. Numbers from your sample must
be multiplied by 2,000andthenby 100,00Go0 obtainan
estimate of the total population for each specie»,Usc the
tnultiplication factor to complete the data chart in Figure 3,
i.e., populationsizeafter stormandchangen population

s] zc.

13. How did the»torm runoff affect the ecology of the
estuary? How hasthe overall abundanceof species
changed'aVhich specieshave increased>Which species
have deci ea»ed?
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14. Which speciexnaybecomeoverpopulate@fterthe
storm?

I5. Howwill anoverpopulatiorof thesespecie-affectthe
other species'?

Ib. If there were toxins in the runoff, instead of fertilizer
nutrientswhich speciess ouldbein thegreatestianger?

17. What efforts might reducerunoff andthe amount of
nutrients entering the estuary?

KXTKNSION

How does srratificatiort affect tt:ater r?<rality?Great Lakes
ClithateandWaterMovetnent Activity Setfrom Earth
Systems/Ohio SeaGrant Education Progratn, The Ohio State
University. It includes two activities related to nutrients in
the lakes and water quality. Studentssimulate the stratifica-
tion of waterthatoccursin lakesduringthe summerusingan
aquariumOn severamapsof Lake Erie.theytneasurdghe
lake areathathasbecomeanoxic lackingoxygen!sincethe
1930» and relate this to nutrient inputs.

How do thecharacteristicef oligotrophicandeutrophic
lakesdiffer in termsof nutrients”How would biological
diversity differ betweenthe two kinds of lakes'?Do research
to determine how you would classify each of the Great Lakes
according to trophic status.

Whatis the role of plants in art etttran,’ and Hott' doesthe
estuary.servasarttrrseryiife in theGreatLakes Activity
Setfrom Earth SystemsEducation Program, The Ohio State
University,Studentstudysamplingtechniquesn anestuary
including a transectline for macro-organismsand a randotn
sampling method for micro-organisms.

REVIEWQVETALONS

1. Howdoestuariemctas"sinks" and"sponges'to improve

thequality of watergoing throughthemandreachinghe
lake?

2. Analyze the possible impact of increasednutrients on the
microorganisms presentin the wetland. Discuss how the
increaseof nutrients may be beneficial or detritnental to the
wetland,

I The OhidstatdJniversity99r

Many of the algae speciesnuiy becoiric
overpopulated after thc storm.

. Too many algae «ill causethc csiuaiy

io hecoine eutn>phic. using up lots ot
<ixygento decompose the bodies of thc
de;ul <ilgae<is hcy fall o the bottom.
This will affect consumers «ho uiilizc
oxygen

1 ft The ti>pcarnisorcs v ould be in the

17.

grca csdangerol'toxin poisoningthey
«nuld accumulate a httle hit ol the
p<.>isdr'roneachol thepreytheyatc.
and th< to><inwould accumulate in their
bodies calledbiomagnificatioii.

Tr>to find alternativewaysto t'crtilizc
liclds, find ways to reduce runoff and
erosionfind v,aysto intervenewhen
fertlizers do accumulate in «aters and
stintulate algae grov th.

Hint for Extension

Olig<>tr<>ph3akes have low nutrient
lesels. '1'heyarc often deep;ind hii<e
sn>ansurface areas.Plant produciiiin is
low, and the v ate>is clear. Futr<>phic
lak'esarerich in nutrients. They are
often shallow and have large sui.l;i<.e
areas. Plant production is high, and hc
water is murky. Liikes miiy <>ishe
classed as mcsotiophic, w>thchar<icter-
istics het«een thc other t«o tspes

OhioSeaGranfdrtcatbnProgram
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Figure 1.The OM Woman Creek Watershedwith Water Test Stations.

mile
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Figurc 2. Changesin nitrate and phosphateconcentration in water at sites along Old Woman Creek for a
period fo!lowing a storm.

Day After Storm May 1985!

Station Nutrient 12 34 56 78 910 11
P ppb! 283 82 70 94 6! 32 4! 49 40 35 30
N ppm! 65 69 97 124 10595 78 65 6,6 65 6,6
P N 104 97 79 79 50 3S 21 12 100 73

1.5 3.3 6.1 8.7 9.0 10.1 9.0 8.0 7.7 6.5 59

N 941 67 66 32 19 15 10 98
28 76 54 99 80 68 58 41 23

N 97 35 28 29 Il Il 10 7S
2 3 24 33 51 88 87 84 65 48 22

5 P N 811 10 22 20 16 12 10 63
8 6 26 49 97 78 69 60 41 23

9s 10 26 19 1] 10 10 86
5 5 20 34 34 34 33 33 30 27 17

S2 46 S3 33 22

.9 1.0 1.1 1.4 1.6 1.7 2.0 2.1 1.7 1.5 1.2

Data for underlined dateswere interpolated from those before and after the date. p and N were not measureddirectly on thesedays,"
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Estitnated Total Change in
Population Post-storm  Population Size

I. 4000000 2000000
2. 2000000 -2000000
o0z 3. 6000 0 -2000000
Cl g, 4000000 -4000000
éeTJ_ 5. 6000000 -2000000
6. 6000000 2000000
7. 22000000 8000000
8. 32~ 20000000
9. 48000000 30000000
10.78000000 66000 X
11. 34000000 26000000
12. 1 0000000 2000000
13. 40000000 24000000
14. 4000000 40000%
15. 6000000 2000000
0 16. 2000000 2000000
17. 4000000 -2000000
18. 4000000 -2000000
r~E 19.0 -8000000
33 < 20. 2000000 -2000000
cc, Rc. AN DC 21.0 12000000

Studentsnay wishto learnmoreaboutthe
planktonorgansinsusingfield guidesto

tel el pondlife. Thefish listed 9-21! arelarval
%y ¥ XX X formswhoseadultstagesanbe studied
ced '0 eL X X with guidesto freshwateffish.
ai 9 gC DD DD D Cek Vi
E P
XX X
a8p £ XX XX X
X X X XX Z% xx x
CVCqcl CVCVAhl AC4
K K cd X cdcd X
E sa
col
co i~E
I
ZO0
g $
9 Lo
K 8 E C '
g BeE Ly dac b D
'V C D-

2v. izt 1Y 2

c, ~chic~i cq PmM <ICC cCwC X
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What is the status oOF the .reat Lakes Areas oF Concern.'

The International Joint Coinmission 1JC! the organization formed in 1909 by Canadaand the United Statesto
assistin resolving transboundary water resourceissues,including v ater quality. water quantity, and water
resourceuse. It hasidentified 43 Areas of Concern AOC! in thc Great Lakes basin in which the aquatic
conditions are consideredto be the niost severely degraded. Twelve of theseAOCs are entirely within Canada,
26 are entirely with the U,S, and thc rest are on boundatg rivers sharedby both countries,

In 1.987.the two nations revised the Agreement and comitlitted themselvesto develop and implement Rerne-

dial Action Plans RAPs! for the AOC, RAPs identify specific problemsin the AOC and prescribe methods
for correcting them.

On the Canadianside. the Ontario Ministry of Environment and Energy MOEE! and Environment Canada
aretheleadagenciesn developingRAPs.Onthe U.S, side,stateandfcdcralagenciesooperate Pox»ible
fundingis generatedrom federalwaterquality programsauthorizedoy the CleanWaterAct including: state
sewagetreatment construction grants and statecnforccincnt grantsfront the VSEPA, nonpoint source pollu-
tion controlgrants,The GreatLakesNationalProgramOffice GLNPO! grantsfor RAP projects.water
guality managemenlanninggrants,andresearclgrantsawardedy the USEPA Additional sourcesnclude:
The Comprehensiv&nvironmentaResponseCompensatioandLiability Act CERCLA!, as 16A0C sites
qualify underSuperfund USDA Agricultural StabilizationandConservatiorServicethroughcostsharing the
1990U.S. Farm Bill and its Water Quality Incentive Program, the Water ResourcesDevelopment Aet autho-
rizing technicalandengineeringexpertiseby the US Army Corpsof Engineerdor RAPs.Section306grants
of the Coastal Zone ManagementAct CZMA!, and statefunds sucha»gcncral revenues.fees and taxes,
Publicinvolvementvariesby stateandAOC site.Many citizen groups privateinterestsandpublic agencies
may contribute to clean up efforts through RAP programs.

This activity is a startingplacefor aninvestigatiorof GreatLakesissuesastheyareexemplifiedin the AOCs.
More importantly. a reviev ol the RAP processdemonstrateshow individuals and organizations have become
actively involved in restoring environmental quality to degradedsectionsof' thc Great Lakes.

The activity i» most easily done using Internet resourcesor thc 1996 CD-ROM from the Ohio SeaGrant
Fducation Program. When the CD i» run on Macintosh. a Hypercard stack is available to answer the questions
andto allow explorationof remoteimagesof the areas.OnWindowsplatforms,individualfiles will openif
Netscape?2.0 or higher is resident on the machine. Thc CD v ill also accessthe Internet if the computer is

online.
Earth SystemJnde~dings
Omacrrvxs This activity focuses on Earth System
Understandings 1 beauty and vafue!, 2
When you are finished with this activity you should: stewardship!. 3 science process! and 7

) ) ) . careers and hobbies!.
Understand how and where to find information cortceming

environmental "hot spots" in the Great Lakes,
~ Describe the environmerltal degradation that hasoccurred in . .
) ) ~Online computer access oplional!.
anArea of Concern nearyou and what is being done to ~Great Lakes rcfcrence materials.

correct the situation. ~Great Lakes Solution Scckcer CD. if
possiblc.

Ithe  Ohio State University, 1997 Ohio Sea Grant Education Program



The s udents can be divided into group~ io
investigate different AOCs and then niake
presentationsoncerningheir specificarea,
or the entire classcan study the same area
and create a display,

Studeiils can discuss how the degrcc of
public involvement varies by AOC location
and RAP process, and how a site can
eventually be delisted froin among the
AOCn».

Some students may want o investigate
possible jurisdictions for RAP programs
laws. agreements, offices!:

Great Lakes Water Quality Agrccmcent,
Clean WaterAct, Great Lakes National
Program Office  GLNPO!, Great Lakes
Crincat Prograins Act 990!, Pollution
Prevention Act of 1990, Comprehensive
Environmental Response, Compensation and
Liability Act CERCLA!, Resource
Conserva ion and Recovery Act RCRA!,
Clean Air Act, U,S. Army Corps of
Engineers, specifically dredging issues,
1990 Farm Bill, etc.

Ohio Sea Grant Education Program

I, SelectanArea of Concern »eethe included li»t! and do
researchon the environmenta! problems of that area. You
may usethe included list of resourcesas a starting place for
your research, When you are finished invextigating your area
you should be able to answer the following questionsabout it:

a. What pollutants are impacting the area' At what concen-
tration are the pollutants dangerous?

b, Where do thesepollutants come from?

c. What elfect are the pollutants having on plant, anifnal and
human life' ?

d. What specific human activities industry. shipping,
recreation! would have to changein order to prevent
futher pollution of the area? How might this changethe
economy,

e. What i» being done about the problems, i.e., what Reme-
dial Action Plans RAP»! arein place'?

f, What groups are working on the solution to the pollution
problems?Are schools and studentsinvolved in any way?

g. What factors should be considered in the design of a
feasible solution? Are there economic effects, health and
safety issues?!

h, What do you think is a feasible solution the problem?

2. Decide how to make a creative presentation of the inforina-
tion you gather, so the rest of your class and/or to your
school will learn of your finding~,

We recommend using the CD-ROM: Great LczkesSaulutiaii
Seekerfrom Ohio SeaGrant as a summary of the areasof
concern. If run on Macintosh, a Hypercard stack provide» an
excellent overview. investigation questions, and software tools
for learning more about the areas.

I TheOhioStateUniversity,t997



Lake Superior
I. Thunder Bay
2. Nipigon Bay
3. Jackfish Bay
4. Peninsula Harbour

Lake Huron
S. Collingwood Harbour*
6. Severn Sound

7. SpanishRiver

Lake F.rie
8, Wheatley H;ubour

Lake Ontario
9. Bay of Quinte
| 1. Port Hope Harbour
1. Metro Toronto

12. Hamilton  Harbour

" Site delisted as of this printing

The Ohio State University, t997

Lake Superior
13. St. Louis Bay
14, Torch Lake
I5. Deer Lake

Lake Mi higan
16. M ain» tique River
17. Menominee  River
18. Fox River
19. SheboyganRiver
20. Milwaukee Estuary
2 |, WaukeganHarbor
22. Calumet River
23. Kalamazoo River
24, Muskegon Lake
25. White Lake

Lake Huron
26. Saginaw River

Lake Frie

27. Clinton River
28. Rouge River

29, River Raisin

30, Maumee River
31. Black River

32, CuyahogaRiver
33. Aw»htab ula Ri ver
34. Presquel»le Bay
35, Buffalo River

Lake Ontario
36. Eighteenmile Creek
37. Rochester Ethbayment
38. Oswego River

FORTY" THREE AREAS OF COIVCER'.V

CONNECTINGCHANNELS

39. St. Marys River

40. St. Clair River

41, Detroit River

42. Niagara River Ontario!
Niagara River New York!

43. St, Lawrence River Cornwall!
St. Lawrence River Massena!l

Ohio Sea Grant Education Program
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Forinfortnationon RAP»in Canadacontactthe OntarioMini»try ot
Environment ArEnergy MOEE! or Environment Canada:

MOFE Environment Canada
Public Information Centre RAP Involvement Coordinator
135 St. Clair Avenue West 4905 Dufferin  Street
Toronto, Ontario M4V 1P5 I3own»view, Ontario M3H
5Y4

16! 739-5835

GlassnerKathe,NoahEiger,DanielRay,andPaulBott». 1991 Making
RAPsHappen Fi'nancingand ManagingCleanupsat GreatLakesAreas
of Concern. 1991. The Center for the Great Lake». Order AOC fact
sheets from: The Center for the Great Lakes Information Service

General In ormati on on AOCs RAPs and Lake>vide Mana em<nt

Water Quality - Areas af Concern
http://www.cciw.ca/glimr/g 1-programs/RAP»/introhtml

Great Lake,s RAP,s;
http://www. great-lakes.nct/cnvt/water/rap.html

LakesvideManagement Plans LaMPs!:
http://www.great-lakes.nct/cnvt! water/lamp,html

Great Lakes Re tonal Partners
International  Joint Comission [JC!
http://w ww.ijc,org

Great Lakes Conunission: http:/lw ww,glc.org/

Councilof Greatlwkes Governors:httgiwww.great-lakes.net/partners/
cglg/

Canadian | irik,s
Great Lakes Progratns Canada
http:/'www cciw.ca/gilmr/dL-programs/intro.html

Environment  Canada  Sites
http://www.on.doe.ca/ <htm 1/ecsiteshtml

Ohio Sea Grant Education Program



United States /n ormation  Sources
Sea Grant Great Lakes Netwvrrk:
http://lwww.seagrant.wise.edu/greatlakes/glnetwork/glnetwork.htrnl

National Oceanic and Atmospheric Administration NOAA!
Great Lakes Fnvironmental Research Lab:
http;//w ww.glerl.noaa.gov/

Contaminant s and the Great Lakes;
http://h20,seagrantwise.edu/greatlakes/ginetwork/toxics.html

Health effects of tor.ins
http://atsdr1,cdc.gov:8080/

United StatesGeological Survey USGA! in the Great Lakes:
http://water,usgsgov: 80/public/wid/htm1/gl, htrnl

U,S. Environmental ProtecticrnAgency EPA! Great Lakes/s/ational
Program Office:
http//glnpog2y05,epa.gov/ginpo/ginpo.htin

Great Lakes Protection Fund:

http://www.great-lakes, net:2200/partners/GLPF/glpf, htrnl

Ohio Sea Grant Education Program I TheOhioStateUniversity,7997



Where does oil pollution come from.’

When oil i» poured on rough water». the surlace of the waler is calmed, In ancient Greece. spongediver»
made useof thi» fact and carried oil in their mouths when they begana dive. Releasingthe oil smoothedthe
ripples and gave them better light for searchingbelow. Today, mariners will sonietimes dunip oil to calm
ocean waves and make rescue eavier,

Oil on v ater is not alv ays welcome, however. Accidents in v hich oil is spilled in the water definitely do not
have;t calming effect on people. Our recent history records a distressing nurnbcr of tanker spills, offshore
drilling accidents. and mysterious oil slicks of unknown origin.

Thc U.S. N tlional Acadcrny ol' Scicnccscsl.imatcdin 1975thai 6,100,000 metric ons of petroleum products
enter the world'» ocean» each year. Thi» is usually written a» 6.1 mta. A metric ton i» 1 million gram», or 1.1
regular tons.! About 2.3 percent of this total. or 0,14 mta, originated from oil ~pill~in the Great Lakes. The
lol.tl amount of pclrolcurn products was calcul ttcd as 3.2 mta for a 1985 sludy; thus, the figures have
changed.Thc petroleum pollution come»from many»ourccs, somenatural and some 1'romhuman aclivilics,
In the Great Lakes, in 1974, for example, an oil spill from the tanker /irtperi<rl Sanria causeddamagesto the
Sl. Lawrence Seaway that cost aboul '$2,000,000to clean up. In 1961 another tanker spill on the St. Lawrence
River wa»reported lo have causedth».extinction of thc
last colony of Greater Snow Geese.Searchthe Inlernet lo
learnaboutoil spills, suchastherecentExxonV<rlde:,.
, Investigate the Great | akes information network regarding
contingency plansin lhe region http: //www.great-
1 akeset/politi on/emerg.htmlAlso exploreU.S.E.V.A.'s
oil spill program and the Great Lakes Commission'’s
related Web sites.

~Protractor.
~Pencil.
~Circle in Ll'igure .

Thii actbity encvurageaaludentato et><udder

ESt.1 2 a eward»hip! in identifying aourcev

ol'vil pollution and 3 scientific ihinking and
ﬁ% ~¢ 4~ tcchnologyi by using math»kill» iv c<ttt~b<.'i

graph».
ASOUT~ On.

kSOVT Ig"

p/t D«<t«gi«0< 197< Field

] - ) Modified from OEAGLS EP-12 Oil Spit!.
Field t<ietrsn<tnesyndicate

Activity A by Stephanic lhlc and Roaannc
V '.Fortncr.

Oaj Kerrvzs
Teacher's Note

When ygu have completed this |n\'/est|gat'|on, you should be able Reviev, questions for all vil spill investiga-
lo describethe rrrajor sourcesof oil pollulion in the oceansand tinna are at the end vf thc third activity.
Great Lakes.

The Ohio State University, 1997 Ohio Sea Grant Education Program



In this activity you will construct a "pie" graph showing what
partof thetotal petroleunpollution in the oceansoinesfrottt
different sources.The list on thc next page tell» how many
million inctric tons annually mta! come from different sources,
according to the two studiesnoted. It also tells what percent of
the total petroleum pollution this is,

The whole circle in Figure 1 representsthc 6.1 mta discussedfor
Any sprc;idshedi gr,iphingprogrtiinfor the 1975data, You will divide thecircle into wedgcsthat look
microcomputerganaccomplistthi»task. like piecesof pie. Thc size of eachwedge will depend on the
instructions given arc I'or manual graphing. amount of petroleum from onc source.

To find how big a wedgeto draw for eachpollution source,you
will have to do an arithmetric probleni.

A circle can be divided into 360 equal parts called degrees.
Multiply thc percent column 2! by 360, and write your

ansv'er irt column 3. If one pollution sourceis responsible
for 10percent of thc total oil pollution. you would multiply

) 0.10 sameas 10percent! x 360 degrees, Your answer is 36
C iiisplcled graphs shou/d have the sections

shown below. The nuntber of degrccsin ngrCCS'

each wedge should match those calculated

in the student chaiasfor this aciivity. We Do all your work on your own paper, Place your protractor
have rounded to thc neatest whole degree, on a line running fromthe center of the circle to its outer

The arrangemeiu of the wedges within the edge, The point at the center of the prolracl.or base
circle may differ becauseof studentsusing

difterent wedge sides as base lines. should be on the center of thc circle.

C. Readingfrotn thc bottom line ol' the protractor around the

arc, find thc point that representsyour answer from column
Annospheric fallout 36"

Natural sccpagc 36 3. Place a dot on the circle at that point,
Oft'shore dril
D. Draw alinc from the center of the circle to thc cdgc of the
facmtissaj;? operatioid®'  circle throughyour dot. Labelthewedgeasshownin the
example in Figure 1.
E. Complete the chart on your workshcct, and check your work
Tanker by addingup the numbersn column3, Thetotal shouldbe
idents II 360 dcgrccs by rounding your answersto the nearestdegree.
XunofT
rivens a Other transportation . . .
2 activities 36 Divide your pie graph into wedgesa»the example show~,

Since the graph representsthe total amount of oil pollution
in the oceans, the entire circle will bc filled with wedges
when you | ini sh.

G. Repeatthe satncproccdurc for the 1985 data. Compare the
pie graphs. How have the data changed".

Ohio Sea Grant Education Program I The Ohia State University, 199r
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Sources of Petroleum in the Marine

Source of Petroleum
N aturalseepage"

Tanker operations

Tanker accidents

Other transportation activities
Runoff from rivers and cities
Coastal facilities

Offshore drill ing

Atmospheric fallout

Total

1975
mta

0.60

1.33

.20

0.60

1.90

080

008

060

611

W+T5 L As=
R% «p ++ ~«

S

Environment

Sizeof

% of total Wedge
10 36¢i

3

10

31

13

1
10
10070 360

RS ~g/h ~~'4"

1 1985 Size of
mta ‘Jaof total Wedge
0.25
L7
0.4
0.05
100% 36"

Natural seepage:Leaks from oil deposits.In the Great Lakes, for example, oil seepsinto the water from
deposits at Oil Springs, Ontario.
Definitions of the data were revised so that 1,1rcprescntsthc total for Municipal and industrial Wastewa-

ter Disch;uges and Runoffs .0!

The Ohio State University, 1997

and Refinery WastewaterDischarges .1!. Runoff from rivers and cities,
and Coastal facilitics are included as categories for the 1985 data.
Data from 1975 and 1985studiesin Fare and FjP<rsof Qil il! the Sea. Fx.xon .'orporatiun, 19bS.!

Figure I. Oil Pollution Sources.

Natural Seepage

36'

Ohio Sea Grant Education Program
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The locationol" oil »pillschangesiramati- 11,5 ~icPacific "l Circlt Lakes

cally from year to year. The grapix here il f

shows 1984 sp!liareas.
14 tt 'i< Oth

40.5'l< Atlantic
22,5 V! Inlan

I'igurc 2. Oil Pollutionincidentsby Area, 1984.U. S. CoastGuard,Polluting
Incident» In and Around U.S. Waters. COMDTINST M 1 x450,2G, 1987.

Now look at Figurc 2. In this second pie graph you can seehow
taxxIX@~>'«"-"%Y!'I'. xg<!-".<.«l'q!l';%«k>3~~<tkiemir potubichl ap dibgiddtgiin the water»ol the U.S, in 1984,
i 0, ~~ii i'i"lo | . . .
PINBE@4%&a~~iI<VKkk<wiil %o HOWHH Notice that the wedge for the Great Lakes is about I/5 the size of
I lhnker acm.dents ar‘ethe hXOStpUb.“CIZed thc onc for the Atlantic Coast, The area of the Atlantic Ocean is
sourceof oil pollution, Discusswith . h | th K h
students sotne possible reasonswhy we about | }x tltnc>.>t c.areao the Qreat Lake», The datnagcdone
hear more about these than about by the oil pollution in the Lake» i» tnuch nlore concentrated and
municipal oil pollution, coastal faciliues Iherefore does tnore visible damagethan Atlantic oil pollution.

as pollutcrs, etc.

1. Most of the oil spills we hear about involve which one of the
wcdgces in Figure 1?

2. Compare this source to other sourcesof petroleutn pollution.
Are there sourcesof oil pollution that do not tnake the news
very often>

Reprinted hy perm!»sion front Akhemy min lworks.

Ohio Sea Grant Education Program I The Ohio State University, 1997



Occasionaimassivespills suchasthe Exxon olde. arealmost
certainlyfessddamagintp themarineenvironmetianfrequent
smallerrelease®f oil in a confinedharbor. Notice the sizeof
the"CoastaFacilities"wedge.!

Whenanoil tankershipliscarryinghooil. it fills upitscargo
spacewith watersothe shipwill be stable A substancesedfor
stabilitythiswayis calledballast.Shipgyettingeadytoloadon
a newcargousedto dumpthe watertheywereusingasballast.
Thisballashadpickedupoil frotnthchold.andtheoily wastes

were flushed out into the harbor.

Todayregulationgrohibithedurnpinof oily ballastand
haulerseclaintnuchof thcoil thathadbeerostthisway.

3. Whichof'thewedgedescribethistypeof pollutionsource?

4. Howecouldoil getintothewatefromoffshorelrilling
operations?

Youtrlaywishto readabouthelxtocoil spillin 1979n theGulf
of Mexico. SedvtewysgkViaga ..dissuefor Augustl3,1979,
andAugust4, 1980.! ThelInternationalloint Commissiona
cooperativagencyftheU.S.andCanaddiagrohibited
drilling for oil in Lake Erie becauseof the risks of sucha disas-
ter.Canadalrills for naturalgasin thelake,buttheU,S,does
not. Theenvironmentaitnpaclof drilling is now underconsider-
ation.

5. FromFigur@, whatbodyof watelgetshegreatestolume
of oil pollution? What kinds of areasare these?

6. Listsomevaydhatpetroleumouldgetintorivers,
Hint: Refer to Figure | for someideas.!

The nexttime you areriding alongthe highway Jook attheroad
aheadfyouA well-traveledighwayisuallhasa darkstreak
runninglownthecenteof eaclane Thestreaks causedy
petroleurproductsuchascrankcaseil thatdripsoutof

vehicles.

The Ohio State Vniversity, 1997

3. Tankeropeiations Muchol thetanker
industrynov:avoid~theoily ballast
problemby usingthe "Load-on-Top"

OT! iexhnigue Duringtankcleaning,
dirt> s\a eris punipedinto holdingtanks
svherehc oil ~eparateandrisesto thc
surl'ace Writer froni under the oil is
pumpedbut andthe remainingcontami-
natedinixture stay~in the shipwhile
nev «;<rgas loadedin on top.

4. Oil «auldescapdroin o Tshuranll rigs
hy breaksn pipelines,"blowouts"from
gasin thcwells, stnrnid;imageto thc
rig»'stability,or taulty equiptncntAn
of shoredrill rig is extremelyexpensive.
hov ever, and pressure 1'vrenvironmental
pr<itections stroiig Dil «oinpaniesave
devisednumerou-safeguardand
main '<in close observations of v'eathcr.
equipmentandpersonneto prevent
problem-thatwould resultin a spill. The
Ainerican Petroleum Institute statesthat
thech;<n«asf anoil spill 1'roman
offsh<>rdig are50!!to 1.

litudentsmaythink ol' otherwaysoil could
escapeHavest~dentinsestigat<such
prohleinby searchindor edu«ational
infoirnation avai able from the American
Petroleum institute, 1220 L Strcct, tvW,
Wa»hington, DC 2 !'!'IS

Contaxi thc Anierican petrolcuin Institute on-
line. http.//vv<sepi org

TheAtlantic Oceangetsthe mostoil
p<i'linion.

6. Pet<oleumouldge intoriversfroin oil
dumpedon land oil dumpednto
streams, truck, rail <irb:iigc accidents,
stru«turafailureo 'pipclincs,local spills
at 'sets'iccstat<nits.et<-'Discuss a wide
range of studentideas. Known sourcesof
oil pollution are shown herc

3.0"ir lyf;<rincfacility ! <!~il.and Facility
6.5'7< elines

Figu
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7, How couldlhis serveasa sourcel'oil pollutionfor water?

7. 'I'he 'highwaystreak'could bcivaihcd
into waterwavs hy rain, snow rcmoial,
or stree<cleaning operations.

8. What could your family do if you wanted to reducethc
amount ol petroleunt products going into our water".

tt. Aniwers will vary ividely, Accept and
<l»cussll posiih>li<ies. Sonte choices
u>ightinclude diipoiing of waste ntotor
oil properly, keeping cari maintained so
they do not drip oil. not letting gasoline

KX TKXxsrow

Conduct researchto deterrninc where hc majority of oil pollu-
tion corneafrom in your local community and which v atcrs it

overllov Irom the gas pump, using pollutes. I ind out if oil levels in water are measuredin your
fewer pe<roieu<rproducts so the United imtncdiatc ~ area.

Sl<><aloei no<have to impo>tor drill

for io n>uch.

Additional  sources of inforuMttion

Exxon Corporation ‘Natural Recovery
through Biorcmcdiation" 1991.
Videotapeon useof petrophilic
bacteria to clean up the Valdez oil.

FxxonCorporation.1985 F<>tee-nd
Fffects <>Dil in the Sen, Fxxon
Background Scric».

The Exxon Company created a 22-
rninutc film on thc spill ol thc
Voider. 'I'ne film is called "Scien-
tists and the Alaska Oil Spill; the
Wildlife, thc cleanup, th» oullook"
| et<12lt is available free.

Alaska's Oil Spill public Inl orms ion
Center gave permisiion to usethe
photo here. Others are available at
thc Web address v, v v .alaska.nett
-oip>c!

Alaska SeaGrant hasan <>ilspill
curriculum for all grade levels
basedon the Valdez spill,

Cleaning nn »>0i -.M><>ut>e<isg

Ohio Sea Grant Education Program I The Ohio State University, 199>



How can an oil spill be cleaned up'?

Thenromera spilloccursnaturdegingleaningip.Theoil separatestoheavieandightempartsarrd»
»preatly windandcurrent>Some it evaporatebBkegasolinspilledromthegaspumpCcr airtypesot
bacteriaallecpetrophilesonsume»otreétheoil. Accordingo marineaffairsspcciali»v. W.Seabrook
Hull,"Withina couplefyearsosignof thedisasteremainslheoil isgoneandhebirdsandothemarine
lif» arcbacka» hougmothindghadhappene@hishaseershownn thecasef TorreyCarryorthe HVrrjirr,
hc Ar7otv, the Argo Merchrrnt, SantaBarbara and nurncrous»other events."

Success cleaningipanoil spilldependgporpreparedneasdrapidactiorby the»pillerandby Federal.
stateandlocal agcncie»Whena spilloccursjn U.S.v aterst.i» reportedo thenearest).S. Coa~Guard
statioriThcspillerpy law,is supposeld clearuptheoil. It thespilledoeshotclearupthepollutionthe
Coa»Guardake»verand hespillepaygsheclean-ugostslin Ihi»activityyourteamwill createanoil

spill andtry variousmethodsef cleaningit up.

OBJECTIVES

Whenyou havecornplctcdthis investigationyou shouldbe able
o comparehc cffcc ivene»andimpactof threewaysin which
oil may be removed from water,

l.:ugeneQregon,SundayApril 16,9119

The Ohio State University, $997

Materials:

| or each le,im <irstudents:
~Paperhowl iir hiittcr tub. ~Matches.

~Water. ~V '‘oodensplints.

~ It! tnl Of Itu!li!r oil, ~Papertov,els.
5-cllpiecesilf twine, Liquid detergent.

~Haiidlul ol strav,, Dropper.

~Handf'ul o! sand. ~Safety glasses.

'I Newspaflefs lo ~A Ilcohol burner.

ciiver working surfaces.

Earth SystemsUnderstandings

This activitv is related lo ESIi 2 stew,ard-
ship!and3 Iscientificprocesshsstudents
investigateseverahiethodsfor responding
to accideritabil spills.Il addressea with
the interactions of waler. land, lil'e, and air

Modified from OEAGLSEP-120ii Spi7f,
Activity 6 by Stcphanic lhle and Rosanne
W. Fortncr,

Ohio Sea Grant Fducation Program



Thestring shouldcontainthcoil. If too
riiuch oil is added, however, it will
overflow the boom. You may want to
adjustthe amounif oil studentadd.
Porlighteroils, spreadings greaterand
you shoulddecreas¢hc amountused.

Answerswill dependn hov,thorough
the students are, Most of thc oil can
probablyberemovedbutit will be
inixed vdth water. Further treatment
would be necessarpcforctheoil could
he reused.

The oil should not burn, In trying to
explainwhy. studentsnayexplainthat
"it is wet." In reality. the oil will not
burn, becauseit is a type that does not
contain flammabl substances.
Petroleum fractions are separatedwith
their usesin mind. Soine contain
volatile mix urcs while others like this
oil! arc mostly inert,

If thc oil burned, damage might occur in
hc form of air pollution.

Islo.Nutall typesol oil will burn,andif
theydo burntheycouldcauseother
environnlenlill driiliilgc,.

Ohio Sea Grant Edocation Program
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1. COIVTAINM FN T
If anoil spill is quickly containedn oneareacleanupi» easier,
and lessenvironmental damageis likely to occur.

I.  Add about 2 cm of water to your butter lub or howl to serve
asa lake An oil tankerhassprunga leakin therniddleof
your "lake." Add two dropsof oil to thewater'ssurface.

2. Tietheendsof a pieceof stringtogetherandgently placethe
circle of stringontop of Ihc water,with the oil inside.
Slowly add2 mImoreoil insidethe circle, Pull the oil to one
side ol the pan using the string.

3. Docsthestringkeepthe oil from spreadingvertheentire
lake'?This is how a "boom"operatedo containa spill.

4. Some contained oil canhe reclaimed collected for further
use!l,Usea droppeto try to reclaimsotneof youroil. About
how much oil were you able to reclaim?

. REMOVAL OF OIL FROM WATFR

Whether the oil is conlaincd or free. it still must be cleaned up to
preventfurtherenvironmentatlamageAlthoughtherearemany
elaborat@echniquedor oil removal,somesimpleandnon-
technical methods are still widely used.

A. Rentovallrv btrrnirig

1. Removehestringfrom yourlake.Pour5 mlof oil onthe
water surface.

2, Putonsafetyglassesndlight your alcoholburner.Setfire
tothetip of a woodersplint. Try to ignite the oil spill with
the splint.

3, Docstheoil burn*df so,how longdid it burn?Wasthereany
oil left when the flames went out? If the oil did not burn. try
to explain why,

4. If theoil could be burned, what other damageto the environ-
ment might occur?

5. Istheburningnftheoil aneffectiveway to cleanup anoil
spill?Explain.

I The Ohio State University, 1997
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D. Rernota/ bv detergents
Household detergentsare usedto remove oil from laundry or
greasefront dishes.They do this by breaking up oil drops and

dispersing them in the water to form an emulsion.

1. Dump the contents of your lake in Ihe container provided by

Removaby detergents your teacher.Wipe thc lake basin oul and add fresh water.
A r»ilky susper>sionis h>rrned Neither
dlop Is vis>hieany foole. 2. Add onedrop of oil andone drop ol liquid detergentto the

lake. Stir the two together vi<rorouslywith a wooden splint,

3 This  method does not clean up oil It What happens?

or>lybreaksit up into tiny droplets tha!
are not as noticeahle. Detergents are . . . .
sometimes used in this way to speed Irp 3. Docs dispersion by deter<tenldel you clean up thc oil easier?
natural dispersal. I'xplain,

4 The detergentscould harm water
ar>imalsand reduce the "waterproof" -
cha>acteristicsot ducks and other <vliter gents
hirds

4. How could the environmenl. be damagedby use of deter-

In actual use,detergentsarc designedto allow natural clean-up to
take place more easily, Clean water would not be noticeable until
lalcr, ascotTtparcdo the other clean-up tnethods.

RESOURCES

N;uional ResponseCenter: 1-800-424-8802. See http://www.gfc.org/
docs/advisor/9S/oil/report. html a list of phone numbers for states.

The internet has mat>! valuable resourcesfor learning more about oil
spills in the Great Lakes and other areas. Scvcral organizations
helprespondo oil spillsincludinglhc U.S.E.P,A.GreatLake»
Commission and Great Lakes Information Management Resource
CrLIMR. Government oi' Canada!. For cxamplc.:

http://www.glc.org/docs/advisor/95/oif/spills.htmf  the Great Lakes
Commission. Advisor March/April 1995, Qil spills in thc Great
Lakes Basil>:Responseund prevention.

Seealso http://www.glc.org/projects/conling/canting,html  the Great
Lakes Cotnmission con>pilesdata on scnsitiveareas and assists
wtlb areacon'ltngency pfatltling.

http://ww w.cpgov/superttd/oc¥cr/oilsgf I/resp<stthtt>t U.S.E.PA.
Oil Spill Prevention, Preparednessand Response: Responding to
Spill»: seealso http://wwv'.epa.gov/supcrfnd/ocrr/cr/oilspill/
I'rcshwat.h m Sensitivity of 1'rcshvuter Habitats.

http:/Iv'wv'.great-lakes.net/pollution/cmcrg.html  Oil and Hazardous

Materials Spills in thc Great Lakes: Emergency, Planning ttnd
Response lists agencies, areacontingency plans and other sires,

Ohio Sea Grant Edvoation Program I TheOhioState University,t997
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How does an oil spill affect

living things

Wehaveall seempicturesof oily seabirdsandheardhorrorstoriesof datnagedishing groundsresultingfrotn
oil spills.Thecffcctsof oil arcnotalwayssoobvious.In thi»activity yt>wwill investigatchow oil changeghe

water and affects plant functions.

OBJECTIVES

When studentshave completed this investigation, they should be
able to describe the effects of oil on aquatic organisms.

<nctdenri» water weed!,

Chorles F. Herde<tclort;Ohio
ir r roS<rcv>€pmmon r<g«c<nc
on<i of lhe le<4 E<felstcn<cls.

PROCEDURE

A. Changesin water and plant characteristics.

A group of studentsdid an experimentto ftnd out if oil docs
anythingto ~ater andaquaticplants.They coveredwojars with
black papersothat light could only get in from the top, asit
would in a lake, Ther! they got some Elodea, a water plant. and
cutoft two pieceghatwerethc samdengthandhadthe sante
number of leaves. Onc piece of Htrdea was placed in eachjar t!f
water. The studentsdecided to observe changesin the appearance
of theplantsandstudytwo characteristicef thewater,They
checkedthe water for dissolved oxygen D.O.! since they knew
that plants and animals take in oxygen during respiration.

1. WhyistheD.O.testimportantin a studyof bodiesof water

and life in the water?
Theyalsocheckedor the atnountof acid in the waterby measur-
ing thc "pH." A pH number of lessthan 7 meansthc water is

acidic. The lower the pH number, the more acid the water is,

2, The amount of acid in the water is related lo a gasproduced
by plants and anitnals during respiration, What is this gas'!

The Ohio State University, 1997

Materials

If done asa 'dry lab." only thc data chart is
required. D.O, mcasurcment Wink!cr
method! is time cons~ming and requires
numerous dangerous chemicals. so actually
doing the expniments in class is not
recomtncnded unlessy ouhave a digital D.O.
mctcn You may V'ish to demonstrate thc
processesyourself, in which caseyou svou'd
need pH test paper range S-9! and a !tc!d
testkit for D.O. Such kits include prc-
mcasurcd packets of chemicals so that
precision is high and danger to usersis
minitnizcd.

If a lab option is sclccted vou wvill also need:
~ 50 ml beaker.
~Water.
~10ml oil.
~Shortpiccc -6 crn!of aquariunplant
L ode<ior An«<!tctri<!.

M<KI<!lcd!io<nOF ACrLS I=V-l 2 O<I.5'idli
.«<ctivityC by Stcphanic Ihlc und Rosannc
W, F<irtncr.

Earth SystemsUnderstandings

In this activity, studentsinvestigate ihe
effects of oil spills using an experii»crit

FSIJ and 3 stewardship and scientific
process! siniulating the inieracti<inshe v ce<i
nil in water;<nd living <irgunisiiis
interactions!.

Ajtswers

I.  Living thingsmusthaveoxygenfor
respiration, Low levels of oxygen in the
V'ater can causedeath.

2, Carbon dioxide is produced durin
respiration.

Ohio Sea Grant Edt!cation Program
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Clean Water Jar |! Oil Spill Jar 2!
Day D.O. ppm! pH D.O. ppm! pH
10 7 10
10
10

Answers

D.O. decreasedin lhe oil spill jar hut
xtaye<tihe santein the eleanjar, The
plant'i respiration iv using up the
oxygen dias<xled in Ihe water, and
oxygen is no longer available from the
a>rah<rvelhe water sort'i>eeThe plant
makes oxygen during phot<»yntheaii,
bul no light iv available t'or thiv procevv.

Ir>the clean lank. extra carbon dioxide
C>0,!can escapeir>lothe air, The CO,
produced hy plant respiration in the oil
iar slays in the water and Causeghe
water to become inure acidic

CO, +H,O =H,CO,
Carbonic Acid!

l.ight - no; Water - yea; Carh<>rgioxide
yev and Oxygen yei, hut only what iv
in the water.

1light yes; Water yes; Carbon dioxide
- yev ar>dOxygen - yex.

Photosynthesiv decreaxevbecausethere
ix not light penetrating lhe v a er
Carbon Dioxide is available. bul the
process cannot go on without light.
Respiration fails without oxygen.

Lighl - no; Wa cr - no >ndCarbon
dioxide - no. The plant died within a
short imc.

Ohio Sea Grant Education Program

The D.O. and pH in both jars were measuredon the first day of
the experimentindrecordedn thechartabove Day 1!.Thenthe
studentscreatedan oil ~lick in one of thejars. They used motor
oil like the kind that i» usedin car».On the next 3 days they
repeatedtheir D.O. and pH testsand recorded the results in the
chart Days 2. 3 and4!,

3, In which jar did D,O. decrease?n which jar did it stay the
same"How can you explain this".

4. The pH in the oil spill went down. Il boih plants were
making the gasyou namedin Question 2. why did the pH
drop in onejar and stay the samein the other'.~

Photosynthesisin plants requires sunlight, water. and carbon
dioxide. Respiration requires oxygen.

5, Canthe plant in the oil spill getlight? Water? Carbon
dioxide'? Oxygen'?

6, Canthe plant in clean water get light? Water? Carbon
dioxide'? Oxygen?

7, How doesanoil spill affectphotosynthesig plants?
Respiration'?

The studentsdecided to find out il' oil was hartnful when it got
right on the plant itself, sothey dipped a piece of Elodeain olil
andput it in a cup of clean water. Some of the oil floated off, but
the leaves remained coated.

8. Could the leaves of the plant get light? Water? Carbon
dioxide? Predict what happenedto the oily plant.

You may wish to repeatthe experiment if time allows. How do
your data and observations compare to the data in the table'?

I The Ohio State University, 1997



B. Changes in animal populations

TheU,S, NationalAcademyof Sciencehaslistedthefindings
of scientists about the effects of oil spills on animals,

I. Petroleunproductsdo notremainin inarineorganismsafter
the spill hasgone. These products are not concentrated as
they passthrough the food chain. In the Great Lakes, on the
other hand, some organisins do accumulate petroleum
material» in their fat.

2. Oil on beachesdamagesshoreline life. Oil seep~downward
into sandand remains there for years. Rocky shorelinescan
clean themselvesnaturally through wave action; but bay».
estuaries,and marsheshave lew waves, Oil spills in such
areasare very damaging.

3. Oil causeseriousharmto birdsby coatingtheirfeathersAn
oily bird doesnot float, and it hasno insulation against
temperature changes,Birds also poison themselvesby
ingesting the oil that coatsthem.

4. Oil is sometimesresponsible for smothering communities of
animals that live on the seafloor. This is especially impor-
tant to the shellfishing industry. Most of these areaswill
eventually become settled again, but some organisms like
mussels cannot survive in an oiled area.

In the Great Lakes, the fresh water cannot hold the heavier types
of oils on the surface. The oil sinks and enters the bottom
sediments and the food chain.

5. Fish are not affected by oil pollution asmuch as other
organisins. A inassive spill suchasthat from the Arrroco
Cadi; in 1978cankill large numbers of fish, but ordinarily
fish are able to escapeinjury from minor accidents.

6. Different pctroleurn products have different effects on
organisms. Diesel or heating oils are most poisonous, while
heavy crude and fuel oils are worse for sinothering animals.
Oil inay be more poisonousto freshwater organismsthan to
sealife, probably becausecold lake water slows down
evaporation and oils stay in the environment longer,

The Ohio State Vniirersity, t997
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5, How doesoil affect plants'! Birds". Bottom animals'>Fish". Plants coated v ith oil die without light.

v aterandgasexchangePlantsbeneath
anoil slick will also die for lack of

EX TENSION light.

What would clean-up crews have to addressin their efforts". List Birds wuh oily feathers v ill drossti, dic
the organismgshatwould needhelp aftera spillevent.Do of exp»>sureor poison themselves hy
researchon the training required lor cleaning up oil spills. eating <iil. Bolloin animals may he

smothered. Fish can usually svim av ay
to unalfecied areas, but their food
supplies and breeding gniurids ma> he

<lamaged.
Baker, J.M, R.B. Clark, and R.H, Jenkins, 1990, /</nlura/ Re<vrcerv nf

C<>IriWarerEniironmeuts rkfreran Oi/Spill. Anchorage: Fxxon
Alaska Operations. Ph<>nc907! 546-3612.

Mickelson, Belle. etal. 1990. «t<cs/aOii SpiV Currir:uturn. Cordova.
Alaska: Prince William Sound Science Center. Phone: 907! 424-
5800.

Satchell, Michael and Betty Carpenter, Sept. 18, 1989.A disaster that
wasn'l. U,S, Arews<nu/Worl</Report. p, 60.

Stcincr,Rick andKurt Byers, 1990 Lesson®f'rheExxon Valde:,.
Fairbanks: Alaska SeaGrant College Program. SG-ED-08. Phone:
907! 474-7086.

"Oil Eaters.”" TimeM gn-ine 106;46, September22. 1975.Tells of
discovery of bacterial genusof petrophiles. Researchon effects.

Studentsmuy want to investigate the Oil Pollution Act of 1990, v hich
was initiated as a responseto the Fxxon Valde- Qil Spill.

INTKRNKTSITES

Great l.akes Fnvironmental Sensitivity Atlasc» and Digital Database,
Source: Government of C;uuula, h tp://ww v .cciw.ca/glimr/
metadala/enviro-sensitivi y-atlas/intro.html

Oil Spill Public Information Center http: // wv w.alaska.net/-ospic/
index. html

SoutheasternMichigan Contingency Planning Sub-area, Great Eakes
Commission Advisor. March/April 1995 http: //v;v;w.glc.org/
docs/advi»or/95/oil/»ub-area.  html

U.S.E.P.A. Oil Spill Prevention, Preparednessand ResponseWeb site

http://www.epa.go v/»upert'nd/ocrr/<.r/oil»pill/oilhome.htm
for more inl'ormation oilinfoC»r'epauiail.epa.gov

I The Ohio State University, 1997 Ohio Sea Grant Education Program



Ohio Sea Grant Education Program I The Ohio State Vniversity, 1997



Weknowthatthc waterin Inc GreatLakesi» not »tationarylt is in constanimotionthroughouthelake.How
doesthe water move within a lake? How will thi» movement affect thc flow of materials that come into the
lake T oan»wcthesa@ndotheiguestionsve needo knowhowwateli» currentlymovingaboutvithina
lake A goodsourceftheinformatioms theC~rebiaked-<rrecrtstiSyrtertgvailablenthcintcrnefor
LakeEric andfor the otherGreatLakesin thcfuture. Usingtheinformationavailablethereandin other
locationsnthelnternetit i» possibléo construcd modedf howmaterialthovcaboutvithinthelakesFor
instancewe canbeginto answerquestionsabouthow pollutants night move,

Osgscxvm

During this activity you will:

Developincreasingawarenesef availabledata»ct»andhow
to u»e them.

Designstrategiegor predictingthc potentialhazardshat
may developwithin theLake Erie Basin.
Developanunderstandingf the useandpowerof cotnputcr
tool».

Practice the skill of working with others.
Evaluatestrategiedor clean-upof describecpollution,

Conxider the I'ollowing:

An oil-carryingtankersankofl thc coa»tf Lakewood,Ohio,
on Lake Erie in the 1950».Recentinvestigation ha»revealed
that the hull i» deteriorating and may begin leaking, Salvage
effort»havebegunfor rctnovingthe oil from thetanker.
During theseefforts machineryslipsandrupturesthe hull
completely Oil beginsgushingfrom thetank andapproxi-
rnatcly 150, XXgallonsspill bcforcbeingcontrolled.

Usingmaps.the Internetandanyothertools availableto you
answethefollowingguestionsa»cdnconditions LakeErie.

Where i» Lakewood on the map?

Whcrccanwe getinformationto find out thecffcct of this
»pil.I?

Will the municipalwaterintakesof Cleveland Vermilion,
Huron, etc., be affected by the»pill?

Who else will be affected by this event'?

What weather factors mi ht affect thi»?
Whatgovernmenagenciesindofficials mightyou contact
for 1 urther information?

What effects could the spill have on wildlife in the area?

The Ohio State University, 1997

Materi»

Access io the internet.
~Maps Ohio, Cireat.akesBasin.
Lake Erie!.
~Data Sets slsciriinic or paper!

Earth Systemé&ntierstamr5ngs

This activity is relatedto ESU2 stcv'ard-
ship!,3 scientificprocess!and4 imerac-
tion s! axtudents investigate potential
scenarios caused by human actions.

Moditicd from "%hut il .... ii !rent l.akes
Investigation! by Karen Oherst, t'niversity
ot l-indlay, 1 indlay.OH.

Great Lakes Forecasting System

http:Osupsrior.sng.ohio-state.edu

For morc information nr a CiLFSVIE'IV
Windovvsilisk contact

Dcparimsnof Civil En ineerine

The Ohio Slate University

470 Hitchcock Hall

2070 Neil Avenue

Columbus, Ohio 43210

i 14! 292-6589
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C. Using the information you discovered, construct an emer-
gency contingency plan for dealing with the situation. Cover
the basics Who will you employ, notify, etc.!, What will
you do!, When time-fraine!,Why supportyour «hoices!.

Exm~sIONs

Usethefollowing scenariogo answetthe questionsn procedure
Part13 thc questionswill needto he modified somewhatbecause
they are site specific!.

I.  What if anindustrial processon Lake Erie malfunctions and
sendsheatedvaterinto the Lake?Wherewill thewatergo?
Compare its impact in spring and in surnrner.

2, Whatif a pleasurdoatandbarge«ollidconthelLake?In
whatdirectionwouldyou searcHor tloating debris'2s that
always thc samedirection?

3. A groupof student®n a campindrip write specialverses
andgoodwishesthattheywantto ~harevsithothers They
write their workson scrapf cloth thattheyusefor sailson
hoincmade boats, and they releasethe boatsfrom Fish Point
atthe tip of Peleelsland. On the basis of GreatLakes
Forecastingsystem GLFS! datafor a dayyou choose,
predictwheretheboatsmight washashoreJustify your
answer.

Ohio Sea Grant Education Program I TheOhioStateUniversity,1997



~n
r ramework tor

UNDERSTANDING 11: Earth is unique,a planet of rare

beauty and great value.

~ 'the heauty and value of I=ar hare expre~secdhy ai>dfor people
<>Hll «uliures lhr<>ughi erature and lhe arts.

~ Human appreciation of Ear his enhancedb> a betterunder-
s iinding ol i s subsys cms.

~ Humans manii‘estthe>rapprecia ion of Earth through their
resp<insihlebehavi<irai>dst«<drdship <ifits sut>systen>s.

UNDERSTANDING 12> Human activities, collectiveand

individual, consciousand inadvertent,  affect Fartb systems,

~ Earth is vulnerahfe. and its res<iurcesre liini ed and suscep-
tible o overuseor misuse.

~ Continued popula ion gro<vthaccclcratcsthe depiction of
naiural r«sourc«sand iles>ructionof the cnvironment.
including other specie~.

~ When «onsidering lhe use<>h;i ural resources.humans I'irs nee<t
to rethink their lifestyle. then reduce consumption. then reuse
andre«yel c.
8> products of industrialization pollute the air, land. and «ater,
andthe ellec s mi>yhe gh>hal,is v ell as nearthe s<iur«e.

~ Th» better we unders andEarth, the better v,e canmin>ageour
resourcesand reduce our impact on the environment worldwide.

UNDERSTANDING '3 The developmentof scientificthinking

and technologyincreasesur ability  to understand and utilize

Earth and space.

~ Biok!gists, chemists, and phvsicists, asv,cll a! scien istsfrom
thc Earth and spacescicncc disciplines, usca sar>ctyof methods
in their study <>Earth systems.

~ Direct observation, simple ools, and moderntechnology are used
to create,test, and modify inodels and theories hat represent,
explain, and predict changesin the Earth system.

~ His oricat descriptive, and emp>riculsiudies are imp<>r ani
mctho Is of Icaining about Farih <iudspace.
Scientific study may leadto technological advances.

~ Rcgardtcssof sophistication, technology cannotbc cxpccted to
solve all of oui probleins.

~The useof le<hnology ma>havehenefusasv ell asuninien<led
side effects.

UNDERSTANDING 4: The Earth system is composed of the

interacting subsystein®f water. rock, ice,  air, and life.

~ The subsystemsarc continually «h'inging through natural
processesand cycles.

~ Forces, mo ions. and cncrgy transformations drive thc intcr-
ac ions v ithin and between he subsvstems.

~ 'I'hcSunis the major cx cin,il sour«<of en»rg>ihai <Iriv<.snost
s>stemand suhsystensintern«iuins at <>nearthe Faith's surface.

~ Eachcomponentot thc Earth's systemhas characteristic
properties, structure, and composition. which n>aybe changed
by interactions of subsystcins.

~ Plaie iecionics >su henry tha explaii>shov internal I'orces
and energy c'>usecontinual «hangeswithin Farth Jn<I<iiiits
surface.

~ Weathering, erosion, and dcposi ion continuously reshapelhc
s rfaceof the Earth.

~~ m
r.artn

m ~~ m ~
systems Laucauon
UNDFRSTANDING f6: Earth is more than 4 billion yearsold,
and its subsystemsrc continually evolving.
~ Ear h's«ycies and natural processedake place over time
inters atsranging I'n>rnfrac >onsof' secondsto billions of > ears.
' 'materials making up Earth have bccnrecycled many times.
~ Fossils pro«i<i»lhc evidence ihia file hases<>tv«din era« isels
with Ei>rthth>oughgeologic time.
~ Evolution is a heorvthat explains how life haschanged
hrough tim».

1.JNDFRSANDING 16: Farth isa sinall subsystenof a Sohir

system within the vast and ancient universe.

~ All material in the universe.inclwling living <>rganismsappears
to bc co nposed of the sameclcments and to bchavc according to
thc samephysical pun«iplcs.

~ All bodie~in space,including Earth, are influenced by forces
acting >hr<>ughc<illie solar system and the uiuverse.

~ Nine planets.including Earth. revolve aroundthe Sunin
ncarl> «ircuiar ilrbi>s.

~ Earth Is a smal! planet. third from the Sunin thc only sys>»m
ol pl«neis<leliiiitelv hn<>wn h>exis .

~ Th» position and n>0 >on®f Earth «:ith rcspcctto the Sunand
Moon determine seasonsclimates, andtidal changes.
The rota ion of Earth on its axis de crmin»s da>and night.

UNDERSTAS<DTNG 17: There are many people« ith careers

and interests that involve study of Earth's origin. processes,

and evolution,

~ 1'cachcrssci»iu>stsand technic>ms who study Earth arc
en>ph>yethy businesses,ndus ries, g<>veinii>eragencies.puhli«
and private institutions. and asindep<nidentontractors.

~ Careersin the sciencesthat study Earth may include sampl»and
dataeollec ion in ihc field and an;ilyscsand expcrimen s >nthe
lah<irai<>r>

~ Scicn>isisfrom many cultuics lhroughou>lhc ss<>rlgb<ipcrii
and collaborate u~ingoral. v nttcn, and electronic meansof
cominunication.

~ Some scient>s saandtechnicians v ho s udy Earth usc their
.spe«>alize<lunderstandif@ hi«ateresourcesoi predict «t>anges
in Earth systems.
Mans people pursueavocationsrelated to planet Earth processes
and m ueri >1s.

The development of th>sframework sta>tedn 1988v ith a
confcrencce of cducato s and scientists and culminated in thc
program for Leadershipin Ea>sHSystemsEducation. 1 is intended
for usein the devel<>pmerdf integr<iiedscien«e«urri«ula. The
fraincwork represen sthe effor s <>6ome 2 >Oteachersai>d

scien ishs.Supportv asreceived fr<>rihe Naiional Scieiice
Foundation. The Oh>oState Uiuversity. and thc Univcisitv of
Northern C olor:id<>.

1 orfurther information on Earth SystemsEducation. contact the
Earth SystemsEducation Program Off>cc, 2021 Cot'fcy Road. The
Ohio Sta eUniyersitv, Columbus, OH 432 10.

ht f>.i ear hsyag.ohio-s aie.edu

~Thpresentied#edtseh'>racteofithes/stems.

! TheOhi&tat®&niversity997
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SAMPLE RUBRIC

Therubricwasdevelopethy anEarthSystemseachefor usein evaluatingndividuaktudentesearclprojects,

RESEARCH TIME
UTILIZATION

PARTICIPATION IN
PROJECT

ACCURACY OF
INFORMATION
DURINC
PRFSFNTATION

CLARITY OF
PRESF.NTATION

VISUALAID,
WORKSHEETOR
SIMPIL.F.

DF MONSTRATION

Thc student needed
continual remindersto get
back to work. Work may
be inappropriate to the
project.

The student does not add
an equitable amount of
work to the project and
doesnot meetall require-
ments for thc length of
presentation,

The student's information
wax lacking in content and
was not factually correct
in many places. Informa-
tion may not be pertinent
to the presentation.

The student's work is not
well planned. The student
wa» confused hy much of
the information presented.
The student was not clear

in explaining topics,

The device used hy thc
student was not used at a
timely place in the presen-
tation, had little bearing
on the presentation, or

was absent from the
presentation.

The studentwas usually
on task, but needed an
occasional reminder to get
back to work. Allwork is

appropriate,

Thc student adds an
equitable amount of work
to the project, but may not
tncct all rcquirctnents for
the length of the pre»enta-
tion.

information

is for thc most part
factually correct. Informa-
tion may not bc pertinent
to the presentation.

The student's

is well
planned, There»ecmcd to
be some confusion or
misinterpretation of
information.

The student's work

The device usedby the
studentwas appropnate
for the prescntatton. It
may have beenusedin a
more appropriate rnanncr.
The de»ignof the device
may not have maximized
the learning,

The student was alway»
on task and did not need
reminders to get back to
work.

The student adds an
equitable amount of work
to the project and meet»
«ll requirementsfor the
length of the project.

The. »tudent'» information
i» factually correct and
pertinent to the presenta-

tion.

The»tudent's  work is well
planned and clearly
explained. The student
showed aclear command
of the inf'ormation pre-

sented.

The use of the device was
timely and appropriate.
The design of the device
was constructed to
maximize learning.

SourceMayer,V.l. andR,W.Fortner.1995.Sciencés a Studvof Farthr A resourceguidefor sciencecurricu-
iurnrestructur€€olumbu®H:EarthSystemBducatioProgranihcOhioStatdJniversity.

OhidseaGranEducatioRrogram
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Other

GREAT LAKES CLIMATE AND WATER
MOVEMENT

Water
~ How doeswater move in the Great Lakes basin?

~ Howlongdoest takewaterto flowthrough
the Great Lakes?

Movement

Temperature and Clhnate
Whathappent heaenergyeaching

the Great Lakes?

l

What causes the land-sea breeze?
How do the GreatLakesaffecttemperature?
How is weatherinfluencedby the GreatLakes?
Lake Levels and Storms
What causestormsurges?
~ How do stormsurgesaffectwaterlevels
on Lake Erie?
~ HowdothelevelsoftheGreat. akeschange?

~ Whatwould betheresultof regulatingthe
level of one of the Great Lakes?

!

l

l

Seasons on the Great Lakes

~ How dothe GreatLakeschangethroughthe seasons?
~ Howdoesstratificatioaffectwateiquality?

~ Whatfactorsiinpactice coveragen the GreatLakes?

GREATI 4XES SHIPPING

GreatLakes Shipping

~ What productsare carriedon the GreatLakes?

~ Whatisthemosteconomicdbrmof transportation?
~ Whichtransportatianethodisegheleasenergy?
World Connection

~ Where go the boats?

~ How do shipsgo from onelaki

Language

~ Howhaveshipsandsailingl

Great LakesTriangle

~ What is the Great Lakes Tria

~ How candisappearancesitl
Triangle be explained?

~ What happenedaboardthe 8

Canals

~ How wereearlycanalroutes
~ How did the canals affect Ol
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ES-EAGLS

LIFE IN THEGREATL4KES
Organisms in the Lakes
~ How doesa dichotomougey work?
What are the characteristics of some Great Lakes fish?
How do fish get their names?
Howareshorebirdadaptetbr feeding?
Whatdoscientistenowaboutnvadespecies
of the Great Lakes?
EcologicaRelationships
~ Who canharvesta walleye?

Whatdoesa biomaspyramidtell us?
~ What is afood web?

~ Whaffactorsaffecthesizeof a naturgdopulation?
A GreatlLakesfish example!

~ Howcana naturdishpopulatiobemanaged?
EstuaryValuesand Changes

~ Whatis the role of plantsin anestuary?

~ Howdoegheestuargerveasa nursery?

l

l

l

l

LAND 4 WATERNTERACTIONS
IN THE GREAT LAKES

Geographyand Technology
~ How well do you know the GreatLakes?

~ What can GLIN tell us about land and
water interactions?

History of Land and Water Interactions
~ Whendid therocks in the GreatLakesbasinform?

~ Howweresedimentarsocksin the
Great Lakes basin formed?

' overs shapethe GreatLakes?

ciation exists in the

~ation andgeologigprocesses
Lakes beaches?

tlon Today

ine to erode?
1?

ie change?
en lost?

of the Great Lakes relate
actions?

p representand and



