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INTRODUCTION

The Clean Water Activitiesis acollection of five lessons designed to augment the Clean
Water Poster produced by The Chewonki Foundation. The lesson module and poster
present a new “kit” of teaching tools for science classrooms and informal teaching
forums. The lessons are geared towards upper-el ementary-age through middle-school -
age children and were developed, field-tested and reviewed by Midcoast Maine educators
under the leadership of Tenley Wilder, Education Coordinator of the Pemaquid
Watershed Association.

The goal of the lessonsisto promote awareness, appreciation, understanding, and
stewardship of water resources through the devel opment and dissemination of classroom-
ready teaching aids. The curriculum is available on the Internet for use by all water-
related and environmental educators. The Clean Water Activitiesis an interdisciplinary
environmental education module emphasizing the importance of caring for the future of
the invaluable resource of water. As clean water isimperative to a healthy future for our
world, we hope this curriculum and poster seriesingtills a sense of responsibility and
positive action in our young generation of water stewards.

The development of the learning activities was done largely through a synthesis of
existing relevant learning activities, modified to pertain directly to the poster’s content
and refined to meet the current Maine Learning Results standards. The Less Lawn and
Energy Choices activities were adapted from existing lessons that are part of the Project
WET Curriculum and Project WILD Aquatic Education, whereas the Waste and
Recycling, Green Buffers and Transportation activities were created exclusively by the
Pemaguid Watershed Association. Although the text within the activities references
Maine, the activities are designed to be transferable to a wide range of geographic
locations.

The five activitiesincluded in this curriculum correspond to each of the five contextual
areas highlighted on the Clean Water poster: Less Lawn, Green Buffers, Waste and
Recycling, Energy Choices, and Transportation. Additionally, the activities were
designed around behavioral learning objectives to promote critical thinking and problem-
solving skills related to the pollution dimensions listed across the bottom of the poster
(Sediment, Chemicals, Oxygen Depletion, Metals, Biological).

Each lesson includes a Navigation Bar that outlines the target audience of the activity, the
time frame needed to complete the activity, and suggestions for other complementary
lessons to be conducted before or after the current activity. These extension activities
offer service-learning opportunities to integrate meaningful community service with
instruction and reflection to enrich the learning experience, teach civic responsibility,
encourage lifelong civic engagement, and strengthen communities for the common good.



A prerequisite for each activity isfor students to have a basic understanding of a
watershed and the movement of water through the hydrologic. The Clean Water
Activities build upon these concepts so it is critical to have a good foundation in these
areas before engaging studentsin the activitiesin this series. If further preparation is
needed in these areas, please refer to Project WET activities ‘Branching Out’, ‘A Drop in
the Bucket’, and/or ‘The Incredible Journey’.

The Clean Water Activities are available to educators through The Chewonki Foundation
website (http://www.chewonki.org/pathways/pathways cleanwater poster.asp).
Classroom teachers, environmental education specialists, park naturalists and others can
adapt and integrate these activities to meet the needs of their curriculum, setting, time
frame, and/or audience.

This program was devel oped by the Pemaquid Watershed Association, a nonprofit
conservation organization serving the Pemaquid Peninsulain Maine
(www.pemaquidwatershed.org). The Pathways to a Sustainable Future poster series
project was funded by Poland Spring™ in recognition of their continued interest in the
health of our natural resources.

Project Principals:

Tenley Wilder, Education Coordinator, Pemaquid Watershed Association

Donna Minnis Ph.D., Executive Director, Pemaquid Watershed Association

Peter Arnold, Coordinator, Pathways to a Sustainable Future, The Chewonki Foundation

Brendan Kober, Program Assistant, Pathways to a Sustainable Future, The Chewonki
Foundation

Project Advisors:
Tracy Harkins, KIDS Consortium
Christine Smith, Maine Department of Environmental Protection



Waste and Recycling

As drops of water make the ocean, small steps can make a difference.

il

Navigation Bar

Target Audience:
Upper Elementary, Middle
School

Subject Areas:
Earth Science,
M athematics/Reasoning

Duration:
Prep time: 15 minutes
Activity time: 45 minutes

Setting:
Classroom and computer
lab

Skills:

Organizing (mapping);
Gathering Information
(observing, measuring);
Analyzing (identifying
components and
relationships); Interpreting
(generaizing and drawing
conclusions); Applying
(problem solving)

Charting the Course

A general understanding of
what awatershed is should
precede this activity,
athough it is not necessary
to perform the activity.
This lesson can be used as
the introduction to the
Clean Water series, or may
be used as a stand alone
lesson.

Vocabulary

v' Ecological Footprint
v Reduce

v Reuse

v Recycle

;;\) Summary

Students monitor various aspects of
their everyday actions (plastic waste
production, food consumption and basic
household activities), calculate their
individual ‘impact’ on the world using an
Internet model, and propose various ways to
lessen their impact, specifically in regards to
water conservation.

Objectives

At the conclusion of this activity, students

will be ableto:

o |dentify the importance of clean water for
all life

e Calculate their individual ecological
footprint

o |dentify different ways that pollution enters
the water cycle through daily actions

o List 3 simple steps that each student can
take to address i ssues of water
conservation and environmental protection.

< Materials
o Plastic waste from home
o Water Fact Sheet and (attached to lesson)
o Computer with Internet access
e Scale
o Writing materials

.% M aking the Connection

Earth has a finite amount of fresh, usable
water. Water is naturally recycled (collected,
cleansed, and redistributed) through the
hydrologic cycle. While humans have

devel oped technology to aid in this process
(filtration or treatment plants), factors such as
drought, flood, population growth,
contamination, etc. keep us from being able
to adequately provide clean, usable water for
all communities worldwide. We are using up
and contaminating this limited resource faster
than the hydrologic cycle, natural or assisted
by man, can handle. Conservation and
protection of water can ensure that supplies
of freshwater will be available for everyone
in the future.

Those of uswho livein New England are
fortunate as water is relatively plentiful and
clean. As our population grows however,
water conservation plays an increasingly
important role in protecting the health of our
state’s lakes and streams and the safety of our
drinking water supplies.

We can help safeguard our own health and
the health of our neighbors by using less
water. Water conservation improves septic
system performance, which reduces the risk
of groundwater contamination, and means
less water gets diverted from streams. Water
conservation also provides energy
conservation savings, as less electricity is
needed to heat, pump, and treat water. There
are many other things we can do aswell to
ensure a ‘clean water’ future. Reusing plastic
containers also can help conserve water and
improve quality of the water, asless water
will be needed to manufacture new plastics
and less air pollution, the byproduct of
manufacturing (including such things as
chemicals, air pollution from coal, etc.), will
be expelled.

QI] Background

Water useis such an automatic and habitual
daily activity that students often do not
understand the consequences of its over-use.
Seldom do they connect the water that comes
out of afaucet toits sourcesin the natural
world. The model that traces the dynamics of
water is called the water cycle or the
hydrologic cycle. The water cycleinvolves
the path of water from when it fallsin the
form of rain or other precipitation on a
watershed; to its travel as runoff that flows
into streams, groundwater systems, lakes,
reservoirs, estuaries and oceans; to its
eventual return to the atmosphere through
evaporation and evapotranspiration; to its
formation into clouds; to its condensation in
the form of precipitation asit again fallson a
watershed in this continuing process. All
forms of life on Earth are dependent upon
and affected by this cyclical journey of water.



Procedure
Warm up- Student prepar ation

Hydrologic Cycle

Do they collect rain water in
cisterns? Do they have individual

before class: Students should
monitor their water use for five
days prior to thein-class activity
and record the results on the Stu-
dent Water Worksheet (attached).
Also, instruct students to be aware
of the various products and ser-

vices (packaged food? travel ? etc.)

they use or consume during the

week. (Understanding their con-
sumption habits will help when

they calculate their ecological foot-
print.) Asthewarm up for the

Water Information Table!
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PLeci? ITATION

wells, or are they part of a
community aquifer? Once the
water had entered their home and
they have ‘used’ it, ask students
where it goes. Is the water that
goes down the drain clean?

2.) Have students discuss if they
think clean water isimportant. If
so, why? What do we need water
for? (Agriculture, hygiene,

health, drinking, etc.) Looking
back at the weekly use chart, how
much of their daily needs arein
some way connected to water?

3.) Using computers with an

(All values are approximate) GTMON PRATEE
Flushing a toilet 3-5 gallons .
Shaving and letting the water run3 gallons clgan_the plastics before
Showering 5 gallons/minute bringing them to school
- so that they are free of
Cooking three meals 8 gallons food and drink remains.
Cleaning house 8 gallons Also caution them about
\Washing dishes for three meals [10 gallons toxins such as ammonia,
\Washing clothes 20-30 gallons chlorine, bleach, etc,
\Watering the lawn 30-40 gallons | which may bein the
Taking a bath 30-40 gallons | containers. Containers
\Washing a car 30-40 gallons | Should be emptied and

in-class activity, have students combine
the data from their individual work-
sheets so that you have a total “water
use” data table for the class. Have stu-
dents calculate the gallons of water
used by the students in just one week
and list this on the classroom board.
Have students read the Water Fact
Sheet (attached) out loud. Were they
surprised by any of these facts? Lead
into the Activity by introducing the idea
that what we observe as ‘water use’ is
not the only way we deplete our clean
water resource. What are some other
activities we do every day that require
water?

ﬁ, The Activity

Reduce and Reuse:

Student preparation before class:

Ask the students to collect and save
every piece of plastic waste produced in
their homes (or by them alone) for two
days. Have them bring these materials
to school. (Note: caution the students to

rinsed completely.)

Have each student weigh their bag of
plastic trash on the scale at the head of
the classroom and record the weight on
the board. Have students calculate the
amount of water required to
manufacture all the plastic they
collected for just two days (24 gallons
of water = the production of one pound
of plastic.) How much water was used
to produce the amount of plastic they
used in aweek? How about a year?
Once the water has been used to make
the plastic, chemicals have been added,
and the water isno longer ‘clean’ or
usable. This contamination isjust from
plastic manufacturing. Have students
brainstorm other aspects of our every
day life that might affect the quality of
our water.

Recycle:

1) Draw the hydrologic cycle on the
board. Ask students where the water
that they use daily comes from.

Internet connection, have
students ‘calculate’ their ecological
footprint using the Bobbie BigFoot
Calculator activity.
(http://www.kidsfootprint.org/index.
html). Ask students to consider how
their daily use of water impacts their
footprint.

Wrap Up and Action

Have students brainstorm ideas that
each one of us can do to reduce our use
of water, from being more conscious of
uses of water in our homes, to making
different choices regarding the products
we purchase. How can they reduce their
footprint, which can in turn help
conserve the quality and quantity of the
water. Have each student choose one
action that directly or indirectly helps
conserve ‘clean water’ and rerun the
BigFoot calculation for the entire class
with the projected behavioral changes.
Woas the class able to make a
difference? Do the students believe that
they each can help protect our water for
future generations?

Assessment
Have students:
o Draw and label the hydrologic
= cycle and identify areasin the
— cycle where humans can
negatively affect the quality of the
water.



o Have students write astory on
“Breaking News: Water Use at
Highest Levels Ever!” and include in
the text ways that their readers can
reduce their water use and actions
they can take to protect the quality of
our ‘clean’ water.

Extension

— Students present their new
understanding of the importance of
clean water to ayounger grade level or
create a poster illustrating ways to
conserve and protect ‘clean water’ to be
hung at school.

Discuss how we use water beyond what
is normally thought of as daily ‘water
use’. The production of plastic is not
limited to the 24 gallons of water.
Chemical are used to manufacture
plastics. Cod is burned for energy to
run the machines that manufacture the
plastics. This coal entersthe
atmosphere and thus our aguatic and
marine systems through precipitation.
Can you think of other ways that we
indirectly affect our ‘clean water’
resource? Research in depth how we,
as consumers, contaminate our water—
from our purchases (such as
prepackaged foods) to our actions
(letting water run down the drain while
it heats up when you could put a
watering can under the facet and use the
‘wasted water’ for your houseplants).
Prepare a presentation for a parents
visiting night that will help illustrate
how parents, as the primary purchasers
of your household, can help you make
positive changes in your family’s water
consumption at home and work/school.

Because plastics are made from fossil
fuels, you can think of them as another
form of stored energy. Pound for
pound, plastics contain as much energy
as petroleum or natura gas, and much
more energy than other types of
garbage. This makes plastic an ided
fuel for waste-to-energy plants. Waste-
to-energy plants burn garbage and use
the heat energy released during

combustion to make steam or
eectricity. They turn garbage into
useful energy. Discuss the pros and
cons of burning plastics or recycling
them? Sometimes it takes more energy
to make a product from recycled
plastics than it does to make it from all-
new materials. If that’s the case, it may
make more sense to burn the plastics at
awaste-to-energy plant than to recycle
them. Burning plastics can supply an
abundant amount of energy, while
reducing the cost of waste disposal and
saving landfill space. However, harmful
contaminants may be releases into the
atmosphere while burning the plastic.
Have students research waste-to-energy
options and discuss the benefits and
drawbacks of such a systemin their
town.

Read the following case study to
students and open up a discussion about
the complexity of recycling.

“A study by Canadian scientist Martin
Hocking shows that making a paper
cup uses as much petroleumor natural
gas as a polystyrene cup. Plus, the
paper cup uses wood pulp. The
Canadian study said, “The paper cup
consumes 12 times as much steam, 36
times as much electricity, and twice as
much cooling water as the plastic cup.”
And because the paper cup uses more
raw materials and energy, it also costs
2.5 times more than the plastic cup. But
the paper cup will degrade, right?
Probably not. Modern landfillsare
designed to inhibit

degradation so that toxic wastes

do not seep into the surrounding

soil and groundwater. The paper

cup will still be a paper cup 20
years from now.”

Being educated about the
materials and the process of waste
management can

help us, as consumers, make
better choices. Arrange for the
classto visit alandfill or waste
yard and interview the men and
women who work with your
communities waste every day.
Ask for their input on how the
community could improve, as
they will probably have the most
hands-on experience with this
problem.

Start arecycling program at home
or school and spread the word
about ways we can all help reduce
our “footprint’. Look for ways to
reduce packaging waste: buy in
bulk and reuse your glass, metal,
and plastic containers. If you are
unsure how to dispose of
something, ask your town or city
officials.

Have students research the
company Terra Cycle.
Considering the ideas of reduce,
reuse, recycle, how does Terra
Cycle put these three ‘R’s into
practice. Partner with Terra Cycle
and set up abox to collect bottles
at your school.

Resour ces

recycling/ften.asp

TerraCycle. http://www.terracycle.net/

*Energy Information Association for Kids. http://www.eia.doe.gov/kids/
energyfacts/saving/recycling/solidwaste/plasti cs.html#paperorplastic

National Resources Defense Council. http://www.nrdc.org/cities/

Project WET. 1996. Activities “Alice in Waterland.” Project WET. Boze-
man, Mt.: Council for Environmental Education.




Student Water Worksheet

How many times/day you flush the toilet?

How many times/day you let the water run while your parents shave (or brush
our teeth)?

How long do you take in the shower (in minutes)?

How many meals do you eat at home?

How many times during the week do you or your family clean the house?

How many loads of laundry do you do per week?

How often do you water the lawn?

How many times aweek do you take a bath?




Water Fact Sheet

*Washing machines use about 15% of your house's water. Each wash cycle uses 32 to 59
gallons- as much as two showers.

* A standard shower head uses about 5-7 gallons of water per minute (gpm)- so even a 5-
minute shower can consume 35 gallons!

*"Low-flow" shower heads help reduce water use by 50% or more. They typicaly cut the
flow rate to 2.5 gpm- or less.

*Water pumping is one of the largest uses of electricity in the arid Western states. Every
drop of water we conserve also saves electricity.

*Turn off the water faucet when brushing your teeth. This simple act can save 9 gallons of
water every time you brush.

* The normal faucet flow is 3-5 gallons of water per minute (gpm). By attaching a low flow
faucet aerator, you can reduce the flow by 50%. Incredibly, although the flow is reduced, it
will seem stronger because air is mixed into the water asit leaves the tap.

*40% of the pure water you use in your house is flushed down the toilet.

*|f afamily of four takes 5-minute showers each day, they will use more than 700 gallons of
water every week--the equivalent of athree-year supply of drinking water for one person.



L essLawn

Thegrassisnot always greener...
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Navigation Bar

Target Audience:
Upper Elementary, Middle
School

Subject Areas:
Earth Science, Socid
Studies, Reasoning/
Communications

Duration:

(Some preparation the
week prior to activity
required)

Prep time: 10 minutes
Activity time: 50 minutes

Setting:

Classroom and outdoors-
access to perimeter of
school campus

Skills:

Gathering information
(observing, collecting);
Analyzing (comparing,
discussing); Interpreting
(summarizing)

Charting the Course
Students should be
familiar with the
hydrologic cycle and how
precipitation is akey part
of thisprocess. A general
understanding of what a
watershed is should
precede this activity. This
lesson can be used as part
of the Clean Water series,
supported by the Green
Buffers activity, or may be
used as a stand alone
lesson.

Vocabulary

v Non-point source
pollution

v Point source pollution

@2 Summary

Students will investigate just how much
water falls on their campus during arain
storm.

Objectives

At the conclusion of this activity students

will be ableto:

e List 3 forms of pollution from humans that
can result from runoff from arain storm.

¢ Define non-point source pollution

e List 3 reasons why people should monitor
what they put on their lawns.

< Materials

Writing materials

Calculator

Trundle wheel (optional)

Long piece of twine marked every yard
Yard stick

Rain gauge

Local rainfall data (optional)

.ﬁ Making the Connection

Rainfall is one form of precipitation and one
way that water re-enters aguatic ecosystems.
Astherain falls on the surface of the earth, it
doesn’t just stop where it lands. Once rain
falls upon a surface, water begins to move
both laterally outward and vertically down-
ward. Lateral movement is runoff and finds
its way into streams, river, lakes, and eventu-
ally the ocean. Vertical movement seepsinto
the soil and porous rock and recharges
groundwater supplies.

While the concept of the water cycle may be
well understood, runoff from rainfall isa
relatively abstract concept. Although we may
notice and in fact get drenched from a
rainstorm, we don’t typically stop to wonder
how much rain isfalling. The volume of the
water in arainstormis astounding.

Runoff is the means by which many pollut-
ants are picked up and find their way into
moving waters, lakes, etc. Widespread
sources of pollution such as garden insecti-
cides, automobile emissions caked on park-
ing lots, lead from paints and exhaust, etc.,
are washed by runoff into natural, aquatic

ecosystems. Eventually, this water collectsin
channels such as streams and lakes and flows
to the ocean.

QZI Background

Contaminants whose entry point into the
watershed is difficult to locate are classified
as non-point sour ce pollutants. Along with
residential areas, agricultural fields and
paved parking lots, school grounds can
contribute non-point source pollutants. The
schoolyard contributes point sour ce
pollution when the source of the pollution
can be traced back to a specific location on
the school grounds (e.g., sewer, ditch, pipe).
Surface runoff flows over a school’s grounds
onits way to the collection site (river, pond,
lake) and carries non-point source pollution
asit travels, leaving the school grounds, and
may carry soil, leaves and twigs; litter; oil
and gasoline from parking lots; and fertilizer
and pesticides from lawns.

While the root system of grassis
advantageous to holding down soil, the depth
of the root structure is often only as deep as
the blades are tall. If the grass has formed a
thick thatch layer, hardly any water can
penetrate and all surface dirt and other stuff
will be washed directly into nearby
waterways just as quickly asif it were
running over pavement. This can also happen
when the ground is saturated with water due
to heavy rains or snowmelt.

Procedure

Warm up-

The instructor should write the definitions of
point source pollution and non-point source
pollution on the board.

Provide students with a copy of the Runoff
Data Table (attached) Ask: Based on the
Runoff Data Table, which do you think
absorbs more water, concrete or grass?
Forests or residential areas? Why?

Point source pollution: Pollutants
discharged from any identifiable point.

Non-point sour ce pollution: When
pollution does not originate from one
specific location .




Runoff Data Table

Land Coverage Average % Runoff
Forest 20
Grassland 10
Wetland 5
Residential 0
Agricultura 30

Ask: Why does aresidentia areaindi-
cate the highest level of runoff?
(Impervious surfaces such as roads,
sidewalks.) And, where would we most
likely see the highest levels of pollut-
ants such aslitter, chemicals, or oil?
(Residential) Which type of pollution,
point or non-point source, would be
found in aresidential area? (Non-point
source pollution as there is no one iden-
tifiable point of discharge.) Why?
(Many of our daily activitiesresult in
putting small amounts of pollutantsin
our environment. Filling the lawn
mower and spilling alittle gasoline,
throwing the gum wrapper out your
window while you’re in the car. Each
small act can add up and create enough
non-point sour ce pollution to affect
the natural world around us.) What
problems could arise if water from a big
rain storm runs quickly over surface
material, gathering non-point source
pollution? How might a quickly mov-
ing runoff from a big rain storm affect
local water quality for either drinking
or wildlife? And, how much water do
you think qualifies a “big rain storm™?

B

* The Activity
Collect water in a rain gauge during
the week leading up to the activity.
Once the area of the school grounds has
been established, the next step isto de-
termine the amount of rain that fallsin
the area. Three options are possible:

eCalculate the annual rainfall on the
school grounds using information from
your local resource agencies, e.g.,
weather bureau, soil conservation ser-
vice, land trust or watershed associa-
tion, local TV weatherpersons, local
newspapers.

e Using arain gauge measure the
amount of rain over a period of time.

e Using arain gauge, measure the
amount of rain that fallsduring a
given storm. Whichever method is
chosen, the resulting data will pro-
vide the students with avalue for the
depth of rainfall on the surface of the
land.

1.) Calculate the amount of land on
your campus (teacher could provide
this data or, time allowing, students
could measure entire campus or a spe-
cific area such as the athletic field.

To begin, the students must determine
the total area of the school ground. To
do this, the length and width of the
school ground must be measured. The
students can use a length of twine
(approximately 100 feet in length). For
the purposes of this activity, the outer
dimensions of the property will satisfy.
Thereisno need to subtract the area of
the buildings asit is assumed that rain
falls upon them as well. The formula
for calculating areais: Area= Length x
Widthor A = LW

Measure the twine every three feet with
the yardstick and mark it with a black
pen. If atrundle wheel is available, this
may be convenient to use for measur-
ing. (The school ground may be diffi-
cult to calculate as the perimeter may
beirregularly shaped. Try not to get

NOTE: A trundlewheel is a measuring
device that operates a counter or clicks asit
isrolled over the surface attached to a han-
dle. Each revolution of the wheel repre-
sents one yard. Check to seeif your school
has one. City road crews often have them
and may loan oneto you for afew days.

caught up in detailed exactness. A
healthy approximation will suffice.)

2. With the depth of rainfall deter-
mined, and the area of the school
ground measured, the next step isto
calculate the volume of rainfall. For
example, suppose the area of the school
ground is 50,000 square feet and the
rainfall during a spring storm brought
three inches (.25 feet) then the volume
of rain would be: 50,000 square feet

x .25 feet = 12,500 cubic feet of rain.
The volume of rainfall during that one
stormis 12,500 cubic feet!

3. The measurements and calculations
in this activity are intended to impress
upon students that there are remarkable
volumes of water moving through the
water cycle even during short periods
of timeand in relatively small loca
tions. All the water that students meas-
ure eventually finds its way to awild-
life habitat. A major issue of concernis
how humans affect the quality and
guantity of water that eventually
reaches aquatic systems.

4. Once the concept of the volume of
rainfall during arainstorm is undert-
stood- not just the 1-2” projection stu-
dents may hear on the Nightly News-
gather students for a 10 minute round
table discussion about the advantages or
disadvantages of anice, green lawn.
(Some pros: excellent playing areafor
sports, cleanly appearance, good to sit
on and eat your lunch. Some cons. con-
stant mowing to keep ‘neat’, pesticides
to control bugs, weed killersto ward of
dandelions, fertilizersto keep grass
green, watering during dry spells.) Help
students make the connection between
their calculated rainfall and what fertil-
izers are being used to keep their cam-
pus ‘pretty’. If there was less lawn,
would there be as great a need for fertil-
izers or pesticides? What do they think
happens when rain washes over the
campus? Have students name some po-
tential pollutants which runoff might
come in contact? What are some of the
positive and negative effects that the
water may have on the environment at
various points on itsjourney.



Consider and discuss the following:

o With what kind of potential
pollutants does the water from
rainfall come in contact with on your
school campus?

e Whereisthe location of the nearest
wildlife habitat that receives the
school’s runoff?

|
= Assessment

Have students:

e Name 3 human activities that have
affected the quality of runoff

e Explain the difference between point
source pollution and non-point
source pollution, giving 1 example
of each.

o Design aflyer describing steps
individuals and communities can
take to prevent surface water
contamination and explaining why
we should monitor what we put on
our lawns.

Extension

— (The Bufferslearning activity will
build upon the concepts presented in
this lesson and may be used as an
extension of the above activity.)

The metric system is considered the
standard for scientific measurements.
Introduce the metric system to your
students and have them complete the
activity with metric units.

100 feet = 30.48 meters

3feet = 1 yard = .9114 meters

Square feet x .0929 = sgquare meters

Inches x 2.54 = centimeters

Feet x .3048 = meters

Use Google Earth (http://earth.google.
com/) to expand your geographic area
and calculate the amount of rainfal in
your town.

Work with your local soil and water
conservation district and land ownersto
prevent or eliminate non-point sources
of pollution such as erosion from roads
and agricultural fields and organize
local residents to explore the use of
alternatives; require the use of catch
basins, wide ditches, hay bales and
storm water retention basins where

appropriate.

There are many ways to improve the
quality of water and our landscapes at
the sametime. Creative landscaping
that requires fewer nutrients and chemi-
cals and appreciating a natural environ-
ment are important steps to combating
water pollution. Read Landscapes for
Maine: Adding a Rain Garden to your
L andscape from the University of
Maine Extension Program, select asite
on your campus, and design arain gar-
dento help 1.) improve the quality of
water that seeps into the ground and 2.)
decrease the quantity of water that
flows over the campus as runoff.

Calculate the total area of the school
playing fields. Then figure how long it
takes to mow the grass. Beyond fertil-
izer and pesticide use, how is mowing
degrading our environment? While
maintaining good sportsfields, isit
possible to reduce the impact we have
on our environment by using different
chemicals or using a different method
of lawn care? At first thought, lawn
care might not seem like a major con-
tributor to pollution. The U.S. Environ-
mental Protection Agency, however,
estimates that 17 million gallons of fuel
are spilled each year just in refueling
small engines—more than the Exxon
Valdez spilled in the Gulf of Alaska
accident in 1989—and that 10 percent
of al air pollution is caused by our na-
tion’s 89 million small engines. In fact,
one hour of operating a gas-powered
mower generates as much pollution as
driving anew car for eleven hours!

Thought-Provoking Facts

e Metals and solvents from industrial
work can pollute rivers and lakes.
These are poisonous to many forms
of aguatic life and may slow their
development, make them infertile or
even result in death.

o Pesticides are used in farming to
control weeds, insects and fungi.
Run-offs of these pesticides can
cause water pollution and poison
aguatic life. Subsequently, birds,
humans and other animals may be
poisoned if they eat infected fish.

e Petroleum is another form of
chemical pollutant that usually
contaminates water through oil spills
when a ship ruptures. Oil spills
usually have only alocalized affect
on wildlife but can spread for miles.
The oil can cause the death of many
fish and stick to the feathers of
seabirds causing them to lose the
ability to fly.

e On the positive side, much of runoff
is uncontaminated. Runoff waters are
necessary to renew many aquatic
habitats that are dependent upon
inflow for continuity. The inflow
prevents lakes from shrinking due to
evaporation and it prevents streams
from going below minimum flow
levels. Inflow thus hel ps support
aquatic life. Without runoff, aguatic
habitats would suffer. And clearly,
uncontaminated runoff is preferable
to contaminated runoff!

Resour ces:

Environmental Protection Agency. http://www.epa.gov/glnpo/greenacres/tool kit/

chap2.html

Project WET. 1996. Activities “Color Me a Watershed,” “Rainy Day Hike,” and
“A-maze-ing Water,” “Poison Pump.” Project WET. Bozeman, MT.: Council for

Environmental Education.

Project WILD. 1992. Activities “Where Does Water Run Off After School?”
Agquatic Project WMILD. Bethesda, MD.: Western Regional Environmental Educa-

tion Council.




Runoff Data Table

Land Coverage Average % Runoff

Forest

20

Grassland

10

Wetland

Residential

90

Agricultura

30




Green Buffers

Put buffersto work to reduce erosion!

#

Navigation Bar

Target Audience:
Upper Elementary, Middle
School

Subject Areas:
Earth Science,
Mathematics

Duration:
Prep time: 15 minutes
Activity time: 45 minutes

Setting:
Classroom and school
campus

Skills:

Organizing (mapping);
Gathering Information
(observing, measuring);
Analyzing (identifying
components and
relationships); Interpreting
(generalizing and drawing
conclusions); Applying
(problem solving)

Charting the Cour se:

A general understanding of
what a watershed is should
precede this activity. This
lesson can be used as part
of the Clean Water series,
especialy supported by the
Less Lawn Activity, or it
may be used as a stand
alone lesson.

Vocabulary:

v Best Management
Practice (BMP)

v/ Erosion

v' Impervious surface
v Non-point source
pollution (NPS)

v Oxygen Depletion
v/ Riparian buffer

v’ Vegetation

gy Summary

Students conduct experiments to
observe how water is absorbed into the
ground and learn how pollutants, such as
excess fertilizer, can be filtered — and soil
erosion prevented by — vegetation.

Objectives

At the conclusion of this activity, students

will be ableto:

e Compare and contrast the ability of
different types of ground surfacesto
absorb water.

e  Describe how nutrient and pollutant
runoff and erosion threaten aquatic
systems.

e Identify 2 Best Management Practices
that can be used to reduce nutrient and
pollutant runoff and erosion.

< Materials
e Map of school grounds from Less Lawn
Activity (optional)

e 3largecylinders (e.g. V8 cans with the
tops and bottoms removed; please cover
the edges with a strip of duct tape for
safety). Each cylinder should be marked
with a circumference line using
permanent marker two inches from the
bottom edge.

3 stop watches

3 1-quart jugs of water

3 hammers

3 2 ft x 2 ft boards

3 soil testing kits (from your local soil
conservation group or hardware/garden
store)

e Writing materials and paper

l% Making the Connection
Riparian buffers (referred to in this lesson
as buffers) are the single most effective
protection for our water resourcesin Maine.
These strips of grass, shrubs and/or trees
along the banks of rivers and streams filter
polluted runoff and provide atransition zone
directly between human land use and the
water. Buffers are also complex ecosystems
that provide habitat and improve the stream
communities they shelter. Naturally occuring
riparian buffers have been lost in many
places over the years. Restoring them isan

important step toward improved water
quality, riverbank stability, wildlife
abundance and diversity, and aesthetics.
Landowners, town road agents, local
governments, farmers, and conservation
organizations can all help restore and protect
buffers which, in turn, restore and protect the
quality of our waterways.

Excess water that runs off lawns, adjacent
roads and sidewal ks during rain storms can
pick up sediment (soil), toxins (pesticides
and metals), and nutrients (fertilizers) that
may have been applied to the landscape.
These three pollutants can impact the health
of local waterways and, ultimately, alarger
area such as the Gulf of Maine. By observing
how vegetation absorbs water, students can
think about the services that buffers provide
and why these services might be important.
Understanding how vegetation affects
water’s movement through a site promotes
student appreciation of the relationship
between water quality and landscape.

QZI Background

Asit flows over and through soil, water
filters through spaces among particles and
around plant roots and vegetative matter.
This process slows the movement of water.
Vegetation helps hold soil in place. When
vegetation is removed (by human or natural
causes), soil particles are more likely to be
dislodged and carried away by water. Excess
toxins, nutrients, and other pollution will also
travel more quickly without a vegetative
filter to dow the flow of runoff.

Soil being worn away from the earth’s
surface, carried by water, is a natural,
ongoing process called erosion. When soil
and organic matter are carried by water from
one location to another, the destination site
may be enriched. However, the effects of
erosion are not always desirable. Erosion of
topsoil decreases the fertility of soil, and
sediment build-up in streams and lakes can
be detrimental to aguatic ecosystems.

To reduce erosion and other water problems,
Best Management Practices (BMPs) are
used. Watershed managersrely on BMPs
that reduce erosion and non-point source



pollution problems. BMPs that prevent
erosion include: landscaping areasto
promote plant cover; replanting areas
cleared by logging; monitoring water
that enters and |leaves disturbed aress;
building terraces, catch basins, and
natural filtersto mitigate sediment
deposition in lakes, streams, and other
waterways, and leaving a naturally
vegetated or landscaped buffer in
riparian aress.

Procedure

Warm up- what happens when
pollutants enter an aquatic system?

A major environmental concern is how
humans affect the water quality and
quantity that reaches streams, rivers,
lakes oceans, or our drinking water
supply. Many students may be aware
that chemicals such as nitrogen and
phosphorus are used in fertilizers to
help plants grow. Nitrogen and
phosphorus are natural elements and
vital to many ecosystems. However, too
much of either of these chemicals can
have a detrimental effect.

A bowl of cereal providesaclear
analogy. Ask students how much sugar
they like to spoon onto their breakfast
in the morning. A spoonful? Maybe
three if they can get away with it? Ask
students if they would want to eat that
bowl of cereal with 20 spoonfuls of
sugar. While sugar, in small quantities,
may make your breakfast tasty, an
exorbitant amount would make the
meal unappetizing.

Fertilizer worksin asimilar manner. A
little nitrogen and phosphorus, two
main components of fertilizer, can help
terrestrial and aquatic plants thrive. Too
much, however, can run off the land
into alake and cause large amounts of
algae to grow. Large algal blooms can
cover the water’s surface. The algae die
after they have used all the nutrients.
Once dead, they sink to the bottom
where bacteriafeed on them. The
bacterial populationsincrease and use
up most of the oxygen in the water.
Once the oxygen is gone (oxygen
depletion), many aquatic plants and
animasdie.

Other pollutants besides excess
nitrogen and phosphorous can affect
our aquatic systems. Soil, or sediment,
is recognized as the biggest pollutant of
all. Sediment is swept from roads and
construction areas during rain storms.
The sediment eventually finds its way
into aquatic systems and coversthe
rocky bottom with alayer of dirt. Fish
use rocky bottoms to make nests and
lay eggs, so if the rocks are covered
with dirt, fish are not able to find a
suitable nesting site and won’t
reproduce. Garbage is also carried with
fast moving water from arain storm
and can litter aquatic systems, harming
plants, fish, birds and animals.

Have students discuss where the water
from the rainfall goes when it leaves
their school campus. Are there places
on campus that seem to become
saturated and soggy after a big storm?
Isthere any evidence of erosion? Think
about how much water might be
absorbed by the different surfaces on
the school grounds? A dry, dusty lot or
aparking lot are some examples of
hard, imper vious surfaces where water
may not be easily absorbed. Ask
studentsif they think some surfaces
might absorb water (per meable
surfaces) better than others (i.e. areas
covered with grasses and plants, sandy
soil, etc.)? With what pollutants might
water runoff comein contact (i.e. oil
from school buses, fertilizers,
pesticides, cleaning products, trash)?

I dentify as many sources of potential
contamination as possible on your
school grounds. Remember that soil is
considered one of the greatest causes of
water pollution so any exposed dirt
would be considered a pollutant.

* TheActivity
I dentify places on campusthat could
be modified to reduce pollution that
ends up in waterways.

1. Divide studentsinto three groups to
test the absorption rate of three sites,
preferably sites that are landscaped or
planted differently. Allow each team
to decide which sitesto test, but
guide their decisionsto include:

a) an area of high pedestrian traffic
with little or no vegetation

b) awell manicured area at the foot of
adope, and

) an area with overgrown or natural,
diverse vegetation, ideally a place
that is not frequently fertilized.

2. Have students sketch their campus,
including buildings, playing fields,
parking lots, etc., or use your
drawing from the Less Lawn activity
and add in various features and
structures. Mark the sites on the map
where each group has chosen to
conduct their permeability tests.

3. At each site, ateam member should
pound the V8 can into the ground to
the 2-inch mark. This should be done
by placing a board over the top of the
can (to distribute the weight) and
hammering on the board to push the
can into the ground.

4. At each site, have the team pour the 1
gallon of water into the can.

5. Have each team use the stop watch to
time how long it takes for all the
water to be absorbed. Convert the
time from minutes and seconds to
just seconds and record thisin your
table. (Students may either create
their own table, time allowing, as an
activity in data collection and math
theory, or may use the Sample Table
attached to this activity.)

6. While two group members are
monitoring the water absorption, the
other group members should test
nitrogen and phosphorous (as a
representation of the nutrient/
fertilizer levelsin the soil) at that site.
Follow the directions on the soil test
kit. Record these numbersin your
table.

7. The team members that finish first
(or if the group islarger, have the
remaining students) should take notes
of the characteristics of their site. Is
their test site on a slope? Above/
below what? | s the area shaded?
What is on the surface of the ground?
Grass, leaves, mulch, etc.? Isthere
any litter or visible pollutants like oil
spills around?



Wrap up and action

When students have completed their
site testing, gather the class together
and combine the findingsin atable.
Have students discuss why there might
be differences in absorption rates or
differencesin nitrogen and
phosphorous levels at the different
sites. Do certain areas absorb water
better? Do certain areasfilter nitrogen
and phosphorous better? Remind
students how nitrogen and phosphorous
can be good as fertilizers in moderation,
but that an excess of these chemicals
may enter an aquatic ecosystems and
disrupt the balance of lifein that
system.

If more nitrogen and phosphorus was
mesasured in the soilsin areas of diverse
vegetation, where do students think the
nitrogen and phosphorusis going in the
test sites that have poor vegetation?
(Your local aguatic system!) From the
table, the students should be able to
determine that areas with permeable
soil, natural vegetation (as opposed to
landscaped beds) and a variety of plant,
shrubs, etc. are best at absorbing a
significant amount of water in a short
time while also filtering out excess
chemicals. Reveal that such
landscaping, natural or planned, are
caled buffers! Buffers slow down the
flow of water and filter out sediment,
toxins, and nutrients that could reach
agquatic systems while reducing erosion
by holding soil in place.

Sample Table To Record Data

Start End Nitrogen |Phosphorus Notes/
Time Time (N) (K) Describe
Your Site
Site 1
Site 2
Site 3
= ; .
— Assessment Extension
Have students: = |sthere anything that is currently

e Explain how the school campus fits
into the local watershed and how the
current landscaping/types of ground
surfaces on campus may positively or
negatively affect the nearby aquatic
ecosystems by how well they absorb
water.

¢ Give 1 example of a problem that
results from too much sediment,
toxin, or nutrient runoff.

e Look at the map of their campus and
determine where the highest rate of
runoff might be. Name two BMPs
that would help slow the flow of
water and filter it before it enters an
aquatic ecosystem?

Resour ces:

Find helpful hints and tools for building your buffer on the Chewonki Pathways
to a Sustainable Future website. http://www.chewonki.org/pathways/

pathways cleanwater poster.asp

EPA. 2006. Activity “Superfund for Students and Teachers, Soil Soakers.”
http://www.epa.gov/superfund/students/clas_act/fall/soakers.htm

Project WET. 1996. Activities “Rainy Day Hike,” “Branching Out!” and “Just
Passing Through.” Project WET. Bozeman, Mt.: Council for Environmental Edu-

cation.

being done to reduce or eliminate
excess nutrients and soil from entering
your local waterways? Ask students to
think about the possible benefits of
buffers and native vegetation in regards
to slowing down the speed at which
runoff flows through your school
grounds. Please see the Less Lawn
activity for a continuation of thistopic.

Design a buffer project with a “Buffer
Fund” of $1000, keeping in mind that
the project should encompass a 3-year
scope to make sure the plantings are
well established. Work with the

mai ntenance and school administrators
to create a buffer on your campus.
Work with your classmates to design a
fundraiser to raise the $1000 for your
project. With the help of alocal nursery
or landscape professional, research
native plantsin your area by noting
what is growing around your campusin
the areas that have not been formally
landscaped, as these will be the best
types of plants suited to your locale and
climate. Consider how your ‘Buffer
Fund’ could be best put to use for
plantings, maintenance, other
landscaping features (such as boulders)
should such be useful to help slow
runoff, etc..



