Learning Activity 3
HOW IS THE ENVIRONMENT AFFECTED BY STORM WATER POLLUTION?

INTRODUCTION:

When people overwater their lawns, wash
their cars, or hose off their driveways, and when it
rains, runoff flows through streets, gutters and
storm drains, carrying with it oils, pesticides, and
other pollutants that have been leaked, dumped,
or poured on the ground.

In Fresno and Clovis, our storm drain system is
designed to carry most urban runoff to ponding
basins, where the pollutants are captured in the
soil and routinely removed. However, about 2% of
the storm drain system drains directly to the San
Joaquin River.

The Effects of Pollution on Plants
and Animals

When substances are harmful to plants,
wildlife, and people they are called "pollutants.”
This learning activity illustrates some of the ways
storm water-borne pollutants can affect an aquatic
environment:

e  Pollutants may cause physical effects, such
as sediments which decrease light
penetration, bury riverbed gravels used by
spawning fish, and clog gills;

e Pollutants may cause eutrophication - the
decomposition of organic matter which uses
up oxygen otherwise available to aquatic
organisms; for example, nutrients cause
excessive growth of plants and algae, which
then decompose and reduce available oxygen;

e Pollutants may individually, cumulatively, and
sometimes synergistically (the total effect of
multiple pollutants is greater than the sum of
each taken individually) poison, or cause
toxicity to, an organism; and
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o Pollutants may cause toxicity to an
organism through bioaccumulation.
Bioaccumulation is the process of
accumulating a pollutant in
an animal through pathways such as
eating contaminated food. Some runoff
pollutants, such as pesticides and heavy

(Pollutants such as heat sources, acids,
bases, and salts are not specifically addressed in
this activity.)

Pollutants vary in their degree of toxicity,
their ability to degrade in the environment, their
acute (lethal) versus chronic (sub-lethal) effects,
and their effects on different plants and animals,
among other factors.

Many pollutant sources generate more than
one type of pollutant (e.g., cars are a source of ail,
grease, and heavy metals) and the pollutants often
have multiple effects (e.g., immediate toxic effects
and bioaccumulate).

The Effects of Pollution on an
Ecosystem

The plants and animals in an ecosystem are
dependent upon each other for food energy,
oxygen, nutrients, and the other building blocks of
life. When one group of organisms within an
ecosystem is affected by pollution, all other
organisms are affected. This learning activity
illustrates the effects of pollution on a simplified
food pyramid within the San Joaquin River
ecosystem.

Water plants, such as algae and mosses, and
riverbank cattails, tules, shrubs, and trees, are at
the base of the food pyramid chain and are called
producers. They convert the sun's energy to
food energy through photosynthesis.

Primary consumers (herbivores) such as
zooplankton, water boatman (an insect that rows
under water), grasshoppers, termites, California
Quail, and rodents, feed on producers. Secondary
consumers (omnivores and carnivores) such as
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water scorpions, frogs, largemouth bass, bats,
possums, Red-Tailed Hawks and Bald Eagles, feed
on producers and primary consumers, and in some
instances other

consumers. Dead and decaying organisms provide
food for decomposers, including bacteria and fungi.

Food chains can be represented as food
pyramids: it takes many producers to feed a
primary consumer, and many primary consumers to
feed a secondary consumer. Further, food chains
cross-link and intertwine to form complex food
webs.

Runoff Pollution Game

This learning activity uses a game to illustrate
a simplified food pyramid and the effects of urban
runoff pollution on the pyramid. Poker chips,
peanuts, or other tokens representing the food
energy from "algae" are passed up the food chain
from student "zooplankton" to student "fish" to
student "Bald Eagles." There are enough chips to
sustain three eagles as long as the
"environment" remains unpolluted.

Student "polluters" affect the outcome of
the game in two ways:

1. They scatter "polluted algae" (different
colored or marked chips) into the
environment. These bioaccumulate up the
food chain to the extent that the eagles'
health may be affected; and

2. They cause the death of zooplankton and fish
- by trading "mortality" cards for "algae"
chips - to the extent that fewer eagles may
survive.

The game greatly simplifies the
interrelationships and interactions in an ecosystem.
The "mortality" cards focus only on lethal effects,
while the "polluted algae" represent
bioaccumulation. In reality, identifying the effects
of pollution is much more complex.

Well disciplined classes can perform the game
outdoors in a more uncontrolled game of tag.

"Algae" chips scattered on the ground are picked
up by "zooplankton." "Fish" tag "zooplankton"
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and take their chips. "Eagles" tag "fish" and take
their chips. "Polluters" tag "zooplankton" and
"fish," and exchange "mortality" cards for each
chip captured.

The game may also be played in a controlled,
static fashion by having the students sit or stand in
concentric rings: "zooplankton" on the outside,
"fish" in the middle circle, and "eagles" in the
center. "Algae" food energy chips are scattered
outside the circle. The "polluters" play their role
from outside the circle, exchanging mortality cards
for chips with the "zooplankton."

For either approach, the teacher must
establish basic disciplinary ground rules at the onset.

Objectives -

Students will be able to:
> Describe how pollution in a food chain affects
organisms throughout an ecosystem.

> Identify several common storm water
pollutant sources.

KEY WORDS:

pollutants San Joaquin River

bioaccumulation food chain

producers food pyramid

primary consumers toxicity

secondary consumers ecosystem
MATERIALS/PREPARATION:

> QOverhead transparencies 3-1, 3-2, 3-3, and 3-4

> 100 poker chips, peanuts in shells, or tokens;

plus 25 of another color or marked with an X
on the back

> Small paper bags for each student

> Arm bands, signs, or other means to identify
players (see Part 2, Set Up)

> 20 "mortality" cards copied and cut from
master (page LA 3-7)

> Copies of student learning sheet 3-1

LA 3-2
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PART 1: GROUP DISCUSSION

(Time: 15 minutes)

Use class understanding developed in Learning
Activity 1, "What is Storm Water and Where Does
It Go?,"and Learning Activity 2, "What Pollutes
Storm Water and What Can I Do to Prevent it?,"
for review, and introduce today's activity.

TRANSPARENCY 3-1

4 What activities pollute storm water runoff?
4 How does polluted runoff reach river
ecosystems?

TRANSPARENCY 3-2

* What is a food chain?

4 Can you think of examples of
organisms that form a food chain?

4 Which organisms are producers? Primary
consumers? Secondary consumers?

TRANSPARENCY 3-3

+ Why are there more producers than
consumers?

4 pollution reduced the number of producers

in an ecosystem, would it affect the number
of secondary consumers?

4 Ifa pollutant contaminated a producer

would you expect the pollutant to affect the
animal at the top of the food pyramid?
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PART 2: STORM WATER RUNOFF
POLLUTION FOOD PYRAMID GAME

(Time: 10 minutes set-up, 15 minutes of
play and concluding discussion; designed for 30-
35 students)

SETUP:

Prepare students for the game as follows:

e Identify 3 "Eagles", 6 "Fish," and
18 "Zooplankton" using 3 colors of yarn arm
bands, organism name tags, distinctive
movements, or other means.

® The remaining students are the human
"Polluters." Divide the "mortality" cards
among them.

Review the Rules. Use Transparency 3-4 and keep
it in view during play.

RULES:

The chips or tokens are food energy. They begin as
algae (producers) and pass up through the food chain.

>

** "Zooplankton" can only take the chips (algae)

from the "water" (i.e., the ground). "Fish" can
only take chips from "zooplankton." "Eagles"
can only take chips from "fish."

L)

>

** "Polluters" hand out "mortality" cards to "fish"
and "zooplankton" and take their chips away in
return. One card is exchanged for each chip. If
the organism has three chips the polluter takes all
three chips and gives the organism three mortality
cards.

BEGIN THE GAME:

The game begins when the teacher or a student
scatters the "algae" food energy chips into the "water"
(the area of play). The game can be played with 100
unmarked "unpolluted" chips, or 25 of the chips can
be replaced with marked or different color "polluted"
chips to illustrate bioaccumulation. "Ready, get set,
go!ll

LA 3-3
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CONCLUSION:

The game ends when all of the chips are in the
possession of "polluters” and "eagles."

Determine the number of successful "eagles"
sustained by the food pyramid: each "eagle" must
have at least 30 chips and no greater than 8
pesticide contaminated chips. The contaminated chips
represent the bioaccumulation of a pesticide or heavy
metal - the pollutant concentrations were not lethal to
all "zooplankton" or "fish," but accumulated in the
"eagles" to concentrations which may affect survival of
the species.

The "zooplankton" and "fish" must each read
their "mortality" cards to the class. Students should
discuss how each instance of pollution could be
prevented.

Students should be reminded that any one
person contributing to pollution as illustrated in the
game may not cause an environmental catastrophe,
but with half a million people in the Fresno and Clovis
area all contributing to pollution in some way,
environmental degradation does occur.
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VARIATIONS:

It only takes a few minutes to play the game one
time through. As time allows try the following:

Play the game without the "polluters" and
without the "contaminated" chips; on average all
three "eagles" should survive. Then play the game
adding a few "mortality" cards at a time to see the
cumulative affect of incremental pollution on the food
pyramid.

Or, play the game multiple times, preventing
urban runoff pollution a little at a time (eliminating a
few more "mortality" cards each time) until the
"ecosystem" is pollution-free.

LA 3-4
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PART 3: HOMEWORK

(Explanation Time: 10 minutes)

Review with students the following San Joaquin to each student. Using the facts given at the top of
River food chain: Bald Eagle eats trout, trout eats the worksheet, have students complete the
zooplankton, zooplankton eats algae. Distribute worksheet. If class time allows, have students begin
copies of the Learning Sheet 3-1, "Food Pyramid," the assignment in class.

Homework Answers:

1. 1000 grams 4 20 grams = 50 trout
(total weight of (weight of one (number of trout needed to
trout that one trout) feed one eagle for one week)
eagle eats)

2. 35 grams 4 0.1 gram = 350 zooplankton (number of
(total weight of (weight of one zooplankton needed to feed
zooplankton eaten zooplankton) one trout for one week)

by one trout)

3. 50 trout X 350 zooplankton = 17,500 zooplankton
(number of trout (number of (number of zooplankton
needed to feed one zooplankton needed needed to feed the trout

to feed each trout) eaten by one eagle for
eagle) one week)

4. 1.5 grams X 17,500 zooplankton = 26,250 grams of algae
(grams of algae (number of (grams of algae needed to
eaten by one zooplankton needed feed the zooplankton
zooplankton) to feed the trout eaten by the trout eaten

eaten by one eagle) by one eagle for one
week)

206,250
Grams of Algae

Answers continued on next page.
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4+ Why are there more producers
than consumers?

4 If pollution reduced the number
of producers in an ecosystem,
would it affect the number of
secondary consumers?

4+ If a pollutant contaminated a

producer would you expect the
pollutant to affect the animal at

the top of the food pyramid?

Transparency 3-3
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STORM WATER RUNOFF
POLLUTION FOOD PYRAMID GAME

RULES

+*  "ZOOPLANKTON" can only take the chips

(algae) from the "WATER" (i.e., the
ground.

+*  "FISH" can only take chips from
"ZOOPLAN KTON:"

+*  "EAGLES" can only take chips from
"FISH:'

%* "POLLUTERS" handout
"MORTALITY" cards to

"FISH" and

"ZOOPLANKTON" and take their chips
away in return.

One card is exchanged for each chip.

If the organism has three chips the polluter takes all
three chips and gives the organism three mortality
cards.

Transparenc y 3-4

LA 3-11
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Name:
Teacher:

Learning Sheet 3-1

FOOD PYRAMID

Use these facts to solve the following problems:

% Abald eagle weighs 1,200 grams and eats 1,000 grams of trout each week
%y Each trout weighs 20 grams and eats 35 grams of zooplankton each week
% Each zooplankton weighs 0.1 gram and eats 1.5 grams of algae each week

1. How many trout will it take to feed one eagle for a week?

Hint:
Total weight of 4 Weight of one = Number of trout needed of
trout that one trout to feed one eagle
eagle eats

2. How many zooplankton will it take to feed one trout for a week?

3. How many zooplankton are needed to feed the number of trout eaten by one eagle

in a week?
Hint:
Number of X Number of = Number of zooplankton
trout needed zooplankton needed to feed all the
to feed one eagle needed to feed trout eaten by one eagle

each trout

4. How many grams of algae are needed to feed all the zooplankton that are eaten by all the trout

that are eaten by one eagle in a week?
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1
Bald
Eagle

Now fill in the blanks in the food pyramid:

# of Trout

# of Zooplankton

Grams of Algae

5. How would the numbers change in
the food pyramid to support 3 eagles?
Complete the pyramid.

# of Trout

# of Zooplankton

Grams of Algae

6. An area of the river has sustained a population of 5 bald eagles. If a pollutant or combination of
pollutants reduced by 2,730,000 the number of zooplankton available for fish to eat in a year,
how many eagles would be sustained in the area?
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Name:

Teacher:

Student Assessment for Activity 3
HOW IS THE ENVIRONMENT AFFECTED BY STORM WATER POLLUTION?

1. Describe in your own words what happens to the animals at the top of the food pyramid when the plants
at the bottom are poisoned or killed by pollution.

2. Identify at least three storm water pollutants that can poison or kill algae and the things that eat algae.

C.

Others:

3. EXTRA CHALLENGE:

Describe in your own words how storm water pollution can be stopped and why it is important to
prevent pollution.
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Teacher Resource
Student Assessment for Activity 3
HOW IS THE ENVIRONMENT AFFECTED BY STORM WATER POLLUTION?

1. Describe in your own words what happens to the animals at the top of a food pyramid when the
plants at the bottom are poisoned or killed by pollution:

Plants create food energy. When plants are killed by pollution, less food is available for
the animals in an ecosystem. Fewer animals will survive. Sometimes the plants are
poisoned but not killed by pollutants. The pollutants pass from plant to animal to animal
in the food chain, poisoning the animal at the top of the food pyramid.

2. Identify at least three storm water pollutants that can poison or kill algae and the things that eat
algae:

Fertilizers, pesticides, oil, chlorine, metals, soil, sediments, litter, wastes, cleaners,
exhaust (see Mortality Cards)

3. EXTRA CHALLENGE:

Describe in your own words how storm water pollution can be stopped and why it is important
to prevent pollution:

® All of the storm water pollution described on the mortality cards can be prevented.
The class learned about pollution prevention at home, including proper storage, use,
and disposal of household wastes, cleaners, paints, automotive fluids, and garden
chemicals.

® Plants, wildlife, and people depend on a pollution-free environment. Food webs
connect plants and animals, including humans, to each other. When pollution harms
one kind of plant or animal, it harms all the other plants and animals in the food web.
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