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Fabulous Filtering Fungi
Kwiaht Center for the Historical Ecology of
the Salish Sea, WA

Project Synopsis

Students living on six small islands in the state of Washington
are surrounded by some of the most important marine
habitat in North America: home to killer whales, five species
of salmon, many species of rockfish, Marbled Murrelets, and
Tufted Puffins, all listed under the Endangered Species Act.
Students are committed to adopting lifestyles that are
compatible with the survival of these species, but a major
problem is containing and treating toxic run off from the
roads. Run-off water from storms washes oil off the roads and
carries it to the sea, where it has killed herring fish, a keystone
species on which other marine life depends.

This project expands a study begun by Grades 6, 8, and 10
students at the Orcas Island School in 2011-12 that rigorously
tested the ability of local Oyster Mushrooms to digest

motor oil. Students continue to develop and test better strains
of Oyster Mushrooms for cleaning the islands’ roads. They
have also successfully inoculated straw bales and hardwood
chips with spores of the best oil-absorbing varieties of oyster
mushrooms and used those bales and chips to create a barrier

between the road and the bay, through which run-off water is
filtered.

Adapting the Project for Replication Elsewhere

Combining plants with fungi can increase the capacity of a
bio-remedial garden to hold water, filter metals out of water,
and metabolize hydrocarbons. But the fungi must be adapted
to living with the soils and plant species involved, and must
have a demonstrated ability to filter, accumulate or degrade
contaminants. The particular species of plants and fungi
useful in one part of the country won’t necessarily live
elsewhere, so students should identify, collect and grow local,
native species for best results.

NGSS for 5th grade, Middle School Life Science and
High School Life Science

5-MS-LS-2

MS-LS-2

MS-ET-S1-B

HS-LS-2-C,D, 7

HS-ET-S1-B

Supplies and Equipment-

Lesson 1: Collecting and Identifying Local Fungi
« fungi field guide

o trowels

« magnifiers

Lesson 2: Culturing Fungi in the Classroom

« autoclave or home pressure cooker

 electronic scale (accurate to 10 mg)

1 liter glass jar with metal or nylon closure

o glass petri dishes (12 pr sterilized) OR
pre-sterilized plastic petri dished (24)

« malt extract agar (maltose yeast extract, agar,
water)*

o alcohol lamp

« scalpel and/or forceps

« alcohol resistant marking pen

« disposable lab gloves (Nitrile or Latex)

« Parafilm or masking tape and aluminum foil

« magnifiers (10x to 20x)

Lesson 3:

Selecting a Fungal Strain for Remedial Power

« fungal colonies grown for Lesson 2

« autoclave or home pressure cooker

 electronic scale (accurate to 10 mg)

« 1 liter glass jar with metal or nylon closure

« glass petri dishes (12 pr sterilized)

o OR pre-sterilized plastic petri dished (24)

« malt extract agar (maltose yeast extract, agar,
water)*

« alcohol lamp

« scalpel and/or forceps

« alcohol resistant marking pen

« disposable lab gloves (Nitrile or Latex)

« Parafilm or masking tape and aluminum foil

« graph paper and low power magnifiers

« motor oil, cupric sulfate, or phenanthrene
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In addition, environmental issues and contaminants vary from
place to place. Students should identify a real world problem in
their area for which they would like to study the effectiveness of
myco-remediation (using fungi to degrade or absorb
contaminants), phyto-remediation (using plants to degrade or
absorb contaminants) or both. This lesson and environmental
stewardship project is provided in three versions, to address
different types of pollutants students may face in their
communities. The first is motor oil on roadways, carried by
run-off water to nearby streams, rivers, or - in the case of students
on Orcas Island - the sea. The second is copper, which can flake
off brake linings onto roadways and be carried by stormwater
run-off to the nearest waterway. The third is PAHs (polycyclic
aromatic hydrocarbons) which occur in oil, coal and tar deposits
and become atmospheric pollutants when fossil fuels are burned,
and can also be found in some pesticides and pharmaceuticals
that find their way into runoff water.

Fabulous Fungi LITE

Younger students, classes with less time to spend on this topic, or
schools that lack the necessary equipment may want to consider
building a rain garden that can slow the flow of runoff water long
enough to allow pollutants to be trapped and degraded or
absorbed. Rather than collecting, cultivating and challenging
various species to determine which is the most effective at
mitigating pollution, students can do a literature search or consult
with local native plant nurseries. The EPA lesson on The Role of
Plants in Water Filtration can also be used with younger students
(grades 4-7).

Debriefing

Fungi and plants can reduce the contaminants in soil and runoft
or groundwater in several ways: by trapping suspended particles,
so that they can be broken down and used as nutrients; by
absorbing dissolved pollutants as nutrients; by absorbing
pollutants that are simply stored or sequestered in fungi or plants.
Not everything that is considered toxic to humans or animals is
toxic to plants ~ in fact, some plants can thrive by using pollutants
as nutrients.

Lesson 4: Testing Fungi for Remedial Effectiveness

fungal colonies grown for Lesson 3
autoclave or home pressure cooker

100 mL and 500 mL glass graduated cylinders
12 clean wide mouth one-cup glass jelly jars
1 liter of dry rye grain berries

alcohol lamp, scalpels and/or forceps
disposable lab gloves (Nitrile or Latex)
alcohol resistant marking pen

motor oil OR 1% Cupric Sulfate solution**
OR 0.1% Phenanthrene solution***
reagents for determining concentrations of
toxins

(See Laboratory Manual)

Lesson 5: Scaling Up Propagation

tungal colonies grown for Lesson 3
autoclave or home pressure cooker
electronic scale (accurate to 10 mg)

10 glasss one-quart canning jars w/ secure
metal or nylon lids

10 quarts dry rye grain berries

alcohol lamp, scalpels and/or forceps
disposable lab gloves (Nitrile or Latex)
alcohol resistant marking pen

Lab Manual Activity 2: Determination of Motor
Oil Base Stock

See list of materials in Lab Manual section
Lab Manual Activity 3: Determination of
Copper

See list of materials in Lab Manual section
Lab Manual Activity 4: Determination of Per-
sistent Biological Toxics by ELISA

See list of materials in Lab Manual section

Project Partners

Captain Planet Foundation

Russel Brand, Kwiaht Center for the
Historical Ecology of the Salish Sea
Marta Branch, science teacher,
Orecas Island School District

Dr. Fiona Noris, Director,

San Juan Nature Institute
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Extensions

The Kwiaht lessons contain several extensions. The techniques
described in the lessons can be used as a guide for students who
would like to experiment with use of fungi and plants to degrade
or absorb oil, to sequester metal particles such as copper, and to
degrade some of the large atmospheric hydrocarbon molecules
that result from burning of fossil fuels. Students at Orcas
Island schools have successfully used mushroom-covered
straw bales and wood chips to filter water as it runs off the
roads towards the bay. They are currently testing different
plant species to see which will be most effective at absorbing
and sequestering copper. Then they will plant the winning
species in a rain garden or swale between the road and the
bay, and allow the plants to accumulate copper from
run-oft water for a year or more. To prevent the release of
copper back into the ecosystem due to decomposition of
dead plants, students plan to harvest the plants and burn
them to recover the copper they contain. Consider these
variations of the original Kwiaht lesson and project as
possible extensions.

Students may want to research and demonstrate alternate
water purification methods and compare results by

testing water before and after treatment with a kit such as
this or this. This Ted Talk on 6 Ways Mushrooms Can Save
the World might inspire some students to follow up with
experiments of their own design. Additional topics within
the Fabulous Fungi lessons that might spark curiosity for

This American Land

This American Land is an original conservation
newsmagazine series on public television stations
nationwide. Opening windows to our country’s
amazing natural heritage, the show reports
engaging stories on America’s landscapes, water,
and wildlife, taking viewers to the front line of
conservation, science and outdoor adventure with
stories that inform and entertain.

This American Land is produced by
Environmental New Trust (ENT), a non-profit
news venture which has produced and distributed
hundres of envrionmental news stories for an
international broadcast and Internet audience since
2004, ENT was founded by award winning
television correspondent Gary Strieker, who
reported for 20 years with CNN as a bureau chief
and international environment correspondent.
Gary is the executive producer of This American
Land.

Safety Considerations

Teachers should direct students to wear gloves and/
or wash hands thoroughly after collecting handling
mushrooms, as some wild mushrooms are toxic.
Also please enforce lab safety protocols regarding
glassware, burners and equipment.

further research and experimentation include 1) the adaptive strategy of mycelia to create antibiotics to protect
themselves from soil bacteria, and how this has benefitted humans; and 2) the interrelationships of plants and
fungi. Drain stenciling (“Don’t dump - leads to waterway”) is another way classes can be involved in protecting
water quality through an environmental stewardship project.

Environmental Stewardship and Citizen Science

Environmental stewardship projects, such as native fish restoration, are empowering because they offer students
a chance to make a difference by solving real-world problems. This is especially important because research has
shown that learning about environmental science in the absence of such opportunities to act, can be
overwhelming and affect adult attitudes and behaviors. Stewardship projects also cultivate collaboration,
communication and other skills that contribute to employability in STEM fields.

Technology Integration
Students use technology in the science lab including an autoclave, spectrophotometer, electronic scales, vortexer,
and ELISA kit (enzyme-linked immunosorbent assays).
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Next Generation Science Standards Correlations

5-LS2.A: Interdependent Relationships in Ecosystems (5th grade)

« The food of almost any kind of animal can be traced back to plants. Organisms are related in food webs in
which some animals eat plants for food and other animals eat the animals that eat plants. Some organisms, such
as fungi and bacteria, break down dead organisms (both plants or plants parts and animals) and therefore
operate as “decomposers.” Decomposition eventually restores (recycles) some materials back to the soil.
Organisms can survive only in environments in which their particular needs are met. A healthy ecosystem is
one in which multiple species of different types are each able to meet their needs in a relatively stable web of life.
Newly introduced species can damage the balance of an ecosystem. (5-LS2-1)

5-LS2.B: Cycles of Matter and Energy Transfer in Ecosystems (5th grade)

« Matter cycles between the air and soil and among plants, animals, and microbes as these organisms live and
die. Organisms obtain gases, and water, from the environment, and release waste matter (gas, liquid, or solid)
back into the environment. (5-LS2-1)

Students who demonstrate understanding can:

5-LS2-1. Develop a model to describe the movement of matter among plants, animals, decomposers, and the
environment.[Clarifcation Statement: Emphasis is on the idea that matter that is not food (air, water,
decomposed materials in soil) is changed by plants into matter that is food. Examples of systems could include
organisms, ecosystems, and the Earth.] [Assessment Boundary: Assessment does not include molecular
explanations.]

MS -LS2.C: Ecosystem Dynamics, Functioning, and Resilience

« Biodiversity describes the variety of species found in Earth’s terrestrial and oceanic ecosystems.
The completeness or integrity of an ecosystem’s biodiversity is often used as a measure of its health. (MS-LS2-5)

MS -LS4.D: Biodiversity and Humans (Middle School)

« Changes in biodiversity can influence humans’ resources, such as food, energy, and medicines, as well as
ecosystem services that humans rely on—for example, water purification and recycling.(secondary to MS-LS2-5)

MS -ETS1.B: Developing Possible Solutions

o There are systematic processes for evaluating solutions with respect to how well they meet the criteria and
constraints of a problem. (secondary to MS-LS2-5)
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Students who demonstrate understanding can:

MS-LS2-5 Evaluate competing design solutions for maintaining biodiversity and ecosystem services.*
[Clarification Statement: Examples of ecosystem services could include water purification, nutrient recycling,
and prevention of soil erosion. Examples of design solution constraints could include scientific, economic, and
social considerations.]

HS-LS2.C: Ecosystem Dynamics, Functioning, and Resilience

« Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species. (HS-LS2-7)

HS-LS4.D: Biodiversity and Humans

« Biodiversity is increased by the formation of new species (speciation) and decreased by the loss of species
(extinction). (secondary to HS-LS2-7)

o Humans depend on the living world for the resources and other benefits provided by biodiversity. But human
activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat
destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so that
ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on Earth.
Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational value.
(secondary to HS-LS2-7) (Note: This Disciplinary Core Idea is also addressed by HS-LS4-6.)

HS-ETS1.B: Developing Possible Solutions

o When evaluating solutions it is important to take into account a range of constraints including cost, safety,
reliability and aesthetics and to consider social, cultural and environmental impacts.(secondary to HS-LS2-7)

HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the
environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization,
building dams, and dissemination invasive species.]
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Links

6 Ways Mushrooms Can Save the World — Ted Talk by mycologist Paul Stamets

http:/ /www.ted.com/talks/ paul_stamets_on_6_ways_mushrooms_can_save_the_world.html

EPA Lesson: Role of Plants in Water Filtration (grades 4-7)
http://water.epa.gov/learn/kids/drinkingwater/upload/2005_03_10_kids_activity_grades_4-8_plantsinwaterfil-
tration.pdf

Water Purification and Filtering Methods
http://www.dew-drop.com/waterpurificationusingplants.html

Promises and Prospects of Phytoremediation (Scott Cunningham and David Ow)
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC157769/pdt/1100715.pdf

Global Rivers Environmental Education Network (GREEN) Water Quality Test Kits

(sold by many vendors) is suitable for all grades

http://www.acornnaturalists.com/store/ GREEN-Global-Rivers-Environmental-Education-Network-COMPRE-
HENSIVE-WATER-QUALITY-MONITORING-KIT-P489C0.aspx

AM-12 TestTabs Water Investigations Kit (sold by many vendors)

is suitable for all grades and includes copper test kit
http://www.lamotte.com/en/education/water-monitoring/5849.html
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