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Miracle Mud to Crystal Clear: The Water
Filter Challenge
Materials Needed

A large, clear plastic 2-liter bottle
Scissors or a craft knife (for adult use only)
Cotton balls or a piece of cloth/coffee filter
Activated carbon/charcoal (available at pet stores for aquarium filters; optional but highly
effective)
Fine sand
Coarse sand
Small pebbles or gravel
A large cup or jar to catch the filtered water
A container for your "dirty water" mixture
For the Dirty Water: A pitcher of water mixed with dirt, small leaves, twigs, and maybe a
little grass (avoid oils or chemicals).

Lesson Plan and Demonstration Script

I. Introduction & Hook (5 minutes)

Teacher's Script: "Hello everyone! Imagine you're on a long hike deep in the woods. You've run out
of drinking water, but you find a flowing stream. The water looks mostly clear, but you can see little
bits of dirt and leaves floating in it. You know it's not safe to drink just yet. What could you do?
Today, we're going to become engineers and scientists to solve this exact problem. We are going to
take this yucky, muddy water and design a tool to make it clean right before your eyes!"

(Hold up the pitcher of dirty water for dramatic effect.)

II. The Science of Clean: Key Information Prompts (5 minutes)

Here are five key ideas to share with the group as you introduce the project. Use simple analogies to
help the younger children understand.

The Purpose of Filtration: "Filtration is just a fancy word for cleaning something by passing1.
it through a strainer. Think about when your parents make spaghetti. They pour everything
into a colander, and the water goes through the holes, but the noodles stay behind. Our filter
will do the same thing, but it will have much, much smaller holes to catch tiny things like dirt."
Why We Need Clean Water: "Our bodies need water to be healthy and strong, but dirty2.
water can have things in it that make us sick. Removing the visible 'yuck' like dirt, leaves, and
bugs is the very first step in making water safe."
The Power of Layers: "We can't just use one thing to filter water, because the 'yuck' comes3.
in all different sizes. Our filter will use different layers to catch different things. The big stuff
will get caught first, then the medium stuff, and finally, the really tiny stuff."
Nature's Cleaning Crew: "The materials we're using today—rocks and sand—are what4.
nature itself uses to clean water. As water seeps down through the ground, it passes through
layers of gravel and sand, which filters it naturally. We are just copying a process that the
Earth has been doing for millions of years!"
A Very Important Safety Note: "Our filter is amazing for getting out dirt and particles you5.
can see. However, it cannot get out microscopic germs or chemicals that you can't see. So,
even though our water will look clean, it's still not safe to drink! To make it truly safe, it would
need to be boiled or treated further. This is a model to show the process."
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III. The Demonstration: Building and Engaging (15 minutes)

Follow these steps to build the filter. Pause to ask the engagement questions at the specified points
to keep the students involved.

Prepare the Bottle: (Adult step before the demo) "I've carefully cut the bottom off this 2-liter1.
bottle. We are going to turn it upside down and use it like a big funnel."
First Layer - The Stopper: "First, we need something at the very bottom to stop all our filter2.
layers from falling out. We'll stuff some cotton balls into the neck of the bottle. What do you
think would happen if we forgot this step?"
ENGAGEMENT QUESTION #1: (Hold up the dirty water again.) "Let's be detectives. Looking3.
closely at our dirty water, what are some of the different things you see floating in here that
we need to remove?" (Encourage answers from all ages, like "leaves," "dirt," "twigs,"
"floaties.")
Second Layer - Gravel: "Now for our first filtering layer. We'll add the pebbles or gravel. This4.
layer will be our 'bouncer'—it's here to stop the biggest intruders, like twigs and leaves."
ENGAGEMENT QUESTION #2: "Why do you think we are putting the biggest rocks in first, at5.
the top of our filter (which is the bottom of the bottle flow)? What might happen if we put the
sand in first?" (This encourages older kids to think about order and clogging).
Third Layer - Coarse Sand: "Next, we will add a layer of coarse sand. This will catch pieces6.
that are smaller than the pebbles but still pretty big."
ENGAGEMENT QUESTION #3: "What job do you predict this sand layer will do that the rocks7.
couldn't?" (Prompts them to think about the relationship between particle size and filtering
ability).
Fourth Layer - Activated Charcoal (Optional): "This is our secret weapon. This is activated8.
charcoal. It does more than just trap particles; it has millions of tiny, microscopic pores that
can actually pull out some impurities from the water through a process called adsorption. It's
like a chemical magnet for some of the yuck."
ENGAGEMENT QUESTION #4: "This material is used in professional water filters for fish9.
tanks and even for camping. What special power do you think this charcoal layer might have
that sand and rocks don't?" (Sparks curiosity and introduces a more advanced chemical
concept simply).
Fifth Layer - Fine Sand: "Finally, we add our last layer: the fine sand. This will catch the10.
finest particles of dirt and silt."

IV. The Big Test & Conclusion (5 minutes)

"Alright, the moment of truth! Our filter is built. I'm going to place our empty jar underneath and
slowly pour our dirty water into the top. Let's watch what happens."

(Pour the water slowly and allow it to trickle through. The first bit of water might be dark from the
charcoal dust, which is normal. The subsequent water should be much clearer.)

"Look at that! Compare the water we put in to the water we got out. We successfully separated the
dirt and debris from the water using our layered filter."

ENGAGEMENT QUESTION #5: "You are all now water engineers. If we wanted to make this water
even cleaner on a second pass, what is one thing you would change or add to our filter design?
There are no wrong answers!" (This encourages creative thinking, problem-solving, and innovation).

Wrap-up: "Great ideas, everyone! You've learned today how filtration works and how we can use
natural materials to clean water, just like the Earth does. It's a simple idea that has a huge impact on
people's lives all over the world."
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V. Differentiation for Your Co-op Group (6-17 years old)

For Younger Students (Ages 6-9): Focus on the sensory experience and the "magic" of the
transformation. Let them touch the sand and rocks (with supervision). Ask them to describe
the dirty water ("It's brown, it's chunky!") and the clean water ("It's clear!"). Their main
takeaway is "we made dirty water clean."
For Middle Students (Ages 10-13): Encourage them to answer the "why" questions. Ask
them to draw a diagram of the filter in a notebook and label the layers. Challenge them with
Question #5 to think like an engineer and justify their proposed improvements.
For Older Students (Ages 14-17): Discuss the scientific principles in more depth. Introduce
terms like porosity (the space between particles), permeability (how easily water flows
through), and adsorption (the charcoal's chemical process). Ask them to compare this simple
model to municipal water treatment plants or backpacking water filters. Challenge them to
research and explain the difference between a filter (removes particles) and a purifier
(removes or kills pathogens like viruses and bacteria).


