
Creating Clean Water 

Students and visitors will take unclean water through the process used by a water treatment plant, 
replicated to match the processes used at Pittsburgh Water and Sewer Authority. 

 Station 1 – Clarification: Bring a dirty water sample through the filtration, flocculation, 
and adsorption steps of a water treatment plant! Visitors will learn about the different 
stages to removing contaminants and solids from our water, as well as walk away 
understanding why each chemical added and filter used is so important to give us such 
clean drinking water. 

 Station 2 – Disinfection: How do we get rid of all the microorganisms in our drinking 
water we can’t see?  Observe what happens to yeast when a small amount of chemical 
disinfectant is used. 

 Station 3 – Fluoridation: Why do we add fluoride to the water? Make a guess at what 
happens to egg shells treated and untreated with fluoride after being soaked in Coca Cola. 
How does this relate to what happens to your teeth? Learn the importance of fluoridation 
to water before it comes to your tap! 

*This program is currently only available for informal community events. 

 



The following are suggested questions for teaching this lab to students at a variety of 
levels, as well as important vocabulary for students and volunteers to know. 

 

 

General Concepts 

 Physical contaminants primarily impact the physical appearance or other 
physical properties of water. 

o Examples of physical contaminants are sediment or organic material 
suspended in the water of lakes, rivers, and streams from soil 
erosion, as well as rocks, sticks or large objects visible by the naked 
eye. 

 
 Chemical contaminants are elements or compounds. These 

contaminants may be naturally occurring or man-made.  
o Examples of chemical contaminants include fertilizers, pesticides, 

heavy metals, and human or animal drugs (i.e. estrogen or steroids). 
These generally cannot be seen with the naked eye. 

 
 Biological contaminants are organisms in water. They are also referred 

to as microbes or microbiological contaminants.  
o Examples of biological or microbial contaminants include bacteria, 

viruses, protozoans, and parasites. These generally cannot be seen 
with the naked eye. 

 

 

 

 

 

 

 

 

 

 

 

 



Station 1- Part 1: Physical Filtration 

Beginner Intermediate Difficult 

What is contamination? What are different kinds of 
contamination? 

How will different kinds of 
contamination dictate the 

processes we apply to the water? 

What do you think is the 
first step to cleaning it? 

What do you think is the 
first step to cleaning it? 

What do you think is the first step 
to cleaning it? 

How effective was the 
cleaning? 

What are relevant factors 
for effective filtration? 

How would you design an effective 
physical filtration system? 

Do you think we should do 
further steps to clean the 

water? 

What things are going to 
be left behind after 

filtration? 

What will be difficult to remove 
using physical filtration? Why?  

 
 
Physical Filtration Concepts and Vocabulary to Focus on: 
“Dirty” water - harmful things are not always visible and visible things are not always harmful 
Filter (size-based) - to separate large particles out of the water by adding a medium through 
which only the fluid can pass  
Soluble - can be dissolved 
Insoluble - cannot be dissolved 
Contamination - something in the water which is not desired  

 

 

 

 

 

 

 

 

 



Station 1-Part 2: Flocculation 

Beginner Intermediate Difficult 

Is the water still 
contaminated? 

Why is the water still 
contaminated? 

What is making the water 
contaminated? 

Why did small particles remain 
in the water? 

How could you get rid of 
small particles? 

How could you get rid of small 
particles? 

What happened when we 
added the chemical (alum)? 

What happened when we 
added the flocculating 

agent? 

How do you think the 
flocculating agent captures or 
isolates those small particles? 

Do you think we should do 
further steps to clean the 

water? Would you drink it? 

What remains in the water 
after filtering out the 
flocculating agent? 

Is there anything that wouldn’t 
be captured by the flocculating 

agent? 

 
Flocculation Concepts and Vocabulary to Focus on: 
Selective Binding - a particle binds one thing but not all things  
Flocculation - particles come out of suspension (particles were not dissolved in the first place) 
Precipitation - particles come out of a solution (particles had been dissolved) 
Aggregation - smaller things gathering together  
Ions -  an atom or molecule with an electric charge  
 

 

 

 

 

 

 

 

 



Station 1-Part 3: Adsorption 

Beginner Intermediate Difficult 

What color is the 
water? 

What makes the water colored? Why is the dye affecting the 
color of the water? 

Can you remove 
the color from the 

water? 

How would you remove the color from 
the water? 

How would you remove the 
color from the water? 

What color is the 
water after the 

charcoal? 

How effective was the charcoal in 
cleaning the water? How does 

physical and chemical separation 
differ? 

Why does the charcoal remove 
the dye? How does physical and 

chemical separation differ? 

Where did the 
color go? 

Why is it important that this step 
comes after physical filtration? 

Do charcoal filters expire? Why? 

 
Chemical Filtration Concepts and Vocabulary to Focus on: 
What is charcoal? A black, porous form of carbon produced by heating wood or bone in little or 
no air.  
What is a dye? A molecule (chemical contaminant) which gives color to the water  
Surface area - a measurement of all the space that the surface of a three dimensional shape 
takes up  
Saturation - when no more of something can be adsorbed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Station 2: Disinfection 

Beginner Intermediate Difficult 

What is an 
“infection”? 

What is a biological contaminant? 
How does it differ from a physical 

or chemical contaminant? 

What types of organisms can create 
sickness through ingestion?  

What causes 
infections? 

Why would we want to get rid of 
biological contaminants? 

How large are these “biological 
contaminants”? Why can’t they be 
removed in a cost-effective way by 

physical filtration or chemical 
separation? 

What cures 
infections? 

Was the treatment  effective? How 
can you tell? 

Was the treatment effective? How can 
you tell? Why do you think the yeast 

were affected by the acid? 

How can you 
prevent 

infections? 

Why is it important to have 
controls for science experiments? 

Why is it important to have controls for 
science experiments? 

 
Disinfection Concepts and Vocabulary to Focus on: 
Respiration - the process that all living things go through to create the energy they need to live. 
This process generates CO2 gas as a product (only occurs when biological contaminants are 
present, not a property of chemical contaminants) 
Control - something used as a constant and unchanging standard of comparison in scientific 
experimentation 
 
 
 

 

 

 

 

 

 

 

 



Station 3: Fluoridation 

Beginner Intermediate Difficult 

Is there anything you 
might want to add to 

water? 

Are there any good 
chemicals we might want 

to add to water? 

Are there any health benefits of adding 
chemicals to water? 

Why is it important to 
add things to water 

last? 

Why does this step 
occur last in a water 

treatment plant? 

Why does this step occur last in a water 
treatment plant? 

What are the color 
differences between 

treated and untreated 
eggshells? 

Why is there a color 
difference between the 
treated and untreated 

eggshells? 

How could you test or measure the 
effectiveness of adding fluoride to water? 

What would happen 
to your teeth if fluoride 

wasn’t added to 
water? 

What would happen to 
your teeth if fluoride 

wasn’t added to water? 

Who decides to add fluoride to water or to 
take out contaminants from water? How 
do they decide how much fluoride should 
be added or what contaminant levels are 

ok? 

 
Fluoridation Concepts and Vocabulary to Focus on: 
“good” chemicals vs “bad” chemicals - water and oxygen are healthy chemicals whereas 
cyanide is natural (found in plants/seeds), “organic,” and yet deadly  
Concentration - the number of molecules of a substance in a given volume. “Good” versus 
“bad” chemicals are often dictated by their concentration!! 
strength of bonds - Fluoride binds to teeth with very strong bonds which helps protect them 
 



Station 1: Part 1 – Filtration 
The first step in water treatment is to get rid of large 

contaminants like dirt and debris. This is done by using a 
filter that will catch large particles and separate them 

from the water and small particulates. 

 

 

 

 

 

 

 

 

 

 Take a cup of untreated, dirty water 
o What contaminants can you see? 
o Do you think there are any you can’t see? 

 Slowly pour the water through the coffee filter and 
collect it in a new cup 

o How does the water look after the filtration? 
o What type of contaminants were removed in this process? 



Station 1: Part 2 – Flocculation 
Simple filtration can’t remove all the contaminants from 

water, especially if they are very small. Flocculation 
gathers tiny particulates by sticking to them and clumping 
them into “flocs.” The flocs or clumps either sink to the 

bottom or are filtered out. 

 

 

 

 

 

 

 

 

 Add 1 spoonful of alum and a pinch of baking soda 
to the cup of water from Part 1 

 Swirl the cup to mix it, then let it settle for a minute 
o Observe how the water looks at this stage. 

 Pour the mixture through a clean coffee filter 
o How does the water look after flocculation? 
o Were small particulates removed? Is the water still “dirty”? 

 



Station 1: Part 3 – Adsorption 
Unlike absorption, where a material soaks something up, 
in adsorption, particles stick to the surface of a material. 
Adsorption helps to remove chemical contaminants that 
the naked eye can’t see, such as fertilizers, dyes, metals 

(e.g. lead), or pharmaceuticals.  

 

 

 

 

 

 

 

 Add a small amount of activated charcoal to your cup 
of water from Part 2 

 Swirl the cup to mix it, then let it settle for a minute 
o Observe how the water looks at this stage 

 Pour the mixture through the filter paper 
o How does the water look after the adsorption step? 
o What contaminant was removed? Is the water still “dirty”? 
o DID YOU KNOW? Often found in household Brita filters, 

activated charcoal is a material that has a very large surface 
area to adsorb particles from water. 



Station 2: Disinfection 
Harmful bacteria and parasites such as Giardia, E. coli, 
and Legionella can make you very sick if not properly 

removed from water.  

 

 

 

 

 

 

 

 Place two bowls in the warm water bath with the 
following ingredients: 
Bowl 1: yeast, water and sugar 
Bowl 2: yeast, water, sugar and cleaning solution 

 Observe yeast respiration in the form of CO2 bubbles 
o In which bowl do you observe respiration? 
o In which bowl is there no respiration? Why? 
o What ingredient is necessary to kill the yeast? 

 DID YOU KNOW? Boil water advisories are put in 
place as a final precaution when it’s suspected that 
bacteria may remain in your water.  



Station 3: Fluoridation 
Some chemical additives in water are beneficial for us; 

Fluoride prevents cavities, tooth decay, and discoloration 
of your teeth. 

 

 

 

 

 

 

 

 One eggshell was soaked in fluoride containing water 
and the other was soaked in non-fluoride containing 
water. Then, both eggshells were soaked in Coca-
Cola. 

o DID YOU KNOW? Both eggshells and teeth are composed 
of calcium containing minerals 

 Write down your predictions! 
o What do you expect the non-fluoride treated egg to look like? 
o What do you expect the fluoride treated egg to look like? 

 Lift up each cup to see the results. 
o How close were your predictions?  
o Should fluoride be added to the water supply? 



Water Purification Demo Protocol and Supplies List 

Station 1:  

Part 1: Filtration 

1. BEFOREHAND: Prepare “dirty water” with one spoonful dirt and less than 1 drop 

food coloring (This is for dixie cup amount, maybe about 25 ml) 

2. Pour through coffee filter, which will physically separate “chunks” of dirt/rocks. 

 

 
Dirty water                                Filtration                             Post-Filtration 

Part 2: Flocculation 

1. Take filtrate from Part 1 and add one spoonful of Alum and a pinch of baking soda 

(we found it works better if somewhat basic).  

2. Swirl the cup around to mix and allow the Alum to clump and settle somewhat.  

3. Pour through a clean coffee filter which will remove small particulates now attached 

to Alum clumps. Water should be less cloudy (no suspended particles).  

 

 

 

 

 

 

 

 

 

 

       After addition of Alum                                Post-Filtration 

 



 

Part 3: Adsorption 

1. Take filtrate from Part 2 (The food coloring should be the main contaminant at this 

stage) and add about the tip of a spoon of activated charcoal (found in Brita filters).  

2. Swirl cup to mix. 

3. Pour through filter paper to remove charcoal (and adsorbed colored molecules) to 

produce “clean” water. 

 

 

   After addition of charcoal                       Filtration                  Dirty water (Part 1) v. Final water 

 

Supplies List (Parts 1-3): 

 Water 

 Dirt (nice topsoil did not work very well, so we literally used dirt from outside!). The 

water needs to turn muddy with small particulates. The topsoil created water with dirt 

clumps that were all removed after Part 1. Steve got this- it’s in a large bucket that we 

can bring. 

 Food coloring 

 3 funnels, 3 ring stands and 3 O-ring clamps to hold funnels (one for each “part”) We 

were able to do this without clamps and stands during the practice run 

 Plastic cups (would be ideal if they were clear so it’s easy to see water clarity). They 

should also be small (maybe like the clear plastic cups they serve wine in sometimes?) I 

recall we needed more of these during the trial run 

 Coffee filters 

 Plastic spoons 

 Large filter paper (can be bought from Thermo-Fisher; we used Whatman 150mm cat. 

no. 1001-150) 



 Alum (can be found in grocery stores, but could also probably be bought in bulk from 

chem supplier) Make sure you have this- I have a vague memory of Ashley taking it for 

some reason 

 Baking Soda 

 Activated charcoal (Warning: can get messy if not supervised!) 

 Optional Visuals:  

o A Brita filter cut in half so students can see that the filter contains charcoal and 

uses a similar process to what they are doing in the lab 

o A vial containing 7.558 g of charcoal, which has the same surface area as a 

football field!! (meaning a lot of area for molecules to stick to) 

 

 

Station 2: Disinfection 

1. Place two bowls into a water bath held at 45°C.  

2. Prepare the two bowls; the first (control) contains only yeast, tap water, and sugar and the 

second contains yeast, tap water, sugar and acid solution (Kaboom).  

3. Observe CO2 production (or lack or production) and record observations (may take a few 

minutes to get really bubbly). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplies List: 

 two bowls (we used beakers I think) 

 yeast 

 water 

 sugar 

 water bath equipped with heating plate and thermometer. During trial runs, I believe we 

just used a hot plate. Did you happen to write down the temperature settings or any notes 

on the ratio of acid cleaner to sugar to yeast? I remember getting this up and running was 

a little finicky….. 

 Kaboom! (Bathroom tub and tile cleaner: active ingredient is sulfamic acid) 

Left: With “acid”/ Kaboom 

Right: Without acid (aka control) 



Station 3: Fluoridation 

Demo preparation: Ahead of time! 

1. Place some of the eggshells in a 1M sodium fluoride solution in water for approx. 15 

minutes. Other eggshells should not be fluoride treated and used as a control. (Note: Use 

caution when treating eggs) 

2. Soak both treated and untreated eggshells in coke overnight (just need enough to 

completely cover the eggshells). The untreated eggshells should turn more brown as 

compared to the fluoride treated eggshells.  

 

 

Performing the demo: 

1. Place the eggshells underneath cups labeled “fluoride treated” and “untreated.”  

2. Using eggshells as a proxy for teeth, the kids should try to guess what affects long term 

coke consumption can have on your teeth if they were not exposed to fluoride in drinking 

water, toothpaste, or via regular dental visits and how regular fluoride treatment would 

change these affects. 

3. The kids can now lift the cups to reveal the eggshells and observe the differences in 

coloration.  

Supplies List: 

 eggs or eggshells 

 sodium fluoride 

 water 

 coca-cola 

 cups (or something to hide eggshells) 

 tweezers (to pick up eggshells gently) 

 



Water Purification: Take Home Questions 

1. How would you remove a biological contaminant (such as bacteria) versus a 
chemical contaminant (such as lead) from your water? In which case would 
boiling the water be an effective method? 
 
 
 
 

2. What is filtration? What does it do in a water treatment plant? 
 
 
 
 
 

3. Did the water that contained fluoride additives protect the eggshell from 
becoming discolored? Why would adding fluoride to our water be beneficial? 
   

 

 

 



                                                                                                                                                                             

 Fluoride protects our teeth from cavities and contributes to strong, 
healthy bones 
 

 Fluoride has been added to U.S. public drinking water since the 
1940s 
 

 Fluoridation is a public health strategy with one of the greatest return-
on-investment. For most cities, every $1 invested in this preventive 
measure yields approximately $38 saved in dental treatment costs, 
not even considering time taken off of school or work 
 

 Fluoride is already naturally occurring in most water sources; 
fluoridation adjusts the level of fluoride to the recommended level for 
preventing tooth decay 
 

 The CDC recommends communities fluoridate water at 0.7 parts per 
million 
 

 Fluoride works by binding to tooth enamel, which is primarily made up 
of hydroxylapatite. By replacing a hydroxyl group on the surface on 
the enamel, fluoride makes the tooth more resistant to acid attack 
from bacteria 
 

 Fluoride is not linked to lower IQ scores, contrary some unreliable 
studies reported in China, Mexico and India 
 

 Fluoride has also never been linked to cancer 
 

 Fluoride is not a medication, but a nutrient that can be added to water 
according to U.S. court rulings. There are several examples of how 
everyday products are fortified to enhance the health of Americans, 
such as iodine added to salt, folic acid added to breads and cereals 
and Vitamin D added to milk 
 

 Some European countries rely on fluoridated salt rather than 
fluoridated water, as some logistical challenges exist with water 
sourcing and terrain 

Source: Wisconsin Dental Association (www.wda.org) 
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