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What is Ocean Acidification?
Imagine you are trying to build a house out of bricks. 
Usually, there are plenty of bricks around that you can use 
to build your home, but recently it has been harder and 
harder to find enough bricks to keep building. As a result, 
your home is not as strong as it needs to be to protect 
you. If you were shellfish, this would be a daily problem in 
the ocean.

Shellfish, such as clams, crabs, mussels, and oysters, live 
in their shells, just like we might live in brick houses. But 
instead of bricks, their shells are made of a compound 
called calcium carbonate (CaCO3). Calcium carbonate 
molecules are formed by one calcium (Ca) atom, one 
carbon (C) atom, and three oxygen (O) atoms formed 
together. You can think of calcium carbonate as a building 
block that is freely available in ocean water. Before human 
interference, there was enough calcium carbonate available. 
However, because of increases in greenhouse gas emissions, 
these building blocks are becoming less abundant. This 
process of decreasing calcium carbonate levels is called 
ocean acidification. 

Acidification happens when something, usually a liquid, 
becomes more acidic (decreasing pH). Here is how it 
works. Human activities, like the burning of fossil fuels, 
release billions of tonnes of carbon dioxide (CO2) into 
the atmosphere. As a result, the concentration of carbon 
dioxide in the atmosphere becomes much higher than it 
should be. The ocean absorbs about 30 percent of the 
carbon dioxide, so as the amount of carbon dioxide in the 
atmosphere increases, so does the amount absorbed by  
the ocean.

When carbon dioxide enters the ocean, it undergoes a 
chemical reaction, resulting in free hydrogen ions (H+). 
Hydrogen ions are acidic, so the more free hydrogen ions 
in the ocean, the more acidic the ocean water becomes. 
Remember the compound calcium carbonate that shellfish 
use to build their shells? The calcium carbonate will bind 
with the free hydrogen ions acting as the oceans’ pH 
buffer, which softens the impact of ocean acidification. 
However, because of this process, there is now less calcium 
carbonate that shellfish can use to build their shells and 
skeletons. Without enough calcium carbonate, the shellfish 
shells can end up deformed and weak, making shellfish 
more vulnerable to storms and predation. As a result, 
shellfish around the world are experiencing population 
declines.
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By using the economic indicators and shellfish population 
predictors, they figured out which provinces would have 
larger declines in shellfish populations and how that would 
impact each province’s economy.

T. Wilson and Dr. Tai found that Nova Scotia’s and  
New Brunswick’s shellfish populations are more likely to be 
affected by ocean acidification compared to PEI’s and NL’s. 
As a result, Nova Scotia and New Brunswick may experience 
larger declines in their shellfish populations. However, 
Nova Scotia and New Brunswick have lower unemployment 
rates and fewer small communities that are dependent on 
shellfish fishing for income, so they could better adapt to 
these changes compared to the other Atlantic provinces. 
Despite being less affected by ocean acidification, PEI and 
NL have more small communities that rely on the income 
from shellfish fishing to support their economies, meaning 
the economic effects would be more impactful.

Research on the effects of ocean acidification, and 
its impact on the economy, is a small but developing 
field making this study very important to many Atlantic 
communities. T. Wilson and Dr. Tai suggest that future 
research should examine how ocean acidification and other 
effects of climate change, like ocean warming, work together 
to affect fisheries.
 

Ocean Acidification and Shellfish Fishing
Consider this, if ocean acidification is affecting shellfish 
populations, is it also affecting people who rely on shellfish 
for food or their livelihood? In Canada, over 50 percent of 
the shellfish we consume, come from Atlantic Canada. Many 
Atlantic shellfish fishermen rely on catching shellfish to 
support themselves and their families. As ocean acidification 
causes a decline in available shellfish, it could become an 
economic problem for Atlantic fishermen. 

Researchers Tyler Wilson and Dr. Travis Tai knew that 
ocean acidification negatively affected shellfish. However, 
they did not know how the change in shellfish population 
might impact local Atlantic economies, so they set out to 
see if there was a connection. The researchers used: New 
Brunswick, Nova Scotia, Newfoundland and Labrador (NL), 
Prince Edward Island (PEI), and coastal Quebec as their 
study area. 

They predicted how each shellfish species’ range, habitat 
location, and abundance would change due to ocean 
acidification. The researchers combined these predictions 
with economic data from each Atlantic province, such as:  
the number of shellfish caught in an area, number of fishing 
licenses issued, and unemployment and education data. 



What Can You Do to Help?
While ocean acidification and other climate change impacts 
will worsen in the future, this research shows that having 
a resilient economy empowers communities to support 
themselves when their main sources of income, such as 
shellfish fishing, are taken away. Decreasing your carbon 
footprint, advocating for ways to decrease greenhouse gas 
emissions, and leaving shells at the beach are all ways you 
can help decrease ocean acidification. Did you know that 
by not touching and leaving the shells on the beach, you 
are helping to provide new homes for marine life, decrease 
coastal erosion, and allow them to biodegrade and re-enter 
the calcium carbonate cycle?

Ocean Acidification Activity
Recommended for Science 10 (Chemical Reactions)
Recommended with modifications: Science, Grade 8  
(Climate Change), Science, Grade 9 (Atoms and Elements)

Activity Summary
Learners will compare the effects of an acidic, neutral, and 
basic solution on shells calcium carbonate composition and 
understand the impacts of ocean acidification on marine 
shell-builders.

Learning Goals
1.  To understand the difference between an acidic, neutral, 

and basic solution.

2.  To understand why and how our oceans are becoming 
more acidic.

3.  To understand the contribution of climate change to 
ocean acidification.

4.  To understand which and how species will be affected by 
ocean acidification.

Introduction
1. How is acidity measured?
 a.  The Acidity can be measured using a pH scale.  

The scale ranges from zero to fourteen. Liquids with  
a pH of less than seven are acidic (like vinegar), a pH 
of seven is neutral (like water), and a pH more than 
seven is basic (like laundry detergent). pH measures 
the relative amount of free hydrogen ions (H+) (Acidic) 
to hydroxyl ions (HO) (Basic). The ocean is naturally 
slightly basic, with a pH of about 8.1. The ocean 
creatures rely on the ocean remaining at its current 
pH; any decrease in pH (increase in acidity) spells bad 
news for the critters.  
Check out more information on the pH scale:  
https://www.usgs.gov/media/images/ph-scale-0

2. What is a pH indicator?
  a.  A pH indicator detects small changes in pH by 

changing colour. The colour depends on the acidity or 
basicity of the solution; different pH indicators will turn 
acids and bases different colours. Check out examples 
from pH Indicators - Chemistry LibreTexts.

3. How can we use pH to understand ocean acidification?
 a.  The ocean absorbs excess carbon dioxide from 

fossil fuel burning. The carbon dioxide then breaks 
down in the ocean, resulting in the creation of more 
free hydrogen ions (H+), acidifying the ocean and 
decreasing its pH. It also reduces the amount of 
calcium carbonate available for shellfish to use to 
build their shells.

Materials

• Three clear jars 
•  Three empty clam, mussel, or oyster shells  

(from local seafood restaurants)
• 500 ml seawater (ocean water or add 35 grams of salt  
 to one litre of freshwater)
• 500 ml freshwater (tap water)
• 500 ml carbonated water (from a local grocery store)
• pH test strips (from a local hardware or grocery store)
• Scale



Methods
1.  Fill one jar with seawater, one with freshwater, and one 

with carbonated water. Label each jar.

2.  Use pH strips to test the pH of each of the three 
solutions. Record in your observation chart.

3.  Use the scale to weigh each dry shell before putting 
them in the jars. Record the initial dry weight in your 
chart.

4.  Predict what you think will happen to the shells in the 
seawater, freshwater, and carbonated water. Record your 
predictions in the prediction section.

5. Place one shell in each of the three jars. 

6.   After one hour, record new observations about the shells. 
  For instance, has there been any change to colour, shape, 

or visible texture? Are there any bubbles in the water?

7.  Leave the shells in the containers for approximately 
twelve hours and record observations again from each of 
the samples.

8.  Leave the shells in the containers for approximately 
twenty-four hours and record observations again from 
each of the samples.

9.  Leave the shells again until a week has passed since 
the start of the experiment. Remove the shells from their 
containers and record your final observations. When the 
shells are completely dry, weight them again and record 
their weight in your chart. Carefully try to bend your 
shells; has there been any change to flexibility?

Predictions
What do you think will happen to the shell in seawater?
__________________________________________________________

__________________________________________________________

What do you think will happen to the shell in freshwater?
__________________________________________________________

__________________________________________________________

What do you think will happen to the shell in carbonated 
water?
__________________________________________________________

__________________________________________________________

Observations

Time elapsed Seawater container Freshwater container Carbonated water container

  pH: ________ pH: ________ pH: ________ 

0 hours initial observations  Dry shell weight: ________ Dry shell weight: ________ Dry shell weight: ________
(before the shell goes in the water)  

1 hours
2nd Observation 

 

12 hours
3rd Observation 

  
  
24 hours
4th Observation 

  

1 week
5th and Final Observation Dry shell weight: ________ Dry shell weight: ________ Dry shell weight: ________



Discussion Questions
1.   How did the shell change during the twenty-four hours 

in the seawater? In the freshwater? In the carbonated 
water? Mention texture, look, weight, etc. 

2.   How did the state of the shell in the seawater compare 
to the shell in the carbonated water? Relate your 
answer to pH.

3.   How would the acidic solution affect a shellfish living in the 
ocean? What does a weakened shell mean for the shellfish?

4.   Based on what you learned in the research feature, 
what are the implications of this experiment on the 
ocean? How might this affect humans?

Questions for the Future
What questions did the activity leave you with?  
How could you find the answers?
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Ocean Acidification Student Worksheet 

Name: _______________________________________________________

Predictions

What do you think will happen to the shell in seawater?

_________________________________________________________________________________________________  

What do you think will happen to the shell in freshwater?

_________________________________________________________________________________________________  

What do you think will happen to the shell in carbonated water?

_________________________________________________________________________________________________  

Observations

Time elapsed Seawater container Freshwater container Carbonated water container

  pH: ________ pH: ________ pH: ________ 

0 hours initial observations  Dry shell weight: ________ Dry shell weight: ________ Dry shell weight: ________
(before the shell goes in the water)  

1 hours
2nd Observation 

 

12 hours
3rd Observation 

  
  
24 hours
4th Observation 

  

1 week
5th and Final Observation Dry shell weight: ________ Dry shell weight: ________ Dry shell weight: ________



Discussion Questions

1.  How did the shell change during the twenty-four hours in the seawater?  
In the freshwater? In the carbonated water? Mention texture, look, weight, etc.

  _____________________________________________________________________________________________

  _____________________________________________________________________________________________

2.  How did the state of the shell in the seawater compare to the shell in the carbonated water? 
Relate your answer to pH.

  _____________________________________________________________________________________________

  _____________________________________________________________________________________________

3.  How would the acidic solution affect a shellfish living in the ocean?  
What does a weakened shell mean for the shellfish?

  _____________________________________________________________________________________________

  _____________________________________________________________________________________________

4.  Based on what you learned in the research feature, what are the implications of this experiment 
on the ocean? How might this affect humans?

  _____________________________________________________________________________________________

  _____________________________________________________________________________________________
 
 

Questions for the Future

 What questions did the activity leave you with? How could you find the answers?

  _____________________________________________________________________________________________

  _____________________________________________________________________________________________


