
Ocean Acidification
Instructions for Educators



Ocean Acidification
Materials
3 wooden organism forms  
(sea butterfly, brain coral,  
and swimming crab) 

6 blue CO3
2- (carbonate) blocks

6 yellow Ca2+ (calcium) blocks

4 red H+ (hydrogen) blocks

A table or other surface

iPad or other way of displaying 
images (optional)

Setup
1.  Array the organism forms on the visitor side of the table.

2.  Shuffle the carbonate and calcium blocks on the table, making 
sure they are not connected to one another.

3.  Set the hydrogen blocks to the side.

4.  Optional: Set up the iPad or other way of displaying images 
where visitors can see them.

Do the Activity
1. Ask visitors if they are familiar with the concept of ocean 

acidification. If they are, ask what they have heard about it.  
If they are not, ask if they have any idea what it might be,  
based on the name. What are acids?

2. Explain that, in the ocean, lots of organisms build shells. Ask 
the visitor to name a few. Point out the three organisms on the 
table. These organisms build their shells by finding calcium 
and carbonate floating in the ocean. Show the images of the 
organisms, if the visitors want to know what they look like in 
real life.

3.  In a normal ocean, this is relatively easy. Have the visitor put 
together three of the calcium carbonate groups, and put those 
into the shells of the three organisms. Easy, right?

4. Take the pieces back out. Bring out the hydrogen blocks.

5. As we add more carbon dioxide to the atmosphere, it mixes 
with the ocean water. This frees up hydrogen atoms, which are 
attracted to the carbonate ions. Move the blocks around on the 
table, and connect the hydrogen blocks to four of the carbonate 
blocks (or have the visitor do this.)

6. Have the visitor try to fill the shells of the three organisms. It’s 
harder—not impossible for all of them, but harder—to find free 
carbonate ions to build their shells. They are not strong enough 
to break the bond between carbonate and hydrogen.



Wrap-Up
The wrap-up consists of two parts. Depending on the age,  
interest and knowledge base of the visitor, it may make sense  
to start with one over the other, or to focus more on solutions  
than consequences.

Solutions: How do we produce carbon dioxide? What can  
you do to produce less? What can we do as a community to 
produce less?

Consequences: What is the effect of this? Show visitors the  
three ocean acidification maps. Where in the world is being 
affected most?

Things to Think About
This is just depressing.  
There’s nothing we can do.
We can’t do much to slow the  
existing acidification, but lowering  
carbon production worldwide  
will make sure it doesn’t become  
the gigantic problem it could be.  
Connect to the other benefits  
of reducing CO2 production.

How acidic are we talking?
Ocean water is naturally somewhat  
basic (usually somewhere between  
a pH of 7.9 and 8.2.) In some areas,  
ocean pH has already decreased  
by 0.1 pH units. This doesn’t sound  
like much, but pH is logarithmic,  
like the Richter scale used to  
measure earthquakes. The process  
is called ocean acidification,  
but in some ways it is ocean  
neutralization—the ocean’s  
pH is moving from a basic state  
towards a neutral pH of 7. The ocean  
is not becoming actually acidic,  
just more acidic.

Gastric acid

Bleach

Soapy water

Ammonia solution

Milk of magnesia

Baking soda

Sea water

Distilled water

Urine

Black coffee

Tomato juice

Orange juice

Lemon juice

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0



Chemistry is confusing!
It doesn’t have to be. We are talking about the building blocks of 
organisms, so think of them as Legos. The shelled animal needs 
a blue one and a yellow one, but too many red ones interrupts the 
process. However, please try to use the correct terms—not the color 
names. Even young children can learn the names, even if they do not 
understand all the chemistry. If a visitor is way more into chemistry 
than you are and asks for the specifics, use the image provided.  

Here’s a more complete version of the chemistry:
When dissolved in water, CO2 reacts with H2O to form carbonic acid, 
H2CO3. 
   CO2 + H2O H2CO3

Carbonic acid quickly dissolves to form a H+ ion (acid) and 
bicarbonate, HCO3- (base). 
   H2CO3       H

+ + HCO3
−

This means that the addition of CO2 to ocean water increases 
the number of free hydrogen ions. This is the definition of ocean 
acidification, since free hydrogen ions make things acidic.

In the ocean, almost 90% of all dissolved CO2 forms bicarbonate 
(HCO3

-).  

Carbonate, which is what shelled organisms need, forms from less 
than 10% of dissolved CO2.  Less than 1% either remains as CO2 or 
forms carbonic acid (H2CO3.)

The net reaction looks like this: 
   CO2 + H2O + CO3

2-       2HCO3
−

In a “normal” ocean, without all this extra CO2 around, more free 
carbons join up to form the carbonate (CO3

2-) that shelled animals 
need to combine with calcium (Ca2+) to form their calcium carbonate 
shells (CaCO3.)

What’s with the maps?
The optional images contain three maps.  
They show the amount of calcium carbonate in water in 1983, 2013, 
and projected in 2043 at current rates. Blue is high saturation (good 
for shelled organisms,) orange is low saturation (bad for shelled 
organisms,) and gray means no saturation (really bad for shelled 
organisms.) Black and grey dots represent coral reef communities.

Things to notice in the maps:
l In the 1983 map, most areas are either blue or orange, with very 

little green. In 2013, the green areas have expanded, showing 
transitional zones that aren’t great but aren’t horrible, either.  
By 2043, green and orange are the dominant colors. 

l Clearly, temperature is related to calcium carbonate saturation. 
Cooler waters are less saturated, which is why most corals are 
in warm waters. Here, you can make connections to sea surface 
temperature change—warmer water may be better for a while,  
but what if the water gets too warm?


