
This lesson is intended to explain and extend student’s understanding of global 
warming.
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This lesson is intended to provide a real-life example demonstrating the effects of 
changes to pH. It introduces students to the important, lesser-known environmental 
issue of ocean acidification and includes a practical activity.

US: Next Generation Science Standards
MS-ESS3 Earth and Human Activity 
MS-ESS3-1 – Construct a scientific explanation based on evidence for how the uneven 
distributions of Earth’s mineral, energy and groundwater resources are the result of 
past and current geoscience processes.
MS-ESS3-2 – Analyze and interpret data on natural hazards to forecast future 
catastrophic events and inform the development of technologies to mitigate their 
effects. 
MS-ESS3-3 – Apply scientific principles to design a method for monitoring and 
minimizing a human impact on the environment.
MS-ESS3-4 – Construct an argument supported by evidence for how increases in 
human population and per-capita consumption of natural resources impact Earth’s 
systems.
MS-ESS3-5 – Ask questions to clarify evidence of the factors that have cause the rise 
in global temperature over the past century. 
MS-PS1 Matter and Its Interactions 
MS-PS1-2. Analyze and interpret data on the properties of substances before and 
after the substances interact to determine if a chemical reaction has occurred. 
MS-PS1-3. Gather and make sense of information to describe that synthetic materials 
come from natural resources and impact society. 
MS-PS1-4. Develop a model that predicts and describes changes in particle motion, 
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temperature, and state of a pure substance when thermal energy is added or removed. 

KS3 Science curriculum 
Earth and atmosphere: the production of carbon dioxide by human activity and the impact on climate. 
Chemical reactions: the pH scale for measuring acidity/alkalinity; and indicators
Chemical reactions: representing chemical reactions using formulae and using equations
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This lesson is an ideal time to watch or revisit the film provided with the unit.

Ask the students if they remember the pH of seawater (8.1pH).  Before the industrial 
era (pre 1760), seawater was 8.2pH.  This drop of 0.1pH represents a 25% increase in 
acidity over the past 250 years.  (Note: when looking at seawater pH, it is referring to 
the average surface pH).

Ask the students why this increased acidity might have happened.
Common misconceptions surrounding ocean acidification are that it is caused by acid 
rain or pollution or run off.  Often people think that it is caused by global warming.  
Although closely related, ocean acidification is due to increased CO2 rather than 
increased temperature.

It is important for students to understand that although there is increased acidity in 
the oceans, seawater is still alkaline. 
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Watch the video from 1min 40 to 3 min 35. Or watch the video in its entirety to recap 

the learning from the previous session to have a fuller understanding of how ocean 

acidification occurs and its consequences.

Background notes:
Oceans absorb approximately 30% of all atmospheric carbon dioxide.  As the amount 

of CO2 in the atmosphere increases, the amount of CO2 being absorbed by the oceans 

increases. 

It is enough for students to understand that atmospheric carbon dioxide reacts with 

water to create carbonic acid.  The fuller explanation may be appropriate for some 

more able students and is a useful reference. 

Water chemically absorbs CO2 to create carbonic acid.  As CO2 dissolves in seawater, 

the carbonate ion neutralizes free hydrogen, causing carbonate levels to drop. H2CO3

disassociates to release carbonate ions CO3 and hydrogen ions .

H2O    +     CO2 ↔ H2CO3

Water  +  Carbon Dioxide  ↔ Carbonic Acid

CO2 (aq)            + H2O   ↔ H2CO3 ↔ HCO3- + H+           ↔ CO3
-2 + 2H 

Carbon Dioxide + Water ↔ Carbonic Acid ↔ Bicarbonate + Hydrogen ↔ Carbonate 

+ Hydrogen
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The chemistry behind this is beyond Middle School/KS3 but is useful information to 
have and could be used to extend the lesson for able students.
Use the diagram to help explain further ocean acidification from the film.
In reality, after carbon dioxide is chemically absorbed by the water, the carbonic acid 
disassociates as demonstrated below.  
Equation 2
H2CO3 ↔ HCO3

-1 +  H+
Carbonic Acid ↔ Bicarbonate + Hydrogen

Equation 3
HCO3

-1 ↔  H+              +  CO3
-2

Bicarbonate ↔ Hydrogen  +  Carbonate
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This short activity is designed to demonstrate how carbon dioxide is absorbed in the 
oceans, and how this makes the oceans more acidic.

Health and Safety
Adding universal indicator solution to the water prior to blowing if a really effective, 
visual way of demonstrating changing pH. However it is vital that students remember 
to blow and not suck or swallow any of the solution!
Before carrying out any experiment refer to CLEAPSS or Flinn Scientific for risk 
assessment information. 
Teacher should encourage students to consider safety expectations before lab begins. 
Students should be directed and reminded of safety expectations before starting their 
experiment.  It is important they recognize the need to work carefully with the 
solutions. Students should consider each solution as dangerous and work with 
caution and safety equipment.

Explain that the CO2 expelled when you breathe out has been absorbed into the 
water.  This has created carbonic acid (which has also partly disassociated), which has 
made the water more acidic. The same process is happening all the time in the 
ocean.  Currents, wind and other natural phenomena then mix this more acidic water 
into less-effected, deeper water, meaning that the whole ocean becomes more 
acidic.

Extension Activity
Sea temperatures range from over 30°C to below freezing (0°C).  As an extension 
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activity, students could set up their own investigation into whether the temperature of water effects the rate at which carbon dioxide is absorbed. 

Note: carbon dioxide is absorbed more effectively in cold water.  Consequently, the effects of ocean acidification are more noticeable in polar regions.
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It is important for students to understand that the amount of CO2 being absorbed by 
the oceans has increased because the amount of CO2 in the atmosphere has 
increased.  The absorption rate has stayed the same, but the quantity of CO2 available 
to be absorbed from the atmosphere has increased. 
The date of 1750 relates to the start of the industrial revolution, where the burning of 
fossil fuels increased dramatically.
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Possible demonstration to show the students how an acid reacts with calcium 

carbonate.  Possible link: Explain that we can test that the gas being released is 

carbon dioxide using lime water. 

Demonstrating reaction of calcium carbonate with acid
You will need: 

Calcium carbonate

Hydrochloric acid

Test tube

Lime water in a test tube and balloon to capture CO2 from test tube (optional)

Method:

Place calcium carbonate into a test tube.  Carefully add hydrochloric acid.  Observe 

reaction. 

If you want to test for carbon dioxide, prepare an additional test tube with a small 

quantity of lime water.  After adding the hydrochloric acid, quickly cover the test tube 

with a balloon to collect the carbon dioxide gas. Remove the balloon, pinching the 

end of the balloon to hold in the gas. Hold the balloon over the test tube with lime 

water and then ‘squeeze’ the gas down into the test tube.  The lime water will turn 

milky in the presence of carbon dioxide.   
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Teachers, place students into groups of 5 students. 
Give each student in the group one piece of paper with an effect of ocean 
acidification from the effects of ocean acidification slides.
Have the students draw a picture or write a short poem demonstrating the one 
impact of ocean acidification. Explain that their goal is for other students to be able 
to understand the impact on the sheet by only looking at the student’s picture or 
reading the student’s poem. 

Remind the students, they will only have 5 minutes to complete this.  
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Possible Activity: See additional slide presentation for the activity related to Slide 12-
16.
Teacher can print put Slides 12-16. Place students in groups of 5. Each student 
receives one slide. 
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With increased ocean acidity, there is an increased number of hydrogen ions.  
These hydrogen ions bond with carbonate ions to make a bicarbonate ion 
Ca(HCO3)2.  Shell-building organisms then can’t use the carbonate ions to make 
their shells.  This means they build weaker shells or use more energy to build 
their shells.
Mussels are predicted to grow 25% less shell by the end of the century.  Urchins and 
starfish are also effected by ocean acidification.

Some additional impacts for these organisms don’t relate to shell building.  For 
example, the threads which mussels uses to cling onto rocks don’t hold on as well in 
acidic water.  Oyster larvae fail to begin growing their shells, which leads to massive 
oyster death rates in some places.

The impacts are complicated as negative impacts do not appear to be universal.  
Crustaceans (such as lobsters, crabs and shrimp) grow stronger shells under higher 
acidity.  Some species seem to be able to adapt to higher acidity more quickly, such as 
purple sea urchins.
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Have the students share with their group after they have completed their poem or 
picture about an impact of ocean acidification.

Students should sit in a circle. Starting with one student, they will share their picture 
or poem with the rest of the group. The person to the left of the present, will need to 
explain what the Impact of Ocean Acidification they had using only the poem or 
picture. (This should take no more than 1-2 minutes each student.) Repeat with each 
student in the group. Have students display their work in the classroom. 
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US: Next Generation Science Standards
MS-ESS3 Earth and Human Activity 
MS-ESS3-1 – Construct a scientific explanation based on evidence for how the uneven 
distributions of Earth’s mineral, energy and groundwater resources are the result of 
past and current geoscience processes.
MS-ESS3-2 – Analyze and interpret data on natural hazards to forecast future 
catastrophic events and inform the development of technologies to mitigate their 
effects. 
MS-ESS3-3 – Apply scientific principles to design a method for monitoring and 
minimizing a human impact on the environment.
MS-ESS3-4 – Construct an argument supported by evidence for how increases in 
human population and per-capita consumption of natural resources impact Earth’s 
systems.
MS-ESS3-5 – Ask questions to clarify evidence of the factors that have cause the rise 
in global temperature over the past century. 
MS-PS1 Matter and Its Interactions 
MS-PS1-2. Analyze and interpret data on the properties of substances before and 
after the substances interact to determine if a chemical reaction has occurred. 
MS-PS1-3. Gather and make sense of information to describe that synthetic materials 
come from natural resources and impact society. 
MS-PS1-4. Develop a model that predicts and describes changes in particle motion, 
temperature, and state of a pure substance when thermal energy is added or 
removed. 

KS3 Science curriculum 
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Earth and atmosphere: the production of carbon dioxide by human activity and the impact on climate. 
Chemical reactions: the pH scale for measuring acidity/alkalinity; and indicators
Chemical reactions: representing chemical reactions using formulae and using equations
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