
Ocean Acidification Reading 

Introduction 

 Carbon dioxide (CO2) is one of many gases making up the air around us.  When 

compared to the other gases in the atmosphere, carbon dioxide makes up less than 1% of the total 

(Figure 1).  The actual amount of CO2 in the atmosphere can be changed by many processes on 

the planet.  A process that removes CO2 from the environment is called a sink, and one that adds 

CO2 to the environment is referred to as a source.  Photosynthesis is a CO2 sink because plants 

remove the gas from the atmosphere.  Volcanoes and the oxidation of organic matter are two 

examples of sources.   Some common examples of oxidation processes are the burning of fossil 

fuels (like gasoline in a car) and your metabolism.  The equation below shows the reaction for 

the breakdown of a sugar molecule (C6H12O6) using oxygen (O2).  

C6H12O6 + 6O2  →   6CO2 + 6H2O 

In this equation, the sugar and oxygen are the reactants and the carbon dioxide (CO2) and water 

(H2O) are the products.  The arrow in the equation leads from the reactants to the products.   

The concentration of CO2 in the atmosphere is very important because of its ability to 

alter the chemistry of water and the temperature of the earth.  CO2 is a greenhouse gas, meaning 

it traps heat on the planet and thus causes the temperature to rise.  Carbon dioxide can also 

dissolve into the oceans.  This process occurs with other gases too, and below we will discuss the 

mechanisms by which gases can move between the atmosphere and the ocean.   

Figure 1: The amount of each type of gas in the atmosphere by percent. 

 

Reservoirs 

First, we need to look at where all of the carbon on the planet can be found.  The regions 

where carbon is located are organized into reservoirs, which are basically large storage 

containers.  (For example, some of the water reservoirs on the planet include oceans, the 

atmosphere, rivers, glaciers and rocks.)  The table below lists the amount of carbon in the 

different reservoirs on earth. 

N2 78%

O2 21%

Ar 1%

CO2 0.038%

Others 
0.003%

(0.041%)



Reservoir Quantity 

carbonate sediments 150000 

organic carbon in soils 25000 

dissolved in oceans/freshwater 140 

living biological material 30 

fossil fuels 27 

atmosphere 2 

(The units of this table are in 10
12

 tonnes of CO2 equivalent.) 

 From the table it is clear that the majority of the carbon is stored in the carbonate 

sediments reservoir.  Carbonate sediments are composed of the shells and skeletons of tiny 

ocean dwelling organisms.  These organisms take up carbon from the water to build their hard 

parts, which eventually sink to the bottom of the ocean and become buried.  The burial of these 

shells is an example of a CO2 sink.  

Carbon can only be moved from one reservoir to another, it cannot just disappear.  

Looking at the table above notice that burning all of the fossil fuels, and therefore releasing that 

CO2 into the atmosphere, would increase the amount of CO2 in the atmosphere more than ten 

times! As humans continue to burn fossil fuels, and change the amount of carbon stored in 

different reservoirs we need to understand how the planet is going to be affected.   

 

Natural CO2 cycles 

  Early earth had 15 times more CO2 in the atmosphere than is present today.  Luckily, 

CO2 moves through different reservoirs on the planet, and more than 80% of it has been stored in 

sediments.  Otherwise we would not be here!  Carbon dioxide is continuously moving through 

the different reservoirs in the carbon cycle, even without human interference.  On long time 

scales (thousands of years), weathering, the biological production of calcium carbonate, and 

plate tectonics alter the amount of CO2 in the atmosphere.  Carbon dioxide also has annual cycles 

linked to the production and subsequent break down of organic matter.  

Weathering 

Rocks on land are constantly being weathered, as shown in the following equation: 

CaSiO3 + 2CO2 + 3H2O  →   Ca
2+

 + 2HCO3
-
 + H4SiO4 

 

Notice that CO2 is present on the reactant side, and not on the product side.  This indicates CO2 

is removed from the atmosphere during the weathering of rocks.   

Biological Transformation 

Rain washes the products from the weathering reaction into the ocean, where organisms 

transform the HCO3
-
 into skeletons and shells.  



Ca
2+

 + 2HCO3
- 
  →  CaCO3 + CO2 + H2O 

This process actually releases one molecule of CO2 to the atmosphere, making it a source.  

However, once the organism creating the shell dies, the shell sinks to the bottom of the ocean 

where it can be buried.  When carbon is buried it becomes a part of the sediment reservoir, 

removing it from both the atmospheric and oceanic reservoirs.   

 

After burial, and thousands of years, sediments are subducted (pushed) into the mantle of the 

earth, where further chemical transformations take place.   

CaCO3 + SiO2  →  CaSiO3 + CO2 

 The CO2 formed in the mantle is then out gassed from the interior of the earth through 

volcanoes.  This CO2 then can begin the cycle over again, by weathering rocks.    

Annual CO2 cycles 

 Scientists began collecting data on the amount of CO2 in the atmosphere on Mauna Loa 

in the late 1950s.  Figure 3 shows the data that has been collected from Mauna Loa since 1957.  

The red line shows the monthly level of CO2 found in the atmosphere, and the blue one shows 

the annual average.  There are 2 important things to notice from this graph.  The squiggles in the 

red line are caused by plants.  When the red line dips, it is summer in the northern hemisphere, 

and plants are taking CO2 out of the atmosphere.  The peaks in the red line occur during winter in 

the northern hemisphere, when organic matter is oxidized, and CO2 is released back into the 

atmosphere.  The second thing to notice from this figure is the slope of the blue line.  Average 

CO2 in the atmosphere has been increasing since scientists began measuring its concentration.   

 

Figure 3: Amount of CO2 in the atmosphere as recorded on Mauna Loa.  The red line is the 

monthly level, and the blue line gives the annual average. 
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Gas movement 

 Gases moves across the air-sea interface through diffusion and turbulent mixing 

processes.  Diffusion is transport on a molecular scale (much less than 1 millimeter) and driven 

by concentration gradients.  Turbulent mixing is transport on much larger scales ( greater than 

1cm) and caused by mechanical processes, such as wind blowing over the surface of water.  

Remember the thermohaline circulation lab exercise where waters with different densities (due to 

salinity) were layered?  When you let the column of water sit you noticed that where the two 

layers met, there was some water movement between layers, visible by the change in color 

between tshe layers. This is an example of diffusion.  If left long enough, diffusion in your water 

column would have resulted in an equal concentration throughout the solution.  When setting up 

your column, if you had just dumped the second type of water on top of the first one in the 

column, you would have demonstrated turbulent mixing.   

Unlike the water in the lab exercise described above, the movement of gas molecules 

through the atmosphere-ocean boundary is much more complicated, dealing with temperatures, 

atmospheric pressures, and the physical properties of different liquids and gases.   Scientists 

therefore use Henry’s Law to calculate how much gas will move from the air into a liquid.  

During the lab, we will use numbers derived from Henry’s Law to calculate the movement of 

CO2 from the air into water.   

Carbon dioxide has unique properties, causing it to alter the pH of sea water.  The pH is a 

measure of the number of free hydrogen atoms available in a solution, the more H+, the more 

acidic a solution.  Solutions are classified as acidic, neutral (pH=7) or basic based on the number 

of free H+ ions in solution.  When CO2 dissolves into water, it actually reacts with the water 

molecules, creating a new compound, bicarbonate.  The reaction is detailed below: 

CO2 (g) ↔ CO2 + H2O ↔ H2CO3 

H2CO3 ↔ HCO3
-
 + H

+
 

 HCO3
-
 + H

+ 
↔ CO3

2-
 + 2H

+
 

 

The pH of sea water, 8.1, favors the presence of HCO3- over the other two chemical species 

(H2CO3 and CO3
2-

).  The dissolution of 1 CO2 molecule in seawater causes the release of one H+ 

molecule.  Therefore when CO2 dissolves in water the pH of that water decreases.  If we were to 

count every single molecule, even in a glass of water, the number would be astronomical! 

Instead, scientists have developed a unit to describe a large number of molecules, known as the 

mole.  A mole is 6.02 x 10
23

 molecules.  Counting units in moles makes numbers more 

manageable.  For example, we wouldn’t measure the distance between Hawaii and Florida using 

centimeters because the number would be enormous! 


