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THE SCIENCE BEHIND 

OCEAN ACIDIFICATION  
What is Ocean Acidification?  How does it work?  Why is this 
important? 

What is Ocean Acidification?  
The ocean has absorbed 26% of our carbon emissions 
in the last decade, which in turn has affected ocean 
chemistry. The pH (a measure of acidity where <7 is 
acidic) of the ocean has fallen by 0.1 since the 
industrial revolution - from 8.2 to 8.1 (figure 1). Since 
pH is logarithmic, this means an almost 30% increase in 
acidity.  

The Scientific Process 
The ocean pH has remained fairly steady for thousands 
of years due to a carbonate buffer system. A buffer 
system is a system that resists changes in pH, also 
called a negative feedback cycle, so in this case, when 
an acid (carbon dioxide) is added to the ocean, the pH 
doesn’t decrease as much as it otherwise would1. 
Carbon dioxide (CO2) is a weak acid, which dissolves 
and reacts with water to create carbonic acid (H2CO3)2.  
Carbonic acid quickly dissolves, to form hydrogen (H+) 
and bicarbonate (HCO3

– ), which then further reacts to form carbonate (CO3
2– ) (reaction I). Finally, 

carbonate reacts to remove hydrogen ions and form more bicarbonate (reaction II): 

I. CO2 + H2O → H+ + HCO3
– → 2H+ + CO3

2– 

II. CO2 + H2O + CO3
2– → HCO3

– + H+ + CO3
2– → 2HCO3

– 

The more carbon dioxide is added to the ocean, the weaker the buffer gets; as more carbonate is removed 
from the oceans, more hydrogen ions remain, making the ocean more acidic. 

What does this mean?  
Carbonate has many other purposes in the ocean.  Many species use calcium carbonate to build their shells 
and skeletons in a process known as calcification, such as corals, clams, oysters, and snails3.  

1 http://www.whoi.edu/oceanus/feature/ocean-acidification--a-risky-shell-game  
2 http://theotherco2problem.wordpress.com/what-happens-chemically/  
3 http://oceana.org/en/our-work/climate-energy/ocean-acidification/learn-act/effect-of-ocean-acidification-on-
corals  

Figure 1. pH scale. Image from 
http://pmel.noaa.gov/co2/file/The+pH+scale+with+some+
common+examples 
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When there is more carbon dioxide in 
the ocean, there is less carbonate 
available for shell and skeleton 
formation. Even existing shells aren’t 
safe – the buffer system is strong 
enough to leach carbonate from them, 
leaving these organisms vulnerable 
(Figure 2).  Coral reefs are one of the 
most diverse ecosystems on the planet. 
Despite occupying less than 0.25% of 
the marine environment, over 25% of 
the earth’s fish species depend on them 
to feed, reproduce, and take refuge4. 
Without sufficient carbonate available, 
corals die off – and so do many species 
which dependent on them.  

Many species of plankton (tiny floating organisms) also depend on calcification for shell formation. 
Plankton form the base of the ocean food web, and produce half of all atmospheric oxygen. Even species 
that don’t rely on calcification are impacted by a lower pH, such as clownfish – their ear bones (otoliths) 
don’t form as well in acidic waters, reducing their ability to stay upright and sense motion. The entire ocean 
ecosystem is affected, and so are we! 

Watch this short video on how ocean acidification affects ocean biodiversity and how it directly affects us! 
Video 1 

Other Considerations 

The ocean accounts for half of the Earth’s productivity, which provides millions of people with food and 
jobs through fisheries5.  The ocean is the sole means of livelihood for many people in developing countries. 
As our oceans become more acidic, ocean productivity decreases, and these people lose their means of 
providing for themselves and their families. Consider Oyster fisheries in the Pacific Northwest, like at 
Willapa Bay, where from 2006-2008 60-80% of oyster larvae died off, devastating the industry.6 For more 
information on the social impacts of ocean acidification, transition to our Action Pack: Ocean Acidification. 

As the ocean acidifies, it exacerbates other problems such as overfishing. For more information on 
overfishing, explore our Action Pack: Ocean Wise. 

 

4 http://wwf.panda.org/about_our_earth/blue_planet/coasts/coral_reefs/coral_facts/ 
5 http://palaeo.gly.bris.ac.uk/ocean/Socio-eco.html  
6 http://e360.yale.edu/feature/northwest_oyster_die-offs_show_ocean_acidification_has_arrived/2466/  

Figure 2. A sea butterfly shell placed in sea water at the pH projected for 
2100 over 45 days. Without sufficient available carbonate, the shells 
dissolve. 
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Related PLOs: 

Science 8:  
D3 describe factors that affect productivity and species distribution in aquatic environments 
• Identify various factors that affect productivity and species distribution in aquatic environments (e.g., 
temperature, nutrients in the water, turbidity, currents, sunlight, salinity, pollutants, water depth, resource 
extraction, dams) 
Chemistry 12: 
F6 describe buffers as equilibrium systems 
• describe the tendency of buffer solutions to resist changes in pH (i.e., able to buffer the addition of small 
amounts of strong acid or the addition of small amounts of strong base) 
• describe in detail a common buffer system 
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