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Chapter 10: Essay

Ocean Acidification
The amount of carbon dioxide put into the atmo-
sphere by human activities is growing. Surprisingly, 
however, the atmospheric concentration of CO2 is 
not increasing proportionately. One explanation 
has to do with the oceans, as described in Figure 
A. When atmospheric CO2 dissolves in any body of 
water—a raindrop, a lake, or an ocean—it forms car-
bonic acid, H2CO3. In fresh water, this carbonic acid 
transforms back to water and carbon dioxide, which 
is released back into the atmosphere. In the ocean, 
however, the carbonic acid is quickly neutralized by 
dissolved alkaline minerals. (The ocean is alkaline, pH 
= 8.1.) The products of this neutralization eventually 
end up on the ocean floor as insoluble solids. Thus, 
carbonic acid neutralization in the ocean prevents 
CO2 from being released back into the atmosphere. 
The ocean, therefore, is an effective carbon dioxide 
sink—most of the CO2 that goes in doesn’t come 

out. Pushing more CO2 into our atmosphere means 
pushing more of it into our vast oceans. So far, the 
oceans have been absorbing about one-third of our 
CO2 emissions.

The movement of our CO2 into the oceans, 
however, comes at a cost. Notice from Figure A that 
the CO2-derived carbonic acid, H2CO3, reacts with 
calcium carbonate, CaCO3. The addition of carbon 
dioxide into our oceans, therefore, has the effect of 
decreasing the amount of calcium carbonate in the 
ocean water, as well as other carbonates, such as 
magnesium carbonate, MgCO3. Coral, shelled organ-
isms, and many other marine species, however, use 
these carbonates to build and maintain their bodily 
structures. Importantly, they can only do this when 
the ocean water is saturated with these minerals, 
which is currently the case in most surface waters.

C O N C E P T   C H E C K
How does adding CO2 to the oceans 
cause a decrease in the concentration 
of carbonate ions, CO3

2-?

CHECK  YOUR  ANSWER   As per 
Figure A, the CO2 reacts with water, 
H2O, to form carbonic acid, H2CO3, 
which effectively removes the 
carbonate ion, CO3

2-, by reacting with 
it to form the bicarbonate ion, HCO3

-.

^  Figure A
Carbon dioxide forms carbonic acid upon entering any body of water. In fresh water, this reaction is reversible, and 
the carbon dioxide is released back into the atmosphere. In the alkaline ocean, the carbonic acid is neutralized to 
such compounds as calcium bicarbonate, Ca(HCO3)2, which precipitate to the ocean floor. As a result, most of the 
atmospheric carbon dioxide that enters our oceans remains there.
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The addition of CO2 leads to ocean water 
unsaturated with carbonates. In regions where this 
occurs, the carbonate-based creatures begin to dis-
solve, which means they perish. This, in turn, can 
have a significant impact throughout the marine 
ecosystem, which would affect us as well. Consider 
this one example: pink salmon off the southern coast 
of Alaska live on a diet of sea snails, also known as 
pteropods, which are dependent on carbonate min-
erals. The destruction of this pteropod population by 
ocean acidification would also mean an end to the 
Alaskan pink salmon fishing industry. The immedi-
ate reality of this chemistry can be seen by pouring 
vinegar onto tropical sands, such as described in 
Figure B.

Is the effect of human-produced CO2 on 
ocean pH measurable? Absolutely, and it is sig-
nificant. Over the past 100 years, increases in 
atmospheric carbon dioxide—primarily due to the 
burning of fossil fuels—has lowered the average 

pH of the ocean by about 0.1 pH unit, 
which is about 1.26 times an increase in 

acidity. On a geologic times-
cale, this is lightning fast. 

The last comparable 
decrease in ocean pH 
occurred about 56 mil-
lion years ago. At that 
time, major increases 
in atmospheric carbon 
dioxide caused the pH 

of the ocean to decrease by about 
0.45 pH units. These changes, how-
ever, took place over 5000 years for 
an average decrease in ocean pH of 
about 0.01 pH units per century. The 
result was a huge die-off of marine 
organisms, which can be seen as a 
distinct layer of brown sediment 
within core samplings of the ocean 
floor (Figure C). 

We are on track for surpass-
ing the CO2 event of 56 million years 
ago at a rate of about ten times as 
fast. This is indicated in Figure D, 
which shows the past concentration 

of atmospheric carbon dioxide. Of note, the most 
recent levels now exceed 400 ppm, which does not 
appear to have happened for over the past 800,000 
years. You need to go back millions of years to find 
a comparable level. Our modern times where the 
human population has quickly eclipse 8 billion is 

^  Figure B
Tropical beaches tend to be made of the crunched-up 
calcium carbonate containing bits and pieces of nearby 
coral reefs. The acetic acid in vinegar reacts with the 
calcium carbonate of these sands to produce gaseous 
carbon dioxide. Pour the vinegar onto these topical sands 
and you’ll see much bubbling ensues. The oceans and 
creatures living within the oceans are most sensitive to 
pH.

When was the last 
decrease in ocean pH 
that would have been 
comparable to what is 
taking place today?

READING CHECK

Figure C  > 
Sediments that collect on the ocean floor are a physical 
record of current climate conditions. Because sediments 
build up over time, deeper sediments are a record of 
past climate conditions. Core samples from the ocean 
floor thus help in the study of ancient climates. Shown 
here is the ocean floor core repository of the Alfred 
Wegener Institute.
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most unique. We discuss many of the details con-
cerning atmospheric carbon dioxide and climate in 
Chapter 16. For now, you should understand that 
our production of copious amounts of carbon diox-
ide is a two-fold problem. One is the potential for 
dramatic changes in global climate. The other is a 
very predictable change in ocean chemistry. Both 
need to be considered carefully.

Think and Discuss

1. Which is the greater problem: acid rain or ocean 
acidification?

2. How does burning fossil fuels lower the pH of 
the ocean?

3.. How might warmer oceans have the effect of 
slowing down ocean acidification?

4. Scientists have experimented with ways of 
enhancing the ocean’s ability to absorb atmo-
spheric carbon dioxide. Adding powdered iron 
to a small plot of the ocean, they found, has the 
effect of fostering the growth of microorganisms 
that enhance the rate at which carbon dioxide is 
absorbed. Might this be a solution to the problem 
of global climate change? Why or why not? 

C O N C E P T   C H E C K
Why are atmospheric levels of carbon diox-
ide not rising as rapidly as might be expected 
based on the increased output of carbon diox-
ide resulting from human activities?

CHECK  YOUR  ANSWER   The ocean absorbs 
the CO2 where it is neutralized and is not re-
released.

^  Figure D
These graphs depict the levels of atmospheric carbon dioxide dating back 800,000 years ago as measured by ice 
core sample, and, more recently, via direct measurements, such as from the Mauna Loa Weather Observatory in 
Hawaii. Researchers at the Mauna Loa Weather Observatory have recorded increasing concentrations of atmo-
spheric carbon dioxide since they began collecting data in 1958. Data from Mauna Loa forms a graph known as 
the Keeling curve, after the scientist Charles Keeling, who initiated this project and first noted the trends. (Source: 
keelingcurve.ucsd.edu)
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1. Acid rain is typically localized to regions downwind 
of sulfur and nitrogen oxide producing heavy industry. 
Ocean acidification, by contrast, results primarily from 
the release of carbon dioxide, which is produced in 
much greater quantities and across a much broader 
range of sources. Both acid rain and ocean acidification 
are significant problems. Ocean acidification, however, 
is much more global in its scope and therefore should 
be of greater concern.

2. When fossil fuels burn they react with the oxygen, 
O2, in the air to form gaseous carbon dioxide, CO2, and 
water vapor, H2O. The carbon dioxide reacts with atmo-
spheric moisture to form carbonic acid, which lowers 
the pH of rainwater. As the acidic rainwater precipitates 
into the ocean, it neutralizes alkaline ocean salts, such 
as calcium carbonate. This, in turn, lowers the pH of 
the ocean. 

3. The warmer the ocean, the lower the solubility of 
any dissolved gases such as carbon dioxide, CO2. Less 
CO2 would be absorbed, which would slow the rate of 
acidification.

4. Adding iron to the ocean to enhance its carbon diox-
ide absorbing power my help to lower the amount of 
carbon dioxide in the atmosphere. At the same time, 
however, it might drastically alter the ocean’s ecology. 
For example, the excess carbon dioxide would lower 
the pH of the ocean. Shelled marine organism would 
die, which could affect the whole food chain. We could 
end up trading one problem for another.

Author Responses to Think and Discuss


