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Introduction
Ocean acidification (OA) refers to the ongoing decrease in 
ocean pH, which is caused primarily by the oceanic uptake 
of excess carbon dioxide (CO2) from the atmosphere. 
Climate change and related impacts such as sea level rise, 
coastal flooding, and extreme weather events often receive 
more attention than OA; however, the acidification of the 
Earth’s ocean is well documented and is a major concern 
for the marine science community. This publication is the 
introduction to a series that will address ocean acidification 
in Florida. It is a general explanation of the changes that are 
occurring to the chemistry of coastal and oceanic waters 
because of elevated carbon dioxide levels. Additional pub-
lications will focus on potential environmental, economic, 
and social implications of OA for Florida.

The Cause—Carbon Dioxide 
Emissions
Greenhouse gases (GHGs) regulate the Earth’s temperature. 
They do this by absorbing and releasing heat energy from 
the Earth’s surface, atmosphere, and clouds. GHGs get their 
name because they warm the Earth’s atmosphere in the 
same way air is warmed in a greenhouse building (IPCC 
2007). One could also think of these gases as a blanket 
around the earth. Without GHGs, our planet would be 
inhospitably cold. However, in the past 150 years, human 
activities have greatly increased the levels of GHGs entering 
the atmosphere (Heede 2014). For the past 150 years, the 

use of fossil fuels has been responsible for an estimated 2/3 of 
the human-generated CO2 in our atmosphere. Altered land 
use, such as deforestation, is responsible for the other 1/3. 
While there are many greenhouse gases, human activities 
have resulted in the buildup of four long-lived ones: carbon 
dioxide (CO2), methane (CH4), nitrous oxide (N2O), and 
fluorinated gases (which include many man-made gases 
used in industrial applications) (Figure 1; IPCC 2014) . CO2 
is important because of its long-life, warming influence and, 
most importantly, the large amount of it in our atmosphere.

For 650,000 years before the Industrial Revolution, 
atmospheric levels of CO2 fluctuated between 180 and 
300 parts per million (ppm). However, as of 2017, human 
activities have drastically increased the amount of CO2 in 
our atmosphere from pre-industrial values of 280 ppm to 
more than 400 ppm (Tans 2017). Over time, only about 
half of the additional CO2 from human activity remains 
in the atmosphere. The other half is absorbed by the 
ocean (~30%) and plants on land (~20%) (Le Quéré et al. 
2016). Historically, CO2 was absorbed at the ocean surface 
at a rate similar to that of removal. Today, the rate of 
human-induced CO2 additions is faster than the geological 
processes that remove CO2. Each day, the ocean absorbs 
approximately 22 million metric tons of CO2, and, over the 
past two centuries, more than 400 billion tons of CO2 have 
been absorbed by the ocean. This is good news in terms of 
climatic impacts because without the oceanic uptake the 
atmospheric concentration of CO2 would be much higher 
than current levels. However, this uptake is not without 
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impact because it also changes ocean chemistry and results 
in the acidification of the Earth’s oceans (Figure 2).

The Science of Ocean Acidification
When CO2 is dissolved in seawater, some of it will be used 
during photosynthesis by marine plants and phytoplankton, 
and some will react with the water to form carbonic acid, 

a weak, naturally occurring acid. This process is like that 
used in the creation of soda and other sparkling drinks. 
The addition of carbon to these beverages gives them the 
tiny bubbles and it’s why they’re described as “carbonated.” 
When CO2 is absorbed by seawater, two things happen: 
1) the seawater pH decreases (thus the term ocean 
acidification), and 2) the number of available carbonate 
ions decreases (Figure 2). Both of these occurrences will be 
discussed in this section.

pH is a chemistry measurement scale that expresses the 
acidity or alkalinity of a solution. Specifically, it is the 
measure of the hydrogen ion concentration of a solution. 
The pH scale ranges from zero to 14. A pH of seven is 
considered neutral. Values below seven are considered 
acidic. Those higher than seven are considered alkaline, or 
basic. The pH scale is logarithmic. Each one-unit change in 
the pH scale corresponds to a ten-fold change in hydrogen 
ion concentration.

The Earth’s ocean water is naturally slightly alkaline (basic). 
The more carbon dioxide the ocean absorbs, the more 
carbonic acid is formed. Absorption of atmospheric CO2 
over the past 150 years has made the ocean more acidic. Ac-
cording to the IPCC, the average ocean pH has decreased 
by about 0.1 units, from a pre-industrial revolution value 
of 8.2 to the current pH of 8.1 (IPCC 2014). Under present 
day emission conditions, average ocean pH could drop to 
7.7–7.9 by the end of the century. The magnitude of a pH 
decrease from 8.1 to 7.7–7.9 can be misleading because 
the pH scale is logarithmic. Such a drop would represent a 
100–150% increase in hydrogen ions (H+) in the water.

As with atmospheric CO2, variations in oceanic CO2 
concentrations have occurred in the past. It is unlikely, 
however, that the oceans have ever experienced such a 
rapid and significant decrease in pH. The IPCC reports that 
the current rate of ocean acidification is unprecedented 
within the last 65 million years, and possibly as long as 300 
million years (IPCC 2014). While most marine organisms 
have historically been able to adjust to changes in pH, the 
current accelerated rate of acidification may prove to be too 
fast for them to adapt. For other organisms, basic physi-
ological processes may become chemically impossible.

The second chemical response to increases in CO2 is a 
decrease in carbonate ions (CO3

-2) in seawater. When 
carbonic acid (H2CO3) dissolves in seawater, it breaks apart 
into a hydrogen ion (H+) and a bicarbonate ion (HCO3

-) 
(Figure 2). Some of these hydrogen ions will remain in that 
state, thereby increasing the acidity of the water. The major-
ity, however, will react with carbonate ions (CO3

-2). This 

Figure 1. Global anthropogenic greenhouse gas emissions in 2010.
Credits: IPCC (2014)

Figure 2. The chemistry and impacts of ocean acidification. Through 
a series of chemical reactions, excess carbon dioxide (CO2) essentially 
releases hydrogen ions (H+) from water (H2O) molecules. These extra 
hydrogen ions decrease pH and bind carbonate (CO3

-2). While the 
resulting bicarbonate (HCO3

-1) is a base, the consumed carbonate was 
a much stronger base.
Credits: Joseph Henry, UF/IFAS
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reaction creates additional bicarbonate ions and reduces the 
number of carbonate ions available to marine organisms. 
The degree to which seawater is saturated with carbonate 
ions is referred to as the “saturation state.” A reduction in 
the concentration of carbonate ions will lead to a propor-
tional decrease in the saturation state. It is estimated that by 
the end of this century, the concentration of carbonate ions 
could be reduced by half in some parts of the ocean. The 
reduction in carbonate ions and consequential decreased 
saturation state likely will have a significant impact on 
marine calcifying organisms such as corals, oysters, clams, 
and many others that build their shells through the uptake 
of carbonate ions from the water.

Conclusion
Further information on different aspects and potential 
consequences of OA will be available in additional EDIS 
publications in this series. The acidification of the Earth’s 
ocean cannot be stopped entirely, but it can be slowed. The 
magnitude of its consequences can also be diminished. This 
can be done by limiting the amount of CO2 and greenhouse 
gas emissions that enter the atmosphere from human 
activities. The United States is the second leading country 
in carbon dioxide emissions due to the burning of fossil 
fuels. The United States also leads global per capita carbon 
emissions (tonnes of carbon per person per year), emitting 
more than double that of the second leading emitter, the 
collective member states of the European Union (Le Quéré 
et al. 2016).

Florida ranks 6th of the 50 states in total CO2 emissions 
because Florida’s industrial sector consumption is relatively 
low. In Florida, the transportation and residential sectors 
are the main carbon emitters due to a large population 
and many visitors (United States Energy Information 
Administration 2017). This means that the people of 
Florida have the ability to greatly reduce the state’s energy 
consumption by modifying their everyday actions. While 
changes are needed on a global scale, individuals can make 
an important difference, especially within Florida and the 
United States. New technologies and small changes can 
substantially minimize an individual’s carbon footprint. To 
find tips and recommendations about what changes you 
can make in your home to help mitigate CO2 emissions, 
review the UF/IFAS Energy Efficient Homes series. Other 
individual-level strategies for reducing CO2 emissions are 
available in the Examples and Resources column of Table 1 
in Strategies for Communicating Climate Change to Exten-
sion Audiences, http://edis.ifas.ufl.edu/fr402, from the UF/
IFAS Climate Change Communication series.
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