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Understanding Seawater pH

When we talk about ocean chemistry, one of the most critical concepts is pH, a
measure of how acidic or basic a solution is. Pure water has a neutral pH of 7, while
lower numbers indicate acidity and higher numbers indicate alkalinity. The pH of
seawater is slightly basic, averaging around 8.1. This might not seem far from
neutral, but even small shifts in pH can have big consequences for marine life. The
reason seawater maintains such a stable pH is because of its buffering capacity.
Buffers are systems that resist rapid changes in pH, even when acids or bases are
added. In the ocean, the most important buffering system is the carbonate system.
This involves a balance between carbon dioxide (CO2), bicarbonate (HCOs"), and
carbonate (COs?-) ions. The carbonate buffer works by shifting chemical reactions
depending on whether the seawater becomes more acidic or more basic. If extra
hydrogen ions (H*) are introduced, bicarbonate can absorb them, preventing a major
drop in pH. On the other hand, if the water becomes too basic, carbonate can
release ions to balance things out. This self-regulating system is what makes
seawater chemistry both stable and resilient—at least under natural conditions.

The Carbonate Buffer in Action

The carbonate buffer system operates like a natural safety net. When CO: dissolves
into seawater, it reacts with water to form carbonic acid (H2COs). This acid quickly
dissociates into bicarbonate and hydrogen ions. These hydrogen ions can then
interact with carbonate to form more bicarbonate. Because of this, the ocean can
absorb large amounts of COz without dramatic shifts in pH. This balance is vital for
marine life. Many organisms, including corals, mollusks, and some plankton, rely on
carbonate ions to build their calcium carbonate (CaCOs) shells and skeletons. If pH
changes too much, the concentration of carbonate ions decreases, threatening these
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organisms. Scientists compare the buffering system of the ocean to the body's
ability to regulate blood pH. Just as blood must stay within a narrow pH range to
keep us alive, seawater must maintain a steady balance to support ecosystems.
Without the carbonate buffer, the ocean would be much more vulnerable to changes
in acidity from natural processes such as volcanic eruptions or river runoff.

Natural and Human Impacts on Ocean Buffers

While the carbonate buffer system is powerful, it is not unlimited. Human activities,
especially the burning of fossil fuels, are releasing CO: into the atmosphere at
unprecedented rates. Much of this CO: dissolves in the ocean. While the buffer can
absorb some of it, the sheer volume overwhelms the system, causing the average pH
of seawater to drop—a phenomenon known as ocean acidification. Natural processes
also affect buffering. Upwelling zones, where deep water rich in CO: rises to the
surface, naturally have lower pH. River inputs, volcanic activity, and biological
respiration can all shift local pH levels as well. The difference today is the speed
and scale of change caused by human activity. The weakening of the ocean's buffer
system is not just a chemical issue—it is a biological crisis. From corals to plankton,
organisms that rely on carbonate ions face uncertain futures. Because the ocean
covers more than 70% of Earth, changes in its buffering systems will have far-
reaching effects on the climate and on the stability of marine ecosystems. This
table shows how chemical reactions work together to resist sudden changes in
seawater pH.

Key Information: Table: The Carbonate Buffer System

Effect on

pH
CO: dissolves in CO:z + H20 — H2COs Lowers pH
seawater
Carbonic acid H2CO3 — H* + HCOs~ Buffers pH
dissociates
Hydrogen reacts with ||| H* + CO3?~ — HCOs" Prevents
carbonate drop
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Process Chemical Reaction
Calcium carbonate Ca?* + CO32% — CaCO:s (shells,
formation skeletons)

Case Study: Coral Reefs and pH Sensitivity

Effect on
pH
Removes ions

Coral reefs are among the most sensitive ecosystems when it comes to pH.

Corals depend on carbonate ions in seawater to build their skeletons of
calcium carbonate. In regions where the pH of seawater drops, the
availability of carbonate ions declines. This makes it harder for corals to
form strong skeletons and can even cause existing structures to weaken
through a process called dissolution. For example, studies in parts of the
Pacific Ocean have shown that areas with naturally lower pH—caused by
upwelling of deep, COz-rich waters—often have slower coral growth rates.
In extreme cases, corals may be unable to keep up with erosion and
breakage, leaving reefs vulnerable. Since reefs provide shelter for
thousands of species, this pH stress has ripple effects across entire food
webs. Reefs near human activity are especially at risk. Pollution and excess
nutrients can fuel algal blooms that release more CO=, lowering pH further.
Combined with global ocean acidification, these local stressors create a
dangerous environment for reef survival. Monitoring coral reefs has become
one of the key ways scientists track the effects of changing ocean
chemistry on ecosystems worldwide.

1. Why do lower pH levels reduce the availability of carbonate ions for coral reefs?
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2. What are some ecological consequences when coral reefs weaken due to reduced
pH?

Multiple Choice
1. What is the average pH of seawater?
a) 9.0
b) 6.5
c)7.0
d) 8.1

2. Which ion is most directly used by marine organisms to build shells?
a) Carbonate
b) Chloride
c¢) Sodium
d) Bicarbonate

3. What happens when extra hydrogen ions are added to seawater?

a) They evaporate with water

b) They dissolve into calcium carbonate
¢) They are absorbed by bicarbonate
d) They increase pH
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Matching

Write the letter of the correct definition on the line next to each term.

Term Defmmon

____Maintains stable pH in seawater A) Calcium
carbonate
. A weak acid formed when CO: dissolves in water B) Ocean
acidification
____The decline in pH caused by excess atmospheric CO: || C) Carbonate
buffer

____Anion that binds with hydrogen to resist acidity D) Carbonic acid

5. ____ A key component in coral reef skeletons E) Bicarbonate

Fill-in-the-Blank

1. The pH of seawater is slightly , averaging around 8.1.

2. The carbonate buffer system involves COzq, , and carbonate.

3. The process of forming shells and skeletons removes ions from
seawater.

Short Answer

Answer each question in 2-4 complete sentences.

1. Why is seawater's buffering system compared to blood pH regulation in humans?
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2. How does human activity threaten the stability of the carbonate buffer system?

3. Why are coral reefs considered “indicator ecosystems” for studying pH changes in
the ocean?
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