chemistry in the ocean

Chemistry in the ocean is a vast and intricate field that encompasses the
study of chemical processes and compounds within oceanic waters. The ocean,
covering approximately 71% of the Earth’s surface, plays a critical role in
regulating climate, supporting marine life, and influencing global
biogeochemical cycles. Understanding the chemistry of the ocean is vital for
addressing various environmental issues, including climate change, ocean
acidification, and pollution. This article will delve into the fundamental
aspects of ocean chemistry, including its composition, the importance of
various chemical processes, and the implications of human activities on
marine ecosystems.

Composition of Seawater

The ocean is primarily composed of water (H,0), but it is also a complex
solution of various dissolved salts, gases, organic materials, and nutrients.
The average salinity of seawater is about 35 parts per thousand, which means
that in every liter of seawater, there are approximately 35 grams of
dissolved salts. The primary components of seawater include:

Major Ions

The major ions found in seawater are:

1. Chloride (Cl7): The most abundant ion in seawater, making up about 55% of
the total dissolved solids.

2. Sodium (Na®): The second most abundant ion, constituting approximately
30.6% of seawater's composition.

3. Sulfate (SO,?7): Accounts for about 7.7% of dissolved ions.

4. Magnesium (Mg®®): Comprises about 3.7% of seawater.

5. Calcium (Ca?*): Makes up around 1.2%.

6. Potassium (K'): Represents about 1.1% of the ion composition.

These ions are essential for various biochemical processes and play a
significant role in the overall chemistry of the ocean.

Trace Elements

In addition to major ions, seawater contains trace elements that are crucial
for marine life, albeit in much smaller concentrations. These include:

- Iron (Fe): Vital for photosynthesis and respiration in marine
phytoplankton.

— Copper (Cu): Important for enzyme function.

- Zinc (Zn): Plays a role in various biochemical processes.

- Manganese (Mn): Involved in photosynthesis and nitrogen fixation.

Trace elements can be either beneficial or harmful, depending on their
concentrations and the specific biological context.



Chemical Processes in the Ocean

The ocean is a dynamic system characterized by a variety of chemical
processes that contribute to its overall function. Some of the most
significant processes include:

Ocean Acidification

Ocean acidification refers to the decreasing pH of ocean waters due to the
absorption of carbon dioxide (CO,) from the atmosphere. When CO, dissolves in
seawater, 1t reacts with water to form carbonic acid (H,CO,), which
dissociates into bicarbonate (HCO, ) and hydrogen ions (H'), leading to lower
PH levels. This process has several implications:

— Impact on Marine Life: Many marine organisms, particularly shellfish and
coral reefs, rely on calcium carbonate (CaCO;) to build their shells and
skeletons. Lower pH levels can hinder their ability to calcify, threatening
their survival.

— Disruption of Ecosystems: Changes in pH can affect the behavior and
physiology of marine species, potentially altering food webs and ecosystem
dynamics.

Nutrient Cycling

Nutrient cycling in the ocean involves the movement and transformation of
essential nutrients, such as nitrogen, phosphorus, and silica. Key processes
include:

. Nitrogen Fixation: Certain microorganisms can convert atmospheric nitrogen
N,) into ammonia (NH,), making it available for use by other organisms.

. Nitrification: Ammonia is oxidized to nitrite (NO, ) and then to nitrate
NO; ) by nitrifying bacteria, facilitating nutrient uptake by plants and
phytoplankton.

3. BEutrophication: An excess of nutrients, often due to agricultural runoff
and sewage discharge, can lead to algal blooms that deplete oxygen levels and
create dead zones in marine environments.
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Carbon Cycling

The ocean is a significant carbon sink, absorbing approximately 30% of
anthropogenic CO, emissions. The carbon cycle in the ocean includes:

- Dissolution of CO,: Atmospheric CO, dissolves in seawater, contributing to
the formation of carbonic acid.

- Biological Pump: Phytoplankton utilize dissolved CO, for photosynthesis,
forming organic matter that sinks to the ocean floor when they die.

- Respiration and Decomposition: Marine organisms respire, returning CO, to
the water and atmosphere, while decomposers break down organic matter,
releasing nutrients back into the ecosystem.



Human Impact on Ocean Chemistry

Human activities have significantly altered the natural chemistry of the
ocean, leading to various environmental challenges. Some of the most pressing
issues include:

Pollution

Pollution from agricultural runoff, industrial waste, and plastic debris has
a profound impact on ocean chemistry. Key pollutants include:

— Nutrients: Excess nitrogen and phosphorus can lead to eutrophication,
harming marine ecosystems.

- Heavy Metals: Metals like mercury and lead can biocaccumulate in marine
organisms, posing risks to human health and wildlife.

— Microplastics: Tiny plastic particles can be ingested by marine life,
causing physical harm and toxicological effects.

Climate Change

Climate change is profoundly affecting ocean chemistry through:

— Increased CO, Levels: Higher atmospheric CO, concentrations lead to more
CO, being absorbed by the ocean, exacerbating acidification.

- Temperature Changes: Warmer ocean temperatures can affect solubility of
gases and alter chemical reactions, impacting marine life and ecosystems.

— Sea Level Rise: Changes in salinity and nutrient distribution due to rising
sea levels can disrupt local ecosystems and fisheries.

Conclusion

The chemistry of the ocean is a complex interplay of various physical,
chemical, and biological processes that contribute to the health of marine
ecosystems and the planet as a whole. Understanding ocean chemistry is
crucial for addressing the environmental challenges posed by human activities
and climate change. As stewards of the ocean, it is our responsibility to
promote sustainable practices and protect these vital ecosystems for future
generations. Continued research and collaboration among scientists,
policymakers, and the public will be essential in safeguarding the chemistry
of the ocean and, by extension, the health of our planet.

Frequently Asked Questions

How does ocean acidification affect marine life?

Ocean acidification results from increased CO2 absorption by seawater,
leading to lower pH levels. This can harm marine organisms, particularly
those with calcium carbonate shells, like corals and shellfish, making it
difficult for them to grow and survive.



What role do phytoplankton play in ocean chemistry?

Phytoplankton are crucial to ocean chemistry as they perform photosynthesis,
consuming CO2 and producing oxygen. They are the foundation of the oceanic
food web and influence carbon cycling and nutrient distribution in marine
ecosystems.

How do human activities impact ocean salinity?

Human activities, such as freshwater runoff from agriculture and urban areas,
can alter local salinity levels in the ocean. This can disrupt marine
ecosystems and affect the distribution of marine species that are sensitive
to salinity changes.

What is the significance of dissolved oxygen in ocean
chemistry?

Dissolved oxygen is vital for marine life; it is necessary for the
respiration of fish and other aquatic organisms. Changes in ocean temperature

and salinity can affect oxygen levels, leading to hypoxic zones where marine
life cannot survive.

How do ocean currents influence chemical distribution
in the ocean?

Ocean currents are essential for the distribution of nutrients, gases, and
heat in the ocean. They help transport essential elements and compounds,

affecting biological productivity and the overall chemistry of different
oceanic regions.
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