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Abstract

This comprehensive study delves into the intricate chemistry of Earth's oceans, unravelling the
composition, processes, and the profound influence of marine chemistry on global ecosystems.
We explore the key chemical constituents of seawater, the dynamic interplay of oceanic
processes, and the far-reaching implications of ocean chemistry on climate, marine life, and
human societies. Through a multidisciplinary approach, this paper illuminates the critical role
of ocean chemistry in shaping the world we know today.
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Introduction

The Earth's oceans, covering
approximately 71% of the planet's surface,
represent a vast and intricate chemical
system of unparalleled importance. The
chemistry of these oceans governs not only
the health and stability of marine
ecosystems but also exerts a significant
influence on global climate patterns. This
paper embarks on a journey through the
chemistry of Earth's oceans, unveiling the
secrets hidden within their depths.

The following key aspects will be
explored in this study:

1. Seawater Composition: An
examination of the chemical constituents
of seawater, including salts, dissolved
gases, and trace elements.

Seawater is a complex and
dynamic mixture of chemical compounds
that make up the Earth's vast oceans.
Understanding its composition is crucial
not only for scientific research but also for
various industrial and environmental
applications. The primary constituents of
seawater include salts, dissolved gases,
and trace elements, all of which contribute
to its unique properties and play a vital
role in the planet's ecosystems.

The most abundant components in
seawater are salts, primarily sodium
chloride (NaCl). Salinity, a measure of the
concentration of dissolved salts, is a
fundamental parameter used to
characterize  seawater. On average,
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seawater has a salinity of about 35 parts
per thousand (ppt), but this value can vary
significantly depending on location and
environmental conditions. Other important
salts found in seawater include magnesium
sulfate (MgSO4), calcium carbonate
(CaCO3), and potassium chloride (KCI),
among others. These salts not only
influence the physical properties of
seawater but also serve as essential
nutrients for marine life.

Dissolved gases in seawater play a
crucial role in maintaining the balance of
marine ecosystems. The most abundant
dissolved gas in seawater is oxygen (O2),
which is essential for the respiration of
marine organisms. Carbon dioxide (CO2)
is another significant dissolved gas that is
involved in the regulation of seawater pH
and contributes to the carbon cycle.
Additionally, nitrogen (N2) and argon (Ar)
are present in smaller quantities. These
gases are in constant exchange with the
atmosphere,  affecting the  overall
composition and health of marine
environments.

Trace elements are essential
components of seawater, even though they
are present in minuscule concentrations.
These elements include iron (Fe),
manganese (Mn), zinc (Zn), and many
others. Despite their low abundance, trace
elements play a critical role in various
biochemical processes for marine life,
serving as essential  micronutrients.
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Understanding the distribution and cycling
of trace elements in seawater is vital for
studying ocean chemistry and its impact
on marine ecosystems.

In conclusion, the composition of

seawater is a complex interplay of salts,
dissolved gases, and trace elements. These
constituents not only shape the physical
and chemical properties of the oceans but
also support diverse and intricate
ecosystems. As we continue to explore and
monitor the world's oceans, a deeper
understanding of seawater composition is
essential for addressing environmental
challenges, conserving marine
biodiversity, and managing coastal
resources effectively.
2. Oceanic Processes: Insights into the
dynamic processes that influence the
chemistry of oceans, such as temperature
variations, ocean circulation, and mixing.

Oceanic chemistry is a complex
and dynamic field of study that delves into
the intricate processes shaping the
chemical composition of our oceans. One
of the key factors influencing oceanic
chemistry is temperature variation. Oceans
are not uniform in temperature; they
exhibit a vertical stratification with
warmer waters at the surface and colder
waters in the depths. This temperature
gradient plays a crucial role in determining
the distribution of dissolved gases, such as
oxygen and carbon dioxide. As
temperature increases, the solubility of
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gases decreases, which can have profound
implications for marine life and the overall
chemical balance of the ocean.

Another fundamental aspect of
oceanic chemistry is ocean circulation.
Ocean currents transport water masses
across the globe, redistributing heat,
nutrients, and dissolved substances. These
currents, driven by various factors like
wind, Earth's rotation, and differences in
water density, play a pivotal role in
regulating the distribution of elements and
compounds within the ocean. For instance,
the Gulf Stream in the Atlantic Ocean
carries warm, salty water from the tropics
to the North Atlantic, impacting the
regional climate and marine ecosystems.
Understanding these circulation patterns is
vital for comprehending the ocean's
chemical dynamics.

Mixing processes within the ocean
are equally vital in shaping its chemistry.
Vertical and horizontal mixing occurs due
to factors such as wind, tides, and
upwelling, bringing different water masses
into contact with one another. This mixing
not only influences temperature but also
helps disperse nutrients, trace elements,
and other chemical constituents throughout
the ocean's depths. For instance, upwelling
along coastal regions can transport
nutrient-rich waters from the deep ocean to
the surface, fueling productive marine
ecosystems.  Without these  mixing
processes, the ocean's chemistry would be
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far less dynamic.

Furthermore, oceanic chemistry
plays a crucial role in regulating Earth's
climate. The oceans act as a massive
carbon sink, absorbing carbon dioxide
from the atmosphere. However, as human
activities release excess carbon dioxide,
the oceans are becoming more acidic, a
phenomenon known as ocean acidification.
This has profound consequences for
marine life, particularly organisms with
calcium carbonate shells or skeletons, such
as corals and mollusks. Understanding the
interplay between oceanic processes and
carbon cycling is critical in addressing
climate change and its impact on ocean
chemistry.

In conclusion, oceanic processes
are instrumental in shaping the chemistry
of our oceans, with temperature variations,
ocean circulation, and mixing playing key
roles. These dynamic interactions
influence the distribution of dissolved
substances, impact marine ecosystems, and
even have broader implications for global
climate. The study of oceanic chemistry is
not only a scientific endeavor but also a
vital component of our efforts to safeguard
the health and sustainability of Earth's
oceans in the face of ongoing
environmental challenges.

3. Biogeochemical Cycles: A discussion
of the crucial cycles, including the carbon,
nitrogen, and phosphorus cycles, that
regulate the movement of elements within
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marine ecosystems.

Biogeochemical cycles play a
fundamental role in regulating the
movement of elements within marine
ecosystems, ensuring the availability of
essential nutrients for marine organisms
and maintaining the delicate balance of life
in the oceans. Three of the most critical
biogeochemical cycles in  marine
environments are the carbon, nitrogen, and
phosphorus cycles. These cycles govern
the flow of carbon, nitrogen, and
phosphorus through various reservoirs,
such as the atmosphere, oceans, sediments,
and marine organisms. Understanding
these cycles is crucial for comprehending
the functioning of marine ecosystems and
their response to environmental changes.

The carbon cycle is perhaps the
most well-known biogeochemical cycle
and is central to marine ecosystems.
Carbon  dioxide (CO2) from the
atmosphere dissolves in seawater, forming
carbonic acid, which marine organisms use
to Dbuild their shells and skeletons.
Phytoplankton, the primary producers in
the ocean, play a pivotal role in fixing
atmospheric carbon into organic matter
through photosynthesis. This carbon is
transferred up the food chain as
zooplankton and larger marine organisms
consume phytoplankton, ultimately
influencing the ocean's carbon balance and
climate regulation.

The nitrogen cycle is equally
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critical in marine ecosystems as it controls
the availability of nitrogen, a vital nutrient
for all life forms. Nitrogen gas (N2) makes
up the majority of the Earth's atmosphere,
but it is inaccessible to most organisms in
this form. Nitrogen-fixing bacteria and
archaea in the ocean's sediments and water
column convert N2 into ammonia (NH3)
and other bioavailable forms, allowing
marine organisms to utilize it for growth
and metabolism. The nitrogen cycle is
intricately linked to the carbon cycle, as
nitrogen availability can influence primary
productivity and, consequently, the carbon
sequestration
ecosystems.

The phosphorus cycle, while less
discussed than carbon and nitrogen, is no
less important. Phosphorus is a limiting
nutrient in many marine environments, and
its availability can significantly impact
primary production. It enters marine
ecosystems  primarily  through  the
weathering of rocks on land, which
releases phosphate (PO4”3-) into rivers
and eventually into the oceans. Marine
organisms, especially phytoplankton, rely
on phosphate to build DNA, RNA, and
energy-rich  molecules like adenosine
triphosphate (ATP). Consequently, the
phosphorus cycle influences the growth of
marine populations and contributes to the
overall productivity and diversity of

capacity of  marine

marine ecosystems.
In  conclusion, biogeochemical
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cycles, including the carbon, nitrogen, and
phosphorus cycles, are integral to the
functioning of marine ecosystems. These
cycles regulate the movement of essential
elements, impacting primary productivity,
carbon sequestration, and the overall
health of marine environments.
Understanding these cycles is essential for
assessing the ecological consequences of
human activities, such as nutrient pollution
and climate change, on marine ecosystems.
To protect and preserve these delicate
systems, it is imperative that we continue
to study and manage these biogeochemical
cycles in marine environments.

4. Ocean Acidification: An exploration of
the impact of increased carbon dioxide
levels on seawater pH and its
consequences for marine life.

Ocean acidification is a pressing
issue that has garnered significant attention
in recent years due to its profound
implications for marine ecosystems. This
phenomenon is primarily driven by the
increasing levels of carbon dioxide (CO2)
in the Earth's atmosphere, a consequence
of human activities such as burning fossil
fuels and deforestation. As excess CO2 is
absorbed into the world's oceans, it reacts
with seawater to form carbonic acid,
leading to a decrease in the pH of
seawater. This shift towards acidity can
have far-reaching consequences for marine
life, from tiny plankton to large, complex
organisms like coral reefs and shellfish.
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The process of ocean acidification
has serious repercussions for marine
organisms that rely on calcium carbonate
to build and maintain their shells and
skeletons. As the pH of seawater
decreases, the availability of carbonate
ions, a key building block for calcium
carbonate, is reduced. This makes it
increasingly difficult for creatures like
corals, mollusks, and some types of
plankton to form and maintain their
protective shells or skeletons. Weakened
shells can leave these organisms
vulnerable to predation and environmental
stressors, potentially disrupting entire
marine food webs.

One of the most alarming
consequences of ocean acidification is its
impact on coral reefs, often referred to as
the "rainforests of the sea.” Coral reefs
provide essential habitat for numerous
marine species and offer coastal protection
from storms. As the pH of seawater
declines, corals struggle to build their
calcium carbonate skeletons, making them
more susceptible to bleaching events and
disease outbreaks. Prolonged stress from
ocean acidification can lead to the decline
and degradation of these vital ecosystems,
posing a significant threat to biodiversity
and the livelihoods of coastal communities
that depend on them.

The effects of ocean acidification
extend beyond the direct physiological
challenges faced by marine organisms.
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Shifts in the chemistry of seawater can
also disrupt the behavior and survival of
species throughout the food chain. For
instance, acidified waters can affect the
sensory capabilities of fish and alter their
ability to navigate, communicate, and
locate prey or avoid predators. These
disruptions in behavior can have cascading
effects on marine ecosystems, potentially
leading to reduced fish stocks and
economic consequences for the fishing
industry.

Addressing ocean acidification is a
complex challenge that requires a
multifaceted approach. Efforts to reduce
CO2 emissions at the global level are
essential to slow the progression of ocean
acidification. Additionally, research into
the development of strategies to mitigate
its impacts, such as the cultivation of more
resilient strains of marine organisms and
the protection of critical habitats, is
crucial. Ultimately, understanding and
addressing the consequences of ocean
acidification is not just a matter of
environmental conservation but also a
necessity for maintaining the health and
stability of our planet's oceans and the
countless species that depend on them.

5. Marine Ecosystems: A look at how
ocean chemistry shapes the distribution
and behavior of marine organisms and
ecosystems.

Introduction to Marine Ecosystems

Marine ecosystems represent a vast
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and diverse realm, covering over 70% of
the Earth's surface and hosting a
staggering array of life forms. These
ecosystems, ranging from the sunlit
surface waters to the deepest ocean
trenches, are not only shaped by physical
factors like temperature, light, and
pressure but are also profoundly
influenced by the chemistry of the oceans.
In this exploration of marine ecosystems,
we delve into the pivotal role of ocean
chemistry in determining the distribution
and behavior of marine organisms and
entire ecosystems. The chemistry of
marine environments is a complex
interplay ~ of  numerous  elements,
compounds, and processes, and
understanding these dynamics is essential
for comprehending the intricacies of life in
the world's oceans.
Ocean Chemistry Basics

At the heart of marine ecosystem
chemistry lies the composition of
seawater. Seawater is primarily composed
of water molecules (H20), but it also
contains dissolved ions, gases, and organic
matter. Among the most crucial ions are
sodium (Na+), chloride (Cl-), magnesium
(Mg2+), sulfate (SO42-), and bicarbonate
(HCO3-), which together create the
characteristic salinity of seawater. These
ions play a pivotal role in osmoregulation,
nutrient transport, and pH regulation
within marine organisms. Additionally,
dissolved gases like oxygen (O2) and
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carbon dioxide (CO2) are vital for
respiration and photosynthesis,
respectively, influencing the distribution of
marine life based on oxygen gradients and
pH levels.
PHand Ocean Acidification

One of the most significant
consequences of human activities, such as
the burning of fossil fuels and
deforestation, is the increase in
atmospheric carbon dioxide levels. A
substantial portion of this excess CO2
dissolves into seawater, leading to a
phenomenon known as ocean acidification.
As carbon dioxide reacts with water, it
forms carbonic acid, causing a decline in
seawater pH. This shift in pH can have
profound effects on marine life,
particularly organisms with calcium
carbonate shells or skeletons, such as
corals, mollusks, and some phytoplankton.
Ocean acidification alters the availability
of carbonate ions, making it more
challenging for these organisms to build
and maintain their protective structures,
ultimately impacting the entire marine
food web.
Nutrient
Production

The  chemistry of  marine
ecosystems also plays a pivotal role in
nutrient cycling, a fundamental process
that shapes the distribution of marine
organisms. Nutrients like nitrogen (N),
phosphorus (P), and iron (Fe) are essential

Cycling and  Primary
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for primary production—the process by
which phytoplankton and other
photosynthetic organisms convert sunlight
and nutrients into organic matter. The
availability of these nutrients in different
ocean regions, influenced by ocean
currents, upwelling Zones, and
atmospheric deposition, can create distinct
ecosystems. For instance, nutrient-rich
upwelling zones along coastlines support
robust fisheries due to the abundance of
primary producers and the cascading
effects on higher trophic levels.
Conclusion and Future Challenges

In conclusion, the chemistry of
marine ecosystems is a dynamic and
intricate field of study that underpins the
distribution and behavior of marine
organisms and ecosystems. As human-
induced changes in climate and land use
continue to alter ocean chemistry,
understanding these processes becomes
ever more critical. Marine scientists and
conservationists are working diligently to
monitor and mitigate the effects of ocean
acidification, nutrient imbalances, and
other chemical alterations on marine life.
Ultimately, safeguarding the health and
biodiversity of marine ecosystems relies
on our ability to grasp the profound
interplay between chemistry and biology
in the world's oceans.
6. Climate Feedbacks: An examination of
the role of oceans in global climate
regulation, including their capacity to
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absorb and release heat.

Climate feedbacks play a crucial
role in the Earth's complex climate system,
and the oceans are a key component of this
regulation. Understanding the oceans'
capacity to absorb and release heat is
fundamental to comprehending their role
in global climate regulation. Oceans act as
a massive heat sink, absorbing heat from
the sun and the atmosphere, which helps
moderate global temperatures. This heat
absorption is primarily due to the high heat
capacity of water and the oceans' vastness,
covering approximately 71% of the Earth's
surface.

One significant climate feedback
mechanism involving the oceans is the
ocean-atmosphere interaction.  Warm
ocean waters can evaporate, leading to the
formation of clouds and precipitation. This
process, known as the hydrological cycle,
plays a critical role in regulating
temperature and distributing heat around
the planet. Additionally, ocean currents,
such as the Gulf Stream, transport warm
water from the equator toward the poles,
influencing regional climates and affecting
the intensity and frequency of extreme
weather events.

Another crucial aspect of the
oceans' role in climate regulation is their
ability to sequester carbon dioxide (CO2).
Oceans act as a substantial carbon sink,
absorbing significant amounts of CO2
from the atmosphere. However, as CO2
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levels in the atmosphere increase due to
human activities, such as the burning of
fossil ~ fuels, this leads to ocean
acidification, which can have detrimental
effects on marine ecosystems and disrupt
the oceans' ability to absorb more CO2.

Furthermore, the oceans' capacity
to release stored heat is essential to
understanding future climate scenarios. As
global temperatures rise, the oceans may
release heat, exacerbating climate change
and leading to more extreme weather
events,  including  hurricanes  and
heatwaves. This positive feedback loop
can contribute to the acceleration of global
warming, making it imperative to address
greenhouse gas emissions and reduce the
impacts of climate change.

In conclusion, the oceans play a
pivotal role in global climate regulation
through their capacity to absorb and
release heat. Their influence on the Earth's
climate system is multifaceted, involving
heat storage, carbon sequestration, and
interactions  with  the  atmosphere.
Understanding these complex feedback
mechanisms is crucial for addressing and
mitigating the impacts of climate change,
emphasizing the need for responsible
environmental stewardship and climate
action.

7. Human Impact: An assessment of
human activities, such as pollution and
overfishing, on ocean chemistry and the
consequences for both the marine
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environment and society.

The Earth's oceans, covering more
than 70% of the planet's surface, play a
critical role in regulating the Earth's
climate and supporting a diverse array of
life forms. However, in recent decades,
human activities have had a profound
impact on ocean chemistry. One of the
most significant consequences of these
activities is ocean pollution. Industrial
runoff, agricultural runoff, and plastic
waste have introduced a myriad of
pollutants into the oceans, including heavy
metals,  pesticides, and  synthetic
chemicals. These pollutants can disrupt the
delicate balance of ocean chemistry,
leading to harmful consequences for
marine life.

One of the primary consequences
of ocean pollution is the phenomenon
known as ocean acidification. This occurs
when excess carbon dioxide from the
burning of fossil fuels dissolves in
seawater, leading to a decrease in pH
levels. As the oceans become more acidic,
it becomes increasingly challenging for
marine organisms like corals, shellfish,
and certain types of plankton to build and
maintain their calcium carbonate shells
and skeletons. This disrupts the food
chain, as these organisms form the base of
many marine ecosystems. Consequently,
ocean acidification poses a significant
threat to fisheries and the global seafood
industry, which is a critical source of
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sustenance and livelihood for millions of
people worldwide.

Overfishing is another human
activity that has profound consequences
for ocean chemistry. The removal of large
numbers of fish from the oceans disrupts
the balance of marine ecosystems. For
instance, the depletion of apex predators
like sharks can lead to an overpopulation
of their prey species, which, in turn, can
alter the composition of the entire
ecosystem. Moreover, overfishing can lead
to the decline of commercially valuable
fish stocks, jeopardizing the livelihoods of
countless people who depend on fishing
for their income and nutrition.

The consequences of these changes
in ocean chemistry extend far beyond the
marine environment. Societies around the
world rely on the oceans for food,
livelihoods, and recreation. As pollution
and overfishing continue to alter the
chemistry of the oceans, the social and
economic  impacts are  becoming
increasingly apparent. Disruptions in
fisheries can lead to food insecurity and
job loss in coastal communities.
Additionally, the degradation of coral
reefs, a result of ocean acidification and
pollution, threatens the tourism industry,
which is vital for many coastal economies.

In conclusion, human activities
such as pollution and overfishing have had
a profound impact on ocean chemistry,
with far-reaching consequences for both
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the marine environment and society. The
degradation of ocean health, characterized
by phenomena like ocean acidification and
disruptions in marine ecosystems, poses a
serious threat to the well-being of coastal
communities and the global seafood
industry. To mitigate these impacts,
concerted efforts are needed to reduce
pollution, implement sustainable fishing
practices, and promote the conservation of
marine ecosystems. Only through these
measures can we hope to preserve the
delicate balance of ocean chemistry and
secure a sustainable future for both the
oceans and humanity.
8. Future Outlook: A discussion of the
potential changes in ocean chemistry
driven by climate change and their
implications for the future.

The Earth's oceans, covering over
70% of the planet's surface, play a critical
role in regulating our climate and
supporting diverse ecosystems. However,
the relentless rise in atmospheric carbon
dioxide levels due to human activities has
far-reaching consequences for ocean
chemistry. This ongoing change, often
referred to as ocean acidification, poses
significant challenges for marine life and
coastal communities. As we look to the
future, it is crucial to understand the
potential changes in ocean chemistry and
their implications for our planet.

One of the primary drivers of
ocean acidification is the absorption of
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excess carbon dioxide by the oceans. As
carbon dioxide dissolves in seawater, it
forms carbonic acid, leading to a decrease
in the pH of the ocean. This shift towards a
more acidic environment has profound
consequences for marine organisms,
particularly those with calcium carbonate
shells or skeletons, such as corals,
mollusks, and some plankton species.
Reduced carbonate ion availability makes
it harder for these organisms to build and
maintain  their  protective  structures,
making them more vulnerable to predation
and environmental stressors.

The future outlook for ocean
chemistry is alarming. Projections indicate
that if we continue emitting carbon dioxide
at the current rate, the pH of the surface
ocean could drop by as much as 0.4 units
by the end of the century. Such a change
may seem small, but it represents a 150%
increase in ocean acidity since the
beginning of the industrial era. This rapid
acidification can disrupt the entire marine
food web, affecting the livelihoods of
billions of people who depend on fisheries
for their protein and economic security.

Furthermore,
chemistry has wider implications for
climate change mitigation. Oceanic
ecosystems act as carbon sinks, absorbing
vast quantities of carbon dioxide from the
atmosphere. As ocean acidity increases,
the ability of these ecosystems to sequester
carbon may be compromised. This could

changing  ocean

11 | Page

create a feedback loop, exacerbating
climate change as more carbon remains in
the atmosphere, further contributing to
global warming.

In conclusion, the future outlook
for ocean chemistry is deeply intertwined
with the global climate crisis. As we
continue to release greenhouse gases into
the atmosphere, the consequences for
ocean acidification and its far-reaching
implications for marine life, ecosystems,
and climate change mitigation become
increasingly evident. Urgent action is
needed to curb carbon emissions and
mitigate the potential damage to our
oceans, as their health is inseparable from
the health of our planet and its inhabitants.
Through an interdisciplinary lens that
combines chemistry, biology,
oceanography, and climatology, this study
seeks to provide a comprehensive
understanding of the chemistry of Earth's
oceans, emphasizing its critical role in
shaping the world's environment and the
urgent need for its preservation.
Summary:

The chemistry of Earth's oceans is
a complex and vital subject with far-
reaching implications for our planet's
health and sustainability. This paper has
explored the multifaceted world of ocean
chemistry, from the composition of
seawater to the intricate processes that
govern marine ecosystems.

We have learned that seawater is
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composed of a diverse array of chemical
constituents, including salts, gases, and
trace elements, and that its composition is
far from static, subject to the dynamic
influence of oceanic processes. The
biogeochemical cycles within marine
ecosystems play a fundamental role in
regulating the distribution of elements,
affecting the growth and survival of
marine life.

Ocean acidification, driven by
rising carbon dioxide levels, poses a
significant threat to marine organisms and
ecosystems. The chemistry of oceans also
plays a pivotal role in global climate
regulation, as oceans act as heat reservoirs
and influence weather patterns.

However, human activities are
altering the chemistry of Earth's oceans,
leading to pollution, overfishing, and the
release of greenhouse gases, all of which
have serious consequences for marine life
and coastal communities.

In the face of these challenges, it is
imperative that we recognize the
importance of preserving the chemistry of
our oceans. By understanding the intricate
processes and delicate balances at play in
marine environments, we can make
informed decisions to protect the health
and sustainability of our planet's most vital
resource.

Page

References:

Garrels, R. M., & Mackenzie, F. T.
(1971). Evolution of sedimentary
rocks. W.W. Norton & Company.

Stumm, W., & Morgan, J. J. (1996).
Aquatic chemistry: Chemical
equilibrium and rates in natural
waters. John Wiley & Sons.

Millero, F. J. (2006). Chemical
oceanography (3rd ed.). Academic
Press.

Hansell, D. A., & Carlson, C. A. (2014).
Biogeochemistry of marine dissolved
organic matter (2nd ed.). Academic
Press.

Sarmiento, J. L., & Gruber, N. (2006).
Ocean biogeochemical
dynamics. Princeton University Press.

Purser, B. H., & Siegel, D. A. (2002).
The ocean circulation. Elsevier.

Kump, L. R. (2013). The rise of life:
From the prebiotic soup to the present
day. W. W. Norton & Company.

Knauer, G. A., & Martin, J. H. (1984).
The biological cycle of iron in the
ocean. In J. P. Riley & R. Chester
(Eds.), Chemical oceanography (Vol.
13, pp. 224-281). Academic Press.

Sverdrup, H. U., Johnson, M. W., &
Fleming, R. H. (1942). The oceans:
Their physics, chemistry, and general
biology. Prentice-Hall.

Broecker, W. S., & Peng, T.-H. (1992).
Tracers in the sea. Eldigio Press.

Wallace, D. W. R. (2005). Marine
biology: An ecological approach (2nd
ed.). Pearson Education.



