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OCE307 is an introduction to chemical oceanography for undergraduate students. The class will provide you with a
comprehensive overview of how the chemistry being applied in solving oceanographic questions. There will be an
emphasis on the interaction of the marine carbon cycling with the environment.
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The students will gain the ability of self-motivated study for their life-time; They are able to obtain the international
scientific references, papers using modern information technology, and have the potential of continuous study and
adaptation to the development of the society.

They master basic theories and skills of chemical oceanography, understand the knowledge, frontiers and
development trends in chemical oceanography in different marine ecosystems. They master a foreign language, basic
information and technology, and obtain certain background in humanities and social sciences.

RENFLRHFERR (RRES USO8 E, WRENANMATURTSCG nEEEsE Rk, #HHIEHR
EX" YN
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11. A NI ERE 2 Organic Geochemistry-1

12. A HLEREL 2 Organic Geochemistry-2

13. TR Marine Sediments

14. ] 4L S Estuary Biogeochemistry

15. e ar it fE K BRTEH Life Processes and Marine Carbon
Cycle

16. JIAR %K Final 3

W W Wl wlw

1, W K K HAfE 4 Syllabus and Class Introduction

Chemical Oceanography is the most interdisciplinary of all the sub-disciplines of this interdisciplinary science. It is based
on the distribution and dynamics of elements, isotopes, atoms and molecules. This ranges from fundamental physical,
thermodynamic and kinetic chemistry to two-way interactions of ocean chemistry with biological, geological and physical
processes. It encompasses both inorganic and organic chemistry. The cornerstones of progress are breakthroughs in
analytical chemistry.

Readings:

Libes S. (1992), Marine Biogeochemistry. Wiley, New York, 734pp.

Ocean Studies Board (1999), Global Ocean Science: Toward an Integrated Approach. National Academy Press,
Washington, 165pp.

Butcher S.S., R.J. Chrlson, G.H. Orians and G.V. Wolfe (eds)(1992), Global Biogeochemical Cycles. Academic Press,
San Diego, 379 pp.

2. 5 B 511E Mass Balance

The purpose of this class is to Introduce the concept of Steady State and Residence Time and introduce the tools
necessary to develop the two main types of models used in chemical oceanography. These are:

-Box (or reservoir) Models

-Continuous Transport-reaction Models

Readings:

Chameides W.L. and E.M. Perdue (1997), Biogeochemical Cycles. Oxford, 224 pp.

Lasaga A.C. (1980), The kinetic treatment of geochemical cycles. Geochim. Cosmochim. Acta, 44, 815-828.

3. #1712 Thermodynamics

To understand the chemical oceanography, it is necessary to have some understanding of physical chemistry. Only a
few basic concepts are required. The material in this lecture comes from the field of chemical thermodynamics. For the
purpose of this class there are only a few basic concepts you need to know in order to conduct equilibrium calculations.
With these calculations we can predict chemical composition using chemical models. The main questions we ask are:

1. Is a geochemical system at chemical equilibrium?

2. If not, what reaction (s) are most likely to occur?

Readings:

Drever J.I. (1997), The Geochemistry of Natural Waters. Prentice Hall, Upper Saddle River, NJ, 436pp.
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Klotz I.M. (1964), Chemical Thermodynamics. W.A. Benjamin, New York, 468pp.

Morel F.M.M. and J.G.Hering (1993), Principles and applications of Aquatic Chemistry. John Wiley, New York, 588pp.
Stumm W. and J.J. Morgan (1996), Aquatic Chemistry. 3rd edition, John Wiley, New York, 1022 pp.

4. W b %% Carbonate Chemistry

CaCO03 is present in shallow sediments and disappears in sediments below a certain depth in the water column. Is this
depth controlled by mineral solubility? The saturation state varies as a function of temperature and pressure and can be
calculated from thermodynamics. Fortunately, the equilibrium constants are well known as a function of temperature,
pressure and salinity.

Readings:

Langmuir D. (1997), Aqueous Environmental Geochemistry. Prentice Hall, Upper Saddle

River, NJ, 600pp.

5. HFPERENRIR Silicate Cycle

Beginning in the second half of the twentieth century, the importance of the silicon cycle in marine biogeochemistry
began to be appreciated and the key role of diatoms in the export of carbon toward the ocean interior was noted. The
silica cycle is strongly intertwined with other major biogeochemical cycles, like those of carbon and nitrogen, and as such
is intimately related to marine primary production, the efficiency of carbon export to the deep sea, and the inventory of
carbon dioxide in the atmosphere. The budget needs to incorporate advances that have notably changed estimates of
river and groundwater inputs to the ocean of dissolved silicon and easily dissolvable amorphous silica, inputs from the
dissolution of terrestrial lithogenic silica in ocean margin sediments, reverse weathering removal fluxes, and outputs of
biogenic silica.

Drever J.I. (1971), Early diagenesis of clay minerals, Rio Ameca Basin, Mexico. J. Sed. Petrol., 41,

982-994.

Michalopoulos P. and R.A. Aller (1995), Rapid clay mineral formation in Amazon delta sediments:

reverse weathering and oceanic elemental cycles. Nature, 270, 614-617.

Paul J. Tréguer and Christina L. De La Rocha (2013), The World Ocean Silica Cycle, Annual Review of Marine Science

5:1, 477-501
6. B 751K 5%-1 Nutrients-1
7. B IE 4K 2%-2 Nutrients-2

Two topics include:

- vertical and horizontal segregation

- case studies (Fe and N)

By definition, biolimiting elements are those: necessary to sustain life and exist in low concentrations
For the most part the prototypical macro biolimiting elements are:

P as PO4 Soft Parts
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N as NO3

Si as H4SiO4 Hard Parts

Several trace elements can be limiting, most notably iron.
Readings:

Codispoti L.A. (1989), Phosphorus vs Nitrogen limitation of mew and export production. In ( W.H. Berger, V.S. Smetacek
and G. Wefer, eds) Productivity of the Ocean: Present and Past. Wiley, 377-394.

Dugdale R.C., F.P. Wilkerson and H.J. Minas (1995) ,The role of silicate pump in driving new production. Deep-Sea
Research, 42, 697-719.

Dugdale R.C. and F.P. Wilkerson (1998), Silicate redulation of new production in the equatorial Pacific upwelling. Nature,
391, 270-273.

8. TR S TR B AR B3 4k 2% Eutrophication and Hypoxia

Production and destruction of organic matter by photosynthesis and respiration will be discussed. Much of this are
related to biological oceanography and we talk about biological oceanography from a chemical oceanography
perspective, with an emphasis on chemical tracers and feedbacks, such as Eutrophication and Hypoxia.

The topic is important for three key reasons:

1. One cannot understand the chemistry of the oceans without considering biological influences.

2. To understand the limits on biological production in the oceans, we need to understand the underlying chemical
constraints (especially the macro (e.g. N and P) and micro (e.g. Fe and Zn) nutrients).

3. The balance between ocean productivity and respiration is called export production.
Readings:

Hale SS, Cicchetti G and Deacutis CF (2016), Eutrophication and Hypoxia Diminish Ecosystem Functions of Benthic
Communities in a New England Estuary. Front. Mar. Sci. 3:249.

T.S. Bianchi, S.F. DiMarco a, J.H. Cowan Jr. b, R.D. Hetland a, P. Chapman a, J.W. Day b, M.A. Allison (2010), The
science of hypoxia in the Northern Gulf of Mexico: A review, Science of the Total Environment, 408 1471-1484.

9. W25k Mid-Term
10. [z &L Isotopes

Stable and radioactive isotopes are the most useful tracers available to geochemists. In almost all cases the distributions
of these isotopes have been used to study oceanographic processes controlling the distributions of the elements.
Radioactive isotopes are especially useful because they provide a way to put time into geochemical models. Several
light elements such as H, C, N, O, and S have more than one stable isotope form, which show variable abundances in
natural samples. This variability is caused by isotopic fractionation during chemical reactions. Heavier elements like Pb
also have several stable isotopic forms but their distributions are controlled more by their different sources than by
fractionation.

Readings:

Altabet M.A. and L. F. Small (1990), Nitrogen isotopic ratios in fecal pellets produced by marine zooplankton. Geochim.
Cosmochim. Acta 54, 155-163.
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Berner R.A. (1987), Models for carbon and sulfur cycles and atmospheric oxygen: Application to Paleozoic geological
history. Amer. J. Sci., 287, 177-196.

Berner R.A. (1989), Biogeochemical cycles of carbon and sulfur and their effect on atmospheric oxygen over
Phanerozoic time. Palaoegraphy, Palaeoclimatalogy, Palaeoecology, 3, 97-122.

Degens E.T. (1968), Biogeochemistry of stable carbon isotopes. In: (Eqlinton and Murphy, eds.) Organic Geochemistry:
Methods and Results. Springer, Berlin, 304-329.

1. TEPEA HLHER (L 2% Organic Geochemistry-1
12. HEPEH HLER 1L 2 Organic Geochemistry-2

Topics addressed in Marine Organic Geochemistry

. Carbon budget- DOC&POC measurement/sources and sinks etc.

. Marine food web dynamics—organism’s utilization of DOC

. Genesis of prebiotic organic carbon

. Trace metal-organic interactions-solubility, bioavailability, toxicity

. Optical characteristics of seawater-absorption of light, most <300 and visible 350-800nm.
. Other organics such as volatiles, DMS etc.

Readings:

Bombaugh, K.J. (1984),The use of HPLC for water analysis. In: Water Analysis, Vol. lll. R.A. Minear and L.H. Keith
(eds.), Academic Pess, Inc. pp 317-379.

Kujawinski, E.B. et al. (2002), The application of electrospray ionization mass spectrometry (ESI-MS) to the structural
characterization of natural organic matter. Org. Geochem., 33: 171-180.

Schwarzenbach, R.P. and W. Giger (1984), Gas chromatography. In: Water Analysis, Vol. lll. R.A. Minear and L.H.
Keith (eds.), Academic Pess, Inc. pp. 167-251.

Yunker, M.B., R.W. Macdonald, D.J. Veltkamp and W.J. Cretney (1995), Terrestrial and marine biomarkers in a
seasonally ice-covered Arctic estuary- integration of multivariate and biomarker approaches. Marine Chemistry, vol. 49,

13. HFEETTARYIME 2: Marine Sediments

The most important processes on the Earth's surface occur in the ocean where materials and energy are primarily
exchanged. In the case of marine chemistry different fields of chemistry from organic to inorganic as well as
thermodynamics and biochemistry are involved. Chemical processes occurring in the marine sediment are discussed
such as sedimentary organic matter preservation and atmospheric O2 regulation, sedimentary geochemistry of the
carbonate and sulphide systems and their potential influence on toxic metal bioavailability.

Readings:

Gianguzza, Antonio, Pelizzetti, Ezio, Sammartano, Silvio (Eds.) 2013, Chemistry of Marine Water and Sediments,
Springer Berlin Heidelberg, 484pp.

14. I C1#gE1L % Estuary Biogeochemistry
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18.

19.

Estuaries, located at the interface between land and the coastal ocean are dynamic, highly productive systems that, in
many cases, have been historically associated with development of many of the great centers of early human civilization.
Consequentially, these systems have and continue to be highly impacted by anthropogenic inputs. Estuary
biogeochemistry offers an interdisciplinary approach to understanding biogeochemical cycling. The class utilizes
numerous illustrations and an extensive literature base to impart the current state-of-the-art knowledge in this field and
provides a unique foundation in the areas of geomorphology, geochemistry, biochemistry, aqueous chemistry, and
ecology, while making strong linkages to ecosystem-based processes in estuarine sciences.

Readings:
Thomas S. Bianchi (2006), Biogeochemistry of Estuaries 1st Edition, Oxford University Press, 687pp.
15. PR A i FE K BRTE 3R Life Processes and Marine Carbon Cycle

The effects of life processes are felt in every process of the ocean chemistry. Patterns of chemical distributions within the
ocean are primarily controlled by biological processes and ocean circulation. Major features of this biogeochemical
mosaic include removal of nutrients from warm surface ocean waters, concentration of these same nutrients in deep-
ocean waters, and depletion of dissolved oxygen at intermediate water depths. These patterns are imprinted as mixing
and advection carry nutrient-laden water from ocean depths into the sunlit upper water. These nutrients are used during
photosynthesis to generate particulate and dissolved organic carbon that sink or are mixed into the interior ocean, where
they are respired back into dissolved metabolites.

Readings:

Emerson, S., & Hedges, J. (2008), Life processes in the ocean. In Chemical Oceanography and the Marine Carbon
Cycle (pp. 173-218). Cambridge: Cambridge University Press.

16. AR %K Final

b R ES %% A Textbook and Supplementary Readings

1.Chemical Oceanography and the Marine Carbon Cycle,

Steven Emerson and John Hedges, 2008.

Cambridge University Press

2.Chemical Oceanography. Millero F J. CRC Press, 1996.

PR IPfE ASSESSMENT
PHETR PG B ) EERERG AL BELELT £
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Assessment score
H & Attendance 5
WERIN 0
Class
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AN 0
Quiz
T H Projects 0
PR 15
Assignments
B 30
Mid-Term Test
BRI 50
Final Exam
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e ##t REVIEW AND APPROVAL
AERBRECSTUTHENERSHET

This Course has been approved by the following person or committee of authority

TR S TRAAB B AR

Department of Ocean Science and Engineering Undergraduate Committee




