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Thematic Issue: 
Chemical Oceanography
Guest Editors: George W. Luther III, University of Delaware and 

Edward A. Boyle, Massachusetts Institute of Technology

Chemical Oceanography plays a central role in understanding the distribution and reactivity of
chemical components within the ocean and at the earth–ocean, sediment–ocean, and 
atmosphere –ocean interfaces. The oceans cover approximately 70% of the earth’s surface, and
their average depth is about 3900 meters. The transport of materials to the center of the oceans
occurs primarily via atmospheric deposition and to a lesser extent from hydrothermal vent inputs,
whereas the coastal ocean is affected primarily by exchange with rivers, atmospheric processes,
and groundwater exchange with coastal
aquifers. Until recently, the oceanic reservoir
appeared to be an expanse that could not be
polluted by humans. However, as recently
shown in the thematic issue on Atmospheric
Chemistry in this journal (Vol. 103, No. 12),
humans have altered the earth’s atmosphere,
so it is not surprising that the oceans have also
been altered despite the one thousand year
mixing time of the entire ocean.

The origin of the study of the chemistry of 
the oceans, frequently termed Chemical
Oceanography or Marine Chemistry, can be 
formally traced to the three and a half year
expedition of the H.M.S. Challenger in 1872.
That research cruise collected samples and
specimens to study the biology, chemistry, and
geology of the water column and sediments
around the globe. A major chemical finding
was the constancy in the ratio of the major ions
(sodium, calcium, magnesium, chloride, and
sulfate) to each other throughout the oceanic
water column. Since that time, Analytical
Chemistry has played a fundamental role in Chemical Oceanography, as method development to
determine trace elements at micromolar, nanomolar, and picomolar concentrations is required to
understand the distribution and reactivity of chemical components within the ocean and at its 
interfaces. Reliable results at extremely low concentrations require strict sampling protocols or 
in situ techniques so that contamination of the sample does not occur. Also, the protocols for 
sampling of carbon and its organic compounds are normally from different for inorganic elements
and compounds. For trace metals and nonmetals, proper analytical and sampling protocols were 
finally developed in the 1970s and have led to an improved understanding of element cycling in 
the ocean. Since then, technique development to determine the chemical speciation (redox state 
as well as specific compounds) of each element has become of paramount importance.

Physical Chemistry has always provided a conceptual framework for the description of oceanic
chemistry, and many of the papers in this issue use physical chemical principles to discuss 
oceanic processes. For inorganic elements and compounds, the thermodynamic approach initially
dominated the thinking of marine chemists. Over the last two decades, chemical kinetics and 
quantum mechanical approaches have enhanced our understanding of chemical transformations 
via reaction mechanisms at the molecular level for inorganic, organic, and biochemical reactions.
In addition to studying chemical transformations via reaction mechanisms at the molecular level,
Chemical Oceanography requires studying physical, geological, atmospheric, and biological
processes to demonstrate how the elements and their compounds, both natural and anthropogenic,
vary over a range of spatial and temporal scales. For example, much effort has been expended 
on the study of the uptake of chemical species by organisms, as trace amounts of an element 
are needed for growth but too much of an element can lead to toxicity and death.
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The paper by Millero demonstrates the chemical 
complexity of the oceanic CO2 cycle.

Morse, Arvidson, and Lüttge continue that topic 
with a thorough discussion of the thermodynamics 
and kinetics of CaCO3 formation and dissolution.

McCollum and Seewald discuss the abiotic syntheses 
of organic compounds at deep-sea hydrothermal vents.   

Coble discusses how colored dissolved organic matter
(CDOM) gives the ocean its characteristic color and
how it is studied via oceanic and satellite optical 
instrumentation. 

Mopper, Stubbins, Ritchie, Bialk, and Hatcher
describe the difficulty in getting structural information
on dissolved organic matter (DOM).

McNichol and Aluwihare discuss the use of 
radiocarbon techniques to track DOM and particulate
organic matter (POM) in the ocean. 

Burdige reviews organic matter preservation in
marine sediments.

Reeburgh discusses another greenhouse carbon 
gas, methane, which is produced in sediments at 
micromolar concentrations under zero oxygen 
conditions, and in the surface mixed layer under 
oxic conditions at (sub)nanomolar concentrations.

Rickard and Luther review the physical chemistry 
of the oceanic iron, sulfur, and iron sulfide systems. 

Paytan and McLaughlin review the phosphorus cycle
and provide details on its role in organic chemistry, 
biochemistry, and the formation of biogenic minerals.

Brandes, Devol, and Deutsch review the dynamics
of the marine nitrogen cycle with emphasis on new
ways to fix nitrogen and new processes leading to N2

formation in sediments and suboxic/anoxic waters. 

Reimers discusses the use of a variety of 
microelectrodes in the study of sediment processes. 

Ding and Seyfried review the technological 
challenges in making accurate in situ measurements 
of pH and H2 in hot hydrothermal vent fluids. 

Johnson, Needoba, Riser, and Showers describe
the need for chemical sensor networks that can 
measure chemical parameters. 

Fitzgerald, Lamborg, and Hammerschmidt
review the cycling of Hg in the marine environment. 

Swarzenski describes how the U/Th series of
radionuclides can be used as tracers for groundwater
along coastal margins.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


