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FINAL TECHNICAL SUMMARY 
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BACKGROUND:  The trace element analyses conducted at UCSC for the MMS/SCEI 
program were unusually successful in several respects.  These included  (1) the publication of 
a great deal of original data along with interpretations of natural biogeochemical processes 
and anthropogenic perturbations that accounted for its temporal and spatial variations;  (2) the 
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development of interdisciplinary collaborations with faculty and students at UCSB;  and (3) 
the involvement of numerous undergraduate, graduate, and postdoctoral students at UCSC in  
 
the program.  Consequently, we are quite pleased with the opportunity that this unique 
program has provided us. 
 
The MMS/SCEI research resulted in numerous scientific publications in primary peer-
reviewed journals (see below).  Many of these publications included the first accurate 
measurements of trace element concentrations in the Southern California Bight.  These 
quantified both baseline levels and degrees of anthropogenic perturbations in those coastal 
waters, which were often much lower than commonly believed.  As a result,  there is now a 
benchmark for future studies of potential effects of inorganic contaminants in coastal waters 
of the Southern California Bight. 
 
The proposed interactions between faculty and students at different campuses that were a 
basic premise of the MMS/SCEI program actually occurred.  As indicated in the list of 
publications by our group, there one article and one chapter in a scientific text included a 
UCSC graduate student, a UCSC faculty, and several UCSB faculty.  Based on those 
collaborations, the student (Khalil Abu-Saba), subsequently received an award as the 
outstanding student in the University of California Toxic Substances Research and Teaching 
Program.   
 
Three other UCSC student that participated in the MMS/SCEI program received a major 
award in recognition of the quality of their research in that program.  Sergio Sañudo-
Wilhelmy was one of two students in the nation selected for a Doctoral Research Fellowship 
from the Organization of American States.  Don Smith was selected for the Institute of Marine 
Resources Dissertation-Year Fellowship Award, and he subsequently received the Young 
Investigator Award for his presentation at the Trace Elements and Mineral Metabolism 
Conference.  Ignacio Rivera-Duarte was selected as a University of California Presidential 
Scholar.  Not surprisingly, the first two have already acquired tenure track positions at 
research universities (Sañudo-Wilhelmy at SUNY, Stony Brook and Smith at UCSC), and the 
third (Rivera-Duarte) is on the short list for several academic positions.  Their graduate  theses 
titles, as well as those of Ben Owen and Pewter Ritson, who have also obtained research 
positions based on the success of the research in the MMS/SCEI program, are listed below.  
 
It should also be noted that several undergraduate students at UCSC participated in the 
MMS/SCEI program.  For example, Rachel Ramirez continued the studies initiated by Peer 
Ritson, who traced the dispersion of produced water off Carpinteria by its isotopic 
composition.  After she presented the results of those analyses at a meeting of the  Geological 
Society of America last spring, she received a letter from the Editor of Environmental 
Geology requesting that she publish the study in that journal.  Consequently,  Rachel will have 
published the results of her research in the program before she receives her undergraduate 
degree. 
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STUDY PRODUCTS:  Publications (listed chronologically; * indicates most important 
publications: reprints included as the Final Study Report): 
 
Publications 
 
Flegal, A.R. and S.A. Sañudo-Wilhelmy.  1993.  Comparable levels of trace metal 

contamination in two semi-enclosed embayments: San Diego Bay and South San 
Francisco Bay.  Environmental Science and Technology 27:1934-1936. 

Flegal, A.R., D.R. Garrison and S. Niemeyer.  1993. Lead isotopic disequilibria between 
plankton assemblages and surface waters reflect life cycle strategies of coastal 
phytoplankton populations within a northeast Pacific upwelling regime. Limnology and 
Oceanography 38:670-678.  

Abu-Saba, K.E. and A.R. Flegal.  1995.  Chromium speciation in San Francisco Bay:  
Superposition of geochemical processes causes complex spatial distribution of inorganic 
species.   Marine Chemistry 49:189-200. 

Flegal, A.R. and D.R. Smith.  1995. Measurements of environmental lead contamination and 
human exposure.  Reviews in Environmental Contamination and Toxicology 143:1-45. 

Flegal, A.R. 1997. Lead levels in the oceans.  Encyclopedia of Environmental Analysis and 
Remediation (H.  Ben-Zvi,  editor).  John Wiley & Sons, Inc. (in press). 

*Flegal, A.R.,  I. Rivera-Duarte, and S.A. Sañudo-Wilhelmy.  1996. Silver contamination in 
aquatic environments.  Reviews in Environmental Chemistry and Toxicology 148:139-162. 

Flegal, A.R., S. Sañudo-Wilhelmy and G. Scelfo.  1995.  Silver in the Eastern Atlantic.  
Marine Chemistry 49:315-322. 

Flegal, A.R., G.J. Smith, G.A. Gill, S.A. Sañudo-Wilhelmy and L.C.D. Anderson.  1991.  
Dissolved trace element cycles in the San Francisco Bay estuary.  Marine Chemistry 
36:329-363. 

Kelley, R.B., A.D. Jones and A.R. Flegal.  1991.  Characterization of organic constituents of 
produced water and marine sediments using GC/MS.  In:  Proceedings of the 39th ASMS 
Conference on Mass Spectrometry and Allied Topics.  pp. 733-734. 

Michaels, A.  and A.R. Flegal.  1990.  Lead in marine planktonic organisms and pelagic food 
webs.  Limnology and Oceanography 35: 287-295. 

Osenberg, C.W. and R.J. Schmitt, S.J. Holbrook, K.E. Abu-Saba and A.R. Flegal.  1996.  
Detection of environmental impacts:  Natural variability, effect size and power analysis. 
Chapter 6 in R.J. Schmitt and C.W. Osenberg, eds, Detecting Ecological Impacts: 
Concepts and Applications in Coastal Marine Habitats.  Academic Press, pp 83-105.   
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Osenberg, C.W., R.J. Schmitt, S.J. Holbrook, K.E. Abu-Saba and A.R. Flegal.  1994.  
Detection of environmental impacts: power analysis and spatial inference.  Ecological 
Applications 4:16-30. 

Prest, H.F., W.M. Jarman, S.A. Burns, T. Weismuller and M. Martin.  1992.  Static water 
sampling via semipermeable membrane devices (SPMDS) in concert with bivalves in the 
Sacramento/San Joaquin River delta.  Chemosphere 25(12):1811-1823. 

Rivera-Duarte, I. and A.R. Flegal.  1994.  Benthic lead fluxes in San Francisco Bay.  
Geochimica et Cosmochimica Acta 58:3307-3313. 

Rivera-Duarte, I. and A.R. Flegal.  1996.  Microtechniques for the measurement of nM 
concentrations of trace elements in pore waters.  Analytica Chemica Acta 328: 13-17. 

*Sañudo-Wilhelmy, S. and A.R. Flegal. 1991. Trace element distributions in coastal waters 
along the United States - Mexico boundary: Relative contributions of natural processes 
versus anthropogenic inputs.  Marine Chemistry 33: 371-392. 

Sañudo-Wilhelmy, S. and A.R. Flegal.  1992.  Anthropogenic silver in the Southern California 
Bight: a new tracer of sewage in coastal waters.  Environmental Science and Technology  
26(11): 2147-2151. 

*Sañudo-Wilhelmy, S.A. and A.R. Flegal.  1994.  Lead fluxes in the Southern California 
Bight.  Geochimica et Cosmochimica Acta 58:3315-3320. 

Sañudo-Wilhelmy, S.A. and A.R. Flegal. 1996.  Trace metal concentrations in the surf zone 
and in coastal waters off Baja California,  Mexico.  Environmental Science and 
Technology 30: 1575-1580. 

Smith, D.R. and A.R. Flegal.  1995.  Lead in the biosphere: Recent trends.  Ambio 24:  21-23. 

Smith, D.R., S. Niemeyer and A.R. Flegal.  1992. Lead sources to California sea otters: 
Industrial inputs circumvent natural lead biodepletion mechanisms.  Environmental 
Research 57: 163-174. 

Smith, G.J. and A.R. Flegal.  1993.  Silver in San Francisco Bay Estuarine Waters.  Estuaries 
16(3):547-558. 

Wood, T.M., A.M. Baptista, J. Kuwabara and A.R. Flegal.  1994.  Diagnostic modeling of 
trace metal partitioning in South San Francisco Bay.  Limnology and Oceanography 
40:345-358. 
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Theses 
 
Abu-Saba, K.E.  1994.  Chromium in San Francisco Bay:  inorganic speciation, distribution, 

and geochemical processes.  M.S. Thesis.  University of California, Santa Cruz. 

Bacon, C.E.  1994. An ecotoxicological comparison of organic contaminants in sea otters 
(Enhydra lutris) among populations in California and Alaska.  M.A. Thesis.  University 
of California, Santa Cruz. 

Jarman, W.M.  1991.  Identification and levels of organochlorine compounds in birds and 
marine mammals. Ph.D. Dissertation.  University of California, Santa Cruz. 

Owen, B.D. 1996.  Blood lead concentrations in northern elephant seal pups (Mirounga 
angustrostris) evidence natural background levels in humans.  M.S. in Marine Science, 
University of California, Santa Cruz. 

Ritson, P.I. 1994.  Historical and contemporary cycling of contaminant lead in aquatic 
systems. Ph.D. in Earth Sciences, University of California, Santa Cruz. 

Sañudo-Wilhelmy, S.A. 1989. (1) Trace metal distributions and stable lead isotopic 
composition in surface waters along the United States - Mexican boundary in the 
northeast Pacific, (2) Trace metal distributions in surface waters along the United States - 
Mexican boundary: multivariate statistical analyses.  M.S. in Marine Science, University 
of California, Santa Cruz. 

Sañudo-Wilhelmy, S.A. 1993.  Geochemistry of trace metal contamination in the Southern 
California Bight. Ph.D. in Earth Sciences, University of California, Santa Cruz. 

Smith, D.R. 1991.  Lead isotope systematics in environmental and clinical lead 
contamination.  Ph.D. in Biology, University of California, Santa Cruz. 

Swall, L.M.  1992.  Hydrolytic detoxification of a model surfactant by the Dungeness crab, 
Cancer magister. M.A. Thesis.  University of California, Santa Cruz. 
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FINAL STUDY REPORT 
 
Silver contamination in aquatic environments, Flegal, A.R.,  I. Rivera-Duarte, and S.A. 

Sañudo-Wilhelmy.  1996..  Reviews in Environmental Chemistry and Toxicology 148: 
139-162. 
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The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility for most 
of our nationally owned public lands and natural resources.  This includes fostering sound use of our 
land and water resources; protecting our fish, wildlife, and biological diversity; preserving the 
environmental and cultural values of our national parks and historical places; and providing for the 
enjoyment of life through outdoor recreation. The Department assesses our energy and mineral 
resources and works to ensure that their development is in the best interests of all our people by 
encouraging stewardship and citizen participation in their care.  The Department also has a major 
responsibility for American Indian reservation communities and for people who live in island territories 
under U.S. administration. 

 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primary 
responsibilities are to manage the mineral resources located on the Nation's Outer Continental Shelf 
(OCS), collect revenue from the Federal OCS and onshore Federal and Indian lands, and distribute 
those revenues. 

 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally sound 
exploration and production of our Nation's offshore natural gas, oil and other mineral resources.  The 
MMS Royalty Management Program meets its responsibilities by ensuring the efficient, timely and 
accurate collection and disbursement of revenue from mineral leasing and production due to Indian 
tribes and allottees, States and the U.S. Treasury. 

 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially affected 
parties and (2) carrying out its programs with an emphasis on working to enhance the quality of life for 
all Americans by lending MMS assistance and expertise to economic development and environmental 
protection. 

 

 

 

 

 

 


