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The objectives of this project are to determine the concentrations of organic copper-binding ligands and evaluate whether resulting
bioavailable (and, therefore, potentially toxic) Cu2+ concentrations approach established toxicity levels (~10^-11 M Cu2+; Brand et
al. 1986 Journal of Experimental Marine Biology and Ecology) for microorganisms in North San Francisco Bay and Delta. As
copper-binding ligands render dissolved copper inert, an additional component of this work is to determine the sources of these
ligands to the estuary (e.g., rivers, surrounding marshlands, and wastewater discharge) as well as potential sinks (e.g., mixing with
seawater, light exposure). Dissolved copper speciation measurements will further be used to assess how much additional copper the
ambient copper-binding ligands could buffer before bioavailable Cu2+ concentrations reach the likely toxicity threshold.

ProjectObjectives_10

Field sampling for dissolved copper speciation was conducted in November 2008, with samples collected aboard the R/V Polaris in
collaboration with the U.S. Geological Survey. Samples were collected from the Sacramento River, Delta and North Bay (USGS
stations 2, 4, 6, 8) as well as from Central Bay near Golden Gate (USGS station 18). Additional samples were collected from the
Mossdale Boat Launch (San Joaquin River) and the Suisun City Boat Launch (Suisun Slough).

All field samples to date have been analyzed for total dissolved copper, copper-binding organic ligands, and resulting bioavailable
Cu2+ concentrations. A multiple analytical window approach (Buck and Bruland 2005 Marine Chemistry) was employed to assess
current bioavailable Cu2+ concentrations as well as to predict how much additional dissolved copper the system can buffer before
Cu2+ concentrations reach potentially toxic levels.

Mixing experiments of San Joaquin River water and Golden Gate seawater were conducted to assess the stability of copper-binding
organic ligands across the salinity range of the estuary. Mixed samples were also analyzed for dissolved copper and copper
speciation.

All field samples and mixing experiment samples were filtered through 0.4 µm (pore size) polycarbonate track-etched membrane
filters prior to analysis of dissolved copper speciation. These filters were subsequently analyzed for leachable particulate copper and
zinc. Leachable particulate concentrations represent the most bioavailable particulate forms of copper and zinc, defined as the
concentrations leached from the filters during a 2 hour pH 2 (25%) acetic acid leach.
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The stop work order and prolonged suspension of the CALFED Fellowship during project year 1 inhibited the planning and
logistics of additional sampling trips. As such, I was only able to sample the winter time point in the first year. With the full year
reinstatement for project year 2, a spring sampling trip is being planned for 2011, but a summer trip is unlikely but is still pending
availability.

To compensate for fewer sampling time periods, additional parameters have been analyzed on the samples collected in project year
1. Leachable particulate copper and zinc have been analyzed on 0.4 µm pore size filters from all sampling stations from November
2008. The leachable particulate metals represent the most bioavailable form of particulate metal suspended in the water column, and
are defined as the concentration of metal leached from filtered suspended particles in a 2 hour pH 2 (25%) acetic acid (weak acid)
leach. Leached filters have further been retained for possible total particulate metal measurements later this year. The combined
particulate and dissolved copper concentrations would allow for a mass balance assessment of measured copper distributions, 
which, while not a part of the original proposal, would provide additional insight into copper cycling in the Bay.
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All results are considered preliminary until the completion of the project in 2011.
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Buck, K.N., B. Foli, S. Ussher, and K. Barbeau. Dissolved copper, copper speciation and leachable particulate copper in the San
Francisco Bay Delta and Estuary: Evaluating current and future likelihood of copper toxicity events in a perturbed ecosystem. 
Poster, 6th Biennial Bay-Delta Science Conference, September 27-29 2010, Sacramento, CA.

Foli, B.A., S. Ussher and K.N. Buck. Copper and zinc distributions in Castle Harbour, Bermuda, using a chemical leach method: 
Comparison with contaminated San Francisco Bay, California, Delta and Estuary waters. 2010 Final report, Partnerships for 
Observation of the Global Ocean (POGO) program.
--Expected submission to Bermuda Government, Department of the Environment, Summer 2010.
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Bermuda Institute of Ocean Sciences (BIOS): Project Fellow K. Buck is an Assistant Scientist at BIOS. BIOS has provided
laboratory and office space, as well as supplementary financial support in the form of salary and supplies.

Scripps Institution of Oceanography (SIO/UCSD): Research mentor K. Barbeau is an Associate Professor at SIO/UCSD, and SIO
has provided the logistical support of the financial aspects of the fellowship.

United States Geological Survey (USGS): Community mentor R. Stewart is a Research Scientist at USGS. USGS has generously
provided technical support for sampling and a suitable sampling platform (R/V Polaris) for year one of the fellowship.
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K. Buck was awarded the Roger Stone Fellowship at BIOS
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