Application of a mercury bioaccumulation model to San Francisco Bay 
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OVERVIEW

Considerable effort is underway to manage Hg exposure risks to wildlife and humans through the Hg TMDL process (SFBRWQCB 2006).  This includes extensive monitoring of Hg in abiotic matrices, and developing of Hg and MeHg fate and mass balance models.  The RMP mercury strategy emphasizes the processes that disproportionately contribute to food web Hg accumulation, with a portion of those efforts aimed at characterizing ecosystem biotic exposure.  All SF Bay modeling efforts to date have focused only on abiotic processes and pathways, including the sources, loading, flux, and mass balance of Hg and MeHg, but there is also a need to connect management actions applied to abiotic components (via load reductions, treatment, or other sediment and/or water transport changes) to ultimate impacts on biota of concern.  This project will develop linkages between the Hg and MeHg present in the water and sediments of the Bay and MeHg found in the food web via a bioaccumulation model.  

We will apply a mechanistic model that relates sediment and water Hg to fish and wildlife exposure via food web bioaccumulation.  The model will be based upon the USEPA-developed SERAFM model (Spreadsheet-based Ecological Risk Assessment for the Fate of Mercury) (Knightes et al. 2009), which will be calibrated to local conditions in San Francisco Bay.  Dynamics of fish Hg accumulation will also be modeled using bioenergetics and Hg-mass balance approaches, as previously performed in the Delta (Trudel and Rasmussen 2006, Greenfield et al. 2009).  The model development and application will benefit from ongoing work funded by the California Sediment Quality Objectives program, which is currently applying existing food web models for PCBs and legacy pesticides.  Calibration will include local concentrations in abiotic and biotic matrices, and attributes of the local bay food web.  Available calibration data include an extensive local data set on spatial variation in forage fish Hg exposure (Greenfield et al. 2006).  The model will focus on calculating expected concentrations in fish and wildlife as a result of different sediment and water column exposure conditions.

APPLICABLE RMP OBJECTIVES AND MANAGEMENT QUESTIONS

This proposal focuses on RMP mercury strategy Question #2:

· Which processes, sources, and pathways contribute disproportionately to food web accumulation of mercury?
Applicable RMP management questions:
· What changes in loadings or ecosystem characteristics (e.g., extent of restored tidal marsh, Estuary circulation and flushing, food web shifts) would reduce or increase pollutant exposures and effects?

· Which (co-)factors (e.g., food web structure) influence exposure and effects of specific pollutants on biota?

· What are the circumstances and processes that cause the release of pollutants from both internal and external source areas?

Subtask Descriptions

· Synthesize local data for model input parameters.  Inputs include ambient concentrations of various mercury and methylmercury species.  For parameters not regularly monitored (e.g. Hg0 and HgII in water and sediment), estimates will be extrapolated from limited local measurements or ranges of values from the literature (Conaway et al. 2008).
· Perform model simulations.  Initial runs will be made on the unmodified model, with local and literature input parameters.  As SERAFM was originally designed for fresh receiving waters, some constants in the model may require adjustment for application to estuarine waters.  Model results will be compared to observed Hg concentrations in biota.   If initial model correspondence with field data is poor, the model will be calibrated to fit local data, within plausible ranges suggested by the literature.
· Perform sensitivity and uncertainty analyses.  Monte Carlo simulations and individual parameter perturbations will be performed.  Separate analyses will evaluate: 1. sensitivity to expected range of parameters within the Estuary; and 2. potential literature range of uncertain or poorly characterized parameters.  These analyses will test responsiveness of the model to key input factors and model constants.  They will aim to determine those that would most benefit from additional data or focused study. 
· Prepare technical report on results.  The technical report will document parameter development and simulation results.  Gaps in understanding and future directions will be outlined.
· Present results in RMP committee meetings and to Regional Board

Budget and timeline

Budget: $40,000.00 

Timeline: 12 months
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