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PS/SS:  Monitoring and Modeling Contributions of Atmospheric Deposition to Watershed Mercury Loads
Estimated Cost:   $ $ 120,000 – 135,000
Oversight Group:  Sources Pathways and Loadings Work Group

Proposed by: Donald Yee, John Oram, Alicia Gilbreath, Lester McKee
Background
The Bay is listed as impaired by mercury due to concentrations of concern in sportfish for human consumption and in other resident wildlife. Although much of the mercury in the Bay is a legacy of mercury mining locally (e.g. New Almaden) or gold mining in the Sierra Nevada, ongoing global and local releases continue to contribute to the problem, delaying or preventing recovery of the Bay ecosystem. A previous RMP study examined atmospheric deposition of mercury directly to the Bay surface, measuring wet deposition, and estimating dry deposition form ambient air concentrations (Tsai and Hoenicke 2001). Although that study also estimated deposition onto surrounding watersheds, sites in the study were selected in order to be as near to the open waters of the Bay as possible and were not selected to be representative of areas of the watersheds further inland or near local point sources. Subsequent monitoring (Rothenberg, Yee et al. 2009 in prep) of mercury wet deposition and ambient air concentrations near a cement plant in Cupertino (South Bay) demonstrated the near-field influence of a local point source, with deposition in rainfall at a location ~0.5km from the plant averaging 5 times higher than in an urban area 3.5 km further downwind. The cement plant is the largest single point source of mercury in the Bay Area (based on annual production and EPA estimated emissions factors for the industry http://www.arb.ca.gov/app/emsinv/facinfo/facinfo.php). Other point sources, combined in aggregate with various local non-point sources, represent “local” contributions to atmospheric mercury in addition to globally transported contributions. There is a need to determine 1) the fraction of watershed loads supplied by local atmospheric sources and 2) the contribution of local point sources to total deposition in/within specific watersheds.
Applicable RMP Management Questions and Study Objectives
This study will address the following Management Questions (MQs):
RMP Q3: 
Sources, pathways, loadings, and processes – by quantifying contribution of atmospheric pollutants via an indirect pathway to the Bay

RMP Q5: 
Projected concentrations, masses, and impacts – by providing limits/estimates of the maximum benefit that might be obtained by atmospheric source control 
Relationship of the Study to the SPLWG Priority Level III Questions and Current SPL List of Priority Contaminants

These studies would address the following priority questions for Hg, a contaminant of high concern:

SPL Q1: 
How and where do contaminants enter the Bay from urban areas adjacent to the Bay?

SPL Q5: 
What is the magnitude of loads of contaminants entering the Bay from local air sources?

Approach
The overall approach is to tackle the questions sequentially; using locations where watershed loads are being monitored concurrently. The task may be easier in smaller watersheds with fewer potential sources, but must be applied to watersheds for which loads are being derived for proper context.
1) The contribution of atmospheric deposition to total watershed loads- This is best addressed through monitoring combined with modeling (using progressively more complex models as needed). An inventory of local point and nonpoint sources in a watershed can be assembled, to estimate total emissions and locations of likely maximum deposition. Monitoring data from these and other more typical locations in the watershed will then be used for estimating the overall contribution of atmospheric deposition to watershed loads. Passive bulk deposition samplers will serve as surrogates for watershed impervious surfaces; during dry periods, particulate matter can repeatedly deposit and resuspend from the collector, with photoreduction, and gaseous adsorption/desorption acting upon the collection surface, until precipitation washes the deposition into the receiving bottle. Three sites in a watershed would be the minimum needed to get a first order estimate (i.e. one each of expected high, low, and generic/average deposition sites), although more sites would be preferable; the budget assumes 4 per watershed. If under even simple/gross modeling assumptions (deposition at the maximum rate, interpolated (Kriging), or averaged, with 100% pass through of deposition), the atmospheric contribution to watershed loads is inconsequential (<5%? of loads), then the 2nd year of investigation should be dedicated to additional distributed monitoring to verify that the highest deposition zones have been captured (i.e. that there are no surprise sources in the watershed), or to monitoring another watershed(s) with a known source(s). 

2) Contribution of local sources to local deposition- If simple modeling in the 1st year suggests substantial (>25%) or ambiguous contributions of atmospheric deposition to watershed loads, then the 2nd year of work should focus on evaluating the proportion that local sources contribute to local deposition. This can be accomplished through more intensive monitoring around known large sources (e.g. a downwind gradient/grid near the source) and use of plume dispersion models such as the Gaussian Plume Model, or the Reactive Plume Model. Actual emissions for a number of source types are likely not continuous (e.g. crematoria do not operate every day nor 24/7) but on an annually averaged basis may be adequately modeled as continuous. Plume models may be calibrated to high resolution temporal data from previous studies (e.g. the EPA mobile atmospheric Hg lab deployed at the cement plant, NASA Ames, and Calero) and/or longer term data (e.g. from step 1).
Proposed Budget 
(two watersheds monitored- effort could be scaled back to one watershed each year, for slightly over half the cost)
	Tasks (year 1)
	Estimated Cost

	Field sampling (2 staff, 26 events, 5 hours/event)
	$ 21000

	Lab analysis (8 sites, 26 events, $110/sample)
	$ 23000

	Data management and QC
	$ 6000

	Watershed air deposition estimate (simple models) & reporting
	$ 15000

	 Subtotal (year 1)
	$ 65000

	Tasks (year 2)
	

	Case 2A: low deposition year 1, monitor new sites same watershed, or other watersheds with known source(s)
	

	~same costs as year 1 (Subtotal year 2A)
	~$ 55000

	Case 2B: ambiguous/high deposition in year 1. Monitor gradient/grid around sources for plume modeling in year 2
	

	Field sampling, lab analysis, data management
	$ 50000

	Plume modeling, reporting (~160-200 hrs staff)
	$ 20000

	(Subtotal year 2B)
	$ 70000

	Total
	$ 110,000 – 125,000
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