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PSSS Stormwater loads trends




PS/SS: Atmospheric Deposition of Total/Reactive Hg, PCBs, (and PBDEs)
Estimated Cost: $23,660 Hg +$13,960 PCBs, (optionally +$12,760 PBDEs)
Oversight Group: Sources Pathways and Loadings Work Group

Proposed by: Don Yee 
Background
Atmospheric deposition is one of many pathways of pollutant input, either directly to the Bay surface or through deposition to and subsequent transport from surrounding watersheds. The Bay surface area is small relative to those of surrounding watersheds, so for most pollutants, direct atmospheric deposition to the Bay is only a small portion of total loads. Deposition to watershed areas would find its way to stormwater runoff, so evaluating reducing local atmospheric emissions might be a strategy for decreasing watershed loads for a number of pollutants. 

Total Hg in the environment is often a poor proxy for estimating concentrations in biota, as not all Hg is equally available to biota (either for methylation by microbes or for subsequent uptake into the food web), with MeHg, the most bioaccumulative form, highly variable but typically accounting for <1% of total Hg. Freshwater lake studies (METAALICUS) have suggested that recently deposited inorganic Hg is disproportionately soon found in vegetation and other food web components (Harris et al., 2007), so despite being a small component of total Hg loads, freshly deposited atmospheric Hg, which is initially not bound to mineral matrices or dissolved/particulate organic material, may be more important than would be inferred just from its proportion of overall loads.
Although previous work sponsored by the RMP has measured wet and dry atmospheric deposition of Hg in 1999-2000 (Tsai et al., 2002), with continued wet deposition monitoring at NASA Ames until 2006 as part of the NADP Mercury Deposition Network (called the San Jose station in that program), there remain some major information gaps for evaluating the importance of this input pathway to Hg concentrations in Bay biota. The first is that ambient atmospheric Hg may not be entirely the same or similar species as the highly soluble forms used in spiking by METAALICUS; thus the inferred potential influence of atmospheric Hg inputs may be overestimated. The second is that in previous atmospheric sampling, site locations were primarily designed to capture widespread direct deposition inputs to the Bay, rather than specific local sources. Although the previous sampling may have missed localized sources at the edge of the Bay or in surrounding watersheds, integrated over the entire surface of the Bay, given large areas of the Bay are not proximate to any sources, estimates of direct deposition were likely as reasonably representative as could be expected for a small number of monitoring locations (3 in total). Recently Dr. Sarah Rothenberg (a post-doc with SFEI) reviewed the potential for further improvements in source control to reduce urban runoff loads. She has conducted a thorough review of all local data including monitoring and estimates of air emissions by the Air Resource Board (ARB) based on “emissions factors”. Her work found 
1. Total emissions for the Bay Area are estimated at 233 kg/yr, second only to the San Joaquin basin
2. The Bay Area has the largest unit area emissions in the State (given a smaller area than San Joaquin), and 
3. Three source categories (five oil refineries, one cement plan and 45 crematoriums) make up 98% of the estimated air emission sources. 
Based on literature on global and European emissions (with somewhat different source characteristics locally, e.g. topography, meteorology, facility types, stack heights, etc.), of total emissions, ~50% was estimated to deposit locally (Mason et al., 1994), reasonable given that ~40% of emissions in Europe are often particulate or reactive Hg forms (Pacyna et al., 2006). Thus “local” atmospheric sources of Hg may represent potential hotspots which may be mitigated through emission controls. However, “local” in the context of that literature primarily means “not global”, e.g. emissions from western Europe affecting Sweden, so for the 233 kg/yr Bay Area emissions, any deposited to the Central Valley would also be considered “local”.

A key data gap is the understanding of the magnitude, speciation and fate of atmospherically derived Hg from local sources in the Bay Area. The Hg deposition estimates of Tsai et al. (2002) were ~25 µg/m2/y (~5 wet and ~20 dry combined), considerably lower than the estimate for urban United Kingdom by Harrad, (1994) (310 µg/m2/y). Similarly, dry deposition was between ~33-50% of total Hg deposition for nine sites in Japan (Sakata & Maramuto, 2005). One possibility is that Bay Area wet deposition loads have been underestimated because previous sampling locations were chosen to try to reflect general background loading directly to the Bay. During December 2007, Dr. Rothenberg collected samples from a location ~2 km from the Hanson Permanente Cement plant. Preliminary data (n=3 weeks) suggest wet deposition rates of 0.15-0.5 µg/m2/week (average ~0.3) at that location, about double the average rate (0.13 µg/m2/week for weeks with rainfall) previously seen at the San Jose MDN station. Conversely, a factor (not mutually exclusive) contributing to a lower wet:dry deposition ratio than seen in the literature rate is that local annual precipitation is dominated by few large rain events concentrated in a few winter months, rather than smaller events distributed throughout the year. Large rain events, despite larger total loads, tend to have lower concentrations due to washout effects; after some of the atmospheric pollutant inventory is removed by rainfall, additional rainfall within a storm event and in rapid successive events tend to remove less (seen in concentrations for the San Jose MDN station). Thus lower wet deposition loads (relative to dry deposition) than found in other regions might be expected. At the time of writing this proposal, all data from the Rothenberg effort has not yet been interpreted, so there is still more to learn.

For halogenated organic pollutants such as PCBs and PBDEs, currently equilibrium partitioning models are often used to project concentrations in biota, so to the best of our knowledge small loads likely indicate proportionally small contributions to environmental impacts. The estimates of PCB deposition from the atmosphere remain highly uncertain and are based on sampling dry deposition for just six months at one location, shortcomings that were noted by the authors (Tsai et al., 2002). This previous study of PCB atmospheric deposition in the Bay Area estimated net efflux, due to gaseous evasion (13 ng/m2/d) more than offsetting particulate deposition (~0.9 ng/m2/d, =0.35 kg/y for the Bay). PCB loads may have been underestimated because the sampling location was chosen to reflect general background concentrations; local air sources such as landfills, industrial fires, recyclers, and auto shredders may provide additional local loads that are presently not taken into account. Based on literature review (Harrad, 1994; Granier and Chevreuil, 1997; Rossi et al., 2004) it appears that measurements in other parts of the world are between 3-fold to 900-fold greater than our local estimates. In these studies, a ratio of 2:1 wet:dry is common but others authors have used a ratio of 10:1 (see references in Granier and Chevreuil, 1997) or even 12:1 (Rossi et al., 2004). Manipulating the data from the literature and applying it to the Bay Area, it is possible to get a range of wet deposition PCB loads to the Bay of between 0.6 and 27 kg per year. If we take the range in wet deposition concentrations (1.3-35 ng/L: Bremle and Larsson, 1997; Rossi et al., 2004) and combine them with typical Bay surface rainfall ~500 mm (~20 in), the total load to the Bay (~1,300 km2) would be 0.85-15 kg/y. However, similar to Hg, local wet:dry ratios of PCB loads may be lower due to different rainfall patterns than for other locales reported in the literature. Direct study of wet deposition for ambient sites would improve our state of knowledge, as there are currently no wet deposition data for any sites in the region. This could be followed up with measurements of localized deposition near a PCB source, if a suitable location can be identified.
Applicable RMP Management Questions and Study Objectives
This study will address the following Management Questions (MQs):
3. 
What are the sources, pathways, loadings, and processes leading to contaminant-related impacts in the Estuary?

A. 
Which sources, pathways, and processes contribute most to impacts?

B. 
What are the best opportunities for management intervention for the most important contaminant sources, pathways, and processes?

Relationship of the Study to the SPLWG Priority Level III Questions and Current SPL List of Priority Contaminants

Level III SPL Question 5: 
What is the magnitude of loads of contaminants entering the Bay from local air sources?

This study aims to further our knowledge about local atmospheric sources, in particular focusing on Hg and PCBs, two SPL top priority contaminants, and optionally PBDEs, a high priority contaminant. It also addresses the RMP Hg strategy question: Are there high leverage pathways and processes that lead to a disproportional impact to the food web?
Approach
The expectation that atmospheric Hg is more available for methylation (similar to the METAALICUS studies) can be tested in a special study by examining speciation in precipitation samples. A Contaminant Fate Workgroup funded study is currently attempting to determine contributions to bioaccumulated Hg by analysis of isotopes of Hg from various sources. As part of that study, precipitation samples will be collected from several locations (SFEI (Oakland, CA) for Central Bay, Central Contra Costa Sanitary District (CCCSD) Plant (Martinez, CA) for North Bay, and Stanford University (Palo Alto, CA) for South Bay). Wet precipitation samples could be collected at the same at those stations and/or others to test the assumption that Hg in atmospheric wet deposition is more “bioavailable” to methylating bacteria than Hg bound in mineral matrices or that has had a longer time to be complexed by particulate or dissolved organic matter in sediments or pore-/surface waters. SFEI currently owns two Aerochem Metrics automated precipitation samplers (equivalent to those used by the MDN), which will be deployed at the SFEI and CCCSD sites. Weekly composites rainfall samples will be collected from these sites during 3 months of the 2008-2009 wet season, ~12 samples per site. Numbers of analyzed samples may be slightly lower due to a probability of some weeks without rain events.
Reactive mercury (Hg(II)R) is an operationally defined proxy measure of the pool of inorganic Hg(II) most readily available for Hg(II)-methylation, and is based upon the readily tin-reducible fraction of THg in a whole sediment sample. The method is largely similar to the standard method for analyzing total Hg in water samples (EPA Method 1631), minus initial oxidation steps. Further details regarding this method are published elsewhere (Olson & DeWild 1997, Marvin-DiPasquale & Cox, 2007), and unpublished data indicates that this fraction is highly correlated with the amount of MeHg produced in controlled sediment incubation experiments (Bloom et al. 2006, Marvin-DiPasquale et al. 2006). Collected rainfall samples would be sub-sampled, with ~half the volume analyzed for total Hg, and the other portion analyzed for Hg(II)R. Although there are no commercial labs routinely performing the method, costs for Hg(II)R analysis would be roughly the same as for ordinary water total Hg measurement given the similarity of the methods (Table 1). Given needs to split samples for THg and Hg(II)R, analysis may be skipped for samples with little collected precipitation.
CARB does not have available numerical emissions data for PCBs. Given heterogenous soil distributions in previous surveys (e.g. BASMAA bed sediment surveys, KLI, 2002), atmospheric concentrations are expected to be similarly patchy, although selected sites are not expected to be near particular PCB sources and will likely be in the mid range of regional concentrations. The contribution of wet deposition to PCB loads to the Bay is an unknown quantity, and ranges from ~1-15% (0.85-15 kg/y) of total estimated inputs. Unlike for Hg, there are not models suggesting kinetic processes giving greater importance to recent loads of PCBs in bioaccumulation processes. Wet deposition in the low end of the estimated range would therefore be negligible to anticipated biological impacts. However, a wet deposition rate in the middle of that range (~7 kg/y) would roughly offset the estimated gaseous PCB evasion losses from the Bay surface. Precipitation samples could be analyzed for PCBs as well, assuming sufficient volume can be collected, as PCB analyses typically require ~2 L of ambient Bay waters to get quantitative results for the more abundant congeners. Such volumes would require collection funnels with larger surface areas and/or composited samples from a number of events to obtain sufficient material. Larger collection funnels are not possible given the current configuration of the Aerochem Metrics automated samplers, and with needs for collecting Hg isotope and Hg(II)R samples, PCB samples would need to be collected either manually or in bulk (passive) samplers (continuously open funnels collecting both wet and dry deposition). The budget provided below assumes bulk samples collected over the course of one month composited for each site (Table 2). PBDE samples could be similarly collected and analyzed as well (Table 3)
The final product for each of these components would be a brief (<25 page) technical report presenting the new findings, placing them in context of previous available data, implications for refining load estimates and conceptual models, and recommendations for future work.
Proposed Budget

	Task 1: Wet deposition reactive Hg
	Estimated Cost

	Weekly collection Hg(II)R samples (3 hrs x 2 people ($65/hr) x 12 weeks x 50% cost split with isotope project)1
	$2,340 

	Supplies/shipping (12 weeks x $50)*
	$600 

	THg analysis (12 weeks x 2 sites x $140)*
	$3,360 

	Hg(II)R analysis (12 weeks x 2 sites x $140)*
	$3,360 

	Data management and QC (24-30 hrs x 1 person ($65-120/hr))
	$2,000 

	Technical report (100 hrs x 1 person ($120/hr))
	$12,000 

	Total
	$23,660 


*maximum cost. Unlikely that all 12 weeks have suitable samples.

1 equipment must be checked and serviced whether or not a usable sample is collected. This cost reduced ~3x if only SFEI site used

	Task 2a: Bulk deposition PCBs
	Estimated Cost

	Weekly collection PCB samples (+1 hr x 12 weeks x 2 people to Hg)
	$1,560 

	Supplies/shipping (3 months x 2 sites x $150)
	$900 

	PCB analysis (3 months x 2 sites x $700)
	$4,200 

	Data management and QC (30 hrs x 1 person)
	$2,500 

	Technical report (40 hrs x 1 person)
	$4,800 

	Total
	$13,960 


	Task 2b: Bulk deposition PBDEs
	Estimated Cost

	Weekly collection PBDE samples (+1 hr x 12 weeks x 2 people to Hg)
	$1,560 

	Supplies/Shipping (3 months x 2 sites x $150)
	$900 

	PBDE analysis (3 months x 2 sites x $600)
	$5,400 

	Data management and QC (24 hrs x 1 person)
	$2,500 

	Technical report (40 hrs x 1 person standalone, or 20 hrs add to PCB)
	$2,400-$4,800 

	Total
	$12,760-$15,160 
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