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Definitions of notation throughout the plan.

Ag: 
Silver

As: 
Arsenic

Cd: 
Cadmium

Chlordane: 
Organochlorine (OC) pesticide

Cr: 
Chromium

Cu: 
Copper

DDT: 
Dichlorodiphenyltrichloroethane, an OC pesticide

Dieldrin: 
OC pesticide

Dioxins: 
A group of chemical compounds of two related groups: polychlorinated dibenzo-p-dioxins (known themselves as dioxins and also known as PCDDs or CDDs) and polychlorinated dibenzofurans (also known as furans, PCDFs, or CDFs). Together, the two groups are called “dioxins,” “dioxins and furans,” or PCDD/Fs

Endocrine disrupters: 
Substances that interfere with natural hormonal systems;

Hg-R:
Reactive mercury (All Hg in the 2+ oxidation state whether dissolved, particle associated or complexed such as Hg(OH)2 and HgCl2)


HgT: 
Total mercury

MeHg: 
Methylmercury and other organic forms of mercury such as CH3Hg+ or (CH3)2Hg
Ni: 
Nickel

Nutrients: 
Nitrogen and phosphorus

OPs: 
Organophosphate (OP) pesticides

PAHs: 
Polyaromatic Hydrocarbons

Pb: 
Lead

PBDEs: 
Polybrominated diphenylethers

PCBs: 
Polychlorinated biphenyls

Se: 
Selenium

TBT: 
Tributyl tin

Zn: 
Zinc

TMDL: 
Total Maximum Daily Loads
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1. Summary
This workplan was developed to help guide the activities of the Sources Pathways and Loadings Work Group over the period 2008-2012. It is part of a larger RMP five-year planning process; the key content in this workplan will be transferred into the RMP master five-year plan in an annual iterative process. The workplan is a living document that will be updated as necessary. The workplan presented follows the standard RMP template - summarizing previous activities and achievements, identifying data gaps, and presenting RMP objectives and management questions. This information is used as a basis for prioritization of SPLWG activities in relation to SPLWG management questions in the context of broader RMP management questions. The Gant Chart at the end of document presents proposed funding allocations for specific projects that help to address the prioritized activities. The Chart will be updated periodically as new studies are proposed and developed through the Workgroup process with input from other workgroups the RMP base program and the Technical Review Committee (TRC). 

2. Introduction
The Regional Monitoring Program for Water Quality (RMP) is an innovative collaborative effort created in 1993 between the San Francisco Estuary Institute (SFEI), the San Francisco Bay Regional Water Quality Control Board (Water Board), and the regulated discharger community. The aim of the RMP is to develop and improve the understanding of contaminant impacts on the beneficial uses of San Francisco Bay through monitoring, research, and communication. In 1997 the RMP underwent a five-year program review which helped to develop a revised set of RMP objectives including a new objective: “Describe general sources and loading of contamination to the Estuary” (Bernstein and O’Connor, 1997). The intent was to create a functional connection between the RMP and efforts to identify, eliminate, and prevent sources of pollution that influence the Bay. At the same time, SFEI was developing the Watershed Science Approach (WSA) for guiding the new Watershed Program (Collins et al. 1998). A main objective of the WSA was to help characterize local watersheds in terms of their sources and conveyance of sediment and water, based on the hypothesis that local watersheds significantly influence the quantity and quality of sediment along the margins of the Bay. The WSA also called for long-term monitoring of a regional network of local watersheds. In its review of the WSA, the Regional Board termed these “Observation Watersheds,” the establishment of which became a common objective of the RMP and the Watershed Program at SFEI. 
The Sources, Pathways, and Loading Workgroup (SPLWG) was formed in early 1999 to develop a vision for the collection, interpretation, and synthesis of data on general sources and loading of trace contaminants to the Estuary. The initial SPLWG recommendations were described in the first “Technical Report of the Sources Pathways and Loadings Workgroup” drafted in 1999 and finalized over several years (Davis et al., 2001). The strength of the workgroup is the level of “institutional knowledge” that can be largely measured by the persistence of a number of core members who have attended the majority of meetings from the beginning (Dr. Andrew Gunther, Dr. Thomas Mumley, Dr. Khalil Abusaba, Dr. Jay Davis, Dr. James Kuwabara, Jim McGrath, Trish Mulvey, Dr. Tom Hall, Dr. Rainer Hoenicke, Jon Leatherbarrow, Dr. Don Yee, Dr. Lester McKee, Terry Cooke, and Dr. Peter Mangarella). Over the past five years the workgroup has expanded from this core to include a new group of key members (Richard Looker, Jon Konnan, James Downing, Luisa Valiela, Dr. Neil Ganju, and Paul Salop) and national experts (Jan Null, Ken Schiff, Dr. Eric Stein, Dr. Barbara Mahler, and Dr. Michael Stenstrom). The past and present members have provided key insights as the workgroup has transitioned from overseeing data collation and “desk top” reports to collection and interpretation of field based observations mainly during flood flow. Thus, the SPLWG has continued to ensure that the projects and products are relevant and that these products continue to help to answer the constantly evolving management questions as articulated in the TMDLs and the Basin Plan.
3. Management Context
During the past eight years, the SPLWG has played an integral role in the development of information on sources, pathways, and loadings of key contaminants. The achievements are largely recorded in the mercury (Hg) and Polychlorinated Biphenyls (PCBs) TMDLs for the Bay. Each version of the San Francisco Bay Hg TMDL that culminated in a basin plan amendment in 2006 (Abu-Saba and Tang, 2000; Looker and Johnson 2004; Looker, 2006) and the PCB TMDL that culminated in a draft basin plan amendment (Hetzel, 2004; 2006; 2007) utilized information generated by the SPLWG on water, sediment, and contaminant supply to the Bay from the main pathways (i.e., atmospheric deposition, large rivers, small tributaries, and re-suspension of bed sediment). In addition, the Guadalupe River Hg TMDL (Austin, 2006) also made use of estimates of long-term average Hg loads and an analysis of water quality in relation to chronic and acute thresholds generated by the SPLWG. The focus to date has largely paralleled the TMDL approach; mass balances of single pollutants. Thus, the priority in the first five years of the SPLWG was for information on the magnitude of the main pathways and loadings integral in the development of sections of the TMDL reports (specifically: source analysis sections, and to a lesser extent linkage analysis, load allocations, and monitoring strategy sections). 
Now that these key TMDLs and basin plan amendments have been developed, the SPLWG has begun the gradual transition into generating information relevant to adaptive implementation of the TMDLs. Current activities include refining loads of legacy contaminants in urban runoff (Hg and PCBs); modeling runoff, suspended sediment, Hg and PCBs loads in the Guadalupe River (Lent et al., in review); refining loads on suspended sediments in urban runoff (Lewicki and McKee, in review); generating new information on emerging contaminants (e.g., pyrethroids, PBDEs); staying relevant on the topics of PAHs, dioxins (see RMP dioxin strategy), and nutrients; and developing models to improve interpretation and extrapolation of existing data. 
Future activities will likely include developing tools for source identification and developing models to learn more about sources of contamination and the possible implementation of urban best management practices (BMPs) to achieve load allocations, but as yet, these activities remain largely unfunded. The call for this transition is recorded in the implementation and monitoring sections of the TMDLs and the most recent tentative draft order of the municipal regional permit (MRP) (RWQCB, 2007). More than ever before, the SPLWG will need to meet the challenge of integrating with studies on contaminant fate in the Bay (another key component of adaptive management in the wake of the TMDLs). For example, the SPLWG should support integrated studies that link PCB and [Me]Hg loading issuing from “high leverage” pathways to physical and biological processes in tidal channels and ultimately to uptake at the base of the food web and on up to key biota and humans.
4. SPLWG Activities and Achievements To-Date

4.1 
Definition of “Sources” versus “Pathways”

An important early debate and contribution (Table 1) by the workgroup was to define two key terms that commonly used in discussions about the Bay (Davis et al., 2001). “Sources” were defined as the points in the landscape where contaminants were either, used, inadvertently released, discarded or accumulated. Most recently, the term “true sources” has been applied to a subset of sources, the real origin of the contaminant such as a factory in the case of synthetic compounds such as PCBs or a mine in the case of Hg or Cu. The early studies overseen by the workgroup primarily provided data and information on mass loadings from the key major “pathways”. A pathway to the Bay differs from a source or true source and is defined as a conduit or process that delivers water, sediment, and or contaminants from the source or true source to the Bay.
The pathways considered were atmospheric deposition, local urban stormwater runoff, local non-urban runoff, municipal wastewater, industrial wastewater, the Sacramento and San Joaquin Rivers, in-Bay dredge material disposal, and in-Bay erosion and re-suspension of buried sediments. From this list it can be noted that in the past the SPLWG has generally focused on the physical definition of “pathways” but in the next five years the definition will need to be expanded to include a greater focus on the interdependence of geochemical and biological processes and pathways. Transformations of contaminants from one form to another during transport have not yet been addressed directly by the SPLWG partly because of the study focus to date on loadings rather than on sources and how to control sources. This is gradually changing as the SPLWG and other workgroups begin to explore organic contaminant attenuation (e.g., for PCBs) and Hg methylation. As sources and pathways knowledge matures and as solutions on how to better control contaminants emerge, the SPLWG will be challenged to gather information at ever smaller spatial and temporal scales and perhaps data on transformations of key contaminants.
4.2 
Priority Contaminants

One of the most fundamental early contributions of the SPLWG (Table 1) was the development of a list of contaminants in relation to the need for information on watershed sources and loads (Table 2). The ranking is mainly based on those contaminants where information on loads has been or remains important information with regard to managing and minimizing impairment in the Bay. Generally the ranking follows the needs of the TMDLs (PCBs and Hg). The medium and low ranks are based on a “manager consensus” developed through years of on-going discussion and lesser evidence of any direct impairment. The priorities have changed over the years in response to information development (Table 2) and further changes are expected as the recently formed RMP Emerging Contaminants Workgroup (ECWG) and the Contaminant Fate Work Group (CFWG) learn more about “high leverage” sources and how these may disproportionably enter the food web relative to other sources. For example, more will be learned about organic forms of Hg (methylmercury (MeHg) principally CH3Hg+ or (CH3)2Hg)) and the delivery of MeHg to the Bay food web (termed a high-leverage pathway in the RMP Mercury Strategy). Dioxins have recently been elevated in importance. In 2009, pending the development of a QAPP, the RMP may begin collecting basic data including some loading data (see RMP dioxin strategy). Given analysis of many emerging contaminants is difficult and expensive, identifying sources, measuring fluxes, and researching fate is a big challenge.
Table 1. 
Chronological bibliography of Sources, Pathways, and Loadings Workgroup contributions and studies completed to-date.

	Reference
	Funder/Program
	Outcome/Conclusions

	Davis, McKee, Leatherbarrow, and Daum, 2000
	Assembly Bill (AB) 1429
	· Collation of existing data on contaminant concentrations in pathways (small tributaries (stormwater runoff), Large Rivers, atmospheric deposition, treated waste water, dredging) 

· Estimation of loads of suspended sediment and some contaminants in many pathways 

· Recognition of data gaps (lack of PCB and Hg data in particular) and detailed recommendations on how to fill those gaps

	Davis, Abu-Saba, and Gunther, 2001 (Note in development from 1999).
	RMP
	· Definition of the terms “sources” and “pathways”

· Literature review of main sources and pathways of key groups of contaminants

· Organizing principals for the SPLWG

· Development of the 1st workplan that would guide the SPLWG for 5+ years

	Tsai and Hoenicke, 2001
	RMP
	· San Francisco Bay atmospheric deposition pilot study Part 1: Mercury
· First estimates of Hg deposition to the Bay and watersheds
· Demonstration that atmospheric Hg was a small part of the HgT budget for the Bay

	Tsai, Hoenicke, Hansen, and Lee, 2001
	RMP
	· San Francisco Bay atmospheric deposition pilot study Part 2: Trace metals
· First estimates of TE deposition to the Bay and watersheds
· Demonstration that atmospheric loads of TEs were a small

	Yee, Leatherbarrow, and Davis, 2001
	SCJ/ FSSD / RMP in-kind
	· South Bay/Fairfield-Suisun Trace Organic Contaminants in Wastewater Study

	Wittner and McKee, 2002
	SWRCB
	· Evaluation of current data available for mapping drainage systems in urban areas

· Development of data gaps, discussion of mapping methodologies and recommendations on how to complete a “Bay Area Base Map” 

	Leatherbarrow, Hoenicke, and McKee, 2002
	RMP
	· Demonstration that the estuary interface near the large south Bay watersheds was more polluted the rest of the Bay

· New estimates of Hg, PCB and other contaminant loads entering the Bay from Coyote Creek and Guadalupe River

· Recommendations for further study and refinement of the SPLWG workplan

	McKee, Ganju, Schoellhamer, Davis, Yee, Leatherbarrow, and Hoenicke, 2002
	RMP
	· Development of a method for quantifying loads of suspended sediment and contaminants entering the Bay from the Large Rivers past Mallard Island

· Quantification of suspended sediment loads entering the Bay from the Large Rivers

· Recommendations for data collection for contaminants 

	Tsai, Hoenicke, Yee, Bamford, and Baker, 2002
	RMP
	· Journal paper: ES&T

· Atmospheric concentrations and fluxes of organic compounds in the northern San Francisco Estuary

	Yee, Leatherbarrow, and Davis, 2002
	BACWA / RMP in-kind
	· BACWA Polychlorinated Biphenyls in Municipal Wastewater Wastewater Study

	Yee, Leatherbarrow, and Davis, 2002
	WSPA/ RMP in-kind
	· Polychlorinated Biphenyls in Northern San Francisco Estuary Refinery Wastewaters

	McKee, Leatherbarrow, Pearce, and Davis, 2003
	RMP
	· Literature review of climate, rainfall and runoff, suspended sediment sources and loads, and contaminant (Hg, PCBs, and OC pesticides) sources and transport in urban runoff

· Development of a small tributary water budget

· Development of an estimate of suspended sediment loads 

· Recommendations on field methods to fill data gaps

	Topping, Kuwabara, Marvin-DiPasquale, Agee, Kieu, Flanders, Parchaso, Hager, Lopez, and Krabbenhoft, 2003
	RMP
	· Sediment Remobilization of Mercury in South San Francisco Bay, California.

	Topping and Kuwabara, 2003
	SWRCB / RMP (in kind)
	· Dissolved nickel and benthic flux in south San Francisco Bay: A potential for natural sources to dominate


Table 1 continued. 

	Reference
	Funder/Program
	Outcome/Conclusions

	Davis, 2004
	RMP
	· Article in Environmental Toxicology and Chemistry
· Estimates of the recovery rate of the Bay for PCBs based on a one box model

· Prioritization of loads from watershed pathways as a key information gap

	McKee, Leatherbarrow, Eads, and Freeman, 2004
	CEP
	· Concentrations and loads of PCBs, OC pesticides, and Hg associated with suspended sediments in the lower Guadalupe River: Water Year 2003
· Conceptual model of sources of Hg and PCBs

	Leatherbarrow, McKee, Schoellhamer, Ganju, and Flegal, 2005
	RMP
	· New estimates of Hg, PCB, PAH, and OC pesticide loading entering the Bay from the large rivers past Mallard Island

	David, McKee, Leatherbarrow, 2005.
	RMP
	· Poster presented at SETAC North America, Baltimore, MA.

· Mercury Concentrations Entering San Francisco Bay through the Sacramento River.

	McKee, Leatherbarrow, and Oram, 2005
	RMP and CEP
	· Concentrations and loads of Hg, PCBs, and OC pesticides in the lower Guadalupe River: Water Years 2003 and 2004.
· Estimate of long term average Hg loads
· Refinement of the conceptual model of sources in relation to transport and loading calculations

	McKee, 2005
	RMP
	· 5-year work plan for the SPLWG

· Review of studies to-date and recommendations for further studies to full data gaps

	Schoellhamer, Lionberger, Jaffe Ganju, Wright, and Shellenbarger, 2005
	RMP
	· Pulse Article

· Bay sediment budget: Sediment accounting 101

	McKee, 2005
	RMP / APEC
	· Invited Oral presentation in Korea.

· Managing the Impacts of Land Based Pollutants: The San Francisco Bay Experience. 


	McKee, Ganju, and Schoellhamer, 2006a
	RMP
	· Journal of Hydrology Paper

· Peer-review of estimates of suspended sediment entering San Francisco Bay from the Sacramento and San Joaquin Delta, San Francisco Bay, California

	David, McKee, and Leatherbarrow, 2006


	RMP
	· Poster presented at SETAC North America
· Transport of sediment and mercury to San Francisco Bay. 

	David, McKee, Leatherbarrow. 2006.
	
	· Poster presented at the 5th Monitoring Conference, San Jose
· Riverine Transport of Sediment and Mercury to North San Francisco Bay.

	McKee, 2006
	RMP
	· Poster presented at the 5th National Water Quality Monitoring Conference, San Jose, CA
· Characterization of mercury concentrations in suspended sediment loads in Guadalupe River and Coyote Creek, San Jose, California: Can TMDL targets be met? 

	David, McKee, Flegal, and Connoway, 2006
	RMP
	· Oral presented at CalFed Science Conference 
· Transport of Sediment and Mercury to San Francisco Bay. 

	McKee, Oram, Leatherbarrow, Bonnema, Heim, and Stephenson
	RMP / SCVWD/ USACE / SCVURPPP
	· Concentrations and loads of Hg, PCBs, and PBDEs in the lower Guadalupe River: Water Years 2003, 2004, and 2005

	Pearce and McKee, 2006
	RMP
	· Technical memo for the Workgroup

· Physical characteristics of possible sampling locations for a second small tributaries loading study

	McKee, David, and Leatherbarrow, 2007


	
	· Presentation at NorCal SETAC, Clark Kerr Campus, UC Berkeley
· Monitoring contaminant loads in tributaries to San Francisco Bay: TMDL support. 

	McKee, Gilbreath, Oram, Lent, 2008
	RMP
	· Concentrations and loads of trace contaminants in Zone 4 Line A, Hayward, California: Water Year 2007.

	Oram, McKee, Werme, Connor, Oros
	CEP, RMP
	· Published article in Environment International
· A Mass Budget of Polybrominated Diphenyl Ethers in San Francisco Bay, CA. Chemosphere
· Presently the first mass balance for any system in the world


Table 2. 
The evolution of the SPLWG priority contaminants list from the standpoint loadings information and TMDL development.. Note the priority list of contaminants may be different to other workgroups and programs outside of the RMP and is based on the need for loading information (see text above for explanation of the ranking process). 
	2000
	
	2005
	
	2008

	PCBs
	Top
	
	PCBs and HgT
	Top
	
	PCBs, HgT, MeHg*
	Top

	PAHs
	High
	
	PBDEs
	High
	
	PBDEs
	High

	OPs
	High
	
	Endocrine disruptors
	High
	
	Pyrethroids
	Medium

	HgT
	Medium
	
	Pyrethroids
	High
	
	Dioxins
	Medium

	Se
	Medium
	
	Se
	Medium
	
	Se
	Medium

	Cu
	Medium
	
	Cu
	Medium
	
	DDT, chlordane, dieldrin
	Medium

	Ni
	Medium
	
	DDT, chlordane, dieldrin
	Low
	
	Cu, Ni
	Medium

	TBT
	Medium
	
	Ag, As, Cd, Cr, Ni, Pb, Zn
	Low
	
	PAHs
	Medium

	Ag
	Medium
	
	Dioxins/Furans
	Low
	
	Ag, As, Cd, Cr, Pb, Zn
	Low

	Cd
	Medium
	
	PAH hotspots
	Low
	
	OP pesticides
	Low?

	DDT, Chlordane
	Low
	
	Ops
	Low
	
	Nutrients
	Low?

	
	
	
	
	
	
	
	


* 
It remains unclear if this is a SPLWG priority. The Contaminant Fate Work Group issued a request for proposals in December 2007 to learn more about “high leverage” sources and how these may disproportionably enter the food web relative to other sources. The pathways that are found to contain high concentrations and loads of “reactive” or “methylatable” Hg (Hg2+) may be prioritized for greater effort.
4.3 
Mapping Rivers, Creeks, Storm drains, and Watershed Boundaries
Maps are a key tool for understanding how sources in specific watersheds impact the Bay (Davis et al., 2000; Davis et al., 2001; Leatherbarrow et al., 2002). In 2000, there was not consistent use of a single base map. The SPLWG oversaw a review project in 2000 and 2001 that recommended more effort be directed towards developing a single unified base map (GIS) that included surface and under-surface drainage lines and watershed boundaries based on topography as well as engineered boundaries (Wittner and McKee, 2002). Based mainly on a collaborative effort between William Lettis and Associates (WLA), the Oakland Museum of California (OMC), and San Francisco Estuary Institute (SFEI) with funding from dozens of agencies totaling approximately $2M to date, there is now a drainage map that include storm drains and watershed boundaries for the east Bay (Richmond to Fremont), the south Bay (San Jose), and back up the peninsula to San Francisco (Figure 1). 
4.4 
Freshwater Input

Understanding freshwater inputs to the Bay (Figure 2) is a key step in the determination of loads of contaminants from each pathway. To date, Delta outflow from the Sacramento and San Joaquin Rivers remains the best quantified pathway – daily data are provided by the California Department of Water Resources using the Dayflow Model (DWR, 2007; Manager Chris Enright). Another well-quantified term is rainfall volume falling on the tributary watersheds in the nine-county Bay Area and on the Bay surface (Davis et al., 2000; McKee et al., 2003). Flow of water entering the Bay via wastewater is also well-quantified and was reported in the Pulse of the Estuary for Calendar Years 2000-03 (SFEI, 2005). In 2003, discharge to the Bay from 39 POTWs was 207 billion gallons equivalent to 784 million m3/year (note Oros et al., 2005 reported 871 m3/year). Water discharge from small tributaries in the nine-county Bay Area remains the least well-quantified. Estimates for the total annual average flow for the combined area range between 890 and 918 million m3 (Russell et al., 1980 and McKee et al., 2003 respectively) but neither of these estimates are robust because they were generated using simple methods and the data used are now out of date due to population trends. 

	[image: image1.emf]
	Figure 1. 
Map of drainage areas for the Bay Area based on a GIS developed from the Oakland Museum of California (OMC) / William Lettis and Associates (WLA) storm drain map series. 
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	Figure 2. 
Freshwater inflows to San Francisco Bay (million cubic meters (Mm3). Data extracted from McKee et al., 2006a (Large Rivers); McKee et al., 2003 (small tributaries); Tsai et al (Direct Rainfall); SFEI 2005 (Municipal Wastewater); Davis et al., 2000 (Industrial Wastewater). 


4.5 
Suspended Sediment Sources, Pathways, and Loads

Sediment is eroded and deposited naturally in response to energy supplied by tectonics, gravity, and flowing water. Humans exacerbate sediment production by creating temporary or long-lasting source areas each time soils are disturbed during development. Humans also increase the transport of sediment away from source areas by increasing the drainage density and directly connecting more of the landscape to rivers, creeks, and stormdrains. Lastly, humans increase water and sediment transport by straightening and hardening rivers and creeks reducing the potential for permanent storage in bed, bank, and floodplain deposits allowing more sediment to enter the Bay (see Appendix 2 for more details on sources). 

Sediment loads entering the Bay from the Central Valley have been quantified for many years (Gilbert, 1917; Smith, 1963; Schultz, 1965; U.S.A.C.E, 1967; Krone, 1979; Porterfield, 1980; Ogden Beeman & Associates, 1992). In 2000, average annual sediment loads entering San Francisco Bay were estimated to be approximately 2.5 Mt/y. Krone (1996) suggested a downward trend in sediment loads and made a hypothesis that total sediment load from the Central Valley to the Bay would decrease to 2.1 million cubic yards per year (0.85 Mt/y) by the year 2035. Based on SPLWG studies, the most recent estimates of suspended sediment are one million metric t per year or 2-3 times less than previous estimates (McKee et al., 2002; 2006; David et al. in review). 
Sediment loads entering the Bay from the nine-County-Bay-Area have been estimated for three main pathways (POTWs, small tributaries, and in-Bay erosion). Suspended sediment associated with POTWs was estimated at 7,500 metric t (Davis et al., 2000). 
Estimates for the least well-quantified pathway, the local small tributaries, range from 0.32 – 1 million metric t (Krone, 1979; Russell, 1980; Krone 1996; Davis et al., 2000; McKee et al., 2003). The present best estimate of small tributaries suspended sediment loads (0.75 million metric t/year: Krone, 1979) is based on USGS data extrapolated to the entire watershed, however little of the data was representative of urban areas. Suspended sediment loads for discrete watersheds at points near the Bay margin are currently being measured in the Guadalupe River at Hwy 101 through a SPLWG/ USGS partnership, in Coyote Creek at Hwy 237 through a South Bay Salt Pond Restoration Project / USGS collaboration, and in Zone 4 Line A at Cabot Blvd. (2nd SPLWG small tributaries loading study). Estimates for small tributaries are presently being improved through an RMP special study (Lewicki and McKee, in review). 
Average sediment loads entering the Bay water column from net Bay erosion have recently been estimated at 2.4 million metric t (Schoellhamer et al., 2005) based on bathymetric accounting work completed by Bruce Jaffe’s team at USGS, Menlo Park, CA. Net input of sediment associated with Bay erosion should be thought of as change in storage rather than an external input. It is being included as an input term in the Bay sediment budget as basic information for thinking though the contaminant budgets. 
In part due to the efforts of the SPLWG, the Bay sediment budget has changed over time (Figure 3). At present the largest uncertainty remains urban and non-urban sediment loads entering the Bay from small tributaries; an important data gap given that estimates of urban and non-urban loads of Hg and PCB in the TMDL reports are based on sediment loads. 
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Figure 3. 
The evolution of knowledge about annual average sediment loads entering San Francisco Bay. Note that Bay erosion is a change in storage rather than a true external input but useful for estimating contaminant budget for the Bay.
4.6 
Mercury and Methylmercury Sources, Pathways, and Loads

Ultimate or “true sources” include Hg derived from native rocks and soil sources, volcanic eruptions, and other forms of off-gassing anywhere in the world. These sources contribute to the global atmospheric burden and are delivered to San Francisco Bay and its watershed by long-range atmospheric transport and deposition. Local true sources include the Coast Range mines (most notably, the historic New Almaden mines in the Guadalupe River) but there are few data to verify no impact from La Joya, Napa R., Bella Oaks, Napa R., Borges, and American Canyon Ck. Mines deemed higher risk in a recent review (Abu-Saba, 2003). Although Hg has certainly been used in industrial and urban applications for thousands of years, use dramatically increased during the post WWII personal electronics revolution and use in paint, chlor-alkali production, lighting, and switches. Most uses were banned or drastically reduced in the early 1990s including Hg use in batteries and paint. As a result, now the main sources are not true sources but rather points in the landscape where materials were either used, inadvertently released, discarded or accumulated. Today the main sources and pathways are contaminated soils, impervious surfaces such as roofs, roads, and parking lots, or landfills, illicit dump sites, waste incinerators, and other air sources in the Bay Area such as refineries, a cement plant, and crematoriums along with increasing globally derived air deposition. Although a significant portion of the Hg load is from local sources, a recent review provided evidence that about 7 metric t on new Hg is still imported into the Bay Area in products (McKee et al., 2006d).

The Hg load entering the Bay from the Central Valley via the Delta has been estimated (Davis et al., 2000; Abu-Saba and Tang, 2000) and reports based on measurements began with Leatherbarrow et al. (2005). Davis et al. made an estimate of 710 kg (no error bars reported but the authors assumed a low bias) based on combining Delta outflow with a flow-weighted mean concentration (FWMC) derived from RMP status and trends data. Abu-Saba and Tang (2000) presented an estimate of 607 kg (range 200-800 kg) based on the late 1990s knowledge of the sediment budget of the Bay and particulate Hg concentrations derived from either RMP bed sediment data or low flow water column data collected by a variety of authors. Most recently David et al. (in prep) have reported a load of 262 ± 94 kg based on 12 years of suspended sediment data (David Schoellhamer, USGS Sacramento; McKee et al., 2006) and five years of Hg data attained through SPLWG storm-flow based water sampling. Given that there appears to be a trend in decreasing sediment loads entering the Bay from the Central Valley (e.g. McKee, et al., 2006), it will be important to continue to monitor Hg concentrations and loads to see if they remains true. 
Similarly, estimates of loads entering the Bay from the Hg mining-impacted Guadalupe River had large uncertainty in the early years of the SPLWG but after collection of over 160 water samples during wet season floods, the loads have been refined to an error of just +/-32% (Table 3). Given that the Guadalupe TMDL and the Bay TMDL call for Guadalupe-specific load reductions, it will be important to continue to monitor trends. The SPLWG studies at Mallard Island on the Sacramento River and at Hwy 101 on the Guadalupe River represent great examples of the importance of empirical field observation for measuring loads of significant pathways and for reducing uncertainty. 
Loads from the greater urban extent of the Bay Area remain uncertain and have been estimated by combining estimated sediment Hg concentrations with estimated annual average suspended sediment loads (Abu-Saba and Tang, 2000: 58-278 kg; KLI, 2002: 96 kg (range 52-226 kg); Looker and Johnson, 2004: 160 kg). Alternatively, one could combine published stormwater Hg concentrations (e.g. McKee et al., 2004) with estimated stormwater flows from urban areas (Davis et al., 2000) to derive an estimate of 150 kg (range 10-1,028 kg) (McKee, 2008). Non-urban runoff average annual loads are equally uncertain (KLI, 2002: 27 kg (range 7-37 kg); Looker and Johnson, 2004: 25 kg). 
Local data on MeHg in urban runoff are sparse. MeHg concentrations ranged between 0.021-3.1 ng/L (n=5) and ranged between 0.15-1.0% of HgT (range = 2.11-499; average 207 ng/L; n=6) in San Pedro storm drain in San Jose. Data from the Z4LA small tributaries loading study show MeHg ranged between 0.16-4.3% of HgT (average = 3%, n=20) (McKee and Gilbreath, in review). Thus if we assume a HgT loads of 185kg annually (160+25; Looker and Johnson, 2004), it appears MeHg load entering SF Bay from small tributaries could be between 0.3-8.0 kg, with a best estimate of 3% or 5.6 kg annually. More recently, Yee et al (in prep), in their review of local data, made an estimate of 1.2-3.3 kg with a best estimate of 2.3 kg. 
Given the importance of urban (and to a lesser degree non-urban) loads in the Bay Hg TMDL and subsequent Basin Plan Amendment, the second small tributaries loading study that began on Zone 4 Line A in Hayward in WY 2007 (McKee and Gilbreath, in review) will continue for three years. In 2008, the RMP funded two watershed modeling efforts; one to develop new estimates of sediment loads in all Bay Area small tributaries (Lewicki and McKee, in review) and the other to model Guadalupe River loads Lent et al., in review). Continuing small tributaries loading studies in six observation watersheds along with further development of modeling techniques is a high priority. 
Table 3. 
Estimates of long-term average total Hg load in the Guadalupe River compared to SPLWG measured loads.

	Method
	Best estimate (kg)
	Range (kg)
	Author

	Estimated loads
	
	
	

	Combining a sediment Hg concentration of 1-10 mg/kg with an average annual sediment load
	49
	7-320
	Abu-Saba and Tang (2000)

	Combining a flow-weighted mean concentration derived from RMP triennial fixed time sampling and mean annual water flow
	29
	Not reported
	Leatherbarrow et al. (2002)

	Combining concentration data (1-5 mg/kg) collected during a small early season flood and modeled sediment loads
	Not reported
	4-30
	Thomas et al. (2002)

	Combining median 25th and 75th percentile sediment Hg concentrations with an average annual sediment load
	5.41
	2.9-12.71
	KLI (2002)

	USGS bed sediment concentration (2.4 mg/kg) combined with average annual sediment load
	92
	Not reported
	Looker and Johnson (2004)

	Water sampling during several floods during WY 2004 combined with measured flow and a Monte Carlo simulation
	Not reported
	0-100 kg
	Austin (2006)

	SPLWG measured loads
	
	
	

	Combining discrete measurements of Hg concentrations with 15-minute suspended sediment concentrations and water flow 
	129
	88-170 kg
	McKee et al., 2004, 2005, 2006b, SFEI 2007


1Urban estimate (excludes influence from mining areas).

There have been several efforts to quantify Bay Area atmospheric Hg fluxes (Tsai, 2001; Steding, 2002; Yee, 2005). Using these estimates, the current average mass loading of Hg to the watershed areas of the Bay Area is approximately 130-170 kg/y (average 150 kg). Total Hg supply to the Bay surface alone is estimated to be 27 kg but uncertainty was high and further work was recommended (Tsai and Hoenicke, 2001). Results are not yet available from recent work by Sarah Rothenberg of SFEI who has been studying Hg emissions from a cement plant in the Permanente Creek watershed in an effort to better quantify atmospheric loads from local sources. Based on her work, there is some evidence that localized air sources may be depositing significant quantities of Hg on urban surfaces. 
Municipal (POTW) loads were estimated based on NPDES generated data and annual flow volumes (Looker and Johnson, 2004: 17 kg). Using the same method, industrial HgT loads were estimated at 2.1 kg annually. The City of San Jose has measured methylmercury loads in their tertiary treated wastewater discharge and other POTW managers have also recently developed information after a Water Board request. Based on all these data, Yee et al. (in prep) has recently estimated a regional scale estimate of MeHg loads in the total combined wastewater discharge for the Bay Area of 0.3 kg per year.
Hg loads entering the Bay from legacy deposits in Bay sediment have been quantified by combining erosion estimates (Bruce Jaffe’s group at USGS, Menlo Park) with estimates of bed sediment Hg concentration. Because the estimates of sediment erosion and Hg concentration have been evolving through time, the estimates have gradually evolved (Abu-Saba and Tang, 2000: 500 kg (range 200-800 kg); Looker and Johnson, 2004: 460 kg). 
Putting all these components together, given what has been learned over the past eight years, the understanding of the HgT budget for the Bay has changed (Figure 4). 
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Figure 4. 
Summary of the evolution of knowledge of annual average total Hg loads entering San Francisco Bay. 
4.7 
PCB Sources, Pathways, and Loads

PCB sources in the Bay Area have been summarized by several authors (Davis et al., 2001; McKee et al., 2003; Hetzel, 2004; Davis et al., 2006; Hetzel, 2006). Unlike Hg, PCBs are not natural. They were invented in the 1920s and went into commercial production in 1929, reaching peak production in the early 1970s before production was banned in 1979. To a greater extent than Hg, PCBs may be considered a legacy contaminant, there are no new PCBs being imported into the Bay Area, and those masses that are still in use have been “in place” since the early 1980s or likely earlier. Therefore, although true sources were a diverse array of facilities with high electricity demands or other needs for PCB-containing products, today’s sources are contaminated soils, impervious surfaces, waste dumps, and historic railway lines. It has been argued that the majority of PCB sources and contamination can still be found in industrial areas in the Bay Area (McKee et al., 2006d).

In a similar fashion to Hg, the estimates of PCB loads from various pathways have changed through time (Table 4). Overall, Central Valley loads estimates have not changed but certainty has improved. In contrast mass load estimates for urban areas are lower now than earlier estimates but uncertainty remains high. Estimates of non-urban runoff are also very uncertain. 
The ongoing SPLWG small tributaries loading studies along with two watershed modeling efforts - one to make new estimates of sediment loads in all Bay Area small tributaries and the other to model Guadalupe River loads - will help to improve the certainty of urban and non-urban loads estimates. 
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). 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. From 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. Further study including wet deposition is needed to explore this hypothesis. 
Loads in urban and industrial wastewater were first estimated by Davis et al. (2000) but the PCB data quality was poor due to concentrations being near or below detection limits. Subsequently, an improved estimate was presented by Hetzel (2004) based on sampling overseen by the SPLWG (Yee et al., 2001; 2002a; 2002b). Industrial loads were updated in 2006 to 0.035 kg/year based on improved information (Hetzel, 2006, 2007). 
Annual average PCBs derived from net erosion of bottom sediments in the Bay has been a debated subject for the past eight years (Davis, 2004; Leatherbarrow et al., 2005; Oram et al., 2008a, 2008b). No estimates were provided in the TMDL reports (Hetzel 2004; 2006; 2007). Several recent estimates are provided (Table 4) but pending data from cores analyzed through a RMP special study will provide an opportunity for further improvement. 
In summary, our understanding of PCB inputs to the Bay has changed substantially over the past eight years (Figure 5). The largest uncertainties remain urban and non-urban runoff, atmospheric deposition, and bed erosion, all of which impact forecasts for the recovery of the Bay. Improving estimates have direct implications for management policies aimed at reducing impairment. 
Table 4. 
Estimates of long-term average total PCB loads to San Francisco Bay from the main pathways. Note all these estimate are independent of each other.

	Method
	Best estimate (kg)
	Range (kg)
	Author

	Large river loads
	
	
	

	Combining a FWMC generated from RMP sampling cruse data (1993-98) collected 3 times a year) by annual average Delta Outflow 
	11
	Not reported
	Davis et al. (2000)

	Combining a FWMC generated from RMP sampling cruse data (1993-2001) collected 3 times a year) by annual average Delta Outflow
	42
	38-46 
	Hetzel (2004)

	Taking the average of two years of loads estimated generated by combining a flow-weighted mean concentration attained from water sampling during floods at Mallard Island with Delta outflow (Leatherbarrow et al. (2005)
	11
	Not reported
	Hetzel (2006)

	Extrapolation five years of loads estimates using annual delta outflow for the past 30 years and taking the average (Oram, 2006)
	11
	Not reported by in the TMDL but known to be +/-40% or 7-15 kg
	Hetzel (2007)

	Urban runoff loads
	
	
	

	Combining median 25th and 75th percentile sediment PCB concentrations with an average annual sediment load
	40
	9-103
	KLI (2002)

	Reworking the sediment PCB concentrations (KLI, 2002) and combining these with an average annual sediment load
	34
	Not reported
	Hetzel (2004)

	Reworking the urban stormwater mass balance (McKee et al., 2006) in to land use based estimates
	37
	Not reported
	(Mangarella et al. (2006)

	Extrapolating measured loads in Guadalupe River (McKee et al., 2004, 2005, 2006) and measured loads in Coyote Creek using various area weighting techniques
	21
	11-42
	McKee et al. (2006c)

	Non-urban runoff loads
	
	
	

	Combining median 25th and 75th percentile sediment PCB concentrations with an average annual sediment load
	Not reported
	0.2-0.6
	KLI (2002)

	Reworking the sediment PCB concentrations (KLI, 2002) and combining these with an average annual sediment load
	0.1
	Not reported
	Hetzel (2004)

	Reworking the urban stormwater mass balance (McKee et al., 2006) in to land use based estimates
	12
	Not reported
	(Mangarella et al. (2006)

	Atmospheric deposition loads
	
	
	

	Average annual dry deposition based on 6 months data at Concord, Ca. was approximately 0.92 ng/m2/d or 0.34 µg/m2/y or about 0.35 kg directly to the Bay surface annually. However, about 7.4 kg are lost through gaseous exchange
	- 7
	Not reported
	Tsai et al. (2002)

	Concentrations and ratios of wet : dry based on literature review (Harrad, 1994; Bremle and Larsson, 1997; Granier and Chevreuil, 1997; Rossi et al., 2004)
	7
	Wet: 0.6 – 27
Dry: 0.35
Loss from the Bay surface: -7
	Wet: McKee et al. (2006); McKee this report

Dry Tsai et al. (2002)

	Municipal and industrial wastewater loads
	
	
	

	Data from 14 POTWs and six industrial dischargers accounting for 85% of the water discharge – much of the data were below detection limits.
	
	0-141
	Davis et al. (2000)

	Defined concentrations for the POTWs with secondary treatment, for POTWs with advanced treatment, and wastewaters from petroleum refineries combined with flow volumes
	Municipal: 2.3
Industrial: 0.012
	Not reported
	Yee et al. (2001; 2002a; 2002b); Hetzel (2004)

	Improved information on concentrations in industrial wastewater
	Industrial: 0.035
	
	Hetzel (2006; 2007)

	Net erosion of contaminated Bay sediment
	
	
	

	Combining net erosion (2.4 million metric t: Schoellhamer et al., 2005) based on bathometric change (Jaffe et al., 1998; Capiella et al., 1999; Foxgrover et al., 2004; Jaffe and Foxgrover, 2006) and assuming a bed sediment concentration of 10 ng/g (Hetzel 2007)
	24
	12 - 36
	McKee, this report

	Based on the average input from buried sediment into the active layer (5 cm) over the next 100 years derived from the most recent run of the PCB multi-box model.
	12
	6 - 18
	Oram, personal communication, 2008


1Both municipal and industrial reported together
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Figure 5. 
Summary of the evolution of knowledge of average annual PCB loads entering San Francisco Bay. Note Bay erosion was not estimated in 2002.
4.8 
PBDE Loads

Everything that is presently known about PBDE loads has been summarized in a conceptual model impairment assessment report by Werme et al. (2007) and a paper developed for the peer-reviewed literature (Oram et al. 2008). Polybrominated diphenyl ethers (PBDEs), since their increase in use as flame retardants in plastics and furniture, are now observed in virtually every part of the biosphere and are rightly described as “ubiquitous environmental pollutants”. The pathways by which PBDEs get from a place of manufacture or use into the physical environment are not fully understood but conceptually release can occur during initial synthesis, during incorporation into commercial products, during wear or degradation of products, or during disposal and recycling. Because PBDEs are synthesized in just a few locations, direct release is not the cause of their ubiquitous presence in San Francisco Bay. There are few studies in the world that describe the magnitude of release from in-use product. Studies of concentrations in sewage sludge and, more recently, treated wastewater and resulting downstream concentrations in receiving waters are more numerous but research on how PBDEs get from a location of use into the wastewater stream are still generally lacking (with the exception house dust). Research into PBDE release during disposal and recycling has been completed in a few locations; this work has considered incineration, end-of-life vehicles and furniture recycling, and landfill disposal. 

California, and in particular, San Francisco Bay, is a known global PBDE hot spot. Studies have found elevated concentrations of PBDEs in Bay Area wildlife and humans that are among the highest reported in the world (She et al., 2002; 2004; Oros et al., 2005; Holden et al., 2003; Brown et al., 2006). Clearly, understanding sources, release, fate, and toxicity of PBDEs in California and San Francisco Bay is of high importance. Presently it is estimated that municipal wastewater and local tributaries are the largest pathways for PBDEs entering the Bay (Table 3). The importance of each pathway is congener specific; heavier BDEs are more associated with urban runoff whereas lighter BDEs are associated with POTWs. 
Table 3. 
Summary of PBDE loads entering San Francisco Bay from major pathways (After Oram et al., 2008).


[image: image9]
5. RMP Management Questions

In concert with the development of a comprehensive five-year plan for the RMP (of which this document represents one component), the management questions that guide the Program have recently been revised. The current RMP management questions are shown below (Level I questions and associated Level II questions). Question 3 is the focus of the SPLWG. The overarching goal of the RMP is to provide information needed to support management decisions.

1. 
Are chemical concentrations in the Estuary potentially at levels of concern and are associated impacts likely?

A. 
Which chemicals have the potential to impact humans and aquatic life and should be monitored?

B. What potential for impacts on humans and aquatic life exists due to contaminants in the Estuary ecosystem? 
C. What are appropriate guidelines for protection of beneficial uses? 

2. 
What are the concentrations and masses of contaminants in the Estuary and its segments?

A. 
Do pollutant spatial patterns and long-term trends indicate particular regions of concern?

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?

C. 
What is the effect of management actions on loads from the most important sources, pathways, and processes?

4. 
Have the concentrations, masses, and associated impacts of contaminants in the Estuary increased or decreased?

A. 
What are the effects of management actions on the concentrations and mass of contaminants in the Estuary?

B. 
What are the effects of management actions on the potential for adverse impacts on humans and aquatic life due to Bay contamination?

5. 
What are the projected concentrations, masses, and associated impacts of contaminants in the Estuary?

A. What patterns of exposure are forecast for major segments of the Estuary under various management scenarios?
B. Which contaminants are predicted to increase and potentially cause impacts in the Estuary?

6. SPLWG Priority Management Questions (Level III)
In 2000, the SPLWG developed a broad course of investigation (Davis et al., 2000) (Table 4), that built on the workplan presented in the first report of the SPLWG (Davis et al., 1999-2001). At that time, the management questions focused on improving estimates of loads from the main pathways, essentially paralleling the needs of the Hg and PCB TMDLs in development from 2000 to present (Looker, 2006; Hetzel, 2007). Although these guiding principles remain largely valid today for emerging contaminants, pyrethroids, dioxins (see RMP dioxin strategy), and most of the medium to lower priority contaminants, in the case of Hg and PCBs, the SPLWG must now adapt and begin to address questions associated with the implementation and monitoring recommendations sections of the PCB and Hg TMDLs and resulting Basin Plan amendments. Focus areas include source identification, BMP effectiveness, and concentration and loading trends. Fortuitously, these focus areas were listed as the last step of the workplan described in the first report of the SPLWG (Davis et al., 2001). In the specific case of stormwater management, these focus areas are reflected in the municipal regional permit tentative order (RWQCB, 2007). 
Table 4. 
of the broad course of investigation followed by the Sources Pathways and Loadings Workgroup (Davis et al., 2000).

A. Watershed Characterization: Characterize and classify the watersheds in the region with regard to factors that control stormwater transport of priority contaminants.

B. Conceptual Model Development: Develop conceptual models for the generation, distribution, transformation, transport, and effects of classes of priority contaminants.

C. Develop Evaluation Strategies: Design and implement appropriate evaluation strategies for classes of contaminants with similar properties. 
D. Establish Regional Network of “Observation Watersheds”: Carefully select representative “Observation Watersheds” for detailed, long-term evaluation of stormwater loading and related functions.

E. Extrapolate to Other Watersheds: As appropriate, extrapolate results from the Observation Watersheds to other watersheds with similar characteristics. 
For the next five years covered by this workplan (2008-12), the highest priority management questions for the SPLWG are essentially those of RMP Question 3 and are consistent with a continued focus on quantifying the magnitude of loads from the main pathways, while at the same time assisting with source identification, BMP effectiveness, and concentration and loading trends. The SPLWG Level III questions are outlined below organized by pathway, in a logical order from a scientific point of view but not presently in order of priority from a management standpoint.
Small Tributary Loads

Level III SPL Question 1: 
How and where do contaminants enter the Bay from urban areas adjacent to the Bay margin? 

There are two remaining data gaps in the effort to map rivers, creeks, storm drains and watershed boundaries: 1. Maps are still needed on the Bay margin for southern portions of Marin County (Sausalito, Mill Valley, Tiburon, Corte Madera, San Rafael, and Novato), Vallejo, Fairfield/Suisun, Benicia, Hercules, Rodeo, Crockett, Martinez, Concord, Pittsburg, and Antioch (Appendix 1 Maps 17, 18, 24, 25, 26, and 27), and 2. GIS line work needs to be attributed with additional data including flow routing (priority) and pipe dimensions and type (roughness). The workgroup is supportive of this work, recognizing needs in relation to measuring and estimating water, suspended sediments, and contaminant loads to the Bay, proving map tools for community outreach (the original intent of the effort when it was instigated in the early 90s), and tracking illicit discharge.

Level III SPL Question 2: 
What is the watershed-specific and regional total water flow, load of sediment, and load contaminants entering the Bay from the urbanized small tributaries and non-urban areas draining to the Bay from the nine-county Bay Area and are there trends through time?

Given, the Hg TMDL calls for reduction of loads on a watershed basis (Looker and Johnson, 2004), the PCB TMDL called for a 95% load reduction in watersheds, and the Municipal Regional Permit draft tentative order (MRP, December 2007) calls for better quantification of loads of sediments and trace contaminants on a watershed basis and regionally, a fundamental data gap is an estimate of flow at the scale of single watersheds. Given the lack of resources for gauging the more than 250 urbanized watersheds mapped to-date that drain to the Bay from the nine surrounding counties, modeling runoff appears to be the most cost-effective solution. The RMP Technical Review Committee (TRC) approved a special study for 2008 to develop a calibrated hydrological model for Guadalupe River, the first step towards a regional model Lent et al., in review).

An important remaining gap in knowledge is the relative mass of suspended sediment supplied from urban versus non urban areas of Bay Area small tributaries since this is presently the basis for the small tributaries loading component of the Bay Hg TMDL (see the Hg section). Looker and Johnson (2004) made the assumption that sediment loads are presently about 410,000 metric tonnes for urban areas. Given the urbanized area is about 2500 km2, this equates to 164 t/km2 (reasonable compared to international urban literature: McKee et al., 2003). However, Looker and Johnson’s estimate of sediment loads from non urban areas (400,000 t) equates to 96 t/km2. Given sediment loads measured in Bay Area watersheds by the USGS over the past 47 years show a range from 27 – 1,639 t/km2 (see McKee et al., 2003), it seems reasonable to suppose non-urban loads for the Bay Area average much more than 96 t km2. Furthermore, if a hypothesis that atmospheric deposition has been underestimated is accepted, it is possible that our current estimate of urban and non-urban runoff loads is biased low. The TRC approved funding for a special study in 2008 to update estimates for small tributaries and make estimates of urban versus non-urban loads for specific watersheds (Lewicki and McKee, in review). Improved knowledge of suspended sediment loads will help us to better understand the rate of recovery towards contaminant related beneficial uses (swimmable, fishable, wild), future form and function of the Bay, and the supply of sediment to wetlands. 
In terms of contaminants, there is still a number of remaining data gaps. One of the largest uncertainties in the Hg TMDL is a lack of empirical measurement of stormwater total Hg loads. Given the call for a 50% load reduction, this is an important data gap. Given the RMP Hg strategy focuses on a need to generate better information on MeHg, where budgets allow, data on MeHg should also be generated. Without any local data supporting the use of Hg-R as a surrogate for the movement of MeHg into the food web, Hg-R data will only be collected as part of an ancillary data set. Presently our estimates of regional PCB loads are based on measurements in mixed land use watersheds; data gaps include industrial watershed PCB loads and there is evidence to suggest the non-urban PCB loads are underestimated. For example, if the estimate of non-urban PCB loads including in the Bay TMDL (0.1 kg) is divided by the estimate of non-urban water flow (640 million m3), an estimate of 160 pg/L is generated for a non-urban flow-weighted mean concentration. A quick scan of the recent PCB literature did not yield any papers on near urban non-urban systems but concentrations found in the Coyote Creek on the non-urban part of the hydrograph ranged between 2000-6000 pg/L during small storms in WY 2005. For PBDEs, given the recent decision to ban the use of Penta- and Octa-BDEs in California by June 2006 (voluntary withdrawal beginning in 2004), it is possible that a downward trend in many of the pathways may begin to occur over the next decade. However, it is possible that an increase in the Deca formulation may counteract the benefits of the ban, since some of the degradation products of Deca-BDE are similarly toxic. Further data are needed to observe any trends. With the exception of PBDEs, there are presently no measurements of emerging contaminant loads (e.g., pyrethroids, and perfluorinated compounds) and we have no measurements of dioxins although these are now being planned for WYs 2010, 2011, and 2012 (see RMP dioxin strategy). Until dynamic numeric modeling of urban and non-urban storm water can be completed, sediment load information will continue to provide the basic data for estimation of sediment-associated contaminant loads.

Level III SPL Question 3: 
What is the long-term average and maximum load of Hg (total, methyl and reactive) entering the Bay from the Guadalupe River and is there an observable trend?

There remains much uncertainty in the loads entering the Bay from Guadalupe River, including an understanding of the magnitude, sources, and speciation of loads during very large rainstorms. A reasonable hypothesis for the system is that in excess of 1,000 kg Hg may enter the Bay during rain events of 20-50 year return interval. James Rytuba of USGS estimates that there is approximately 30,000 kg of Hg still to be released from the mining areas. At the current rate of loss, this represents 200 years of Hg load. In addition, given the TMDL call for a large load reduction in the Guadalupe River, it will be important to determine effectiveness. One method would be to monitor for loading trends at our monitoring location (Hwy 101: USGS gauge number 11169025). Given Guadalupe TMDL asked for large total Hg load reductions, it would seem likely that trends in concentrations and loads will be observable over the next decade despite the water column concentration dataset containing a complex urban and mining signal. At present there has not been any attempt to determine the size of the load reduction necessary to see a trend in concentration. 
Central Valley Loads

Level III SPL Question 4: 
What is the magnitude of contaminant loads entering the Bay from the Central Valley and is there an observable trend?

There are a number remaining questions including improving knowledge on Hg loads during large floods and determining if there is a trend in mercury loading. There have been no measurements of MeHg or reactive Hg during floods but until information is improved on the way MeHg is getting into the food web (deamed high leverage pathways) it is not clear if this information is needed. In the case of PCBs, further work is required to better understand the cause of high concentrations and loads observed during smaller floods. In direct contrast to Hg, the present hypothesis is that PCB concentrations and loads may be diluted during large runoff events when the majority of water is derived from less urbanized areas of the watershed and snow melt. A re-analysis of congener patterns during floods with differing runoff sources and magnitudes, and a calculation of a new long term loading estimate is planned for calendar year 2010 after the collection of another wet season of data. With the exception of PBDEs, there are presently no measurements of emerging contaminant loads (e.g., pyrethroids, and perfluorinated compounds) and we have no measurements of dioxins although these are now being planned for WY 2010 (see RMP dioxin strategy). Again, the SPLWG needs to look to the CFWG for guidance on how much effort to put into gathering this information. The question of trends is different for the Mallard Island sampling location compared to the Guadalupe River sampling location. In the Sacramento River at Mallard Island, any trend observed is more likely to be associated with the declining loads of suspended sediment rather then a change in the management of Hg or PCBs. It is not clear conceptually how particle concentrations will change as suspended sediment concentrations decrease.
Atmospheric Deposition Loads

Level III SPL Question 5: 
What is the magnitude of loads of contaminants entering the Bay from local air sources?
Recently Dr. Sarah Rothenberg (post doc with SFEI) has reviewed the potential for further improvements in source control to reduce urban runoff loads. She conducted a thorough review of all local data including monitoring and estimates of air emissions by the California Air Resource Board (CARB) based on “emissions factors”. Her work supports the following points:

1. 
The Bay Area has the largest predicted unit area emissions in the State (15µg/m2),

2. 
Three source categories (five oil refineries, one cement plant, and 45 crematoriums) make up 98% of the estimated air sources, 
3. 
Deposition is estimated at 233 kg of which more than 40% is expected to deposit locally, and
4. 
Atmospheric sources of Hg may represent potential hotspots which may be mitigated through emission controls.
Research in other systems provides evidence that newly deposited Hg through atmospheric deposition is more readily converted to MeHg, and biomagnified in the food web, than "native" Hg (Harris et al., 2007 and references therein). A key data gap is to determine if this is true for the Bay Area. To do this we would need to determine the magnitude, speciation, and fate of atmospherically derived Hg from local sources in the Bay Area a key positions in the food web. The aerial estimates of PCB loads by Tsai et al. (2002) are considerably lower than the estimate for urban United Kingdom by Harrad (1994) (310 µg/m2/y). A study completed in Paris reported a dry deposition of 29 µg/m2/y and that dry deposition only accounted for 35% of the total deposition of PCBs (Granier and Chevreuil, 1997). A study in Switzerland found a dry deposition of 1.06 µg/m2/y (Rossi et al., 2004). Apparently, a ratio of 2:1 wet : dry is common but others have used a ratio of 10:1 (see references in Granier and Chevreuil, 1997) or even 12:1 (Rossi et al., 2004). Based on this quick literature review, it appears our local estimates of PCB deposition are anything from 0.1% to 33% of those reported elsewhere. It seems reasonable to hypothesize that Bay Area loads have been underestimated perhaps because the sampling location was chosen to try to reflect general background loading; local air sources such as landfills, industrial fires, recyclers, and auto shredders may provide additional local loads that are presently not taken into account. The magnitude of dry and particularly wet PCB deposition to the Bay has important implications for management and recovery of the Bay and may be a critical data gap. With the exception of PBDEs, there are presently no measurements of emerging contaminant loads (e.g. pyrethriods, and perfluorinated compounds) and we have no measurements of dioxins although these are now planned with 2009 RMP funding pending the development of a Quality Assurance Project Plan (QAPP) (see RMP dioxin strategy).

Municipal and Industrial Wastewater Loads

Level III SPL Question 6: 
What is the magnitude of loads of contaminants entering the Bay from industrial and municipal wastewater and are they showing trends through time?
In general, measurements are relatively robust for total Hg, PCBs, and PBDEs. Methylmercury data has been collected by BACWA but as yet a regional estimate of MeHg loads is not available. Remaining data gaps include reactive Hg and there are presently no measurements of emerging contaminant loads (e.g. pyrethriods, and perfluorinated compounds). Dioxins are currently being measured by POTWs as a requirement of their NPDES permits although much of the data has been below detection limits.

In-Bay Bed Sediment Loads

Level III SPL Question 7: 
What is the magnitude of flux of MeHg and reactive Hg from sediment in each Bay segment?
Presently there are only measurements of MeHg flux from bottom sediments in the South Bay segment. Topping et al. (2004) quantified dissolved mercury fluxes to the water column from bottom sediments. The study results from three locations, when extrapolated for the entire South Bay supported the conclusion that dissolved fluxes to the South Bay water column may be of the same magnitude as annual inputs from the Guadalupe River watershed. With the increase in focus of the RMP on MeHg and reactive Hg, there are several critical questions that remain in relation to benthic production of these Hg species. Are the measurements so far made typical of San Francisco Bay as a whole or are there differing flux rates between segments and in the inter-tidal zone, shallow sub-tidal zone, and the Bay axis? Do fluxes of MeHg and reactive Hg from bottom sediments disproportionably influence the base of the food web? The reintroduction of mercury and the release of bioavailable forms of mercury from legacy sediment remains an important area of uncertainly and a potential hurdle for the recovery of the Bay despite the called for load reductions from the Guadalupe River and urban stormwater pathways. Either the SPLWG or the CFWG may consider prioritization of this question.
Top Priotities
During the May 2008 SPLWG meeting, the above outlined Level III SPL questions were prioritized. It was recognized that while all are important questions, given limited funding, the quantification of loads in small tributaries remains the highest priority. Funding allocations in Table 7 reflect this agreement. A key outcome from the May meeting was the decision to develop a Small Tributaries Loading Strategy (STLS). The STLS (now in development) is envisioned to guide the implementation of field and modeling studies in small tributaries that are consistent with the MRP and the other RMP strategies (Hg, Dioxins, Modeling). The first stage of the development of the STLS is the development of a series of guiding questions (Level IV questions). The strategy is planned to be completed in the spring of 2009 and will likely influence the allocation of RMP funding from 2010 onward.    
7. SPLWG Five-Year Workplan

Table 5. SPLWG 5-year workplan.

	
	
	
	Year
	

	Element
	Description
	Funder/Program
	08
	09
	10
	11
	12
	MQs Addressed

	*Workgroup meetings
	
	
	25
	25
	25
	25
	25
	

	*SPLWG expert review and meeting attendance
	
	
	6
	6
	6
	6
	6
	

	*Five-year plan maintenance
	
	
	3
	3
	3
	3
	3
	

	Subtotal
	
	
	34
	34
	34
	34
	34
	

	Small tributaries loading (Observation watershed No 2) 
	Focus on wet weather with some dry weather
	RMP (S&T)
	100
	150
	
	
	
	3A. Which sources, pathways, and processes contribute most to impacts?

3B. What are the best opportunities for management intervention for the most important contaminant sources, pathways, and processes?

3C. What is the effect of management actions on loads from the most important sources, pathways, and processes?

	Small Tributaries Loading Strategy (set-aside) 
	Set aside to implement high priorities
	RMP (P&SS)
	
	100
	
	
	
	To be determined based on the STLS priorities

	Small tributaries loading (Observation watershed No 3 to be determined) 
	Focus on wet weather with some dry weather
	RMP (S&T)
	
	
	150
	100
	100
	3A. 

3B.

3C.

	Mallard Island large rivers loading study
	Wet weather sampling to determine concentrations and loads
	RMP (S&T)
	
	
	140*
	
	
	3A. 

3B.

	Small tributary suspended sediment loads
	Static sediment load estimates for specific watersheds and for urban versus non-urban
	RMP (P&SS)
	40
	
	
	
	
	3A.

	Guadalupe River Model
	Refine loading estimates, source attribution, and predicting BMP effectiveness
	RMP (P&SS) (Note only first year funded presently)
	75
	
	
	
	
	3A. 

3B.

3C.

	Small tributaries loading (Observation watershed No 1: Guadalupe River)
	Focus on wet weather with some dry weather
	RMP (S&T) (Note perhaps 5 years of funding for Hg from SCVWD)
	
	
	65*
	
	
	3A. 

3B.

3C.

	To be determined based on SPLWG priorities
	????
	RMP (P&SS)
	
	100
	100
	100
	100
	????

	Subtotal
	
	
	265
	200
	455
	200
	200
	

	Total
	
	
	299
	234
	489
	234
	234
	


* Every three years 
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Appendix 1

Mapping Rivers, Creeks, Storm drains, and Watershed Boundaries

[image: image10.emf]
Figure A-1.
Index map for existing and proposed storm drain map coverage’s in the Bay Area.

Appendix 2

Suspended Sediment Sources

Sediment sources in our watersheds were reviewed by McKee et al. in 2003. Briefly, sediment is eroded and deposited naturally in response to energy supplied by tectonics, gravity and rainfall. Human activities such as timber getting, agriculture, and urbanization disrupt natural processes and generally increase erosion at the landscape level and dramatically in smaller locations at event to decadal time scales. Typically the severity of the erosion increases to a maximum soon after the human impact and then gradually diminishes with time. For example, during the early to mid development phases of urban areas when large land tracts can be exposed with bare earth, a severe rain storm can export sediment at a rate of up to 50,000 metric t/km2 or up to 300 times pre-disturbance rates (review by Chin, 2006). But by the time urbanization is nearing build-out, sediment loads are more typically about 160 – 300 t/km2. That said, even during the most severe erosion phases, much of the eroded sediment never makes it to a channel or the Bay. Broadly termed the delivery ratio, tributaries ranging in area from 1 – 1,000 km2 typically store between 40-90% of their eroded sediment in talus, fan, floodplain, and channel deposits. Much of the now urbanized “Bay Plain” was a depositional environment historically and many tributaries terminated in seasonal wetlands (Robin Grossinger, SFEI personal communication). It therefore seems reasonable to hypothesize that sediment inputs from small tributaries to the Bay have gone through increases and decreases through time but have overall increased and remained elevated over their historic rates because of the overall increased connection of tributaries to the Bay. The question remains what is the magnitude of change and how has in compared through time with changes occurring in the Central Valley watersheds and how has that overall impacted the supply of contaminants to the Bay?
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[image: image11.emf]Source PBDEs BDE 047 BDE 209

Sacramento-San Joaquin Delta 13 3 3

Local Tributaries 33 3 17

Municipal Wastwater 12 - 58 4 - 21 1 - 3

Atmospheric Deposition 1 - 2 ~1 ~1

Total 59 - 106 11 - 28 22 - 24

