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SUBJECT:
STATUS REPORT ON RESPONDING TO THE STATE BOARD’S                          
RESOLUTION REMANDING THE SAN FRANCISCO BAY MERCURY TMDL 

The State Board, at its September 7, 2005 hearing, remanded our Basin Plan Amendment to establish a mercury TMDL and implementation plan for San Francisco Bay.  This status report provides a brief explanation of the nature of the remand and our response recommendations.  The remanding resolution (attached) directs the Board to perform several tasks and bring a revised TMDL back to the State Water Board by June 2006.  It also directs us to report progress in complying with the remand resolution by March 2006.  For some tasks, the resolution explicitly states that changes should be made to the TMDL.  Other tasks called for by the resolution need not be part of a revised TMDL but can be addressed separately via permit requirements and implementation of the TMDL.  This is important when considering the strategy and schedule for accomplishing all that is called for in the remand.  

The remand resolution issues can be grouped into the following areas:

· The TMDL may not require all wastewater sources to implement the most effective pollution prevention practices and treatment technologies; 

· Dredging and watershed mercury legacy sources of mercury affecting San Francisco Bay may need more attention; 

· More public health risk reduction associated with consumption of mercury contaminated fish is needed; and 

· It is uncertain whether the TMDL bird egg wildlife target and the water quality objective for mercury in Bay waters will be attained by the TMDL.

We discuss each of these issues in the following sections. In each, we restate the associated remand resolution components, where the numbered items shown correspond to the numbered items in the resolution.  We then present our response in terms of actions we are already taking or plan to take, and options for revising the TMDL Basin Plan Amendment.  We also present an estimate of staff resources and time required to accomplish the response, with emphasis on tasks above and beyond our current implementation efforts.  In addition, we present and respond to two other issues raised by our Board during a discussion of the remand at the September Board meeting: review our conclusions regarding air deposition, and explore how we may be able to better communicate the concept of the 120 year recovery timeframe. We conclude with a summary and recommended next steps.

WASTEWATER 

Remand Resolution

2. Evaluate effective pollution prevention practices used elsewhere in the United States and revise the TMDL to incorporate requirements for appropriate programs and practices into the TMDL, and require all dischargers to aggressively implement appropriate pollution avoidance practices aimed at eliminating or reducing mercury concentrations in their effluent.

3. After evaluating and considering existing wastewater treatment technology for mercury removal, revise the TMDL to establish individual wasteload allocations. In establishing such wasteload allocations, incorporate provisions that acknowledge the efforts of those point sources whose effluent quality demonstrates good performance, and require improvement by other dischargers.

4. In carrying out the requirements of this resolution, the Regional Water Board shall comply with the requirements of CWC section 13360 regarding specifying the manner of compliance with Regional Water Board orders.

5. Revise the TMDL to require inclusion in the next round of NPDES permits or in the watershed NPDES permits monitoring for, and determination of the relative proportion of, methylmercury in effluent discharges.

8. Directs State Water Board staff to develop a State policy for water quality control that establishes alternative methods to allow dischargers to meet mercury effluent limitations that are directed to preventing contributions to excursions above water quality standards. The policy shall allow dischargers to perform other activities aside from eliminating more mercury from their discharges than they would be required to remove by applicable technology-based effluent limitations. This policy shall require more rigorous activities for: (a) dischargers not in compliance with their wasteload allocations and/or other applicable criteria or objectives; and (b) dischargers seeking to increase their mercury load. The policy shall include provisions that recognize the efforts of those dischargers who are meeting or outperforming their wasteload allocations, and that recognize the expenditures made by dischargers who are employing higher treatment levels. The policy shall not include requirements that would leverage existing point source discharges as a means of forcing dischargers to bear more than their fair share of responsibility for causing or contributing to any violation of water quality standards. In this context “fair share” shall refer to the dischargers’ proportional contribution to the impairment. The policy shall also include provisions that prevent localized disparate impacts.

9. The San Francisco Bay Water Board shall include requirements in the TMDL that any new or modified NPDES permit for dischargers shall contain a reopener to implement Resolved No. 8, above.

Response

We continue to assert that the issues raised regarding wastewater discharges will be resolved via our existing and planned efforts to implement the TMDL’s wasteload allocations and implementation requirements. However, given the concerns raised by the State Board, USEPA, and other parties, we agree to conduct additional analyses of pollution prevention practices and treatment technologies. If justified by the results of these analyses, we will propose revisions to the Basin Plan Amendment, for consideration by the Board, that more explicitly address issues raised.  In discussions with representatives of the wastewater discharge stakeholders since the remand, we all agree that there are likely to be opportunities to reduce wastewater mercury wasteload over the next twenty years and options to offset loads via a pollutant trading program, and we will use these analyses to determine both what these opportunities are and what an appropriate wastewater reduction may be.

Efforts to develop a draft NPDES wastewater watershed permit to implement the requirements of the TMDL are well underway. We propose to continue this effort and revise the draft to be consistent with any new proposed revisions to the TMDL. The draft permit currently includes both numerical and narrative water quality based effluent limitations and provisions that require effective pollution prevention and treatment controls, and studies to identify and evaluate the potential for local effects associated with discharges.  The latter is intended to address concerns regarding the bioavailability of mercury in wastewater effluent, the fate of such mercury after it enters the Bay, and the potential for wastewater discharges to increase production of methylmercury in the Bay. We are agreeable to revising the Basin Plan Amendment to clarify that in addition to conducting these studies, wastewater dischargers are required to monitor methylmercury in their effluent.
The relative bioavailability of mercury associated with all source categories is something we will learn more about by adaptively implementing this TMDL. The science is not there yet. In response to concerns expressed regarding wastewater and as an extra level of safety, we are committed to evaluating the feasibility of reducing wastewater loads and the costs for so doing. We will evaluate a revised wastewater wasteload allocation scheme for consideration by the Board that recognizes and drives load reductions that could be met via aggressive pollution prevention, offsets per a state pollutant trading program under development, and other cost-effective methods. We have already been compiling information about mercury removal treatment technology and pre-treatment/pollution prevention practices employed in the Bay Area and nation-wide, and will use this information to evaluate expected mercury effluent levels and mercury load reductions associated with available treatment technologies.  Based on this evaluation, we will recommend a set of cost-effective pre-treatment/pollution prevention practices for optimum removal of mercury prior to treatment. 

Schedule and Resource Implications

As noted, we had already begun a number of wastewater-related implementation tasks, including crafting a draft NPDES permit.  We will now redirect our effort towards crafting a revised TMDL Basin Plan Amendment.  This will include continuing some of our existing implementation efforts, including modifications to the draft NPDES permit to reflect the revised TMDL Basin Plan Amendment.  However there will be additional resource expenditures associated with the procedural and public process requirements of producing a revised TMDL Basin Plan Amendment.  We expect that it will take up to three months to conduct analyses and prepare a revised TMDL Basin Plan Amendment.  The subsequent formal public process leading to Board action will take at least three months or more depending on the amount and nature of comments received.  If the scientific basis for revisions is different then the existing TMDL Basin Plan Amendment, it will have to be peer reviewed, which will add two to three months to the schedule. This workload will require at least half of a staff person (including management and legal review). 

Summary: six to nine months at ½ person year beyond existing efforts

DREDGING 

Remand Resolution

6. Directs the San Francisco Bay Water Board to ensure that in-Bay disposal of dredged material containing mercury complies with the requirements of the Long Term Management Strategy Plan (LTMS).

Response

The TMDL Basin Plan Amendment is already consistent with the LTMS.  We will consider clarifying language in the staff report and perhaps Basin Plan.

Schedule and Resource Implications

Implementation of the LTMS is ongoing.  Any revisions to the staff report and TMDL Basin Plan Amendment would be minor and easily accommodated as part of another Basin Plan Amendment. 

WATERSHED MERCURY LEGACY SOURCES
Remand Resolution

7. 
Directs the San Francisco Bay and Central Valley Water Boards to create a watershed legacy mercury inventory and establish a priority list for addressing these sources. The Water Boards shall also propose potential methods or strategies to remediate priority sources.
Response

It is our understanding that the term “watershed legacy mercury inventory” applies to two source categories identified in out TMDL: mercury mines and Bay-margin contaminated sites. The direction, as stated, does not necessitate revisions to the TMDL Basin Plan Amendment. We propose addressing these two source areas separately.  In 1998 we prepared a report on such mines and additional information was collected as part of developing the TMDL.  Based on this work, there are no mines that discharge directly to the Bay.  However, there are some mines located in the upper tributaries to the Bay.  Our Basin Plan Mines Program essentially prohibits discharging mining waste to waters of the State unless authorized under waste discharge requirements, an industrial stormwater NPDES permit, or other conditions specified in a watershed-specific TMDL. 

The mercury mines in our Region known to pose the greatest threat to water quality in the Bay are associated with the New Almaden Mining District and are located in Santa Clara County’s Guadalupe River watershed.  We are actively developing a remediation strategy for these mines as part of our Guadalupe River Watershed Mercury TMDL project.  Based on our 1998 report, other mercury mines in our Region do not appear to be significant mercury sources.  Nonetheless, we agree that additional work may be needed to assess water quality threats and evaluate compliance with our Basin Plan Mines Program. The existing TMDL Basin Plan Amendment states that we would complete this effort and work on all sites to assure they were in compliance, within five years of TMDL adoption. In order to address the remand, we are proposing to redirect staff and conduct needed preliminary evaluation and assessment work within the coming year.  This work will include conducting site inspections and monitoring.  The results of this effort will be compiled in a report that will include the requested priority list and remediation strategies.

The second component to the legacy mercury inventory is associated with sites along the Bay margin where high mercury levels have been found, usually associated with historic or ongoing industrial activity.  We identified such sites as part of developing the TMDL.  Most of these sites, particularly those with the highest levels of mercury, are already receiving Board oversight through our cleanup programs. As part of our proposed TMDL implementation plan we committed to evaluating all such sites and updating all cleanup requirements to be consistent with the TMDL.  In response to the remand, we propose redirecting staff to begin this implementation work earlier then planned.  The first step in this process will be a preparation of a report based on available information on these sites, analysis of the degree to which they are under case management, and, if some sites are found not to be under case management, establishment of priorities and timelines for doing so.

In addition to these efforts in our Region, the Central Valley Water Board and the United States Geological Survey have compiled information on mercury mines and mercury associated with gold mining http://ca.water.usgs.gov/mercury/.  The Central Valley Board is also developing TMDLs for mercury in the Sacramento-San Joaquin Delta and tributary rivers and streams.  We are confident that these efforts will resolve loading of mercury to the Bay from sources upstream of the Bay.  Unfortunately, the main legacy of concern associated with these historical mining activities is reflected in elevated mercury in sediments already in the Bay.

Schedule and Resource Implications

We will be releasing a Project Report for the Guadalupe River Watershed Mercury TMDL next month, and we expect to prepare a TMDL Basin Plan Amendment for Board consideration next summer. We have allocated ½ person year of resources to this effort.

Currently, we have not scheduled or allocated resources to the tasks of surveying the other mine sites and preparing the requested strategies.  We estimate that this would require about ¼ person year for a six-month period.  We estimate the effort to review and report on existing Bay-margin cleanup actions and to assess and report on other sites would also require about ¼ person year for a six-month period.

Summary: 6 months at ½ person year beyond existing efforts
PUBLIC HEALTH RISK REDUCTION

Remand Resolution
10. Directs the San Francisco Bay and Central Valley Water Boards to investigate ways, consistent with their regulatory authority, to address public health impacts of mercury in San Francisco Bay/Delta fish, including activities that reduce actual and potential exposure of and mitigate health impacts to those people and communities most likely to be affected by mercury in San Francisco Bay-Delta caught fish, such as subsistence fishers and their families.

Response
The Board’s role in protecting humans and wildlife has historically been through setting and implementing water quality standards.  Its authority to require discharger mitigation for such impacts may be limited by statute according to preliminary analysis by State Board. However, we plan to work with stakeholders cooperatively to address public health risks.  A Risk Reduction Work Team has already been formed through the Clean Estuary Partnership (CEP).  The work team includes representatives from environmental advocacy groups, Board staff, and the regulated community.  This work team will assist in developing and implementing effective programs to control pollutant-related health risks to the humans and wildlife that rely on the San Francisco Bay estuarine system as a food source. The CEP has provided funds ($54,900) to convene a multidisciplinary panel charged with: identifying at-risk populations to better target risk-reduction efforts; and developing and assessing a range of potential actions to address and reduce health risks and impacts associated with consumption of Bay fish.
Schedule and Resource Implications

The panel’s report is expected by June 2006.  We were already participating on the CEP Risk Reduction Work Team, so there is no short-term resource implication due to the remand.

WILDLIFE TARGET

Remand Resolution

11. Directs the San Francisco Bay Water Board to either develop an appropriate and allocable numerical target that is protective of wildlife, or clarify that the existing bird-egg target is a monitoring target, and that the TMDL will be revised if results of such monitoring reveal that the beneficial uses are not being protected.

Response

Although we believe that the existing wildlife target is appropriate and will be attained via the TMDL allocations and implementation action, there is some question because we express the target with a “less than” clause (< 0.5 mg/kg mercury in bird eggs, and where no toxic effects occur).  We expressed the target in this manner because the exact concentration that needs to be attained in bird eggs is still under consideration. The existing TMDL Basin Plan Amendment states that prey fish concentrations of 0.03 mg/kg mercury is an alternative means of measuring compliance with the bird egg target.  To address the remand, we propose revising the target to state that 0.03 mg/kg in prey fish is the wildlife target. The prey fish target is related to the initially proposed bird egg target because it applies to fish consumed by birds most at risk in the Bay. We will need to consult with the US Fish and Wildlife Service to confirm that this approach is acceptable. This option will require revising the TMDL Basin Plan Amendment.

Schedule and Resource Implications

This effort can be accomplished within the timeframe and with the same resources needed to resolve the wastewater issues via revising the TMDL Basin Plan Amendment as described above. 

WATER QUALITY OBJECTIVE

12. Directs the San Francisco Bay Water Board to revise, withdraw, or take other appropriate action to address the marine waters mercury four-day average water quality objective. In so doing the Regional Water Board shall comply the provisions of Clean Water Act section 303, including but not limited to subparagraph (c)(2)(B), which require the adoption of numerical criteria for toxic pollutants.
Response
The Basin Plan contains a water quality objective of 25 nanograms/liter (parts per trillion) total mercury as a four-day average in water, which applies to San Francisco Bay waters north of the Dumbarton Bridge.  This objective, when it was originally adopted in 1986, was based on a USEPA mercury criteria document that asserted that the objective is protective of human health (via humans consuming fish) and stringent enough to also protect aquatic life.  USEPA has stated that it may not approve the Bay TMDL in its current form because we have not adequately demonstrated that the TMDL will result in attainment of this water quality objective.  We have asserted that the TMDL as designed will attain this objective, and that USEPA is demanding a burden of proof that is not scientifically or legally necessary.  Nevertheless, we acknowledge that there are options for resolving this dispute.

One option involves an effort underway by the State Board to establish a statewide water quality objective for mercury, tentatively scheduled for State Board consideration in December 2006.  This result should supercede the existing Basin Plan water quality objective for mercury, and the existing TMDL is expected to be consistent with the resulting statewide objective.  Subsequent to State Board action on the new objective, we will probably have to amend the Basin Plan (presumably a simple, possibly non-regulatory action) to reflect it.  We expect the existing TMDL Basin Plan Amendment will be consistent with the statewide water quality objective since the TMDL reflects a fish tissue target that is more stringent than the federal fish tissue water quality criterion that will be the basis on the statewide objective.  We presume that any changes to the existing TMDL Basin Plan Amendment to reflect the statewide objective would be simple and non-regulatory. 

Although this option requires no action on our part in the short-term, USEPA will presumably not approve the existing or a revised TMDL Basin Plan Amendment until the statewide objective action is complete.  Once the State Board establishes a statewide objective, it is then subject to review and approval by the State Office of Administrative Law and finally by USEPA, which could take four to six months after State Board action.  In this case, USEPA will presumably not approve the existing or a revised TMDL Basin Plan Amendment until the statewide objective action is complete.  Given the significance and potential controversies associated with a statewide objective, it is likely that this would not happen until at least summer 2007.  

Another option is for our Board to establish a new water quality objective for mercury in our Region that would supercede the existing Basin Plan water quality objective for mercury.  This option would entail establishing the fish tissue target of the TMDL as a water quality objective via a Basin Plan Amendment, wherein the mercury TMDL Basin Plan Amendment would be the implementation mechanism for the new water quality objective.  The new water quality objective would have the same scientific basis as the TMDL fish tissue target, but the supporting documentation would have to be augmented to include antidegradation and other analyses required for setting standards.  We are meeting with USEPA staff to confirm that this approach is acceptable and will satisfy their concerns.  If so, this effort would entail a Basin Plan Amendment.  As described below this effort could be completed within six to nine months consistent with the timeframe for possible TMDL Basin Plan Amendment revisions.  As such, this option may lead to USEPA approval of the existing or a revised TMDL Basin Plan Amendment much sooner than an approval based on a statewide objective. 

Schedule and Resource Implications

We expect that it will take up to three months to conduct analyses and prepare a Basin Plan Amendment.  The subsequent formal public process leading to Board action will take at least three months or more depending on the amount and nature of comments received.  If scientific peer review were required, two to three months would be added to the schedule. As a stand-alone effort, this workload will require about a half of a staff person (including management and legal review).  Merging this effort with the revised wastewater TMDL Basin Amendment effort should yield some resource savings.  

Summary: six to nine months at ½ person year

AIR DEPOSITION 

Issue

The Board requested a review of our conclusions regarding air deposition.  The existing TMDL Basin Plan Amendment allocation to air sources is set at existing load levels.

Response

A recent scientific journal article published in Environmental Science and Technology (attached) reported on a mercury modeling effort for San Francisco Bay conducted by researchers at the Lawrence Berkeley National Laboratory.  This modeling effort considered all the ways that mercury could enter and exit the Bay through air, soil, vegetation, and water.  One of the conclusions of the paper is that,

“continental and global background sources control mercury concentrations in the atmosphere but that loadings to water in the San Francisco Bay Estuary are dominated by runoff from the Central Valley catchment and remobilization of contaminated sediments deposited during past mining activities. The model suggests that the response time of mercury concentrations in the San Francisco Bay Estuary to changes in loadings is long, on the order of 50 years.” [emphasis added]
While this journal article is just one such study, it is the most comprehensive attempt at a mercury mass balance for the Bay Area to date.  Its conclusion supports our current emphasis on controlling watershed sources of mercury in the TMDL.  This does not mean that we should ignore air deposition sources of mercury, and we are continuing to do work in this area.  One such current activity is the investigation being conducted by local petroleum refineries looking at the fate of mercury in crude oil that we required via a Water Code § 13267 letter sent last February.  Air sources and deposition associated with urban runoff are also being considered through a $1.3 million Prop 13-funded project conducted by the San Francisco Estuary Institute that is evaluating urban runoff controls for mercury and PCBs.  In addition, the State Board has initiated conversations with the Air Resources Board about how both agencies can work cooperatively together to protect water quality.  We are hopeful that in the long term these talks will be fruitful.  
RECOVERY TIMEFRAME

Issue

Many stakeholders are uncomfortable with our prediction that it may take 120 years for the Bay to fully recover from mercury contamination. They wonder if more can be done to shorten this timeframe. These concerns resonated with the State Board as well.  

Response

The 120-year recovery timeframe prediction comes from a simple model of San Francisco Bay that we developed to demonstrate that implementation of the TMDL allocations will attain the TMDL targets.  The long timeframe is primarily due to remobilization of contaminated sediments in the Bay deposited during past mining activities.  We have tried to communicate that this is the time it will take for the Bay to fully recover, which is not the same as the time it will take to implement control actions.  Some stakeholders have even misinterpreted this long recovery time as meaning that the Board is allowing the Bay to be contaminated for decades, and that it could choose to do otherwise.  We tried to avoid this misunderstanding by looking at a number of scenarios that showed that, even if we could stop all new mercury from entering the Bay right now, the amount of mercury already in the Bay would still prevent the Bay from recovering for decades.  Unfortunately, this explanation has not diminished concerns. 

The mercury modeling effort conducted by researchers at the Lawrence Berkeley National Laboratory discussed above points out the long response time due to legacy contamination.  It mentions a response time of 50 years instead of the recovery time of 120 years that we estimated, but the response time is not necessarily the same thing as the recovery time. In other words, we expect to notice a response by the Bay to load reductions before TMDL targets are attained as the response continues over time. 

There are significant shortcomings and uncertainties with our current understanding of the remobilization of mercury contaminated sediments in the Bay.  Our simple model predictions were based on data from only two cores of buried sediment in the Bay, and an assumption that there is erosion of deposited sediments throughout the Bay.  Fortunately, efforts are underway by the US Geological Survey and the San Francisco Estuary Institute with funds from the Regional Monitoring Program and the Clean Estuary Partnership to acquire sediment cores throughout the Bay and to construct a more comprehensive model of the Bay.  A key outcome will be an improved ability to predict the response of the Bay to load reduction scenarios and the time it will take to fully recover from mercury contamination.

We propose to reevaluate this model and look into ways in which we can better communicate how and when we expect to meet TMDL targets.  For instance, the model results presented did not include the potential benefits associated with reducing methylmercury production.  Actions to reduce methylmercury production may significantly decrease the recovery timeframe.  Also, our recovery timeframe is aimed at reducing striped bass concentrations down to the target. The timeframe required for some of the other commonly consumed fish to reach the targets is much shorter and this could be better communicated. We also could highlight that some areas of the Bay already or are close to attaining standards, and some fish already meet our mercury target and that as concentrations in fish decline, the overall risk to human health will be reduced, and that equates to consumers being able to safely consume more over time. 

CONCLUSION AND RECOMMENDATIONS


We have asserted that the issues raised by the State Board are either already accounted for in the existing TMDL Basin Plan Amendment or will be resolved through implementation of the TMDL (see attached copy of our comments to the State Board on the draft remand resolution).  However, there are concerns and opinions that challenge this finding.  We are proposing some relatively straightforward and low cost revisions that we could make, along with some additional implementation actions that will result in an approvable TMDL Basin Plan Amendment by both the State Board and USEPA.  Efforts to resolve the dredging, public health risk reductions, wildlife target, air deposition, and recovery timeframe issues are underway and can be accomplished with existing resources.  Our recommended next steps for the other issues and estimated schedule and costs are summarized below.

WASTEWATER 

· We will establish a list of required pollution prevention measures.

· We will evaluate expected mercury effluent levels and mercury load reductions associated with available treatment technologies. 

· We will evaluate a revised wastewater wasteload allocation scheme for consideration by the Board in a revised TMDL Basin Plan Amendment that recognizes and drives load reductions that could be met via aggressive pollution prevention, offsets per a state pollutant trading program under development, and other cost-effective methods.

· We will clarify that wastewater dischargers are required to monitor methylmercury in their effluent as part of studies regarding the bioavailability of mercury in wastewater effluent, the fate of such mercury after it enters the Bay, and the potential for wastewater discharges to increase production of methylmercury in the Bay. 

Schedule and costs = six to nine months at ½ person year beyond existing efforts.

WATERSHED MERCURY LEGACY SOURCES
· Complete surveillance and evaluation of mercury mine sites in Region. 

· Evaluate Bay-margin cleanup sites and ensure cleanup requirements will be consistent with the TMDL.

Schedule and costs = six months at ½ person year.

WATER QUALITY OBJECTIVE

· Establish the fish tissue target of the TMDL as a water quality objective via a Basin Plan Amendment wherein the mercury TMDL Basin Plan Amendment would be the implementation mechanism.   

Schedule and costs = six to nine months at ½ person year beyond existing efforts.
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Mass Balance for Mercury in the
San Francisco Bay Area
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We have developed and illustrated a general regional
multi-species model that describes the fate and transport
of mercury in three forms, elemental, divalent, and
methylated, in a generic regional environment including
air, soil, vegetation, water, and sediment. The objectives of
the model are to describe the fate of the three forms of
mercury in the environment and to determine the dominant
physical sinks that remove mercury from the system.
Chemical transformations between the three groups of
mercury species are modeled by assuming constant ratios
of species concentrations in individual environmental
media. We illustrate and evaluate the model with an application
to describe the fate and transport of mercury in the San
Francisco Bay Area of California. The model successfully
rationalizes the identified sources with observed concen-
trations of total mercury and methyl mercury in the San
Francisco Bay Estuary. The mass balance provided by
the model indicates that continental and global background
sources control mercury concentrations in the atmosphere
but that loadings to water in the San Francisco Bay
Estuary are dominated by runoff from the Central Valley
catchment and remobilization of contaminated sediments
deposited during past mining activities. The model suggests
that the response time of mercury concentrations in the
San Francisco Bay Estuary to changes in loadings is long,
on the order of 50 years.


Introduction
Multimedia mass balance models are increasingly recognized
as indispensable tools for developing a quantitative under-
standing of emissions, fate, transport, and the ultimate sinks
of environmental contaminants. When applied at the re-
gional, national, continental, or global scale, these models
provide a framework for quantitatively accounting for
sources, observed concentrations, and the ultimate fate of
environmental contaminants. This class of models provides
academic researchers, industry, policy makers, and regulators
with quantitative tools for assessing the impacts of possible


alternative chemical emission scenarios on environmental
quality (1, 2).


Currently available regional mass balance models (i.e.,
refs 3-5) are most appropriate for nonionizing organic
chemicals and nonspeciating metals. These models explicitly
account for the fate and transport of a single chemical. When
the contaminant of interest undergoes a chemical transfor-
mation that alters its environmental partitioning behavior,
it is no longer tracked by the model and is considered to
have been irreversibly removed from the modeled environ-
ment. This characteristic makes these models inappropriate
for describing the fate and transport of environmental
contaminants that may exist as several interconverting
chemical species. Mercury is a prominent example of an
environmental contaminant that converts between chemical
forms with very different environmental fate properties.


Diamond and co-workers (6, 7) have modeled the fate of
mercury in aquatic systems using a mass balance model
framework that accounts for three interconverting species
groups. More recently, Cahill et al. (8) have proposed a
comprehensive regional mass balance framework that si-
multaneously accounts for partitioning and kinetics of
interconversion of multiple chemical species in the whole
environment, and Mackay and Toose (9) have proposed a
general framework that allows mass balance calculations for
multi-species chemicals to be derived from single-species
model calculations.


In this paper, we follow the approach of Mackay and Toose
(9) for solving multi-species mass-balance equations to
develop a regional multi-species model designed specifically
for mercury. The model simultaneously describes the fate
and transport of elemental mercury (Hg0), a divalent mercury
species group (Hg2+), and a methylated mercury species
group (MeHg) in a generic regional environment including
air, soil, vegetation, water, and sediment. The current model
is therefore distinct from regional mercury models that
address atmospheric dispersion and deposition of mercury
(10-12). The model is structured to describe the fate of the
three different forms of mercury in a regional environment
and to determine the dominant physical sinks that remove
mercury from this system. Chemical transformation rates
between elemental mercury and divalent and methyl mercury
species groups are determined by difference from the mass
balance equations, assuming constant concentration ratios
for each environmental media. The goals of this paper are
to both develop and evaluate the model by compiling a mass
balance for mercury in the San Francisco Bay Area, CA, a
region with a well-characterized mercury contamination
problem.


The San Francisco Bay Estuary is contaminated with an
array of industrial and agricultural chemicals, including
mercury (13). Mercury concentrations in fish from the Estuary
are high enough to trigger fish consumption advisories from
the California Office of Environmental Health Hazard As-
sessment (14). Elevated mercury concentrations in bird eggs
may be contributing to abnormally high rates of reproductive
failure (15). In contrast to many aquatic systems in North
America that are threatened by mercury contamination
primarily as a result of atmospheric deposition, the major
sources of mercury to the Estuary are surface water transport
from upstream watersheds and erosion of contaminated
sediments. Mining practices during the Gold Rush era
(∼1850-1900) introduced large amounts of mercury to
California watersheds, and as a result of their biogeochemical
behavior, these watersheds are a continuing source of
mercury to the of the tributaries of the San Francisco Bay
Estuary.
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Theory
The regional fate and transport model developed here follows
the multi-species “multiplier-method” fugacity calculations
outlined by Mackay and Toose (9) and is closely related to
the aquivalence-based model of Diamond (6). The text by
Mackay (2) describes the fundamentals of mass balance
models using the fugacity concept. Mercury transport rates
by diffusion and advection are described using D values (mol
Pa-1 h-1) such that the product Df is the transport rate (mol
h-1), where f (Pa) is the chemical’s fugacity. The key
assumption in assembling the model is that the temporally
and spatially averaged ratios of concentrations (and fugaci-
ties) of the individual mercury species are constant in each
bulk model compartment. This assumption will be valid when
chemical reactions for interconversion of the various mercury
species are fast relative to the rates of transport in and out
of the environmental compartment under consideration and
across the boundaries between environmental compart-
ments. However, it is not a requirement that the intercon-
version reactions are fast. In systems that are near steady-
state, the concentration ratios will be constant and can be
estimated from environmental monitoring data.


Mass balance equations for total mercury (ΣHg) are
formulated using elemental mercury (Hg0) as the key species
(9), recognizing that it is a multi-media contaminant that
partitions to all accessible environmental compartments.
Transport rates (N, mol h-1) of total mercury can then be
expressed as


where the subscripts E, D, and M refer to elemental mercury,
divalent mercury, and methyl mercury species groups,
respectively. The assumption of constant ratios of species
concentrations implies that the ratios of fugacities and D
values for the species are also constant. Therefore, the
transport rates for total mercury can be expressed as the
product of a transport rate calculated for the key species,
elemental mercury, and a constant (C) specific to each
compartment that accounts for transport of the other two
species


where


The mass balance equations for the three species of
mercury can be solved simultaneously by first assembling a
conventional single-species model for Hg0, then deducing
the D values and process rates for the other two species and
total mercury.


A complication arises for the divalent mercury species
group (Hg2+) in that it does not have a measurable vapor
pressure; therefore, the fugacity capacity (Z, mol m-3 Pa-1)
of pure air for this species cannot be defined (2). We overcome
the problem by setting the Z value of pure air for Hg2+ to zero
and that in water arbitrarily to 1 mol m-3 Pa-1. This has the
effect of normalizing the environmental partitioning of this
species group to water rather than air, as is done in the
standard fugacity approach. Thus, the equations describing
Hg2+ effectively use aquivalence (6) as the criterion of
equilibrium; however, we retain the units of Pa to ensure
that the equations describing the fate of different species
have the same units. Z values for Hg2+ for all other
environmental media (except atmospheric aerosols) are
deduced from estimated environmental partition coefficients


and the arbitrarily defined Z for water. The total capacity of
air in the regional environment for Hg2+ (the product of the
volume of air and its Z value) is defined to be zero, and
diffusion of this species into air does not occur.


We account for the divalent mercury species group in the
atmosphere only as a nonvolatile pollutant associated with
aerosols. A set of rate constant equations that is independent
of the rest of the model is used to describe atmospheric
transport and deposition of this particle-associated Hg2+.
Direct atmospheric emissions and background inflow of
particulate Hg2+ are balanced by rates of advective outflow
and wet- and dry-particle deposition. We account for divalent
mercury that is deposited to surface media as a source term
in the fugacity equations. Therefore, when divalent mercury
is deposited from the atmosphere, we assume that it takes
on the species concentration ratios defined for the receiving
compartment.


The current model seeks to describe long-term average
mercury dynamics in a generic regional environment. It is
not appropriate for describing episodic mercury depletion
events in the atmosphere characterized by rapid conversion
of Hg0 to Hg2+. However, the long-term impact of such events
on atmospheric deposition rates of mercury on the regional
scale can be modeled if appropriate average species con-
centration ratios are specified in the atmosphere.


Figure 1 shows the generic regional environment as
conceived in the model. Arrows in the diagram represent
transfer processes and pathways available to the three species
groups of mercury. Mass balance equations determine the
inventory and concentrations of each species group in each
compartment. The model software is coded as a Visual Basic
add-on to Microsoft Excel, and both steady-state and dynamic
(time varying) solutions have been implemented. We focus
our attention here on steady-state solutions describing
current mercury loadings to the San Francisco Bay Area.


To represent mercury partitioning and dynamics in plants
and forest foliage, we include a generic vegetation compart-
ment in the regional mass balance. The role of vegetation in
the fate of mercury in the environment is an area of active
research, and the current model includes a provisional
attempt to quantify the processes involved. Experimental
and modeling studies indicate that plants can mobilize
mercury from contaminated soils into the atmosphere (16)
and that forest foliage can scavenge mercury from the


N ) fEDE + fDDD + fMDM (1)


N ) fEDE (1 + (fD/fE)(DD/DE) + (fM/fE)(DM/DE)) (2)


N ) fEDEC (3)


C ) (1 + (fD/fE)(DD/DE) + (fM/fE)(DM/DE)) (4)


FIGURE 1. Generic multimedia model environment, including a
representation of the relationship between the different mercury
species groups. Arrows represent transfer and transformation
processes described in the model.
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atmosphere (17). Our model describes diffusive exchange
between vegetation and atmosphere using a two-resistance
model (18). Resistance on the plant side controls the overall
mass transfer coefficient for diffusive exchange of Hg0, and
transfer through the stomata plays an important role (16).
Particulate mercury can be deposited to the vegetation surface
from the atmosphere, and mercury dissolved in interstitial
water in soils is taken up through roots assuming negligible
resistance at the root-water interface. Mercury uptake by
vegetation is balanced by diffusion to the atmosphere and
transport to soils by litterfall.


Site Description
The San Francisco Bay Area, CA is a nine-county metropolitan
area that surrounds the San Francisco Bay Estuary. The Bay
Area has a population of over 7 million including the cities
of San Francisco, San Jose, and Oakland and is the fifth largest
metropolitan area in the U.S. Figure 2 is a map of the Bay
Area including sub-basins within the Bay. The Estuary is the
outlet of the Sacramento and San Joaquin Rivers, which drain
California’s Central Valley representing 40% of the entire
area of the state.


Regional environmental properties and associated un-
certainties, expressed as confidence factors, used as inputs
to the mercury fate and transport model are shown in Table
1. The confidence factor (Cf) defines the 95% confidence
limits around a median value for each input parameter due
to uncertainty and variability. We estimate this factor
assuming that the parameter variance due to variability and
uncertainty can be represented by a log-normal distribution
(19). Thus, 95% of the possible values for a given parameter
(P) falls between P/Cf and P × Cf.


The modeled regional environment is defined by the
watershed boundaries for the San Francisco Bay Estuary
except for the Sacramento and San Joaquin Rivers, which
enter the model domain at the eastern end of Suisun Bay
(Figure 2). Because of the importance of the Estuary as a
defining feature of the Bay Area regional environment, the
availability of extensive monitoring data (25), and the use
impairments caused by the fish consumption advisories,
significant effort was devoted to selecting optimal parameters
and confidence factors to describe the hydrodynamics and
sediment budget of the Bay.


When parametrizing the model with region-specific data,
we faced a tradeoff between complexity and reliability. The
available information on mercury loadings and the current
understanding of mercury kinetics in the Estuary favored a
single-region model as optimum for transparently assessing
the overall mass balance in the system. But, the use of a
single-region model for an estuary with a high degree of
variability in environmental conditions complicates the
specification of some of the landscape and hydrologic


parameters that characterize this system. The key advantage
of a single-region model is transparent compilation of the
mass balance and the ability to perform an uncertainty
analysis to characterize the influence of highly variable and/
or uncertain input parameters. The model therefore provides
an initial mass balance that can be refined as necessary.


Of particular note is the value of the single-region model
for assessing the descriptive power of the model framework
and for evaluating the impact of future refinements to the
model and/or to the quantity and quality of available data.


FIGURE 2. Map of the San Francisco Bay Area. The dashed line
represents the approximate boundaries of the model domain.


TABLE 1. Regional Environmental Properties and 95%
Confidence Factors (Cf) for the San Francisco Bay Area
Region


parameter name median value Cf ref


Dimensions
region area (km2) 10215 1 20
% surface covered by water 12.1 1.05 20
% soil covered by vegetation 80 1.1 a
leaf area index (m2/m2) 3 2 18
vegetation mass per square meter


(kg/m2)
1 2 18


air compartment height (km) 1 1.5 2
water depth (m) 6.9 1.15 21
soil depth (cm) 10 2 2
active sediment layer depth (cm) 15 3 22


Volume Fractions for Subcompartments
suspended particles in water 0.00001 16 b
air in soil 0.2 1.5 2
water in soil 0.3 1.5 2
sediment pore water 0.53 1.6 b
water in vegetation 0.75 1.1 18


Temperature Conditions
average environmental


temperature (°C)
15 1.1 23


Residence Times (days)
Air 0.39 3 c
Water 34 3 d
average vegetation cycle 365 1 18


Transport Velocity Parameters (m/h)
air side air-water MTCe 5 3 2
water side air-water MTC 0.05 3 2
rain rate 0.0000605 2 20
aerosol deposition 10.8 3 2
soil air phase diffusion MTC 0.02 3 2
soil water phase diffusion MTC 0.00001 3 2
soil solids convection 0.000000454 3 24
soil air boundary layer MTC 5 3 2
sediment-water diffusion MTC 0.0001 3 2
suspended particle deposition 0.00000262 3 f
sediment resuspension 2.47 × 10-6 3 f
soil water runoff 0.00005 3 2
soil solids runoff 0.00000001 3 2
diffusion to stratosphere 0.01 3 4
leaching from soil 0.00001 3 2
air side air-vegetation MTC 10 3 18
vegetation side air-vegetation MTC 0.000005 3 g
vegetation water uptake velocity 0.0008 3 18


Rain Scavenging Parameters
rain scavenging ratio 110000 3 2
fraction of rain intercepted by foliage 0.1 2 18


a Estimated from satellite image at http://asterweb.jpl.nasa.gov/
gallery/gallery.htm?name)SF. b Geometric mean and confidence factor
from RMP data (25). c Estimated based on an assumed 3 m/s long-term
average windspeed. d Estimated based on a range of 1-90 days reported
in Abu-Saba and Tang (20) and the sediment budget reported by Krone
(26, 27). e MTC: mass transfer coefficient. f Estimated based on sedi-
ment budget by Krone (26, 27). The sediment resuspension MTC was
limited in the Monte Carlo analysis such that sediment resuspension
could not exceed suspended particle deposition. The sediment burial
MTC is calculated as the difference between suspended particle
deposition and sediment resuspension MTCs. Net sediment burial was
calculated to be zero in 48% of Monte Carlo iterations. g Estimated based
on the relative rates of evasion and litterfall reported by Hintelmann
et al. (28)
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This approach allows us to prioritize new data to produce
the most efficient reduction in uncertainty of the model
outputs. A disadvantage of the single-region model is that
it requires selection of a single best estimate value to describe
an estuary with characteristics that are highly variable in
space and time in the real system. For example, some areas
of the Estuary are experiencing net deposition of sediments
from the water column, while others are undergoing net
erosion (27). Similarly, the concentration of suspended
sediments in the water column varies over more than 2 orders
of magnitude between areas near the outlet of major rivers
and the mouth of the Golden Gate (25). As a result, the
confidence factors for input parameters must be selected to
describe characteristics of the Estuary that are highly spatially
variable. We based the average sediment budget used in the
model on the work of Krone (26, 27). The water and sediment
budgets have been harmonized so that the hydrodynamics
of the system are at steady-state (i.e., the net flows of water
and sediment into the system are balanced by flows out of
the system and burial in the case of sediment solids).


Regional Mercury Emissions. Mercury enters active
circulation in the San Francisco Bay Area by (a) direct local
emissions, (b) advective inflow in the atmosphere and from
the Central Valley rivers, (c) remobilization of contaminated
sediments, and (d) erosion of mercury-containing soils.
Suisun Bay and San Pablo Bay are repositories for contami-
nated sediments that were deposited in the 1850s through
the 1880s from hydraulic mining operations in the Sierra
Nevada Mountains. Hydraulic mining techniques used at
this time required large volumes of water to strip hillsides
of soil. Gold was extracted from the resulting slurry by settling
in sluices lined with elemental mercury that captured fine
gold particles (29). The legacy of these operations is mercury
contamination in the sediments of the San Francisco Estuary
as well as the sediments upstream in the San Joaquin and
Sacramento watersheds. Therefore, major sources of mercury
for the San Francisco Region include releases from sediments
in the Estuary and from sediments upstream that enter the
Estuary through the Sacramento and San Joaquin Rivers. In
addition to historically elevated levels of mercury in the
Estuary and river sediments, the hills immediately sur-
rounding the Estuary have naturally high concentrations of
mercury, and the area was home to mercury mining
operations up to the 1970s (15).


As part of its development of an estimated total maximum
daily load (TMDL) for mercury to the San Francisco Bay
Estuary, the California Regional Water Control Board has
estimated current mercury sources to the Bay Area. Direct
loading estimates for the San Francisco Bay Estuary and their
associated uncertainty ranges were first reported to the U.S.
EPA on June 30, 2000 (20). Estimates of loading to the San
Francisco Bay Estuary were revised to be slightly lower in a
more recent TMDL report (15). For the purposes of this
modeling exercise, the most recent loading estimates have
been used with uncertainty ranges estimated from data


presented in both reports. The flux of MeHg entering the Bay
from the Sacramento and San Joaquin Rivers is taken from
the study by Choe and Gill (30). Emission estimates are
summarized in Table 2.


Direct mercury inputs to the atmosphere in the San
Francisco Bay Area have been estimated to be 370 kg of total
mercury per year from a combination of stationary and
mobile combustion sources, breakage of consumer products
such as fluorescent lamps, and emissions from abandoned
mine sites (20). The speciation of mercury released to the
atmosphere is not specified in the TMDL reports (15, 20);
therefore, we assume that 100% of local mercury sources to
the atmosphere is in the form of elemental mercury. In
addition, air entering the Bay Area air basin is assumed to
be contaminated with total mercury at a concentration of
2.1 ( 0.8 ng/m3, reflecting the background contaminant
burden due to large-scale cycling of natural and anthropo-
genic mercury (31).


Regional Mercury Concentrations in the Environment
and Biota. Total mercury concentrations in water, sediment,
and bivalves in the San Francisco Bay Estuary have been
monitored since 1993 by the Regional Monitoring Program
(RMP) under the direction of the San Francisco Estuary
Institute (25). Total mercury concentrations in the San
Francisco Bay ecosystem have not shown any discernible
temporal trend during this 10 year monitoring program,
indicating that the system is currently near steady-state. In
2000, the RMP began monitoring methyl mercury as well as
total mercury in the Estuary. Median total mercury and
methyl mercury concentrations from the RMP data set
averaged over the whole bay are shown in Table 3, along
with 95% confidence factors of observed concentrations from
different sites and different sampling years.


Tsai and Hoenicke (31) reported mercury concentrations
in ambient air from three sites in the San Francisco Bay Area
during the year 2000 and estimated the depositional flux of
mercury to the Estuary. Median concentrations observed in
this study and confidence factors are also shown in Table 3,
along with their estimate of the depositional flux from the
atmosphere.


TABLE 2. Mercury Emission Parameters for the San Francisco Bay Area (15, 20, 30, 31)


background inflow concentrations median Cfa


Hg0 + MeHg in background air (ng/m3) 2.1 1.5
particulate Hg2+ in background air (ng/m3) 0.1 3


mercury sources (kg/year) Hg0 Hg2+ species group MeHg species group Cf


Air 370 0 0 3
Water 0 736b 1.3 3
erosion of contaminated sediments 0 460 0 3


a Cf: 95% confidence factor. b Composed of 19 kg/year from wastewater discharges, 277 kg/year from within-basin watershed runoff, and 440
kg/year from Central Valley watershed sources (15).


TABLE 3. Reported Mercury Concentrations and Fluxes in the
Bay Area Region and Associated 95% Confidence Factors (Cf)


total mercury methyl mercury


environmental medium median Cf median Cf


dissolved in water (ng/L)a 1.25 4.65 0.033 11.2
bulk water (ng/L)a 9 11.1 0.0435 6
sediment (ng/g of dry weight)a 250 4.42 0.426 10.8
bivalve (ng/g of dry weight)a 251 2.09
air (ng/m3)b 2.1 1.5
rain (ng/L)b 8 1.22
depositional flux to water


(µg/m2/year)b
19 2


a SFEI (25). b Tsai and Hoenicke (31).
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Partition Coefficients and Concentration Ratios for
Mercury Species. In Table 4, we provide values of dimen-
sionless partition coefficients and concentration ratios, and
their associated confidence factors, for the three mercury
species groups. When possible, we have estimated partition
coefficients and concentration ratios from monitoring data
gathered in the San Francisco Bay Area region. In this regard,
the model has been tuned to provide the most accurate
possible description of partitioning and speciation of mercury
in the system.


Model Uncertainty Analysis and Model Evaluation.
Because models are developed for specific purposes, they
are not true or valid in a general sense but can become useful
by accumulating confidence through calibration, verification,
and evaluation exercises. In this section, we explain the
process we used to characterize the uncertainty in the model
results and to evaluate its performance relative to available
benchmark measurements. We carried out an uncertainty
analysis using standard error propagation methods and
evaluated model performance against observed mercury
concentrations in the San Francisco Bay region.


Uncertainty analysis of the model’s description of mercury
fate in the Bay Area was carried out by Monte Carlo analysis
using the confidence factors shown in Tables 1, 2, and 4 to
represent uncertainty and variability in input parameters.
We used the Crystal Ball Software package with 5000 trials
and standard Monte Carlo sampling to propagate input
variance to outcome variance. We used the results of this
process to construct the range and likelihood of media-
specific mercury species concentration values. In Figures 3
and 4, we compare modeled and measured 95% confidence
intervals for ΣHg and MeHg concentrations in the Bay Area.
In Figure 3, we compare our model estimate of the depo-
sitional flux of ΣHg to the Estuary with the previous estimate
made by Tsai and Hoenicke (31). The diagonal line in Figures
3 and 4 is provided for reference indicating a 1:1 relationship
between modeled and observed concentrations and fluxes
of Hg in the system.


Figures 3 and 4 indicate that the model is providing a
satisfactory overall description of mercury loadings, fate, and
transport in the Bay Area region that is consistent with
observations. In all cases, the 95% confidence interval in the
model results overlaps the 95% confidence interval in the
observed concentrations or the previous estimate of depo-
sitional flux of total mercury.


It is noteworthy that the confidence intervals in both the
model results and the measurement data are wide, spanning
over 2 orders of magnitude in some cases for ΣHg and in all


cases for the MeHg species group. These large confidence
intervals are a result of the spatial and temporal heterogeneity
of the Estuary system and uncertainty and variability
associated with the Bay-wide suspended particle and sedi-
ment balance. The single water compartment in the model
averages depositional zones near the major river inputs and
oceanic conditions at the mouth of the Golden Gate. Because
of this variability in conditions, the variance in suspended
particulate concentration (an input to the model) is estimated
at a factor of 16. The active depth of sediments in the Bay
is another highly uncertain and variable input parameter
that drives the wide confidence intervals in the model outputs.
The central estimate of active sediment mixing depth (15
cm) is based on a value selected for a similar model applied
to PCBs (22) and a single study at one location in the San
Francisco Bay (33). It is assigned a confidence factor of 3 to
represent uncertainty associated with estimating a value from
only one measurement and variability in sediment bed shear
throughout the system.


Species-Specific Mass Balances for Mercury. Figure 5
shows steady-state mass balance diagrams for Hg0, the Hg2+


species group, the MeHg species group, and ΣHg, using the
median values of all input parameters. Fluxes are shown in
kg/year and summed for each process to calculate fluxes of
ΣHg. Inspection of Figure 5 shows that the dominant fate


TABLE 4. Partition Coefficients (K) and Species Concentration Ratios for Mercury in the San Francisco Bay Area and Associated
95% Confidence Factors (Cf)


Hg0 Hg2+ Species Group MeHg species group


property median Cf median Cf median Cf


molecular weight (g/mol) 200.6 1 200.6 1 200.6 1
K air/water 0.32a 3 0 1 1.5 × 10-5b 3
K vegetation flesh/water 1c 3 100c 3 500000c 3
K soil solids/water 20000d 3 100000d 3 5000d 3
K sediment solids/water 20000a 3 100000a 3 5000a 3
K suspended solids/water 30000a 3 1000000e 3 50000e 3
K bivalve/water 1a 3 1000a 3 1000000e


3


pure phase concentration ratios
air (vapor phase) 1 N/A 0 1 1 × 10-6c 3
water (dissolved phase) 1 N/A 96e 3 3e 3
soil (solid phase) 1 N/A 998f 3 1f 3
sediment (solid phase) 1 N/A 588e 3 1e 3
vegetation flesh (solid phase) 1 N/A 989c 3 10c 3
a Mackay et al. (32). b Diamond (6). c Estimated. d Assumed equal to K sediment solids/water. e Calculated from RMP data from San Francisco


Bay (25). f Estimated based on sediment solids concentration ratios.


FIGURE 3. Comparison of modeled and observed concentrations
and fluxes of total mercury in the Bay Area.
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and transport processes differ considerably for the three
species groups of mercury.


The model mass balance indicates that elemental mercury
loading to the San Francisco Bay region is dominated by
inflow of background air, which contributes over 50 times
more mercury loading than local emissions to the atmo-
sphere. However, background inflow is balanced by advection
out of the region, which slightly exceeds inflow, indicating
that the Bay Area region provides a net input of atmospheric
Hg0 to the global environment. After direct emission, the
most important regional contribution of Hg0 to the atmo-
sphere is volatilization from vegetation. The modeled mass
balance indicates that divalent mercury (Hg2+) species are
taken up by vegetation from soils and as a result of particulate
deposition from the atmosphere. The Hg2+ is then converted
to Hg0 in the vegetation compartment and subsequently
volatilized to the atmosphere. Leonard et al. (16) have
examined the possible role of vegetation as a pathway for
mercury evasion from contaminated soils to the atmosphere.
Our proposed model also indicates that vegetation may act
as a medium for the conversion of Hg2+ species into Hg0,
which is then subject to global-scale transport in the
atmosphere.


Despite the large fluxes through the atmosphere, the
largest single reservoir of Hg0 in the San Francisco Bay
regional environment is in the sediment compartment. The
model suggests that elemental mercury is produced in
sediments by conversion from Hg2+ species that were
deposited on particles from the water column. Net production
in sediments drives a flux of Hg0 from sediment to water,
where it is converted back to Hg2+ species. Volatilization of
Hg0 from the Bay to the atmosphere is approximately
balanced by atmospheric deposition. Although the model
indicates that a high percentage of the Hg0 burden in the
region resides in soil and sediment, the concentration of Hg0


in these compartments is very low relative to Hg2+, as
indicated by the concentration ratios shown in Table 4.


Similarly to Hg0, there is a significant flux of Hg2+ species
through the Bay Area region in the atmosphere. The dominant
deposition process from the atmosphere for the entirely
particle-associated Hg2+ species is scavenging by vegetation.
However, atmospheric deposition of the Hg2+ species is a
very minor component of total loadings to the Estuary, which
are dominated by the sources identified in the TMDL reports


(15, 20). Soil and the sediments of the Estuary house the bulk
of the regional inventory. In the aquatic system, the most
prominent feature of the Hg2+ fate is cycling between water
column and sediments. An average Hg2+ atom undergoes 10
cycles of deposition and resuspension during its residence
time in the Bay. As a result of the close coupling between the
water and the sediment system, resuspension is the dominant
source to the water compartment, indicating that contami-
nation in the sediments is controlling Hg2+ concentrations
in estuary water.


Methylated mercury species are of particular concern in
aquatic ecosystems because of their tendency to bioaccu-
mulate to unacceptably high levels in food webs. The Bay
Area regional mass balance indicates that a small net
production of MeHg species occurs in sediments (Figure 5).
Methyl mercury production in sediments is consistent with
bacterial methylation of Hg2+ species. The net methylation
rate calculated by the model in sediment is small, less than
2 kg/year. If substantial methylation is occurring in wetlands
within the Bay, the model indicates that it is approximately
balanced by demethylation reactions in other parts of the
system. This interpretation is consistent with Choe and Gill
(30), who estimated 0.6 kg/year net destruction of mono-
methyl mercury in the northern reach of the San Francisco
Bay based on analysis of water samples at different locations.


The mass balance of ΣHg in the Bay Area is determined
almost entirely by the dynamics of the Hg2+ species group,
the most prevalent species group in all compartments of the
system except the atmosphere. There is net atmospheric
deposition of ΣHg to soils, water, and vegetation in the region.
Because of the large flux of Hg0 through the atmosphere, the
overall regional residence time of ΣHg is only 6.3 years;
however, residence time in the Estuary is much longer (∼50
years) and is determined by the residence time of Hg2+


associated with sediments in the system.
The results of the uncertainty analysis (Table 5) illustrate


the controlling influence of sediment dynamics on the fate
and transport of mercury in the Estuary. Aside from the rate
of direct emission of Hg2+ species to water, the model
parameters that control variance in calculated mercury
concentrations in water and sediment in the Estuary are all
parameters associated with the description of the sediment
budget of the system. In particular, the response time of the
water-sediment system to changes in mercury loading is
controlled to a large extent by the active sediment layer mixing
depth and the relative rates of sediment burial versus removal
to the ocean by resuspension and advection in bulk water.
To a large extent, the uncertainties associated with the current
model are determined by uncertainty and variability as-
sociated with attempting to assign single, Bay-wide estimates
to these parameters.


Discussion
The current model is relatively simple in form and is designed
to provide an overall accounting of sources and sinks in the
San Francisco Bay region. The lack of spatial resolution
introduces a high degree of variance in calculated mercury
concentrations because of the spatial heterogeneity of the
real system. The model has, however, demonstrated reliability
in making large-scale mass balance estimates for mercury in
a way that allows policy makers to understand the relative
importance of various emissions sources and loss mecha-
nisms. In many modeling studies of this type, data available
for model evaluation are the limiting factor determining the
spatial resolution of the assessment. In this case, the quality
and quantity of monitoring data becoming available from
the San Francisco Estuary Institute RMP program provide
future opportunities to refine the current model by intro-
ducing more spatial resolution within the Estuary. With
sufficient calibration data, a spatially resolved model could


FIGURE 4. Comparison of modeled and observed concentrations of
methyl mercury in the Bay Area.
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reduce uncertainties in model results and provide mercury
concentrations and response times to changes in loadings
for sub-basins within the Bay. Moreover, because the imports
from the Central Valley are attributable to historical loads in
the sediments of the Sacramento and San Joaquin catch-
ments, there is a need to incorporate the long-term behavior
of these river systems in future modeling efforts.


The development of a reliable spatially resolved mercury
mass balance model for the San Francisco Estuary system


will require site-specific studies of sediment dynamics in the
system. Without this information, spatial resolution cannot
reduce total variance in model results. Sediment dynamics
studies that provide a more refined understanding of active
sediment layer depth and sediment deposition and resus-
pension rates will also contribute to improved understanding
of the dynamics of other particle associated contaminants
in the system, such as highly chlorinated polychlorinated
biphenyls (22).


FIGURE 5. Steady-state mass balance of elemental mercury (Hg0), divalent mercury species (Hg2+), methyl mercury species (MeHg) and
total mercury (ΣHg) in the San Francisco Bay Area. Fluxes are rounded to the nearest 1 kg/y or 4 significant digits. Percentages are of
the total quantity of each mercury species.


TABLE 5. Percent Contribution to Variance in Modeled Total Mercury Concentrations and Persistence in the San Francisco Bay
Estuary


percent contribution to variance in output


input parameter
ΣHg concentration


in water (%)
ΣHg concentration


in sediment (%)
ΣHg persistence


in water - sediment system (%)


suspended particle
deposition velocity


44 44 46


sediment resuspension velocity 30 26 26
volume fraction suspended particles 6 13 14
water residence time 6 2 2
Hg2+ emission rate to water 13 10 <0.1
active sediment layer depth <0.1 <0.1 9
total 99 95 97


VOL. 39, NO. 17, 2005 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 6727







We suggest that the first priority for refining the current
model is increasing the spatial resolution in the estuary
system. Future models might also include a kinetic descrip-
tion of species interconversion reactions; however, the option
to retain the assumption of constant species concentration
ratios in model compartments should be retained. This
assumption makes the modeling process much easier to
manage and avoids the need for rate constants that describe
media specific transformations among the species groups.
Since these rate constants are not currently available, a model
that requires these parameters will have large inherent
uncertainties. Therefore, a refined model that adds both more
spatial resolution and a kinetic description of species
interconversion could actually increase rather than decrease
uncertainties.


In summary, the regional fate and transport model
presented here successfully reconciles identified sources with
observed concentrations of total mercury and methyl mercury
in the San Francisco Bay area. The mass balance provided
by the model indicates that continental and global back-
ground mercury concentrations control levels in the atmo-
sphere of the Bay Area but have little impact on surface water
concentrations of total mercury in the Estuary. Loadings to
the San Francisco Estuary are dominated by runoff from the
Central Valley and remobilization of contaminated sediments
deposited during past mining activities. Moreover, the
imports from the Central Valley are attributable to historical
loads in the sediments of the Sacramento and San Joaquin
watersheds. The model framework developed here is general
and can be applied to other systems to test its robustness,
including systems where mercury inputs are dominated by
atmospheric deposition.
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Alan C. Lloyd, Ph.D. 
Agency Secretary 


Arnold Schwarzenegger 
Governor 


   
 Date: August 15, 2005 
 
State Water Resources Control Board 
Attention: Debbie Irvin, Clerk to the Board 
1001 I Street 
Sacramento, California 95814 
 
SUBJECT: COMMENTS ON PROPOSED RESOLUTIONS REGARDING THE SAN 


FRANCISCO BAY MERCURY TOTAL MAXIMUM DAILY LOAD (TMDL) 
 
Dear Ms. Irvin: 
 
Attached, please find our comments concerning the three draft resolutions regarding the State Board’s 
consideration of our proposed amendment to the Water Quality Control Plan for the San Francisco Bay 
Region to incorporate a San Francisco Bay mercury Total Maximum Daily Load (TMDL).  We continue 
to recommend that the State Board adopt version 1, support the action taken by our Board, and allow 
restoration of San Francisco Bay for mercury to begin.  After weighing the evidence in the record, our 
Board came to the conclusion that it is a better approach to address remaining issues about mercury, 
including those in versions 2 and 3, in the context of implementing the TMDL rather than waiting to 
resolve them prior to getting started on restoration.   
 
As explained in our comments on the draft resolutions below, the TMDL before the State Board now is 
the best possible given available information and sound science.  In the words of our scientific peer 
reviewers, 
 


…the report articulates the state of the science with respect to mercury in San Francisco Bay 
and the various approaches that can be used to ameliorate the risks that mercury poses to 
humans and wildlife.  The authors have done a good job identifying uncertainties in the data 
and designing a TMDL that can be adapted as additional information becomes available.   
 


—Prof. David Sedlak 
 
The report recognizes that there are key information gaps, but these do not justify indefinite 
delay in implementing a plan of action.  Enough is known about the sources, fate, and effects 
of mercury in San Francisco Bay to justify the proposed TMDL allocations and the proposed 
implementation plan.  The implementation plan proposed in the report is a reasonable 
approach to managing mercury in San Francisco Bay, while simultaneously working to fill 
the critical information gaps, and allows for changes to be made as new information 
becomes available.   
 


—Prof. James Kirchner 
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COMMENTS ON RESOLUTIONS BEFORE STATE BOARD CONCERNING  
THE SAN FRANCISCO BAY MERCURY TMDL 


 
We support adoption of Resolution version 1.  We oppose version 2 because, both it ignores sound 
science and the large body of evidence compiled in the administrative record and, due to the delay in 
implementation it will cause, it delays restoration of the Bay.  Version 2 relies on incomplete and 
inconclusive data submitted by a single stakeholder.  Remanding the TMDL will not result in a TMDL 
that solves the mercury problem any more effectively or faster than the one already prepared.  In fact, a 
remand would incur costs in staff time and expenditure of resources but for no water quality benefit.  
We do not support version 3 because it offers little in the way of water quality improvement over 
version 1, but we could comply with the directions if it were adopted.  We now consider each version of 
the resolution in turn. 


Version 1: Adopting the TMDL  
This resolution takes the first steps toward solving a very complex and serious water quality problem.   
Although Water Board staff has worked extremely hard over the last several years to learn as much as 
possible about mercury in the San Francisco Bay system, there are still issues and concerns.  We have 
considered all of these issues to the best of our ability in writing the staff report and proposed Basin Plan 
amendment.  Our Board carefully considered these issues as well as stakeholder comments concerning 
these issues prior to adopting the TMDL. 
 
Our scientific peer reviewers have endorsed our approach so we are confident that the plan is 
scientifically sound.  Adopting the TMDL will take courage in the face of some scientific uncertainty, 
but it is the right choice.  It will be decades before the mercury problem in the Bay is solved.  Even if we 
could do the impossible and stop every bit of mercury from reaching the Bay, it would still be impaired 
for decades because there is a lot of mercury already there. We are eager to begin the long process of 
implementation and restoration.  Adopting the TMDL now would let us to do so in the most efficient 
manner. 


Version 2: Remanding the TMDL 
Remanding the TMDL as proposed by version 2 would have several unfortunate consequences.  It 
would mean that, instead of spending their time developing other TMDLs or implementing this one, 
Water Board staff would instead be occupied in making changes to the TMDL for nearly the next four 
years.  This is unfortunate given that the changes required by the remand resolution will not do anything 
to solve the mercury problem any faster.  In fact, it would delay it.  
 
A remand would show disregard not only for the extensive staff work already devoted to this project, 
but also for the efforts of local stakeholders in helping to develop the TMDL.  The Water Board depends 
greatly on a number of cooperative efforts, such as the Clean Estuary Partnership and the Regional 
Monitoring Program, from which over $4.5 million per year is spent for conducting scientific studies.  
This support results from voluntary cooperation by a number of local stakeholders.  A remand would 
send a message to them that it may not be worthwhile to continue these expenditures to develop 
scientific information that informs policy decisions, when at the end of the day, the decision will not be 
made based on the evidence collected. 
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Version 2 of the resolution contains a number of findings that contain inaccuracies, lack of evidentiary 
support, and misapplication of  TMDL concepts.  These will be discussed in the paragraphs to follow. 
 


Finding 7a)  “It is not clear whether the wasteload allocations would 
require municipal and industrial point source dischargers to incorporate 
the most effective treatment methods and pollution prevention practices 
practicable for their discharges.” 


 
The TMDL currently requires wasteload allocations that result in attainment of water quality standards.  
In addition to effluent mass limits, the implementation plan for this TMDL requires pollution prevention 
programs, effluent concentration triggers, and a variety of special studies as the means to achieve the 
wasteload allocations for wastewater sources.  The Administrative Procedures Act (APA) requires that 
regulations be necessary.  No evidence suggests that it is necessary for a TMDL to require the most 
costly or intricate treatment methods practicable.  In fact, there is evidence in the record that eliminating 
wastewater discharges of mercury altogether would make virtually no difference to the recovery 
trajectory of the Bay.   
 
This finding confuses measures that are the province of the implementation plan with TMDL 
requirements for setting allocations.  Namely, the purpose of setting load allocations has nothing 
whatsoever to do with requiring “the most effective treatment and pollution prevention practices 
practicable for discharges.”  Rather, load allocations must be set in such a fashion as to result in the 
attainment of water quality standards, which we have done.  Our TMDL can and does require pollution 
prevention as part of implementation, and our ongoing regulation of these point source dischargers will 
ensure that these efforts are appropriately managed and improved (Staff Report p. 75-77, BPA p. 12-14 / 
Admin. Rec. p. 1219-1221 and 2333-2335).   
 
Our extensive regulation of these point source dischargers over the past 30 years has resulted in both 
significant reduction of mass loading and effluent concentrations for virtually all contaminants of 
concern, including mercury.  Requiring further load reductions from wastewater, where possible, would 
result in costs incommensurate with their benefit.  For example, if wastewater sources were simply 
prohibited from discharging into the Bay, our model of recovery indicates that the Bay would reach its 
targets in about 118 years instead of 121 years (Bruce Wolfe letter to Tom Howard, May 13, 2005).  
This apparent difference of three years is so much smaller than the uncertainty surrounding this 
calculation that a scientist would say that these numbers are indistinguishable.   
 
From this demonstration, it should be clear that the mercury contributed to the Bay by wastewater 
sources is very small.  How small would the contribution have to be before it was undeniably obvious 
that it was not worth the expense to seek further reductions?  This is not just a rhetorical question, but 
one with which we ourselves grappled.  We can do no more than point to the evidence already in the 
record and reassert our position that requiring further reductions in wastewater mercury loading is 
simply not worth the cost. 
 
There are remaining questions about whether or not mercury discharged from wastewater sources 
impacts beneficial uses more than mercury from other sources.  We note that it is just as likely that the 
converse is true.  In fact, there is conflicting evidence (Bruce Wolfe letter to Tom Howard, May 13, 
2005; Staff Report p. 75 and 100, Responses to Comments p. 98, Hsu and Sedlak 2003 / Admin. Rec. p. 
1219, 1245, 1414, 2979-2986) about this question.  In the Staff Report, we described how we are 
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already working toward shedding light on this topic.  Until we have more solid evidence that the 
mercury from wastewater effluent is different than the mercury from other sources and more 
bioavailable, there is not enough evidence to support requiring further load reductions from wastewater 
sources.  We are loathe to require actions for which we have no compelling evidence of a resulting 
benefit.  Our agency finds that that the cost of implementing the treatment necessary to reduce further 
wastewater loadings is not reasonable relative to the discernable water quality benefits derived from 
such requirements.  We discussed this matter in the alternative analysis of the Staff Report (Staff Report 
p. 96-100 / Admin. Rec. 1241-1245). 
 
Further, we have presented evidence in the record that wastewater sources are implementing practicable 
treatment methods and pollution prevention.  The key is contemplation of the word “practicable.”  
“Practicable” does not mean “possible” in this context.  The Water Board has exercised its judgment in 
determining that requiring further reductions from wastewater sources is incommensurate with the 
known benefits that would accrue.  However, we have not abdicated our responsibility to regulate these 
discharges and to determine if their discharged mercury is somehow more important than that of other 
sources.  We have explicitly called for studies in the TMDL to address relative bioavailability, and many 
studies are ongoing looking at this issue.  The Water Board will be engaged in following these scientific 
developments, but, based on the information available now, our Board asserts that it is not reasonable to 
require further load reductions.  We did consider having lower wasteload allocations for wastewater 
sources, and we discuss this fully in our alternatives analysis (Staff Report p. 96-100 / Admin. Rec. 
1241-1245).   
 
Assertions that Bay Area treatment facilities perform worse than their counterparts in other states are 
based on inadequate information.  The only information of which we are aware is a small collection of 
wastewater data from Ohio that does not have supporting documentation necessary to make it useful for 
a direct comparison.  We must take into consideration a greater range of factors than merely a 
comparison of effluent data.  For instance, it is not possible for us to compare the percent of mercury 
removed by like facilities because we do not have information on the treatment types of the facilities 
from Ohio nor the type of treatment they employ nor the influent concentrations.    
 
We also note that a large number of the Ohio data were essentially non-detect, and State Board staff 
inappropriately considered those non-detects as zero instead of some fraction of the detection limit.  In 
fact, nearly 8 percent of the Ohio data are non-detects that were given a value of zero.  It is also the case 
that the direct comparison is not valid because it appears that a variety of analytical techniques were 
used for the Ohio data, and that some of these techniques have unacceptably high detection limits.  All 
of the Bay Area data were generated using consistent, low detection limit analytical techniques.  We 
also note that there were errors in the Bay Area data set as used by State Board staff; a number of very 
high values that were not recognized for the typos they were.  Thus, any conclusion drawn from the 
comparisons performed to date should be viewed as tenuous and inconclusive.  We did not have time to 
collect the type of information we need to make the full comparison during the comment period allowed 
for these resolutions, but there is no compelling evidence in the record that Bay Area wastewater 
treatment facilities perform worse than their counterparts in other states.   
 
The wording of this finding is inconsistent with “Whereas 5a.”  The State Board requested State Board 
staff to determine “if the wasteload allocations require the municipal and industrial discharger to 
perform at the most appropriate level considering available pollution prevention programs and existing 
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technology.”  This is not the same question as the way it was worded in the finding where “most 
effective treatment methods” are discussed.  The difference is not merely semantic.  In fact, we have 
crafted our entire TMDL based on the most appropriate levels of performance for all discharge 
categories and considered all available information.      
 


Finding 7b) “Specific monitoring requirements for methylmercury, the form 
in which mercury bioaccumulates, are not specified.” 


 
This finding is false.  The TMDL requires methyl mercury monitoring in fish tissue and bird eggs – the 
actual receptors of such mercury and therefore most closely associated with impairment.  The TMDL 
also requires specific studies to address potential localized effects at the point of wastewater discharge.  
Methyl mercury monitoring of wastewater effluent is logically an aspect of investigating localized 
effects.  However, requiring methyl mercury monitoring of wastewater sources without the context of a 
focused study to address specific management questions is not sound water quality policy. 


 
The finding does not specify where these requirements should be placed. Without further guidance, a 
reasonable interpretation is that all discharges to the Bay should be required to monitor for methyl 
mercury.  We do not find that this is the most direct approach for addressing the information need, 
which is to understand bioavailability and local effects at the point of wastewater discharge.  If the 
finding only applies to wastewater sources, it makes no sense to require methyl mercury monitoring on 
discharges that represent less than 2% of the total load of mercury to the Bay without requiring such 
monitoring of all sources.  Requiring such monitoring would be prohibitively expensive and not answer 
the questions we have identified as priorities in the adaptive implementation section (Staff Report p. 86-
90, BPA p. 16 / Admin. Rec. p. 1231-1235 and 2337).   


 
Finding 7c)The wasteload allocations would appear to authorize the San 
Francisco Bay Water Board to issue National Pollutant Discharge 
Elimination System (NPDES) permits that allow dischargers to discharge 
concentrations of mercury that contribute to excursions above the mercury 
narrative water quality objective. 
 


It is not clear what it means for a discharger to contribute to excursions above the mercury narrative 
water quality objective.  There is no currently established numeric interpretation of the narrative 
objective.  In fact, the TMDL itself is the numeric interpretation of the narrative water quality 
objective and, thus, the wasteload allocations are, by definition, consistent with the narrative water 
quality objective since they were set in such a way as to attain all water quality standards, including the 
narrative objective.   We also wish to point out that, taken as a group, the concentration of mercury in 
wastewater effluent meets even the stringent water quality objective currently in the Basin Plan.  Current 
loading of municipal and industrial effluent is 20 kg/yr, and the total volume of effluent is about 700 
million gallons per day.  Dividing this mercury mass by the effluent volume and converting units results 
in an effective overall wastewater concentration of 0.021 ug/L, which is lower than the 0.025 ug/L 
objective in the Basin Plan and much lower than the 0.051 ug/L CTR objective. 
 
This being said, because we treat all mercury entering the Bay as equally likely to contribute to the 
problem based on current information, all Bay discharges currently contribute to exceedances of 
narrative water quality objectives and they will until the Bay attains water quality standards.  Attainment 
of the narrative objectives will occur over time as the allocations are reached and the Bay recovers.  If 
no discharger can be permitted to contribute to excursions above water quality criteria, even while a 
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TMDL is being implemented, we would have to prohibit all stormwater and wastewater flows into the 
Bay.  This would seem to represent a major change in policy direction that would profoundly affect past, 
current and future TMDLs in California. 
 
Assuming that this finding simply refers to exceedances of the Basin Plan’s 0.025 ug/L 4-day average, 
findings 10 and 11 note that this objective will be removed and replaced most likely with a fish tissue 
objective.   
 


Finding 7d)The wasteload allocations do not take into account the 
significant variation in effluent quality among the various dischargers 
and that dischargers of high quality effluent should be recognized for 
their efforts, while dischargers of lower quality effluent should be 
required to perform better. 
 


This finding is not supported by evidence in the record.  While TMDL regulations do not require that 
allocations be based on performance, we have done so anyway.  We set individual wasteload allocations 
for wastewater sources using information on volume of discharge and performance (SFBRWQCB 
2004b, Staff Report p. 56-58 / Admin. Rec. p. 1231-1235 and 2337).  Our approach to setting individual 
wasteload allocations rewards plants that are performing well and pressures those facilities with poorer 
performance to improve.  We also require a system of effluent concentration triggers to help ensure 
ongoing good performance from wastewater sources, and improvements in performance as population 
grows and flows likely increase (Staff Report p. 75 and 77, BPA p. 11-12 / Admin. Rec. p. 1219, 1221, 
and 2332-2333). 


 
Finding 7e)In-Bay disposal of dredged spoils with concentrations of 
mercury greater than the sediment target concentrations appears to be 
inconsistent with the goal of restoring mercury standards in San 
Francisco Bay and preventing the contamination of portions of the Bay 
floor that are currently in attainment of standards or are less polluted, 
and therefore is inconsistent with CWA section 401 and CWC section 13263. 
  


The combined action of dredging and dredged material disposal currently takes 150 kg/yr mercury out 
of the Bay and is thus a net loss in our TMDL model.  Dredging in the Bay follows the Long Term 
Management Strategy (LTMS) for dredged material disposal, developed with the full support and 
participation of the State Board.  The LTMS sets a goal that 40% of maintenance dredged material 
would be disposed at the deepwater ocean site; 40% would be disposed through beneficial reuse; and 
20% disposed in-Bay.  As the LTMS is implemented over the next ten years, less dredged material will 
be disposed of in the Bay and more will be disposed of out of the Bay so the amount of mercury 
removed from the Bay will increase to 430 kg/yr (Staff Report p. 78 / Admin. Rec. p. 1222).  The 
TMDL specifies requirements to ensure that no contaminated dredged material is placed in the Bay.  
The TMDL also requires dredgers to demonstrate that their activities are accomplished in a manner that 
does not increase bioavailability  of mercury.  The LTMS strategy was developed collaboratively by 
USEPA, the San Francisco Bay Regional Water Board, the US Army Corps of Engineers, the San 
Francisco Bay Conservation and Development Commission, and the State Water Board.   
 
Our response to this issue is already in the administrative record (Responses to Comments p. 130-134 
and 99-100 / Admin. Rec. 1446-1450 and 1415-1416).  We find no inconsistency with CWA § 401.  The 
beginning of this section states: 
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Any applicant for a Federal license or permit to conduct any activity including, but not limited to, 
the construction or operation of facilities, which may result in any discharge into the navigable 
waters, shall provide the licensing or permitting agency a certification from the State in which the 
discharge originates or will originate, or, if appropriate, from the interstate water pollution control 
agency having jurisdiction over the navigable waters at the point where the discharge originates or 
will originate, that any such discharge will comply with the applicable provisions of sections 
301, 302, 303, 306, and 307 of this Act (emphasis added). 


 
CWA § 303 is where the CWA sets forth TMDL requirements.  We interpret this passage to mean that 
CWA  § 401 permits for discharges must comply with any applicable TMDL requirements.  The TMDL 
provides the opportunity to put all permitted and unpermitted discharges in context and determine the 
allocations that will enable attainment of water quality standards.  Because we have established the load 
allocation for disposal of dredged material, 401 permits for such discharges must recognize this 
allocation and any applicable implementation measures set forth in the TMDL.  Our interpretation of 
this passage is that 401 permits must be adapted to the requirements of the TMDL and not vice versa. 
 
Similarly, we find no inconsistency with CWC § 13263.  The opening passage of this section states: 
 


The regional board, after any necessary hearing, shall prescribe requirements as to the nature of any 
proposed discharge, existing discharge, or material change in an existing discharge, except 
discharges into a community sewer system, with relation to the conditions existing in the disposal 
area or receiving waters upon, or into which, the discharge is made or proposed.  The 
requirements shall implement any relevant water quality control plans that have been 
adopted, and shall take into consideration the beneficial uses to be protected, the water 
quality objectives reasonably required for that purpose, other waste discharges, the need to 
prevent nuisance, and the provisions of Section 13241 (emphasis added). 


 
Here again, the TMDL is the plan that specifies what is required to attain water quality standards, and, 
therefore, CWC § 13263 can only be understood  as being subordinate to the TMDL and not vice versa. 
 Because the allocations for dredged material have been developed as part of a plan to attain water 
quality standards, they cannot be inconsistent with any requirements of CWC § 13263.  
 
The material that is dredged and redeposited in the Bay is largely composed of material that is 
continually suspended and resuspended.  An appropriate way to think about dredging and in-Bay 
disposal is to consider this combined process as one that redistributes sediment in the Bay, much like 
what happens as a result of natural processes.  And the amounts moved around by dredging and in-Bay 
disposal are small compared to sediment resuspension due to natural factors like winds and tides.  We 
propose to allow in-Bay disposal of dredged material in which mercury concentrations are at or below 
Bay ambient concentration.  All dredged material containing very high concentrations of mercury must 
be disposed of outside the Bay.  As such, as the Bay ambient concentrations decrease over time due to 
source control actions, the concentration of mercury in dredged material will also decrease.  Dredged 
material has concentrations of mercury and other contaminants that reflects Bay ambient conditions.  
The allocation will decrease as the Bay recovers and will eventually reach the suspended sediment target 
concentration.  In this way, the allocation is consistent with the targets. 
 
Requiring that dredged material instantaneously meet the sediment target would not only ignore the 
State Board agreement to implement the LTMS strategy, but would effectively end in-Bay disposal until 
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the Bay meets the sediment target.   Most current in-Bay disposal of dredged material is from small 
sources of dredged material, such as maintenance of private marinas.  Given the increased cost of out-
of-Bay disposal, it is very likely that some small projects may be delayed or may not take place at all.   
 
We point out that TMDL regulations do not require all sources to instantaneously meet their allocations. 
 For example, if this were required by TMDL regulations, we would be obligated to prohibit any 
stormwater from entering the Bay.  If this is the wish of the State Board, there are several policy, cost, 
and environmental implications that must be considered.   
 


Finding 7f) It is not clear that all sources of mercury that may affect 
San Francisco Bay have been adequately identified, such as Bay margin 
sites and mines within the northern portion of the region. 
 


No evidence in the record suggests that we have missed a substantial source of mercury.  We are not 
aware of any evidence in the record that suggests the existence of a Bay margin site or a mine within the 
northern portion of the region that we have ignored.  Further, because these sources have not been given 
a load allocation, they effectively have a load allocation of zero.  Therefore, if they are discovered to be 
discharging to the Bay, they will be in immediate jeopardy of exceeding their load allocation.  We have 
already explicitly addressed, considered, and resolve this issue (Staff Report p. 33 and 79, BPA p. 14 / 
Admin. Rec. p. 1177, 1223, and 2335). 


 
Finding 7g)The proposed bird egg target, as adopted and corrected while 
acceptable as a monitoring target, cannot serve as a basis for 
establishing wasteload allocations because a narrative target cannot be 
allocated.   


 
The bird egg target is a numeric target.  It is the concentration where no effects occur, which will be less 
than 0.5 ppm mercury in bird eggs.  The TMDL calls for studies to refine the target (Staff Report p. 38, 
91, and 85, BPA p. 16 Responses to Comments p. 76 and 121 / Admin. Rec. p. 1182, 1230, 1236, 1392, 
1437, and 2337).  If indeed the bird egg target is, as suggested by State Board, merely a narrative target, 
we do not see how it could work as a monitoring target since a monitoring target would need to refer to 
some numeric quantity. 
 
The proposed allocations are, in fact, based in part on the bird egg target, as they must be to ensure that 
they sufficiently protect wildlife and rare and endangered species.  The allocations are based on the 
suspended sediment target, which is derived from both the fish tissue and bird egg targets.  The 
suspended sediment target is more conservative than these targets.  Whereas a 40% reduction in striped 
bass mercury concentrations is needed to meet the fish tissue target and a greater than 25% reduction in 
California least tern egg mercury concentrations is needed to meet the bird egg target, the suspended 
sediment target calls for a 50% reduction in sediment mercury concentrations.  The fact that the 
suspended sediment target incorporates a factor of 2 beyond the minimum reduction needed to meet the 
bird egg target is consistent with the approach USEPA used for the Great Lakes Initiative to address the 
same issue (USFWS 2003 [p. 18-19] / Admin. Rec. p. 4742-4743).   
 
Eliminating the numeric bird egg target removes a critical link between the sediment target and the 
bioaccumulation objective protecting the wildlife beneficial use.  The fish tissue target alone has not been 
shown to protect wildlife uses so basing the allocations only on the reductions needed to reach this target 
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would not satisfy TMDL requirements.  In other words, we would not be able to assert that the TMDL 
protects wildlife, including rare and endangered species, without the numeric bird egg target.   
 
While we acknowledge that our target may not be as specific as we might like, we know that it is based 
on available information.  The studies needed to improve this target could take years to complete.  
Because existing information is very limited, we believe our approach is more reasonable than adopting a 
very specific target that would likely need to be revised as soon as more information becomes available.  
In any case, the bird egg target we developed is sufficient to derive a suspended sediment target 
(incorporating a factor of 2 for added protection as noted).  The suspended sediment target derived in part 
from the bird egg target was very useful in developing a reasonable allocation scheme that protects 
wildlife.  We conferred with USFWS on the bird egg target, and they commented on earlier versions of 
our work.   We made adjustments to respond to their comments and address their concerns.  That they did 
not comment on our adopted approach is, to us, a tacit acceptance of our proposed bird egg target.  
 


Finding 10) The United States Environmental Protection Agency (USEPA) has 
objected to the TMDL in that it is not clear whether the TMDL will result 
in attainment of the numeric water quality objective of 0.025 micrograms 
per liter (µg/L) calculated as a four-day average, which is an objective 
that is applicable to those portions of the San Francisco Bay that are 
north of the Dumbarton Bridge.  The State Water Board finds that the 
numeric water quality objective is redundant with the existing narrative 
bioaccumulation objective, in that the purpose of the numeric water 
column objective was to prevent bioaccumulation in fish tissue. 
 


The last sentence of this finding is incorrect.  The numeric water column objective was promulgated to 
protect aquatic life and was based on a bioconcentration factor for Eastern oyster applied to an FDA 
action level in fish.  Bioconcentration factors relate the concentration of a contaminant in water to the 
concentration in tissue.  They do not account for food web effects, which are part of accounting for 
bioaccumulation (Responses to Comments p. 23 and 125 / Admin. Rec. p. 1339 and 1441).   
 


Resolved 2) Directs the San Francisco Bay Water Board to evaluate 
effective pollution prevention practices used in other states and the 
pollution prevention or other appropriate programs of each discharger.  
The San Francisco Bay Water Board shall revise the TMDL to incorporate 
appropriate programs and practices into the TMDL, and require all 
dischargers to aggressively implement appropriate pollution avoidance 
practices that are most effective at eliminating or reducing mercury 
concentrations in effluent. 
 


We already have complied with this resolution.  The TMDL specifically requires dischargers to develop 
and implement effective programs to control mercury sources (BPA p. 11-12 / Admin. Rec. p. 2332-
2333), so it is unnecessary to require more specific pollution prevention measures.  There is no evidence 
in the record that suggests that we should be requiring anything more than what is in place.  A lot of 
effort has already been spent in identifying sources of mercury to Bay Area wastewater treatment plants 
(see attached Bay Area Dischargers Association mercury reduction menu and Pollution Prevention 
Guidance and Tools for POTWs prepared by Larry Walker Associates).  Wastewater dischargers have 
already reviewed the vast literature available regarding mercury pollution prevention (see, for example, 
www.epa.gov/glnpo/bnsdocs/hgsbook).  While it is important that pollution prevention efforts be 
maintained and optimized, it is unlikely that there is some “magic bullet” mercury reduction strategy 
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that is in place somewhere else in the country that is not known about and being performed in the Bay 
Area.   
 


Resolved 3) Directs the San Francisco Bay Water Board to evaluate any 
existing effective wastewater treatment technology that enhances the 
removal of mercury.  The San Francisco Bay Water Board shall revise the 
TMDL to establish individual wasteload allocations.  In establishing such 
wasteload allocations, the San Francisco Bay Water Board shall 
incorporate provisions that acknowledge the efforts of those point 
sources whose effluent quality demonstrates good performance, and require 
improvement by other dischargers.     
 


The TMDL already includes individual wasteload allocations (BPA p. 6-7 / Admin. Rec. 2327-2328), so 
revision of the TMDL is unnecessary.  In our comments regarding finding 7a we explained why seeking 
further reductions from wastewater sources will have no measurable water quality benefit and is 
therefore incommensurate with the associated cost.  While efforts to improve treatment technology will 
potentially be beneficial for other pollutants found in effluent, such actions will not hasten recovery of 
the Bay with respect to mercury.  Therefore, such requirements will not pass the necessity standard as 
mentioned previously.  Our comments regarding finding 7a point out that the wastewater allocations and 
effluent concentration triggers were set in such a way as to provide incentive for poor performing 
dischargers to improve. 
 


Resolved 4) Directs the San Francisco Bay Water Board to revise the TMDL 
to require inclusion in the next round of NPDES permits or in the 
watershed NPDES permits monitoring for, and determination of the relative 
proportion of, methylmercury in effluent discharges.    


 
The TMDL already addresses uncertainty regarding the potential for wastewater discharges to 
contribute to bioaccumulation, so revision of the TMDL is unnecessary.  Methylmercury monitoring is 
just a part of the more on-point requirements we have included in the BPA.  Refer to our comment on 
finding 7b. 
 


Resolved 5) Directs the San Francisco Bay Water Board to ensure that 
discharges of dredged material meet water quality standards.   
 


The TMDL already does this.  Refer to our comment on finding 7e. 
 
Resolved 6) Directs the San Francisco Bay and Central Valley Water Boards 
to create a watershed legacy mercury inventory and establish a priority 
list for addressing these sources.  The Water Boards shall also propose 
potential methods or strategies to remediate priority sources. 


 
This resolution is redundant as the TMDL already identifies the priority sources in our region’s 
watersheds and proposes potential methods or strategies to remediate these priority sources.  The TMDL 
also identifies mines in our region likely to be mercury sources, although available information does not 
indicate that they are substantial mercury sources (SFBRWQCB 1998, Staff Report p. 33 / Admin. Rec. 
p. 1177 and 3293-3328).  Nevertheless, we are addressing these sites through our existing mines 
program (already described in our Basin Plan) as well as the TMDL effort.  By far, the largest single 
watershed source of mercury in our region is the New Almaden mercury mining district, and there is a 
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TMDL project devoted exclusively to this source.  We are not aware of any evidence in the record that 
suggests that we have somehow missed a substantial contribution from our region’s watersheds.   
 
As for this draft resolution directing the Central Valley Water Board to take certain actions, we note that 
we have no control over the Central Valley Water Board. 
 


Resolved 9) Directs the San Francisco Bay and Central Valley Water Boards 
to investigate ways to address public health impacts of mercury in San 
Francisco Bay/Delta fish, including activities that reduce actual and 
potential exposure of and mitigate health impacts to those people and 
communities most likely to be affected by mercury in San Francisco Bay-
Delta caught fish, such as subsistence fishers and their families. 


 
This resolution is redundant as these efforts are already called out in the TMDL (BPA p. 8 and 11-12 / 
Admin. Rec. p. 2329 and 2332-2333).  As for this draft resolution directing the Central Valley Water 
Board to take certain actions, we note that we have no control over the Central Valley Water Board. 
 


Resolved 10) Directs the San Francisco Bay Water Board to either develop 
an appropriate and allocable target that is protective of wildlife, or 
clarify that the existing bird-egg target is a monitoring target, and 
that the TMDL will be revised if results of such monitoring reveal that 
the beneficial uses are not being protected.   


 
This resolution is redundant as the adaptive implementation plan for the TMDL specifies our 
commitment to update all targets as information dictates (Staff Report p. 91,  BPA p. 16 / Admin. Rec. 
p. 1236 and 2337).  Refer to our comment on finding 7g of this resolution.   
 


Resolved 12) Directs the San Francisco Bay Water Board to bring a revised 
TMDL, consistent with this resolution, back to the State Water Board 
within 12 months of the date of this resolution. 


 
It is not possible to bring the TMDL back to the State Board in 12 months.  We estimate that it will take 
nearly four years.  Some of the changes that the State Board is directing us to make may constitute 
substantial changes to the scientific basis of the TMDL.  Even minor changes will take substantial staff 
effort, and the changes required by this version of the resolution will be very time-consuming.  We 
estimate that it will take at least 24 months to complete the studies required.  These studies include the 
following:   
 
• A study to establish a bird egg target acceptable to the State Board or a fish tissue target that protects 


wildlife.  Such a fish tissue target does not currently exist.  There are two ways to develop the 
information for a target to protect wildlife.  One way is to conduct a feeding study with a suitable 
bird species.  The other is to measure mercury concentrations in prey species and use existing 
ecological risk work prepared by USFWS.  We are in the process of collecting the prey information 
so we will be able to improve the target as we move forward, but it will take at least several years to 
gather the data, and then the information will require scientific review and approval by federal 
agencies.  We also note that developing a fish tissue target to protect wildlife is not a trivial task as 
evidenced by the difficulty experienced by USEPA in demonstrating that their nationwide fish tissue 
target to protect human health is also protective of wildlife. 
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• A plan for severely restricting the in-Bay disposal of dredged material that is satisfactory to the 
many stakeholders and agencies party to the LTMS agreement.   
 


• A study to further identify watershed and Bay margin mercury sources and quantify loads associated 
with them, if any.  We already have credible information regarding these sources sufficient to 
develop and begin implementation of the TMDL.  Of course we will be learning more about sources 
as we implement, and there is no benefit to waiting on this more refined information.  Performing a 
more detailed identification of watershed and Bay margin sources and establishing their loads will 
take at least 2 years.   


 
After taking two years to complete these studies and a month or more to revise the TMDL and its 
supporting documents accordingly, the document will be ready for scientific peer review.  Based on our 
experience, it will take approximately three to six months to accomplish scientific peer review, respond 
to any comments and make necessary changes.  At that point, the document will be ready for public 
notice, our Board approval process, and resubmittal of the TMDL and its administrative record to the 
State Board, which took almost nine months last time.  Therefore, at the earliest, we would not be able 
to revise the TMDL for submission to the State Board for almost four years from the time of the remand.  
 
There will also be time-consuming interactions with our active stakeholder community who will surely 
wish to participate in a second opportunity to craft the TMDL according to their interests.  It is highly 
likely that these stakeholder interactions, combined with scarce staff resources, will mean that the 
process will take even longer than indicated above.  And, during this time, unless additional staff 
resources are made available, we will not be able to devote time toward implementation of the TMDL 
and development of other important TMDLs.  By modifying the TMDL now, rather than during the 
adaptive implementation process the delay in implementing the TMDL will prolong the time for the Bay 
to recover and will have a significant negative impact on the water quality of the Bay.  Because it will 
take a long time for the Bay to recover and the changes envisioned in this version of the resolution will 
have little environmental benefit, this delay in implementation is hardly warranted. 


Version 3: Adopting the TMDL with Further Directions 
We oppose version 3.  While this version would adopt the TMDL, it offers little in the way of 
improvement over version 1.  We could comply with the added directions if this version were adopted, 
but it suffers from many of the same shortcomings we identified for version 2.  Version 3 does not 
include version 2’s finding 7 (and its many subparts), so it does not have the flaws we identified for 
version 2’s finding 7 above.  However, version 3’s finding 9 is similar to version 2’s finding 10, which, 
for the reasons we explained above, is unnecessary.  Our comments regarding version 2’s resolved 2, 3, 
4, 5, 6, 9, and 10 all apply to version 3, so we will not repeat them here.  Moreover, we note that 
resolved 4, 5, and 10 refer to issues addressed in version 2’s finding 7, which does not appear in version 
3, so no findings support these resolveds.  Regarding resolved 12, we believe the 6-month time frame is 
unrealistic (see our comment on version 2’s resolved 12 above) unless we view this simply as a status 
report.  We would prefer to address these State Board concerns with more care, which will likely require 
more time.  Our proposed adaptive implementation plan calls for reviewing the TMDL at five-year 
intervals. 
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Concluding Remarks 
We have been working a long time on this TMDL.  Getting to this point has taken six staff and over 
eight years of effort.  If one reviews the entire administrative record, one finds that we have been 
grappling with all the issues identified in the State Board’s resolutions and many more.  As an 
alternative to reviewing over 5000 pages of material, we strongly urge a careful review of the Staff 
Report, our response to public comments, and our response to scientific peer reviewers.  One will find 
that the evidence overwhelmingly suggests that the TMDL, in its current state, is an appropriate strategy 
and is scientifically sound.  We have prepared the best TMDL that we can craft with the information 
that we have available for a very complex legacy pollutant.  Restoring San Francisco Bay for mercury is 
not going to be accomplished simply by adopting the TMDL.  If we are serious about restoration, it will 
entail a decades-long commitment to adaptive implementation by all stakeholders and active study and a 
feedback mechanism to ensure that lessons learned find their way back to public policy.  We are not 
going to be able to prepare any TMDL for mercury that is devoid of controversy or scientific 
uncertainty.  In the Staff Report section on adaptive implementation, there are several pages devoted to 
the types of information needed to make improvements in the plan.   We are eager to get started down 
the long road of implementation and not get bogged down in making minor refinements to the TMDL 
that do not result in any water quality benefit and consume resources that otherwise could be spent on 
implementation.  We urge State Board to adopt Resolution version 1 so that all stakeholders can move 
forward on restoring the Bay. 





		State Water Resources Control Board

		Version 1: Adopting the TMDL

		Version 2: Remanding the TMDL

		Version 3: Adopting the TMDL with Further Directions

		Concluding Remarks




_1192974655/rs2005-0060.pdf


 


STATE WATER BOARD 
RESOLUTION NO. 2005–0060 


 
 


REMANDING AN AMENDMENT TO THE WATER QUALITY CONTROL PLAN 
FOR THE SAN FRANCISCO BAY REGION TO INCORPORATE A TOTAL 


MAXIMUM DAILY LOAD (TMDL) FOR MERCURY IN SAN FRANCISCO BAY 
 
WHEREAS: 
 
1. The San Francisco Bay Regional Water Quality Control Board (San Francisco Bay Water 


Board) adopted a revised Water Quality Control Plan for the San Francisco Bay Region 
(Basin Plan) on June 21, 1995, which was approved by the State Water Resources Control 
Board (State Water Board) on July 20, 1995 and by the Office of Administrative Law (OAL) 
on November 13, 1995. 


 
2. On September 15, 2004, the San Francisco Bay Water Board adopted Resolution  


No. R2–2004–0082 (Attachment 1) amending the Basin Plan to incorporate a TMDL for 
mercury in the San Francisco Bay.   


 
3. San Francisco Bay Water Board Resolution No. R2–2004–0082 delegated to the 


San Francisco Bay Water Board Executive Officer authority to make minor, non-substantive 
corrections to the adopted amendment, if needed, for clarity or consistency.  By 
memorandum dated March 7, 2005, the San Francisco Bay Water Board Executive Officer 
made such a correction to the amendment (Attachment 2). 


 
4. At the March 16, 2005 Meeting the State Water Board adopted Resolution No. 2005–0026 


“Regarding an amendment to the Water Quality Control Plan for the San Francisco Bay 
region to incorporate a total maximum daily load (TMDL) for mercury in San Francisco 
Bay.”  That resolution stipulates that the TMDLs for the control of mercury in the 
Sacramento-San Joaquin Rivers Delta (Delta), Guadalupe River, and the San Francisco Bay 
be integrated and that specified issues be addressed. 


 
5.  At the June 16, 2005 Meeting, the State Water Board instructed staff to bring the 


San Francisco Bay mercury TMDL back for a potential vote at the July 2005 meeting and to 
obtain the following information:   
a. Do the wasteload allocations require the municipal and industrial dischargers to perform 


at the most appropriate level considering available pollution prevention programs and 
existing technology? 


b. What is the feasibility and cost of not disposing in the Bay dredged spoils containing 
mercury concentrations in excess of the sediment target? 


c. What are other federal, state, and local agencies doing to control and remediate mercury 
in the environment, and how can we all coordinate our efforts to achieve greater 
reduction?   


d. Consider the feasibility and cost of the suggestions titled, “Option 1.5”, made by 
Baykeeper, Natural Resources Defense Council, and Clean Water Action, in their 
comment letter dated June 6, 2005.    


 







 2


6. California Water Code (CWC) section 13240 specifies that Regional Water Boards may 
revise Basin Plans.  CWC 13242 requires a program of implementation of water quality 
objectives.   


 
7. The State Water Board finds that the proposed TMDL for mercury does not adequately 


address the following issues.  The Regional Water Board should: 
 
a. Modify the wasteload allocations to ensure that they are set at a level that would require 


municipal and industrial point source dischargers to incorporate the most effective 
treatment methods and pollution prevention practices practicable for their discharges. 


b. Specify monitoring requirements for methylmercury, the form in which mercury 
bioaccumulates. 


c. Ensure that wasteload allocations do not result in National Pollutant Discharge 
Elimination System (NPDES) permits that allow dischargers to discharge concentrations 
of mercury that contribute to excursions above the mercury narrative water quality 
objective. 


d. Ensure wasteload allocations take into account the significant variation in effluent quality 
among the various dischargers and that dischargers of high quality effluent should be 
recognized for their efforts, while dischargers of lower quality effluent should be required 
to perform better. 


e. Ensure in-Bay disposal of dredged material containing mercury complies with the 
requirements of the Long Term Management Strategy for the Placement of Dredged 
Material in the San Francisco Bay Region, Management Plan 2001(LTMS).   


f. Ensure that all sources of mercury that may affect San Francisco Bay have been 
adequately identified, such as Bay margin sites and mines within the San Francisco Bay 
watershed. 


g. Clarify that the proposed bird egg target, as adopted and corrected is either a monitoring 
target or adopt an acceptable numerical target for the protection of wildlife.   


 
8. The State Water Board supports the TMDL’s requirement that the San Francisco Bay area 


refineries be required to investigate the environmental fate of mercury in crude oil and report 
findings to the San Francisco Bay Water Board, including the potential pathways by which 
crude oil mercury could be discharged to the Bay from Bay Area petroleum refining 
facilities, and the annual mercury loads associated with these discharge pathways. 


 
9. The State Water Board should take an active role in coordinating the efforts to reduce cross-


media and cross regional mercury pollution. 
 
10. The United States Environmental Protection Agency (USEPA) has objected to the TMDL in 


that it is not clear whether the TMDL will result in attainment of the numeric water quality 
objective of 0.025 micrograms per liter (µg/L) calculated as a four-day average, which is an 
objective that is applicable to those portions of the San Francisco Bay that are north of the 
Dumbarton Bridge.  The State Water Board finds that the numeric water quality objective is 
redundant with the existing narrative bioaccumulation objective, in that the purpose of the 
numeric water column objective was to prevent bioaccumulation in fish tissue. 


 
11. The State Water Board is in the process of developing a statewide numerical fish-tissue 


objective for mercury. 
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12. The State Water Board finds that a significant portion of the abandoned mines and mining 


areas contaminated by mercury in the State of California are situated on federal lands, and 
therefore the federal government is responsible for remediating these areas to attain water 
quality standards.  The USEPA should actively use its Superfund and other authorities to 
promptly initiate such investigation and remediation, and cause the other relevant federal 
agencies to assume their responsibilities for cleaning up their lands. 


 
13. Consistent with finding 12, above, the State Water Board finds that neither the CWA nor the 


CWC should be used as a means to leverage existing point source discharges as a means of 
forcing dischargers to bear more than their fair share of responsibility for causing or 
contributing to any violation of water quality standards.  In this context “fair share” shall 
refer to the dischargers’ proportional contribution to the impairment. 


 
14. A Basin Plan amendment does not become effective until approved by State Water Board and 


until the regulatory provisions are approved by OAL.  Additionally, the TMDL must be 
approved by USEPA. 


 
THEREFORE BE IT RESOLVED THAT: 
 
The State Water Board: 
 
1. Remands the amendment to the Basin Plan to incorporate a TMDL for mercury in 


San Francisco Bay adopted under San Francisco Bay Water Board Resolution 
No. R2-2004-0082 as corrected by the Executive Officer (Attachment 2) for further 
consideration consistent with this resolution.   


 
2. Directs the San Francisco Bay Water Board to evaluate effective pollution prevention 


practices used in other states and the pollution prevention or other appropriate programs of 
each San Francisco Bay discharger, and their potential effectiveness in reducing mercury in 
their discharges.  The San Francisco Bay Water Board shall revise the TMDL to incorporate 
requirements for appropriate programs and practices into the TMDL, and require all 
dischargers to aggressively implement appropriate pollution avoidance practices that are 
most effective at eliminating or reducing mercury concentrations in their effluent.   


 
3. Directs the San Francisco Bay Water Board to evaluate and consider the effectiveness of any 


existing wastewater treatment technology that enhances the removal of mercury.  The San 
Francisco Bay Water Board shall revise the TMDL to establish individual wasteload 
allocations, after reconsidering the appropriateness of the policy assumptions used by the 
Regional Water Board to derive the original wasteload allocations.  In establishing such 
wasteload allocations, the San Francisco Bay Water Board shall incorporate provisions that 
acknowledge the efforts of those point sources whose effluent quality demonstrates good 
performance, and require improvement by other dischargers.     


 
4. In carrying out the requirements of this resolution, the Regional Water Board shall comply 


with the requirements of CWC section 13360 regarding specifying the manner of compliance 
with Regional Water Board orders. 
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5. Directs the San Francisco Bay Water Board to revise the TMDL to require inclusion in the 
next round of NPDES permits or in the watershed NPDES permits monitoring for, and 
determination of the relative proportion of, methylmercury in effluent discharges.    


 
6. Directs the San Francisco Bay Water Board to ensure that in-Bay disposal of dredged 


material containing mercury complies with the requirements of the Long Term Management 
Strategy Plan (LTMS).   


 
7. Directs the San Francisco Bay and Central Valley Water Boards to create a watershed legacy 


mercury inventory and establish a priority list for addressing these sources.  The Water 
Boards shall also propose potential methods or strategies to remediate priority sources. 


 
8. Directs State Water Board staff to develop a State policy for water quality control that 


establishes alternative methods to allow dischargers to meet mercury effluent limitations that 
are directed to preventing contributions to excursions above water quality standards. The 
policy shall allow dischargers to perform other activities aside from eliminating more 
mercury from their discharges than they would be required to remove by applicable 
technology-based effluent limitations.  This policy shall require more rigorous activities for: 
(a) dischargers not in compliance with their wasteload allocations and/or other applicable 
criteria or objectives; and (b) dischargers seeking to increase their mercury load. The policy 
shall include provisions that recognize the efforts of those dischargers who are meeting or 
outperforming their wasteload allocations, and that recognize the expenditures made by 
dischargers who are employing higher treatment levels.  The policy shall not include 
requirements that would leverage existing point source discharges as a means of forcing 
dischargers to bear more than their fair share of responsibility for causing or contributing to 
any violation of water quality standards.  In this context “fair share” shall refer to the 
dischargers’ proportional contribution to the impairment.  The policy shall also include 
provisions that prevent localized disparate impacts.   


 
9. The San Francisco Bay Water Board shall include requirements in the TMDL that any new or 


modified NPDES permit for dischargers shall contain a reopener to implement Resolved 
No. 7, above. 


 
10. Directs the San Francisco Bay and Central Valley Water Boards to investigate ways, 


consistent with their regulatory authority, to address public health impacts of mercury in San 
Francisco Bay/Delta fish, including activities that reduce actual and potential exposure of and 
mitigate health impacts to those people and communities most likely to be affected by 
mercury in San Francisco Bay-Delta caught fish, such as subsistence fishers and their 
families. 


 
11. Directs the San Francisco Bay Water Board to either develop an appropriate and allocable 


numerical target that is protective of wildlife, or clarify that the existing bird-egg target is a 
monitoring target, and that the TMDL will be revised if results of such monitoring reveal that 
the beneficial uses are not being protected.   


 
12. Directs the San Francisco Bay Water Board to revise, withdraw, or take other appropriate 


action to address the marine waters mercury four-day average water quality objective.   In so 
doing the Regional Water Board shall comply the provisions of Clean Water Act section 303, 
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including but not limited to subparagraph (c)(2)(B), which require the adoption of numerical 
criteria for toxic pollutants.   


 
13. Directs the San Francisco Bay Water Board to bring a revised TMDL, consistent with this 


resolution, back to the State Water Board within nine months of the date of this resolution.  
The San Francisco Bay Water Board shall report its progress in complying with this 
resolution to the State Water Board within six months of the date of this resolution. 


 
BE IT FURTHER RESOLVED THAT: 
 
The State Water Board: 
  
14. Shall dedicate funds to the Regional Water Board(s) to assist in compliance with this 


resolution, including for contracting with the United States Geological Survey or other 
appropriate agencies, to examine the mines and areas impacted by mining from a water 
quality perspective. 


 
15. Shall commence efforts to coordinate with the Air Resources Board and other relevant 


agencies to address air deposition of mercury to areas that could affect the quality of Waters 
of the State.     


 
16. Shall, pursuant to their offers, convene a meeting with the USEPA, Western States Petroleum 


Association, the Bay Area Clean Water Agencies, and with the San Francisco Bay and 
Central Valley Water Boards and other interested stakeholders, to investigate methods of 
addressing and financing the redress of mercury from the mining legacy. 


 
CERTIFICATION 


 
The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water Resources 
Control Board held on September 7, 2005. 
 
AYE:   Arthur G. Baggett 
    Richard Katz 
    Gerald D. Secundy 
    Tam M. Doduc 
 
NO:   Peter S. Silva 
 
ABSENT:  None. 
 
ABSTAIN: None. 
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