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Short on time?
Just look at the
figures and captions.
They provide key
findings in a nutshell.

ABouT THIs REPORT

In this eleventh year of the San Francisco Estuary Regional Monitoring Program for Trace Substances (RMP),
synthesis of findings from the Program since its inception in 1993 continues to provide a general theme. Last year’s
Pulse highlighted lessons learned from long term monitoring of basic water quality parameters and sediment
dynamics by the U.S. Geological Survey (USGS). This Pulse includes further review of developments in Bay water
quality over the past ten years. Thanks primarily to long term monitoring by the RMP and USGS, San Francisco
Bay is one of the best-studied estuaries in the world with regard to trace metal contamination. This Pulse features
articles by Russ Flegal and colleagues from UC Santa Cruz, who have measured metal concentrations in water and
sediment of the Bay for the RMP, and Cindy Brown, Sam Luoma, and colleagues from USGS who have generated
a remarkable dataset on metals in clams stretching from the 1970s to the present.

Each year the Pulse includes articles that provide broad overviews of topics of current interest in water quality
management and science. With the imminent release of the draft Basin Plan amendment associated with the mercury
TMDL, water quality management in the Bay is entering a new phase. Two articles by San Francisco Bay Regional
Water Quality Control Board staff, Tom Mumley and Karen Taberski, describe the importance of science, particularly
the RMP, in adaptive implementation of TMDLs and other water quality attainment efforts. The Clean Estuary
Partnership (CEP) is complementing the RMP to provide further scientific support for TMDLs. An overview of a
series of reports on our present understanding of priority contaminants developed by the CEP is provided in an article
by Mike Connor of the San Francisco Estuary Institute (SFEI). Other articles addressing scientific topics include
summaries of the present understanding of urban runoff based on the work of Lester McKee and colleagues at the
SFEI and a water quality report card for the Bay by Anitra Pawley of the Bay Institute.

The Pulse is designed to make the wealth of available information on water quality in the Estuary accessible.
The Table of Contents provides a thumbnail overview of each item in the report so readers can readily find topics
of greatest interest. In addition, the figure captions have been written in simple language that conveys the basic
take-home messages of each article. Readers that are pressed for time can glean many of the important findings
from the Pulse by simply reviewing the figures and captions. The Status and Trends Monitoring Update is pre-
sented entirely as a graphical summary.

The Pulse of the Estuary is one of three types of RMP reporting products. The second product, the Annual
Monitoring Results, is distributed via the SFEI web site <www.sfei.org> and includes narrative summaries and
comprehensive data tables and charts of the most recent monitoring results. The third product is the RMP Techni-
cal Reports series. RMP Technical Reports each address a particular RMP study or topic relating to contamination of
the Estuary. A list of all RMP technical reports is available at www.sfei.org.

Comments or questions regarding the Pulse or the Regional Monitoring Program can be addressed to Dr. Jay
Davis, RMP Manager, (510) 746-7368, jay@sfei.org.

This report should be cited as: San Francisco Estuary Institute (SFEI). 2004. The Pulse of the Estuary: Moni-
toring and Managing Water Quality in the San Francisco Estuary. SFEI Contribution 78. San Francisco Estuary
Institute, Oakland, CA.
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DissoLveD CoPPER IN WATER

Copper was a major concern in the Estuary in the
1990s, as concentrations were frequently above the
water quality objective. A focused evaluation of this
issue, with participation by the regulated industries
and municipalities, environmental groups,
scientists, and the Regional Board, led to:

* new water quality objectives for copper and nickel
in the Lower South Bay, south of the Dumbarton
Bridge, less stringent but still considered fully
protective of the aquatic environment;

ToTAaL MERCURY IN WATER

Mercury contamination is one of the top water
quality concerns in the Estuary and mercury clean-
up is a high priority of the Regional Water Quality
Control Board. Mercury is a problem because it
accumulates to high concentrations in some fish
and wildlife species. The greatest health risks from
mercury are faced by humans and wildlife that
consume fish. The water quality objective for total
mercury is designed to prevent unacceptable
concentrations in fish.

2002

* 3 Water Quality Attainment Strategy featuring
pollution prevention and monitoring activities; and
e the removal of copper from the 303(d) list of
problem contaminants.

Copper concentrations in Bay waters in 2002 were
all below the water quality objective. The Lower
South Bay had concentrations that were closest to
the quideline.

The new RMP sampling design has provided some
new insights into the distribution of mercury in
waters of the Estuary. In 2002 the concentrations
of total mercury exceeded the water quality
objective in 9 of 28 (32%) samples. The highest
concentrations were observed in the Lower South
Bay and San Pablo Bay. This pattern was also
observed in past sampling, but the spatial extent of
these high concentration areas is now being
defined. All samples collected from the Central Bay
and South Bay segments were below the water
quality objective.
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TotaL PBDEs IN WATER

PBDEs, a class of flame retardants that were
practically unheard of ten years ago, are now found
in waters throughout the Estuary. PBDEs are
currently on the 303(d) watch list due to increasing
concentrations in the Estuary (see page 14) and
concerns about their possible effects at the top of
the food web. A 2003 California law banned the use
of two types of PBDE technical mixtures by 2008.

TotaL PCBs IN WATER

PCB contamination remains one of the greatest
water quality concerns in the Estuary, and PCB
clean-up is a primary focus of the Regional Water
Quality Control Board. Like mercury, PCBs are a
problem because they accumulate to high
concentrations in some Estuary fish and pose health
risks to consumers of those fish. The water quality
objective for PCBs in water is designed to prevent
unacceptable accumulation of PCBs in humans who

2002

Tracking the trends in these chemicals is extremely
important to determine what effect, if any, the ban
will have and if further management actions are
necessary. The highest PBDE concentrations in
2002 were measured in waters in the Lower South
Bay. Elsewhere, they were present but uniformly
low relative to the lower South Bay.

consume Estuary fish. In 2002, the PCB water
quality objective was exceeded in 27 of 31 samples
(87%) collected from the Estuary. PCB
contamination is greatest in the South Bay; all
samples from the South Bay exceeded the objective,
with maximum concentrations measured at the
southern end of the South Bay. The few samples
that did not exceed the objective were from the
northern Estuary.
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MERCURY IN SEDIMENT

In 2002, 41 of 49 (84%) of Estuary sediment
samples had concentrations higher than the mercury
TMDL target of 0.2 mg/kg. Concentrations
throughout the Estuary were rather uniform. As
expected, low concentrations were measured at sites
with more coarse sediment (see related figure on

page 10).

2002

TotaL PAHs IN SEDIMENT

Continuing inputs of polycyclic aromatic
hydrocarbons (PAHSs) to the Estuary and improved
understanding of PAH effects led to their inclusion
on the 303(d) watch list. PAH concentrations in Bay
sediments in 2002 were variable, with the highest
concentrations in the South Bay and Central Bay
regions. All samples had concentrations below the
ERL. Concentrations in the northern Estuary,
especially Suisun Bay, were consistently low.
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PrROGRESS TOWARD MEETING GUIDELINES: 1993-2002

Water . :
Tracking the overall proportion of
100% i measurements that met guidelines
80% W Most contaminant guidelines are being met. A relatively
small number of problem contaminants make it rare to find
60% water or sediment in the Estuary that is completely clean.
Achieving greater compliance with water and sediment
400/0 B d |
quidelines poses a great challenge, largely because the
20% Estuary is inherently slow to respond to reductions in inputs
0 of persistent contaminants and because many problem
0% ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ contaminants are found throughout the Estuary and its
™ <t o) © ~ © Fo o - N watershed. The 2002 value shown is based on the new
X2 @ @ @@ Q@ @ Q@@ <@ < < sampling design and should not be compared to previous
[ [ [ [ C c [ [ [ c . . . .
© © © © © © © © © © years. The switch to a new set of sampling locations did not
- - ) il il - - - - - .
markedly change the overall proportion of measurements

that met guidelines.
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A value of 100% would mean every water or sediment sample met guidelines c c c c c c c c c c
for all contaminants. These charts were created by calculating, for each %U g %0 g L)U %U %U i,“ i,“ %0
sampling period, for a consistent set of locations, the proportion of

contaminant measurements that met the applicable guideline.




Status and Trends
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ERODING SEDIMENTS IN THE SOUTH BAY

Eroding bottom sediments are a threat to Bay water
quality. Sediments on the bottom of the Bay contain an
enormous quantity of legacy contaminants such as
mercury and PCBs. In typical estuaries, existing
sediments are buried as additional layers of sediment are
deposited every year. Recent analyses by U.S. Geological
Survey (USGS) scientists, however, indicate that the Bay
is unusual in this regard: sediment deposits in the Bay
are eroding, largely due to a lack of sediment coming in
from the watershed. This poses a significant problem
with respect to recovery of the Bay from mercury and
PCB contamination because the layers of sediment that
are being uncovered were originally laid down in earlier
decades and are more contaminated. The most recent
analysis by USGS examined erosion and deposition in the
South Bay (Foxgrover et al., 2004). This type of analysis
depends on the availability of bathymetric survey data,
which are collected periodically by the National Oceanic

and Atmospheric Administration. Bathymetric surveys
conducted in 1931, 1956, and 1983 are the basis for the
figures shown here. From 1931 to 1956 (a period with
rapid urbanization, industrialization, and little
wastewater treatment), the South Bay had widespread
deposition of relatively contaminated sediment. From
1956 t0 1983 (a period including an era of peak
contamination in the 1960s and marked improvements
with the onset of wastewater treatment in the 1940s
and 1970s), the South Bay experienced net erosion. The
erosion and deposition varied by location, with erosion
dominating in the northern part of South Bay and
deposition dominating in southern South Bay. These
long-term patterns of erosion and deposition are a
critical piece of information needed to predict the rate
of improvement of Bay water quality in decades to
come. A new bathymetric survey of the Bay is sorely
needed to evaluate the latest trends in erosion.

South Bay Net Sediment Volume Change

|| Depasstlon
- Erosion

1858-1898 1898-1931 1931-1956 1956-1983

Time Period

Reference:

Foxgrover, A.C., Higgins, S.A., Ingraca,
M.K.,, Jaffe, B.E., and Smith, R.E.,
2004, Deposition, erosion, and
bathymetric change in South San
Francisco Bay: 1858-1983: U.S.
Geological Survey Open-File Report
2004-1192, 25 p. [URL: heep://
pubs.usgs.gov/0f/2004/1192 |

Contact: Bruce Jaffe, U.S.G.S.,
bjaffe@usgs.gov



ErRosiION AND DEPOSITION IN BAY MARSHES

NET DEPOSITION | 1857-1993 NET EROSION | 1857-1993 Like bottom sediments in the Bay, tidal marshes can

: : store large amounts of contaminants. Tidal marshes can
also act as sources of contaminants, as contaminated
marsh sediment erodes. The Bay's marshes are also a
potential source of information about the timing and
degree of contaminant input from local watersheds. For
example, the extensive marshes adjacent to the mouth
of Guadalupe River—now mostly converted to salt
ponds—may contain a record of mercury contamination
from mining activities at New Almaden. SFEI is studying
the historical changes in the South Bay marshes and
shoreline in the Historical Tidal Marsh Mapping project,
funded by the Santa Clara Valley Water District, City of
San Jose, Alameda County Flood Control and Water
Conservation District, and others. This work may reveal
additional information on Bay contaminant history.
Shown is a figure overlaying marshland hydrography
circa 1857 on modern marsh and diked baylands at
Ravenswood Point. The accuracy of the historical data
can be seen by the close correspondence of "ghost
channels" to the original mapping. We expect the
distribution of contaminants in now-diked marshlands to
be related to the pattern of historical tidal channels,
which controlled the deposition of Bay sediment. Similar
to the bathymetric studies, shoreline change
investigation can help gauge patterns of contaminant
exposure and release in the Estuary's marshes.

“GHOST” CHANNELS | 1993

Shoreline changes at Ravenswood Point (above).
Inset view (right) shows remnant channel patterns in a
diked former marshland.

Contact: Robin Grossinger, San Francisco Estuary Institute, robin@sfei.org
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OceaN MoNITORING CoMPLEMENTS RMP

Sediment contamination in the Bay is greater than in the adjacent
ocean. Long term (1997-2001) monitoring data collected by the City
and County of San Francisco for their ocean wastewater outfall can be
combined with RMP data to provide a view of patterns across the Bay
and adjacent ocean. The size of sediment grains has a great influence
on contaminant concentrations. Sandy (larger-grained) sediments tend
to have lower concentrations than sediments dominated by silt or clay
(smaller grains) because they have less overall surface area and fewer

binding sites for contaminants. Sampling sites in the Bay include a
mixture of sandy and finer-grained sediments (left). Sandy sites in the
Bay have lower contaminant concentrations, as illustrated with
mercury (right). Outside the Bay, the sediments are uniformly sandy
and have low concentrations of mercury and other contaminants. Finer
sediments don't settle out near the mouth of the Estuary because the
currents are too strong.

Contact: Michael Kellogg, City and County of San Francisco, mkellogg@sfwater.org



A SNAPSHOT OF METHYLMERCURY

* O Mercury is converted to its most hazardous form,
< @) methylmercury, primarily by bacteria in sediment. The rate of
O O C@@ 89 this conversion is dependent on a complex combination of
& 8 D 20 factors that can vary tremendously by location and over time.
O % o by Veey L& O~ 00 09 Wetlands are generally sites of relatively high methylmercury
o o production. As part of the CALFED Mercury Project,
OO O O researchers at Moss Landing Marine Laboratory performed a
O O O survey of mercury and methylmercury concentrations in Bay
O sediment in 1999. Relatively high methylmercury
O concentrations were observed: one in the lower South Bay,
O (] Oakland Harbor, and Suisun Marsh. Since methylmercury
O production is so variable, this should be considered a snapshot
2 o I:l of conditions in the Bay at the time of this survey.
O O

Reference: Heim, W. et al. 2003. Methyl and Total Mercury Spatial and Temporal Trends
O in Surficial Sediments of the San Francisco Bay-Delta. http://loer.tamug.tamu.edu/
calfed/FinalReports.htm
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PCBs IN CoOoRMORANT EGGS

PCB concentrations in the Bay food web appear to be just below the threshold
for toxic effects on bird embryos. Sampling of double-crested cormorant eggs
was conducted by SFEI from 1999-2001. Some PCB concentrations were greater
than an apparent threshold for toxic effects in this species (3600 ppb). A
maximum of 3800 ppb was observed in a multi-egg sample from 2001. The
results from this study indicate that PCB concentrations in San Pablo Bay may
be high enough to cause low rates of mortality and deformity in cormorant
embryos. Analyzing concentrations of PCBs and many other food web
contaminants in cormorant eggs provides, in addition to information on
possible toxic effects, an indication of long-term contaminant trends.
Concentrations of PCBs and other contaminants were lower in cormorant eggs
in 1999 than in 2000 and 2001 — the cause of this variation is unclear. Fail-to-
hatch eggs collected in 1999 and 2000 did not have higher concentrations than
randomly selected eggs.

Reference: Davis et al. 2003. CISNET Technical Report: Contaminant Accumulation in Eggs of Double-
crested Cormorants and Song Sparrows in San Pablo Bay. San Francisco Estuary Institute, Oakland, CA.

Contact: Jay Davis, San Francisco Estuary Institute, jay@sfei.org
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MERCURY IN BIRD EGGS

Mercury concentrations in the Bay food web may be high enough to impair
reproduction in the endangered California clapper rail and other bird species. A
study in 2000 and 2001 by the U.S. Fish and Wildlife Service (USFWS)
examined mercury concentrations in eggs of many species of birds from the
Estuary. Studies indicate mercury starts to become toxic to bird embryos at
egg concentrations between 0.5 to 0.8 ppm. Eggs of clapper rails, Forster’s
terns, and Caspian terns exceeded these concentrations. Laboratory studies
have shown that clapper rail embryos are relatively sensitive to mercury,
leading USFWS to conclude that the concentrations measured in the rail eggs
were likely toxic. Rates of reproduction in San Francisco Bay rails are lower
than in other locations, and it is quite plausible that mercury toxicity to rail
embryos is a significant contributing factor. Forster’s and Caspian tern eggs
also had concentrations above the toxic level. Embryos and young of these
species appear to be at significant risk of mercury toxicity as indicated by levels
detected in their eggs and observed reproductive rates.

Reference: Schwarzbach, S. and T. Adelsbach. 2003. CALFED Bay-Delta Mercury Project — Subtask 3B: Field

Assessment of avian mercury exposure in the Bay-Delta ecosystem.

Contacts: Steve Schwarzbach, U.S. Geological Survey, steven_schwarzbach@usgs.gov
Terry Adelsbach, U.S. Fish and Wildlife Service, Terry_Adelsbach@fws.gov
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contaminants such as PCBs and DDT.

Perhaps the best record of PBDEs over time is from the analysis of harbor seal blubber by the
Hazardous Materials Laboratory of the California Department of Toxic Substances Control. These
data illustrate the rapid increase in the Bay food web in the 1990s. In the past few years, significant
concentrations of PBDEs have also been measured in terns, cormorants, and fish from the Bay.
Furthermore, studies of PBDE concentrations in human blood, fat, and breast milk from the Bay Area
have found some of the highest concentrations measured in the world. Concerns about PBDEs led to
legislation in 2003 that will ban two PBDE formulations (“penta” and “octa”) in California starting in
2008. Another major formulation ("deca”), however, has not been banned. The RMP now measures
PBDEs in water, sediment, bivalves, fish, and bird eggs, and is establishing a database that can be
used to track the success of the PBDE ban and other management efforts.

Reference: She, J.; Petreas, M.; Winkler, J.; Visita, P; McKinney, M., and Kopec, D. PBDE:s in the San Francisco Bay Area: measurements in
harbor seal blubber and human breast adipose tissue. Chemosphere. 2002 Feb; 46(5):697-707.

Contacts: Seal work - Jianwen She, California Department of Toxic Substances Control, jshe@dtsc.ca.gov
PBDEs in general - Kim Hooper, California Department of Toxic Substances Control, khooper@dtsc.ca.gov
Tom McDonald, California Office of Environmental Health Hazard Assessment, TMCDONAL®@oehha.ca.gov

LiNks TO SEAL HEALTH

Contaminant concentrations in the blood of Bay
harbor seals are high enough to warrant concern
for effects on their reproduction and immune
systems. PCBs and other priority contaminants
reach their highest concentrations at the top of
the Bay food web, so fish-eating wildlife such as
seals, terns, and cormorants face the highest
exposures and greatest health risks. The Bay’s
harbor seal population has suffered from habitat
loss and degradation, including decades of
environmental contamination. To explore the
possibility of contaminant-induced health
alterations in this population, UC Davis
researchers measured blood levels of PCBs, DDE,
and PBDEs in Bay seals, examined relationships
between contaminant exposure and several key
natural blood parameters, and compared PCB
levels in the present study with levels determined
in Bay seals a decade ago. PCBs in harbor seal
blood declined slightly during the past decade, but
remain high enough that reproductive and
immunological effects are possible. A positive
association was found between leukocyte counts
and PBDEs, PCBs, and DDE in seals (Figure A), and
a negative relationship between PBDEs and red
blood cell count (Figure B). Although not
necessarily detrimental, these responses serve as
sentinel indications of contaminant-induced
alterations in Bay seals, which in individuals with
relatively high contaminant burdens could include
increased rates of infection and anemia.

Reference: Neale, Jennifer C. C. 2004. Persistent organic
contaminants and contaminant-induced immune alterations in the
harbor seal, Phoca vitulina. Ph. D. Dissertation, U.C. Davis, Davis,
California.

Contact: Jennifer Neale, University of California Davis, jcneale@
ucdavis.edu
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WATER AND SEDIMENT MONITORING LOCATIONS FOR 2002

Most RMP monitoring locations are now chosen at random. In this scheme, the Estuary is divided into five
regions and random locations are chosen in each of the regions. For sediment, eight random locations are
chosen in each region each year. Some of these locations will be revisited in future years, to provide a
consistent basis for measuring change over time. For water, four to ten random locations are chosen in each
region each year. Choosing random rather than fixed locations means the results are representative of each
region, rather than just particular locations within each region. A few historical fixed-site stations remain, for
tracking long-term trends at those locations. Each site is sampled once each year, during the dry season.



recent developments in water quality
management in the Estuary




Management Update

Adaptive Implementation of TMDLs -

The Mercury Example

Thomas E. Mumley (TEM@rb2.swrcb.ca.gov) and Richard Looker,
San Francisco Bay Regional Water Quality Control Board

he Regional Monitoring Program (RMP) has

opened the door of opportunity to tackle San

Francisco Bay’s water quality challenges. The
RMP provides valuable data and insight to improve
our understanding of complex pollutant fate, trans-
port, and effects processes. Meanwhile, we are chal-
lenged with TMDL requirements that call for actions
to attain water quality standards. These requirements
and underlying public interest reflect the desire and
will to repair impairment of the San Francisco Bay-
Delta Estuary. Adaptive implementation provides the
way. The San Francisco Bay Mercury TMDL is the
example.

ADAPTIVE IMPLEMENTATION IS THE VWWAY

A National Research Council (NRC) review of the
TMDL program strongly suggested that adaptive
implementation is the key to improving the applica-
tion of science in the TMDL program.

“Adaptive implementation is, in fact, the applica-
tion of the scientific method to decision making. It is
a process of taking actions of limited scope commen-
surate with available data and information to continu-
ously improve our understanding of the problem and
its solutions, while at the same time making progress
toward attaining water quality standards” (NRC
2001).

Key Points

* Adaptive implementation will be a key to the success
of Total Maximum Daily Loads (TMDLs) to improve

water quality in the Bay

o Application of the scientific method is an integral
part of adaptive implementation

Concerns with uncertainties and risks
associated with potentially costly actions
are usually behind the call for “sound
science.” However, calls to make policy
decisions based on “the science,” or calls to
wait until “the science is complete” reflect
a misunderstanding of science. Science is
the process of continuing inquiry, and the ultimate
way to improve the scientific foundation of the
TMDL program is to incorporate the scientific method,
not simply the results from analysis of particular data
sets or models, into TMDL planning. The scientific
method starts with limited data and information from
which a tentatively held hypothesis about cause and
effect is formed. The hypothesis is tested, and new
understanding and new hypotheses can be stated and
tested. Adaptive implementation simultaneously
makes progress toward achieving water quality
standards while relying on monitoring and experimen-
tation to reduce uncertainty (NRC 2001).

For a TMDL, applying the scientific method

involves:

1. taking immediate actions commensurate
with available information;

2. defining and implementing a program for
refining the information on which the
immediate actions and possible additional
actions are based;

 The mercury TMDL for the Bay is a
groundbreaking example of how adaptive implemen-
tation is being accomplished in the TMDL process

3. evaluating additional actions that show
promise, with consideration of recognition
of emerging and innovated strategies; and

4. a process for adding, modifying, or eliminat-
ing actions as necessary based on new
information.

Taking actions that have a high degree of certainty
associated with their water quality outcome and
technical and economic feasibility allows the Bay to
make progress toward attaining water quality stan-
dards while we simultaneously improve our under-
standing of the ecosystem through research and by
observing how it responds to the actions.

The draft state TMDL development and imple-
mentation guidance embraces and builds upon the
adaptive implementation approach recommended by
the NRC (SWRCB 2003). The guidance recommends
consideration of implementation issues as soon as
possible in the process. With limited resources it is
important to consider and weigh implementation
opportunities and constraints along with impairment
and source assessments.



The success of implementation, particularly
adaptive implementation, is dependent on appropriate
monitoring and tracking. Use of multiple monitoring
and tracking techniques can help evaluate progress on
a continuous basis, from the procurement of funding
resources, to the initiation of management actions
until water quality standards are achieved. Multiple
levels of tracking can diagnose problems and guide
actions in an adaptive implementation approach. The
monitoring and surveillance techniques used will
depend on numerous factors including the type, size,
location, and sources of impairment, management
practices (MPs), funding availability for management,
time constraint or requirements, and monitoring
resources. A schematic of implementation monitoring
and surveillance and the adaptive implementation
approach is shown in Figure 1. This schematic
describes the relationships between various levels of
tracking, the multiple opportunities for evaluation of
progress, and the potential for adjustment.

TMDL Process
The TMDL process involves multiple decisions.

*  What is the problem; what water quality
standard is not attained?

e What is an appropriate numeric target (or
targets) that reflects attainment of water
quality standards (solution of the problem)?

e What are sources of concern and their

Impaired IMPLEMENTATION
| Waters
Analyses
Phases 1-7 /—/%

= !

Implementation

Implementation
g Actons
Tracking
($, MPs)

MONITORING
Watershed Waterbody
Site-1
Response | |Designated
Site-2 Chemistry Use
Tributary

I

revision of the TMDL if applicable.

If the current or short-term implementation is insufficient to meet water quality objectives or numeric
targets, then a revision or update of the implementation plan might be needed. If the regulatory
actions require adjustment, then the impaired waters analyses may need reassessment. Adjustment
of the regulatory actions may require new analyses, new monitoring, a basin plan amendment, and a

Figure 1. Monitoring and Adaptive Implementation Approach. The adaptive implementation
approach to TMDLs—taking action now based on available data, while preparing to revise
action when more is known—is key to successfully and efficiently ending the impairment of the
Estuary. This flowchart illustrates the details of the approach.

A. Regulatory actions are identified and implemented through
appropriate local, state, and federal authorities. Management
activities can include nonpoint source management measures,
permits, urban runoff management, compliance, and abatement
activities. Financial or stakeholder resources are required to
put management plans in place. Typically, procurement of these
resources must be in place before the management activities
can proceed.

B. Response can be most easily measured closest to the
management action. Selected monitoring locations can be
used to directly evaluate the localized benefit of various
management practices.

D. Direct measurement of the beneficial use impairment can
identify positive trends and desirable response. For example, if

the lake is impaired for aquatic life due to eutrophication, direct

measure of fish population and recreational use may identify an
improvement in use support.

E. Monitoring at multiple scales (B, C, D) can also lead to a re-
evaluation of the rate of implementation (are practices being
installed?), the type of practices used (some practices might be

demonstrated as highly effective), or the need for maintenance of

existing management practices (e.g., periodic clean-out of
stormwater ponds). In an adaptive implementation approach,
initial short- term actions may not result in meeting standards.

Limited or pilot-scale monitoring can be used to test techniques
and support revision or expansion of implementation techniques
as appropriate. This re-evaluation may indicate a readjustment of

C. Chemical/biological response to management can be measured

relative significance?
in the impaired waterbody to evaluate improvement or trends

*  What are relevant and important pollutant
fate, transport, and effect processes that link
sources to the impairment?

e What reduction in pollutant loading and
other actions are necessary to attain numeric
targets?

relative to water quality objectives. As the distance from
management activities and size of the watershed increase, the
direct immediate benefit of management is harder to discern
and depending on the pollutant there may be a considerable
delay between management actions and measurable receiving
water response. For example, phosphorus load reductions in
the watershed may not immediately result in improved lake
quality based on measures of summer chlorophyll-a.

the implementation plan is necessary within the context of the
identified regulatory actions.

F If current actions are insufficient, the implementation plan could
be revised or updated based on information gathered during
monitoring and tracking (A-E). If adjustment of the
implementation plan is insufficient, a reassessment of the

regulatory actions and potentially the associated project analyses

is indicated. This update could result in new data collection,

project analyses, revised regulatory actions, additional basin plan

amendments and/or re-submittal of the TMDL if applicable.




THE CLEAN WATER AcCT
AND TMDLs

The Clean Water Act recognizes
that every body of water provides
benefits that are valuable and worth
protecting. The beneficial uses of a
particular water body might include, for
example, catching and eating fish,
swimming, and drinking. Such uses
require good water quality. Traditional
management of water quality centers
on maintaining standards for the
cleanliness of wastewater. In some
places this approach successfully
protects the uses of a water body, but
in others it does not.Water bodies that
continue to lack the water quality
necessary for supporting their
designated uses are considered
“impaired waters.” Each state is
required to develop a list of impaired
waters and the contaminants that
impair them (known as the “303(d)
list,” after the corresponding section of
the Clean Water Act). Under the Clean
Water Act, cleanup plans known as
Total Maximum Daily Loads (TMDLs)
must be developed for all impaired
waters. The TMDL process takes a
more comprehensive view of water
quality by identifying all contaminant
inputs to the water body, determining
the total input the water body can
handle, and designating particular inputs
that need reduction.

e What is the optimum scheme to allocate load
reductions and actions to sources and responsible
parties?

e What are appropriate mechanisms and associated
regulatory actions to ensure implementation of
actions and to track and evaluate them?

These decisions are interconnected and are associated
with required elements of the TMDL process. Figure 2
illustrates the TMDL process and its key elements. The
arrows between the boxes indicate the interconnection of the
elements. The outer dashed box implies that all the elements
are interconnected, the process is not linear, and the process
may be conducted in an iterative and adaptive manner.

It is important to remember that a TMDL is not an end
in itself; it is a means to an end, which is to solve a water
quality problem. A complete TMDL must account for each
of the process elements. However, the level of attention and
detail applied to each element requires weighing its signifi-
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Figure 2. TMDL Process Elements. The TMDL Process is
being followed to address water quality problems that
persist despite past efforts. ATMDL is a clean-up plan that
looks at the big picture—all the sources to the problem—
calculates the source reductions needed to restore water
quality, and determines where to take action.

cance and relevance to solving the problem. The main
challenge is to identify and implement actions that will solve
the problem. All the other elements are associated with
establishing a scientific basis for actions and considering the
regulatory and economic and other non-technical con-
straints. So the TMDL process is an adaptive implementa-
tion process that involves balancing application of resources
and knowledge towards multiple interconnected decisions
leading to actions that will attain water quality standards.

THE SAN FrRANcCISco BAY MERCURY
TMDL

The San Francisco Bay Mercury TMDL, although a work
in progress, illustrates the application of adaptive implemen-
tation and the scientific method to decision making.
Certainly the TMDL process raises very challenging ques-
tions when applied to excess mercury in a complex estuary
like the San Francisco Bay-Delta. We are faced with not only
physical and biological science challenges, but also social
science challenges associated with decision-making. The
decision making challenge requires balancing the need to
simplify the science appropriately to allow broad participa-
tion of informed decision makers with the need to retain
enough scientific complexity to ensure the decisions will
lead to actions that will solve the problem. Fortunately, data
and knowledge generated by the RMP and the collaborative
efforts of the Clean Estuary Partnership allow application of
the scientific method and adaptive implementation to the

mercury TMDL.

The mercury problem is that methylmercury accumulates
in fish to levels that pose risk to humans and wildlife that
consume them. The San Francisco Bay Mercury TMDL
Project Report (SEBRWQCB 2003) and the proposed Basin
Plan Amendment and supporting staff report that will
establish the TMDL and implementation plan
(SFBRWQCB 2004) describe all the TMDL elements and
associated analyses and rationale. In the spirit of simplicity,
the key TMDL elements are described below.



NUMERIC TARGETS

A 0.2 ppm (wet weight) fish tissue target is in-
tended to protect human consumers. A 0.5 ppm (wet
weight) bird egg target is intended to protect wildlife
consumers. A 0.2 ppm (dry weight) sediment target is
intended to define the assimilative capacity of the
system and provide a linkage between mercury in the
ecosystem and sources.

SOURCES AND ALLOCATIONS

Key sources of mercury, current annual loading of
mercury from each source, and proposed load alloca-
tions are illustrated in Table 1 and Figure 3.

MEercury TMDL ADAPTIVE
IMPLEMENTATION PLAN

The numeric targets and allocations are the TMDL
tuning knobs that reflect our state of knowledge to
define the problem quantitatively and to direct its
solution. The actual solution is reflected in a plan of
action within the context of adaptive implementation.
We certainly realize the shortcomings of a mercury
TMDL based solely on management of total mercury.
Consequently, the implementation strategy calls for
both short term and long term actions to improve our
understanding and management of methylmercury.
We are also constrained by limited understanding of
sediment transport and its significant role in the
transport and fate of mercury and other sediment-
bound pollutants.

The proposed Mercury TMDL implementation
plan has four principal objectives:

1. to reduce existing and future controllable
discharges of mercury to San Francisco Bay;

2. to reduce the amount of mercury trans-
formed to methylmercury;

Table 1. Mercury Sources, Current Load, and Proposed Load Allocation. This table and the accompanying
chart details the current sources of mercury to the Estuary, and how loads must be reduced (the

allocation) in order to restore water quality.

2003 Mercury Load

SOURCE (kg/yr)
Bed Erosion 460
Central Valley Watershed 440
Urban Storm Water Runoff 160
Guadalupe River Watershed (mining legacy)! 92
Atmospheric Deposition 27
Non-Urban Storm Water Runoff 25
Wastewater (municipal and industrial) 19
Dredging and Disposal?
TOTAL 1,223

Allocation
(kg/yr)

220
330
82
2
27
25
19

< ambient concentration

705

1 This load does not account for mercury captured in sediment removal programs conducted in the watershed.

2 Sediment dredging and disposal often moves mercury-containing sediment from one part of the bay to another.
The dredged sediment mercury concentration generally reflects ambient conditions in San Francisco Bay sediment.
This allocation is concentration-based. The mercury concentration of dredged material disposed in the bay must be
at or below the baywide ambient mercury concentration. This allocation will ensure that this source category
continues to represent a net loss of mercury.

3. to improve our technical understanding of
mercury in San Francisco Bay and source
control effectiveness, and then use this
information to guide future decisions; and

4. water quality programs are most efficient
when they address more than one pollutant,
therefore, to the extent possible, the plan
seeks to encourage implementation actions
that reduce loads of multiple pollutants and
not mercury alone.

Clearly, attainment of these objectives and ulti-
mately water quality standards requires a comprehen-
sive plan of action and significant time and resources.
Therein lies the need for adaptive implementation and
the power and benefit of application of the scientific

method towards advancing knowledge and resulting
management decisions. The proposed adaptive
implementation plan for the San Francisco Bay
Mercury TMDL has the following features.

1. Immediate actions commensurate with available
data and information. These are summarized in Table
2. Relative to Figure 1, these actions will be imple-
mented via regulatory actions (Step A) specific to each
source, and appropriate tracking and evaluation
mechanisms (type B monitoring) will be established
for each source.

2. Monitoring to assess effectiveness of immediate
actions and progress toward TMDL targets. Here
again we are fortunate to have the RMP and its
ongoing water, sediment, and fish tissue monitoring.
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We are faced with not only physical and biological science challenges,

Relative to Figure 1, fish tissue and bird egg monitor-
ing are examples of type D (beneficial use). Water and
sediment monitoring are examples of type C (response
chemistry).

3. Statement of management questions, associated
scientific hypotheses, and a framework and schedule
for addressing the management questions. Relevant
management questions are listed in Table 3. The
Clean Estuary Partnership is currently developing a
short and long term plan to seek

answers to these questions. Implemen- 500

but also SOCIAl science challenges associated with decision-making.

estimates of current loading due to technical and
economic constraints. However, we do know that
levels of mercury in sediments discharged via urban
runoff are greater than the sediment targets, and the
uncertainty in magnitude of the elevated levels is not
critical at this time. The allocation is based on attain-
ment of the sediment target in all urban runoff
discharges, and is driven by the regulatory driver that
allocations must be set at levels that will result in
attainment of numeric targets and ultimately water

processes. Nevertheless, refinements of the allocation
are not critical at this time if we apply adaptive
implementation.

The adaptive implementation scheme for urban
runoff involves implementing the allocation in phases
using an interim ten-year mercury-loading milestone
for this source category of 120 kg/yr, which is halfway
between the current load and the allocation. Rather
than requiring demonstration of load reduction, the

plan will recognize load avoided by imple-
menting pollution prevention and control

tation mechanisms include RMP
special studies, Prop 13 and 50 grant
projects, the California Bay-Delta

@ Current Load

Authority, and discharger studies.

4. A process for reviewing and incor-

M Allocation

programs as credit toward attaining the
TMDL allocation.

Many communities have already made a lot
of progress in minimizing the use of mercury-
containing products, replacing mercury

porating information obtained through
the studies and monitoring into the
TMDL. The process will involve two
scales of adaptation. The first involves
modification of the adaptive implemen-
tation plan resulting in expanding,
adding to, and/or eliminating immedi-
ate actions and modifications to the
monitoring and special studies plan.
This corresponds to step E in Figure 1.
The second involves changes to the
TMDL numeric targets and/or alloca-
tions and possibly the water quality
standards.

Mercury Load (kg/yr)

A closer look at the urban stormwater runoff
allocation and implementation actions further illus-
trates the adaptive implementation approach. First, we
realize that there is considerable uncertainty in our

Bed Erosion

thermometers, and recycling fluorescent light
ballast. Also, other urban runoff management
practices prevent erosion and runoff of

mercury-laden soils or intercept or remove
sediments and associated mercury in urban
runoff.

Central Urban Storm Guadalupe Direct Non-Urban
Valley Water Runoff River Atmospheric Storm Water
Watershed Watershed Deposition Runoff

Figure 3. Current Loads and Proposed Load Allocations

quality standards. We acknowledge that management
of methylmercury is key to the protection of human
and wildlife consumers, and allocations designed to
just control total mercury will not solve the problem
without commensurate management of methylation

Wastewater

Immediate implementation actions will
involve identification and evaluation of these
current actions and quantification of their
benefit in terms of loads avoided and associ-
ated costs. This in turn would lead to
benchmarking successful programs and
expanding, adding to, and/or eliminating
current practices and actions. Meanwhile we
seek improved understanding of the methylation
process and will apply such knowledge to the evalua-
tion of actions. Ultimately we can expect to reach a
point of diminishing returns associated with technical




and economic constraints. At this point we will have
realized implementation of actions to control mercury
in urban runoff and methylmercury to the maximum
extent practicable. At this time, we cannot forecast
whether this maximum extent practicable load
avoidance/reduction will attain the allocation. Obvi-
ously, if it doesn’t, we can't require the impossible, and
we will have to reconsider the allocations and possibly
the other TMDL elements. This is why adaptive
implementation is the way to proceed.

TIMEFRAME AND OTHER
CONSIDERATIONS

Implementation of the TMDL will take time and
resources. Furthermore, the adaptive implementation
approach calls for an iterative process of taking
actions, evaluating their benefit while improving our
understanding of the system, revising decisions, and
ultimately solving the problem. As such, we envision
ten-year milestones with five-year checkpoints to
review progress and to evaluate findings from early
implementation actions, monitoring, special studies,
and relevant scientific literature. Five years correspond
to NPDES permit terms, and thus, provides opportu-
nity to revise permit requirements to reflect adaptive
implementation progress.

The five-year reviews will be coordinated
through the Water Board’s Basin Planning
Program, and any modifications to the
TMDL elements will be incorporated into
the Basin Plan. At a minimum, the follow-
ing focusing questions will be used to
conduct the reviews. Additional focusing
questions will be developed in collaboration
with stakeholders prior to each review.

1. Is the Bay progressing toward TMDL
targets as expected? If it is unclear
whether there is progress, how should
monitoring efforts be modified to
improve our ability to detect trends? If
there has not been adequate progress,
how might the implementation actions
or allocations be modified?

2. What are the loads for the various
source categories, how have these loads
changed over time, and how might
source control measures be modified to
improve load reduction?

3. Is there new, reliable, and widely
accepted scientific information that
suggests modifications to targets, load
allocations, or implementation actions
are appropriate? If so, how should the
TMDL elements be modified?

Central Valley

Urban
Stormwater
Runoff

Guadalupe
River
Watershed
(Mining
Legacy)

Atmospheric
Deposition

Municipal
Wastewater

Industrial
Wastewater

Dredging and
Disposal

Other

Identify sources and implement actions
via development and implementation of
Delta and Central Valley Tributary
mercury TMDLs

Implement pollution prevention and
control programs and determine loads
avoided with interim load reduction of
40 kg/yr within ten years; evaluate
mercury bioavailability of discharge and
feasibility of minimizing mercury uptake
into the food web

Identify sources and implement actions
via development and implementation of
TMDL for Mercury in the Guadalupe
River Watershed

Support and track national efforts

Implement pollution prevention
programs to assure no net increase in
load; evaluate mercury bioavailability of
discharge and feasibility of minimizing
mercury uptake into the food web

Implement pollution prevention
programs to assure no net increase in
load, evaluate mercury bioavailability of
discharge and feasibility of minimizing
mercury uptake into the food web,
evaluate air emissions

Implement Long Term Management
Strategy for the Disposal of Dredged
Material (LTMS) and investigate effect
of dredging activities on mercury
uptake into bay food web

Identify and quantify sources,
implement mercury and methylmercury
control measures as appropriate

Implement Delta and Central Valley
Tributary mercury TMDLs; implement
methylmercury management actions

Expand implementation of effective
immediate actions and/or implement
additional actions to further reduce loads
iteratively leading to attainment of
allocation; demonstrate control of mercury
in discharges to the maximum extent
practicable; implement methylmercury
management actions

Implement Guadalupe River Watershed
mercury TMDL; implement methylmercury
management actions

Support and track national efforts and
implement appropriate local actions

Expand pollution prevention actions; expand
reclamation and reuse; implement mass
offset actions; implement methylmercury
management actions

Expand pollution prevention actions; expand
reclamation and reuse; implement mass
offset actions; implement methylmercury
management actions

Implement LTMS; implement methylmercury
management actions

Identify and quantify sources, implement
mercury and methylmercury control
measures as appropriate

Table 2. Immediate and Potential Long-Term
Implementation Actions. A TMDL recognizes the need for
action, and identifies both immediate actions based on
current knowledge, and potential long-term action based on
advances in understanding.
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We are fortunate to have the Regional Monitoring
Program and the resulting benefits of continuing
improvement of our understanding of the complex
San Francisco Bay-Delta Estuary and tracking of
progress. We are also fortunate to have the Clean
Estuary Partnership that provides a forum for collabo-
ration and joint fact-finding. Together these forums
will play a critical role in the adaptive implementation
and review process.

Meanwhile, efforts are underway. We have been
successful in obtaining Prop 13 grant funding for two
key projects. One funded at $1.3 million is designed
to evaluate the effectiveness and the pollutant avoid-
ance/removal benefit of urban runoff management
practices. Another project funded at $1.2 million is
designed to evaluate mercury methylation in wetlands
and options for managing wetlands so as to minimize
methylation. We have begun development of a TMDL
for mercury in the Guadalupe River watershed, and
the Central Valley Regional Water Quality Control
Board is in the process of developing TMDLs for the
Sacramento River and key tributaries. The California
Bay-Delta Authority is funding several mercury
related studies. We will coordinate our San Francisco
Bay mercury TMDL adaptive implementation actions
and studies with these efforts.

The mercury problem in San Francisco Bay may
take decades to control to the point where beneficial
uses are restored. The current regulatory strategy relies
on simplifications of a complex environmental system.
There is much yet to learn about mercury and how
the Bay will respond to control efforts. Much research
is underway, and more is planned for the future to
shed light on the remaining questions. We have an
obligation to adapt the regulatory program in the
future as relevant information becomes available, and
we intend to do so. We also have an obligation to
protect water quality by taking actions now based on
the information currently available. Adaptive imple-
mentation provides the way to fulfill these two
obligations.

Table 3. Management Questions. These questions define what must be known if we are to achieve
an understanding of mercury in the Estuary sufficient to plot a successful course to ending the
problem.

San Francisco Bay System Processes and Effects

Where is methylation occurring in the system and what are the controlling factors?

Will erosion of mercury-laden sediment from certain regions of the bay affect water quality?
Are there local methylation or bioaccumulation effects at the point of discharge?

What is the mercury and sediment flux out the Golden Gate?

What is the timeframe for recovery of the system and attainment of targets?

Are the assumptions used in the simple box model valid?

e The Bay system is composed of two compartments - bay waters and the active sediment
layer.

e The depth of the active sediment layer is 0.15 meters.

e Mercury below the active sediment layer is not considered in the bay system, but can enter
the system when overlying sediment erodes.

e The active sediment layer is completely well mixed.

e The mass of sediment leaving the bay balances the mass of sediment entering the bay
either naturally or via dredged material disposal out of the Bay.

Source Loads and Implementation of Control Strategies

How much of the direct and indirect atmospheric deposition to San Francisco Bay is from
California sources and Bay Area sources?

What is the relative bioavailability of mercury from different sources to San Francisco Bay?
What is the mercury load from the Central Valley rivers?
How much mercury is in storage in the Bay-Delta tributaries?

What is the relationship between mercury concentrations in sediment and mercury
concentrations in the food web?

TMDL Targets

Are the fish tissue, bird egg, and sediment targets appropriate?




Using Conceptual Models to

Address High Priority

Mike Connor (mikec@sfei.org), San Francisco Estuary Institute, and Chris Werme

Key Points

* Conceptual models are very effective tools for organizing and communicating

existing knowledge about priority contaminants

* The Clean Estuary Partnership is developing conceptual models for many
priority contaminants: mercury, PCBs, legacy pesticides, dioxins, selenium, and

diazinon

* These models describe the expected benefits of different management options

Pollutants

and key uncertainties and information needs

Figure 1. A "conceptual model" for a contaminant describes our
understanding of how the contaminant enters the ecosystem, reaches

description and visual characterization sensitive species, and causes toxic effects. Every environmental

WHAT ARE CONCEPTUAL MODELS

In our junior high school days, no tests were
dreaded more than those with “word problems” that
described complex situations from which we needed
to develop key equations to calculate solutions. Our
teachers would advise: “Draw a picture of the prob-
lem—that will help you understand it.” Little did we
know that this same process that we used in eighth
grade would be the basis for how scientists and
managers attack complicated water quality problems
in the Bay.

Conceptual models provide a framework for
organizing our knowledge in order to help us under-
stand how systems function (Nichols et al., 1998). In
fact, all environmental managers and scientists work
with a conceptual model, whether or not they refer to
it as such, and whether or not it is formally docu-
mented. This article, however, uses “conceptual
model” to mean formally documented models. Water
quality conceptual models generally include a written

of the essential features that link an
ecological endpoint to the stressors that
may affect it (after EPA, 2004), but they
can take different forms depending on
the modeler and purpose. Good concep-
tual models are dynamic and evolve
with increased understanding because they help to
uncover key uncertainties.

In the last year, the San Francisco Regional Water
Quality Control Board and the Clean Estuary Partner-
ship have developed conceptual models for mercury
(Johnson and Looker, 2003), PCBs (Hetzel, 2004),
legacy pesticides (DDTs, chlordanes, and dieldrin)
(Connor et al., 2004b), dioxins and furans (Connor et
al., 2004a), selenium (Abu-Saba, 2003), and diazinon
(Ogle, 2003). In creating these conceptual models,
local scientists have relied upon the extensive RMP
database. But, as Nichols et al. have noted, the
process of creating and debating these conceptual
models by the CEP partners may be more important

manager works with a stated or unstated conceptual model. Thisis a
graphical representation of the CEP's conceptual model for diazinon in
San Francisco Bay. The pesticide (P) enters tributary creeks and rivers
in agricultural and urban runoff, primarily driven by rainstorms.
Sensitive species in the Bay include small invertebrates in the water
column and the sediment, and possibly fish.

than the models themselves in developing a consensus
of our current understanding of these contaminants,
key data gaps and uncertainty, and priorities for
gathering additional information. Through the CED,
diverse organizations plan to work together to design
and conduct the technical studies needed to address
the uncertainties highlighted by the conceptual
models. The results of these studies will be used to
revise the conceptual models and subsequently the
strategies for attaining water quality standards based
upon these models. This is the process of adaptive
management.

Each of the conceptual model reports describes the
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impairments. They identify and prioritize the major
sources of contaminants, describe the ecological
processes that influence the fates of the contaminants
in the Bay, and determine the major ways in which
these contaminants impair beneficial uses. Figure 1
illustrates a graphical representation of one of these
conceptual models (Ogle, 2004).

WHAT HAVE WE LEARNED FROM
CoNcEePTUAL MoODELS So FAR

Now that six conceptual models have been com-
pleted, it is possible to compare what insights the
process gives us in the possible control strategies for
these contaminants

*  Sources. What are the most important ways
that contaminants are released to the Bay?

*  Fate and Transport. What are the most
important processes that affect the distribu-
tion and loads of the contaminants?

*  Effects. What parts of the Bay’s ecosystems are the
most sensitive receptors for the contaminants?

SOURCES

The most important thing to understand about all
these priority contaminants is that they have been the
subject of management plans for 20-30 years (except for
diazinon, which has been studied for less than a decade).
PCBs and legacy pesticides have been totally banned,
diazinon has had some of its major uses phased out, and
all of the contaminants have been regulated through strict
discharge limits. As a result, the current discharges are
dwarfed by the historical amount of these chemicals that
already exists in the Bay’s water and sediments. Figure 2
presents a “legacy ratio,” which shows the relative
importance of historic compared to existing discharges.
For instance, the amount of PCBs present in the active
sediment surface layer accumulated from historic
discharges is more than 30 times greater than the amount
of PCBs entering the Bay each year. The “legacy ratio”
shows that the historical reservoirs of PCBs, dioxins, and
mercury can overwhelm any effect of our efforts to
control new sources of these contaminants to the Bay. For
some of the legacy pesticides, the historic reservoirs are
dwindling, and we are near to meeting our water quality
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Figure 2. Many contaminants have be