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Table 1: Summary of Proposals for RMP Special Studies in 2018
Workgroup
Emerging
Contaminants
Emerging
Contaminants
Emerging
Contaminants
Emerging
Contaminants
Emerging
Contaminants
Emerging
Contaminants

Sources
Pathways and
Loading
Sources
Pathways and
Loading
Sources
Pathways and
Loading
Sources
Pathways and
Loading
Sources
Pathways and
Loading

Study Name
Emerging Contaminants Strategy
Current Use Pesticides and Wastewater
Contaminants in Margin Sediment and Water
Pharmaceuticals in Wastewater Data Analysis &
Reporting
Non-targeted Analysis of Sediment and Related
Studies
Characterizing Unknown PFASs in SF Bay Sediment
Nonylphenol Ethoxylates in Margin Sediments

PI / Agency

Funding Request

Notes (Ranking)

Page Number

SFEI

$65,000

1

13

SFEI/USGS

$128,970

2

19

SFEI

$30,000

3

27

SFEI/Duke/
SDSU

$101,000

4

38

SFEI/CSM

$49,700

5

50

SFEI

$9,600

6

58

Total
Planning Budget (from MYP)

$384,270
$505,000

AMR Funds Available

$289,113

$27k left over from
FY17, $262k in FY18

Small Tributaries Loading POC Watershed
Characterization Reconnaissance Monitoring

SFEI

$245,000-$320,000

64

STLS POC Stormwater- Regional Watershed
Spreadsheet Model Support

SFEI

$7,000

69

Planning Support for Stormwater Alternative Flame
Retardants Conceptual Model

STLS

$13,000-$16,000

72

STLS POC Stormwater- Trends strategy
development

SFEI

$75,000-$95,000

76

Small Tributaries Loading Program Management

SFEI

$32,000

80

Total
Planning Budget (from MYP)

$372,000-$470,000
$470,000
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Table 1: Summary of Proposals for RMP Special Studies in 2018
Workgroup
Exposure and
Effects
Exposure and
Effects
Exposure and
Effects
Exposure and
Effects

Study Name
Exposure and Effects Workgroup Strategy
Coordination and Technical Support
Causes of Sediment Toxicity to Amphipods: Clay vs.
Contaminant Effects

PI / Agency

Funding Request

Notes (Ranking)

Page Number

SFEI

$10,000

1

83

UCD/SCCWRP

$34,170

2

85

Support for Sediment Bioaccumulation Evaluations

SFEI

$30,000

2

94

Synthesis of Benthic Community Data in the Whole
of San Francisco Bay using the M-AMBI Index

SCCWRP

$21,000 - $50,000

3

99

Total
Planning Budget (from MYP)
Nutrients
Nutrients

Microplastic

Sediment
Sediment
Sediment

Ship-Based Sampling and Sample Analysis
Open-Bay and Slough Moored Sensors: Data
Analysis, Interpretation, and Maintenance
Total
Planning Budget (from MYP)
Microplastics in San Francisco Bivalves
Total
Planning Budget (from MYP)
Hosting and Support for Dredged Material
Management Office (DMMO) Database
Improved Lower South Bay Suspended-Sediment
Flux Measurements
Mallard Island Suspended-Sediment Monitoring
Total
Planning Budget (from MYP)

$95,170 - $124,170
$60,000
USGS, USCS,
SFEI

$177,000

106

SFEI

$342,000

108

$519,000
$500,000
SFEI, Univ. of
Toronto

$45,600

111

$45,600
$200,000
SFEI

$16,000 - $60,000

No workgroup review

115

USGS

$197,208 - $441,230

No workgroup review

119

USGS

$30,490

No workgroup review

124

$243,698 - $531,720
$20,000
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Table 1: Summary of Proposals for RMP Special Studies in 2018
Workgroup
Other

PCBs
PCBs
PCBs
PCBs

Selenium
Selenium
Selenium

Study Name
Monitoring Design to Assess Acidification Threats in
San Francisco Bay
Total
Planning Budget (from MYP)
PCB Strategy Coordination and Technical Support
Richmond Harbor Priority Margin Unit Conceptual
Model Development
Analysis of DMMO PCB Data
San Leandro Bay Fish Diet Analysis
Total
Planning Budget (from MYP)
Selenium Strategy Coordination and Technical
Support
North Bay Synthesis
Selenium in White Sturgeon Muscle Plugs from 2016
and 2017
Total
Planning Budget (from MYP)

PI / Agency

Funding Request

Notes (Ranking)

Page Number

SFEI

$10,000

No workgroup review

125

$10,000
$0
SFEI

$10,000

All equally important

129

SFEI

$60,000

All equally important

131

SFEI
SFEI

$31,600
$21,000
$122,600
$120,000

All equally important
All equally important

137
141

SFEI

$10,000

1

146

SFEI

$35,000

2

148

SFEI

$35,000

3

150

$80,000
$106,000

Total Funding Request

$2,287,360

Core RMP Funds Available for Special Studies
AMR Funds Available for Emerging Contaminants Special Studies
Total Funds Available for Special Studies

$1,076,000
$289,113
$1,365,113

Funding Shortfall

$922,247
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Emerging
Contaminants

Emerging
Contaminants

Study Name

Emerging
Contaminants
Strategy

Current Use
Pesticides and
Wastewater
Contaminants in
Margin Sediment
and Water

Budget

Summary

Critical Drivers

$65,000

Increasing interest in emerging contaminants issues by the San Francisco Bay Regional Water Board, RMP
stakeholders, and the general public is reflected in headline news as well as policy actions at local, state, and
federal levels. The amount of effort needed to manage the RMP Emerging Contaminants Strategy has
increased significantly in recent years. Core deliverables have been tracking new information regarding
contaminant occurrence and toxicity and updating the RMP’s Tiered Risk and Management Action Framework.
New requests for information include assisting the Water Board with emerging contaminants action plans.
Coordination of pro bono analyses by partners, such as BACWA and universities, is another rapidly expanding
component of strategy implementation. A recently improved Bay-specific contaminant transport model will also
be tested to assess its utility in improving understanding of the role of pathways, in response to a need for
improved modeling capabilities identified by stakeholders and experts. For these reasons, this proposal requests
a $15,000 (30%) increase in funding for managing the RMP Emerging Contaminants Strategy. This represents
less than 20% of the overall RMP CECs planning budget ($350,000).

Essential to coordinate studies relevant
to management actions. Inform policy
actions at local, state, federal levels.
Funding request ~20% of planning
budget.

To leverage an existing RMP effort to collect samples of margin sediment in the South and Lower South Bays
this summer, monitoring of two sets of analytes in margin water and sediment is proposed. First, a screening
study to assess concentrations of current use pesticides is recommended. Current use pesticides are currently
listed as Possible Concerns (Tier I) for the Bay; many pesticides widely used in urban settings have not been
the subject of Bay monitoring studies. Current use pesticides may also be responsible for some of the
unexplained sediment toxicity in the Bay. By employing analytical methods developed by USGS California Water
Science Center (CAWSC; Sacramento, CA), over 150 pesticides can be monitored, including several pesticides
that the California Department of Pesticide Regulation has identified via recent prioritization modeling and
marketplace surveys as high priorities for the southern Bay region, and for which limited to no Bay data are
available.
$128,970

A second screening analysis performed by USGS National Water Quality Laboratory (NWQL; Denver, CO)
scientists can measure the polycyclic musk fragrance ingredient galaxolide (or HHCB) and a number of other
fragrance ingredients. The State Water Board has recently prioritized monitoring for galaxolide in water as part
of a pilot study design for CECs because laboratory studies indicate aquatic toxicity at low levels; previous
monitoring the RMP has conducted on this contaminant was in bivalves and bird eggs collected in 2002-2004.
Analysis of Bay samples would complement an upcoming USGS National Water Quality Assessment Program
study of northern and central California, part of a series of studies taking place in regions across the nation,
which will monitor both pesticides and wastewater contaminants in freshwater streams, but not the Bay.
Monitoring water and sediment samples in southern portions of the Bay for these wastewater contaminants will
also provide concentrations that may be compared conservatively to available aquatic toxicity thresholds, as this
portion of the Bay experiences longer hydraulic residence times relative to other embayments.

Scientific driver: Target analytes selected
based on prioritizations from state
agencies. Bay data will complement
larger USGS study on freshwater
streams.
Management driver: Inform DPR and
DTSC Safer Consumer Products
program actions.
Cost savings: Leverages 2017 margin
sediment collection.
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Study Name

Budget

Emerging
Contaminants

Pharmaceuticals in
Wastewater Data
Analysis &
Reporting

$30,000

Emerging
Contaminants

Non-targeted
Analysis of
Sediment and
Related Studies

$101,000

Emerging
Contaminants

Characterizing
Unknown PFASs
in SF Bay
Sediment

$49,700

Summary

Critical Drivers
Scientific driver: Improved analytical
methods; data will inform future
monitoring strategies and risk
In 2016, six Bay Area wastewater treatment agencies contributed a total of $77,500 towards a voluntary study of prioritization.
pharmaceutical compounds in wastewater. This RMP-coordinated study represents the most comprehensive
Management driver: Increasing
analysis of pharmaceuticals in wastewater to date in this region. The data from this study include the first
populations, pharmaceutical use, and
information available about pharmaceutical compounds in influent and effluent from secondary treatment plants, policy focus on drug take-back programs
and includes measurements in influent, partially treated effluent (tertiary treatment facilities only), final effluent, indicate a need to reassess levels of
recycled water, and reverse osmosis concentrate. Synthesis of the data would be an opportunity to evaluate the pharmaceutical compounds in
current level of concern associated with pharmaceutical compounds in the Bay following recent policy
wastewater
developments surrounding pharmaceutical stewardship. This proposal is for funding to perform quality
Cost savings: Leverages $77,500 from
assurance/quality control review, data analysis, and reporting for the pharmaceuticals dataset. Proposed work
WWTPs and combines QA/QC and data
would leverage the investment made by the wastewater agencies to collect the data and would maximize the
analysis across agencies for cost
use of these data to inform regional efforts to monitor pharmaceuticals and manage contaminant treatment and efficiency.
source reduction.
Time constraint: 75% of the data is
already available and analysis will be
most useful for WWTPs if conducted this
year.
Non-targeted analysis, a key element of the RMP’s CEC strategy and recent state CEC guidance, can help to
Scientific driver: NTA is a key element in
provide a measure of assurance that the RMP is not missing unexpected yet potentially harmful contaminants
the RMP CEC Strategy, and can identify
simply because of failures to predict their occurrence based on use or exposure prioritization criteria. The RMP
unanticipated contaminants that can lead
has recently conducted non-targeted analysis of nonpolar, fat-soluble compounds in bivalve tissue and seal
to targeted chemical monitoring or
blubber, and polar, more water-soluble compounds in water and effluent. This new proposed study would use
toxicity evaluations.
non-targeted techniques from two different labs to examine both nonpolar and polar contaminants in Bay
Management driver: Additional screening
sediment, a matrix that has not yet been screened. This type of non-targeted study will lay the foundation for
of a new class of contaminants, dyes,
future targeted CEC monitoring by helping to identify new potential contaminants of concern without a priori
can inform DTSC's Safer Consumer
knowledge of their occurrence.
Products program.
Cost savings: Leverages 2017 margin
In addition to the non-targeted sediment study, an additional non-targeted study of water is proposed to leverage
sediment sample collection, previously
previous monitoring efforts. This low-cost add-on would screen extracts of passive samplers deployed in 2016
collected 2016 POCIS samples.
for the presence of nonpolar compounds using non-targeted analysis, a direct complement to the ongoing
screening for more polar compounds.
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are an important class of chemicals that are widely used
in industrial, commercial and residential applications. They are of concern because they are highly persistent
and many are associated with a myriad of health effects. Some of the highest concentrations in the world of
perfluorooctane sulfonate (PFOS) have been observed in Bay seals and cormorants. The RMP routinely
monitors for about a dozen of the ~3,000 PFASs in use today. This study will use recently developed methods
to provide a more comprehensive picture of the complete suite of PFASs in sediment. This is of critical
importance as manufacturers phase out the use of PFOS and perfluorooctanoic acid (PFOA) in favor of
alternative PFASs. Very little is known about these alternatives – both in terms of chemical structure and
production volumes. Hence this study will produce a unique dataset for identifying the presence of these
alternatives. Use of this novel method will be critical for tracking the use of this very pervasive and toxic class of
compounds.

Scientific driver: PFAS are highly
persistent; high concentrations have
been measured in Bay seals; Early
recommendation arising from ongoing
PFAS synthesis/strategy (2017 special
study).Management driver: Inform
regional CEC Action Plan, DTSC Safer
Consumer Products program.Cost
savings: Leverages 2017 margin
sediment sample collection, and RMP
sediment archives.
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Emerging
Contaminants

Study Name

Nonylphenol
Ethoxylates in
Margin Sediments

Budget

$9,600

Summary
Nonylphenol ethoxylates (NPEs) and related compounds are nonionic surfactants that were once widely used in
industrial and household laundry detergents; key NPEs are ubiquitously detected in Bay water, sediment, and
bivalve samples. Currently, these compounds are classified as Moderate Concern (Tier III) compounds, and it
has been suggested that concentrations of these compounds may be decreasing from voluntary phase-out of
NPEs from laundry detergents. However, there are many other potential sources of NPEs. Moreover,
preliminary results from a 2016 RMP special study suggest that Bay samples contain a broad, complex mixture
of NPEs and related compounds, including more ethoxylated NPEs that have not been targeted for monitoring in
the Bay. This proposed study will collect and archive sediments in the Lower South Bay margin areas for the
purpose of analyzing a broad suite of NPEs and related compounds.
The cost for the chemical analysis is included as additional work that can provide valuable information to
quantify the NPE and related compounds, should additional resources become available. These margin sites
receive considerable wastewater and stormwater discharges, and are more likely to reflect contamination of
current uses of chemicals. Analysis of NPEs and related compounds would provide information to help
determine whether NPEs should continue to be classified as Tier III contaminants, and additional information
about the influence of ongoing sources of contamination, including effluent and runoff.

Sources
Pathways and
Loading

Small Tributaries
Loading POC
Watershed
Characterization
Reconnaissance
Monitoring

Sources
Pathways and
Loading

STLS POC
StormwaterRegional
Watershed
Spreadsheet
Model Support

Sources
Pathways and
Loading

Planning Support
for Stormwater
Alternative Flame
Retardants
Conceptual Model

$245,000 320,000

$7,000

$13,000 16,000

Critical Drivers

Scientific driver: NPEs are classified as a
moderate concern, yet no recent Bay
data exist; with completion of the full
study, we can evaluate a suite of
potential analytes to determine which
merit further attention.Management
driver: Inform DTSC Safer Consumer
Products program and regional CEC
Action Plans.Cost savings:Leverages
2017 margin sediment collection.

Management Driver: further knowledge
about concentrations and particle ratios
This study contains two elements: (1) Advanced data analysis ($100-120k); and (2) Wet weather field monitoring
in stormwater across the region,
($145-200k). The advanced analysis will more deeply analyze the wealth of data already collected with the
identification of areas and sources that
primary goal to develop a stepwise methodology for improved interpretation and identification of watersheds of
disproportionately contribute to high
management interest that both BASMAA and RMP staff can follow in a consistant manner.
concentrations, identification of
characteristics that lead to variability in
The wet weather field monitoring program will continue in the WY 2018 winter season, using the same general
stormwater concentrations, and improved
field sampling design implemented during last three water years, and augmented/altered using the improved
sampling and interpretation
sampling methodologies and the decision tree for site and storm characteristics developed by the advanced
methodologies for idenifying sites of
data analysis.
greater management interest and
possible followup.

Provide any occasional support for the RWSM after it becomes publicly available to maintain a collaborative
peer-review process for subsequent model refinements, and ensure public accessibility to the model.

Essential to ensure the maintenance and
public access of RWSM

Management Driver: this study will
identify the priority management
information needs for AFRs in
Review available PBDE data and conceptual models and recommend how those can inform the ECWG’s
stormwater runoff to SF Bay, and assess
planning for a 2019 study proposal of alternative flame retardants (AFRs) that are being used to replace PBDEs.
the applicability of previous PBDE and
AFR data and conceptual models to a
conceptual model of AFRs in stormwater.

Item 04 - RMP 2018 Special Studies Proposals - Page 8

Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Study Name

Budget

Summary

Critical Drivers

Management Driver: The STLS
watershed loadings trends strategy is
designed to answer a key management
question of how regional scale loads are
changing through time (and consequently
Develop an integrated strategy of trends evaluation for application at select sites and modeling to understand
how Bay Water Quality is changing) as a
trends in pollutant concentrations and loads in both representative selected watershed sites and the region as a result of decadal long management
whole. The strategy will serve as a road map for the next five years, and possibly beyond, that will lead to a
actions and in relation to TMDL goals.
robust framework for tracking regional scale loading trends over time.
The trends strategy aims to to create and
initiate an affordable/feasible program for
tracking regional trends of watershed
loads and address management
questions at regional, watershed, and
local scales.

Sources
Pathways and
Loading

STLS POC
StormwaterTrends strategy
development

Sources
Pathways and
Loading

Small Tributaries
Loading Program
Management

$32,000

Support for the Small Tributaries POC stormwater concentration and loading program through monthly
communication with BASMAA program and Water Board representatives. This will be completed through regular Essential to coordinate studies relevant
check in phone calls, planning for and development of meeting agendas and materials, preparation of meeting to management actions.
summaries, and monitoring the agenda of and attendance at key external meetings.

Exposure and
Effects

Exposure and
Effects Workgroup
Strategy
Coordination and
Technical Support

$10,000

Develop an updated multi-year plan for the Exposure and Effects Workgroup. Funds for this task would enable
SFEI to continue to consult with the EEWG regarding plans for the next iteration of Exposure and Effects
activities that can inform management decisions in San Francisco By. Funds would also support small-scale
synthesis of information that is needed to support these discussions.

Exposure and
Effects

Causes of
Sediment Toxicity
to Amphipods:
Clay vs.
Contaminant
Effects

$75,000 95,000

$34,170

This study will develop an ex situ interstitial water toxicity test method for more accurate analyses and then apply
it to field sediments in order to evaluate the influence of sediment clay on RMP sediment toxicity results. The
working hypothesis behind this proposal is that in sediments where high clay concentrations are the primary
driver of amphipod mortality, toxicity due solely to clay would not be observed in interstitial water exposures.
This project will be a collaboration between UC Davis – Granite Canyon (UCD-GC) and the Southern California
Coastal Water Research Project (SCCWRP). This is intended to be a two-phase study. Phase 1 (current
proposal) will develop an ex situ interstitial water exposure and toxicity test method for use in distinguishing
between the effects of physical sediment factors (e.g., clay) and sediment contamination (Objective 1). The ex
situ method will be validated by testing sediment that has been spiked separately with increasing concentrations
of clay and representative chemicals (Objective 2). Phase 2 will utilize the method to assess the toxicity of fieldcollected sediments from two regional monitoring programs (Objectives 3 & 4).

Essential to coordinate studies relevant
to management actions.

Management Driver: Understanding the
causes of apparent sediment toxicity.
Recently, the Regional Board considered
adding most of San Francisco Bay to the
303d list for sediment toxicity. Recent
research on size-specific clay effects
have increased our understanding of how
this non-contaminant factor influences
sediment toxicity test results. Because of
the potential for clay to impact
amphipods through interactive effects
with contaminants, additional progress
on causes of sediment toxicity in San
Francisco Estuary require methods to
separate clay-induced mortality from
chemical effects.
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Study Name

Budget

Exposure and
Effects

Support for
Sediment
Bioaccumulation
Evaluations

$30,000

Exposure and
Effects

Synthesis of
Benthic
Community Data in
the Whole of San
Francisco Bay
using the M-AMBI
Index

Nutrients

Ship-Based
Sampling and
Sample Analysis

Nutrients

Open-Bay and
Slough Moored
Sensors: Data
Analysis,
Interpretation, and
Maintenance

$21,000 $50,000

Summary
The Dredged Material Management Office (DMMO) is responsible for approving millions of cubic yards of
routine dredging projects in the San Francisco Bay to maintain safe navigation. Dredged sediment as well as
the remaining residual sediment surface are evaluated to ensure projects do not produce adverse environmental
impacts. Bioaccumulation testing of dredged material is required if certain triggers are exceeded. However, the
process for evaluating bioaccumulation test results is complicated and often site-specific, and is currently
developed and agreed upon between dredgers and regulators on a case-by-case basis. This study would
develop a standard list of toxicity reference values (TRVs) based on the U.S. Army Corps of Engineers’
(USACE) Environmental Residue Effects Database (ERED), which can be used as a screening tool to evaluate
bioassay results for the region. By developing a list of the most relevant TRV values up front, this study will
save dredgers and regulators time and money by avoiding the need to conduct individual studies to develop
TRVs, and also improve the efficiency and consistency of dredging project evaluations. This study will also
recommend standard bioassay inputs for bioaccumulation modeling in fish for screening-level evaluation of
dredging projects.

Critical Drivers

Management Driver: Improving efficiency
for dredged material bioaccumulation
testing.

Management Driver: Understanding the
causes of apparent sediment toxicity.
Evaluation of macrobenthic community condition is an integral component of sediment quality assessment, and
Recently, the Regional Board considered
is a required element of the SQO assessment framework. We do not, at present, have robust and validated
adding most of San Francisco Bay to the
tools to interpret macrobenthic community health in the mesohaline, oligohaline, and tidal fresh water habitats of
303d list for sediment toxicity. The
San Francisco Bay Estuary (i.e., 50% of the whole system). Consequently, SQO assessments showing 52% of
products from this study will provide the
San Francisco Bay with poor benthic condition may be inaccurate and misrepresenting the apparent extent of
RMP and associated stakeholders with a
contaminant-impacted sediments. We propose to update the SQO assessments of San Francisco Bay by
better understanding of the health of the
incorporating a newly revised version of the M-AMBI (Multivariate AZTI Marine Biotic Index) benthic index
San Francisco Bay Estuary’s
designed to work in multiple estuarine habitats across the United States, including the polyhaline, mesohaline,
macrobenthic communities, and also an
and oligohaline habitats in the San Francisco Bay Estuary. To do this we will calibrate the M-AMBI across the
evaluation of the suitability of the M-AMBI
estuary’s different habitats and integrate the M-AMBI scores into the SQO assessment framework. The
for use in the SQO assessment
successful integration of this new benthic tool will allow for the first time, a robust SQO assessment of the
framework. These results can be used to
potential impacts of toxic, sediment-bound chemicals on the macrobenthic resources of the San Francisco Bay
infer the impacts of pollution on the
Estuary.
estuary, how it has changed since 2008,
and how it may change in the future.

$177,000

Ship-based samples will be collected and analyzed for a range of nutrient-related parameters. This data is
essential for basic condition assessment, model calibration, and improved understanding of nutrient behavior
and nutrient-related effects in the Bay. Ship-based discrete samples will be collected by USGS aboard the R/V
Peterson on ~12 full-bay cruises and an additional ~12 South Bay cruises.

$342,000

High-frequency moored in situ sensors at the Dumbarton Bridge have improved our understanding of dissolved
oxygen in Lower South Bay. This proposal would maintain the network of moored sensors in open waters and
margin areas of Lower South Bay measuring dissolved oxygen and a range of other parameters. In addition to
data collection, FY18 activities would include data analysis with a major focus on quantitative mechanistic
interpretation to identify factors contributing to observed DO conditions, possibly including the use of simplified
reactive-transport models.

Management Driver: Characterizing
nutrient concentrations and nutrientrelated effects are high priorities for the
Nutrient Management Strategy.
Upcoming decisions about nutrient
permits for wastewater treatment
facilities are the management driver for
this focus area.
Management Driver: Characterizing
nutrient concentrations and nutrientrelated effects are high priorities for the
Nutrient Management Strategy.
Upcoming decisions about nutrient
permits for wastewater treatment
facilities are the management driver for
this focus area.
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Microplastics

Sediment

Study Name

Microplastics in
San Francisco
Bivalves

Hosting and
Support for DMMO
Database

Sediment

Improved Lower
South Bay
SuspendedSediment Flux
Measurements

Sediment

Mallard Island
SuspendedSediment
Monitoring

Budget

Summary

$45,600

Management Driver: A high priority for
the Microplastic Strategy is
With external funding from the Moore Foundation and the RMP, SFEI is embarking on a significant effort to
understanding whether microplastics are
characterize microplastics in San Francisco Bay over the next two years. The project will provide information to
taken up into biota and how this
address many of the management questions articulated in the RMP Microplastic Strategy. A key element that
influences chemical body burden. This
was not included in the Moore project was the characterization of microplastics in bivalves. Bivalves are an
project will characterize uptake of
important food source to Bay wildlife, are integrators of contaminants in the water column, and provide a robust
plastics by filter feeders, which is a
long-term data set to evaluate trends. In 2018, as part of RMP Status and Trends monitoring, bivalves will be
critical data gap that is not being covered
deployed, collected, and analyzed for a suite of contaminants. Resident species of bivalves are also collected
by the Moore Foundation study. The
as part of the nutrient monitoring that is routinely conducted. This project proposes to augment the existing
study will leverage the bivalve cruise and
RMP efforts by including microplastics analyses.
chemical analyses of the bivalves that
will be conducted by the RMP in 2018.

$16,000 $60,000

$197,208 $441,230

$30,490

Critical Drivers

The current DMMO database is managed by the USACE and is available here: http://www.dmmosfbay.org/. The
benefits of transitioning the hosting and managing of the database to SFEI include stable funding and support
for the database, and the ability to integrate the DMMO data into SFEI’s other data visualization tools in the
future, such as the Contaminant Data Display and Download tool (cd3.sfei.org), which is the primary data
access and visualization tool for the Regional Monitoring Program’s 25 year dataset. DMMO data could also be
integrated and visualized through CD3, and thus making it easier to synthesize the DMMO data (e.g., dioxin
data or contamination hot spots in the margins). In addition, this project would establish the infrastructure for
Management Driver: Improving efficiency
potential future enhancements to the DMMO database, such as developing a tool for compiling “Tier 1” track
for accessing and managing dredged
records for projects or project clusters using the DMMO and other relevant data.
material data throughout the Bay region.
SFEI and the LTMS agencies propose a four step process to make dredged material data accessible to
managers. The first step would be to upload the DMMO database to SFEI’s server. The second step would be
to the evaluate goals and objectives of the DMMO database. The third step would be to host and manage the
DMMO database on SFEI’s servers. The fourth step would be to assist with data uploads and troubleshoot as
needed.

Lower South Bay (LSB) sediment flux monitoring and research began in WY 2009 at Dumbarton Bridge (DMB)
due to the importance of sediment supply to the success of the nearby South Bay Salt Ponds Restoration
Project and transport of sediment-associated contaminants. Recent work on sediment flux computations at DMB
has focused on reducing uncertainty in flux estimates by accounting for flocculation in the water column. When
accounting for flocculation, net suspended-sediment flux computed from the mid-depth sensor changes direction
over a 3.5 year period (Fig. 2) and more closely agrees with flux estimates from previous numerical modeling
efforts (Bever and MacWilliams, 2013). Preliminary analyses indicate that flocculation covaries with the tidal
cycle and is greater on flood tides. If corroborated with additional field data proposed herein, these results
would: 1) validate the proposed correction of previous estimates of sediment flux, which, by not accounting for
flocculation at the mid-depth sensor, underestimated flood-directed fluxes and overestimated ebb-directed
fluxes; and 2) greatly reduce uncertainty in the proposed continuation of sediment flux measurements.

Management Driver: Understanding the
sediment mass balance in Lower South
Bay is critical for marsh restoration in that
region.

The data are needed to evaluate trends
Maintain data collection, processing, and publication for turbidity and suspended-sediment concentration (SSC) of turbidity and SSC and to estimate
at Mallard Island station (USGS 11185185).
sediment supply from the Delta to Suisun
Bay.
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Study Name

Other

Monitoring Design
to Assess
Acidification
Threats in San
Francisco Bay

PCBs

PCB Strategy
Coordination and
Technical Support

PCBs

PCBs

PCBs

Richmond Harbor
Priority Margin Unit
Conceptual Model
Development

Analysis of DMMO
PCB Data

San Leandro Bay
Fish Diet Analysis

Budget

Summary

Critical Drivers

$10,000

Develop a monitoring design for carbonate chemistry to assess acidification threats in San Francisco Bay.
Funds for this task would enable staff to follow-up on the near-term monitoring recommendations from the
Ocean Acidification Workshop held in October 2016. This would include an inventory of existing monitoring
assets as well as the beginning to plan for implementation of a carbonate chemistry monitoring program. Funds
would also support small-scale synthesis of information that is needed to develop the monitoring design.

Management Driver: Ocean acidification
is expected to impact estuaries on the
West Coast. A workshop at SFEI in 2016
recommended that a carbonate
chemistry program be implemented for atrisk segments of the Bay.

$10,000

Funds for this task would enable SFEI to continue to consult with the PCB Workgroup and the Small Tributary
Loadings Strategy Team regarding plans for the next iteration of the TMDL and RMP activities that can inform
the TMDL. Funds would also support small-scale synthesis of information that is needed to support these
discussions. The plan will include a multi-year schedule of budgets and deliverables aimed at providing a
technical foundation for the next iteration of the TMDL.

Management Driver: PCB TMDL and
MRP 2.0.

$60,000

The goal of RMP PCB Strategy work over the next few years is to inform the review and possible revision of the
PCB TMDL and the reissuance of the Municipal Regional Permit for Stormwater (MRP), both of which are
tentatively scheduled to occur in 2020. Conceptual model development for a set of four representative priority
Management Driver: PCB TMDL and
margin units will provide a foundation for establishing an effective and efficient monitoring plan to track
responses to load reductions and also help guide planning of management actions. The Emeryville Crescent
MRP 2.0.
was the first PMU to be studied in 2015-2016. The San Leandro Bay PMU is second (2016-2017). The third was
Steinberger Slough in San Carlos, and the fourth is Richmond Harbor. A report on this fourth PMU and
summarizing conclusions across all four PMUs will be completed in 2018.

$31,600

The Dredged Material Management Office (DMMO) maintains a database that compiles sediment chemistry
testing data from all dredging projects in San Francisco Bay. This rich database has only recently been released
to the public. This study would synthesize the available information from the DMMO database to evaluate PCB
concentrations from dredging projects, to compare their concentrations ranges to other areas (e.g., open water
Management Driver: PCB TMDL.
and margin ambient sites), and to estimate the mass of PCB removed from the Bay by dredging. These data
would provide valuable information to confirm the PCB TMDL assessment that dredging results in a net loss of
PCBs from the Bay and to leverage data already collected to evaluate the current conceptual model of PCBs in
the Bay.

$21,000

Funding from the RMP and SEPs is supporting development of a conceptual model and an extensive field study
of PCB concentrations in San Leandro Bay to address critical information needs related to conceptual model
development. The objectives of the field study are to 1) implement the monitoring recommendations and test the
hypotheses developed in the conceptual model for the Emeryville Crescent PMU; and 2) provide the information
needed to support development of an updated PCB food web model that includes prey fish. The funding
Management Driver: PCB TMDL and
requested in this proposal would support analysis of gut contents and stable isotopes for samples of sport fish
MRP 2.0.
and prey fish species from San Leandro Bay. The PCB Workgroup has identified this information to be critical in
understanding PCB accumulation in the San Leandro Bay food web, and in deciding on strategies for monitoring
and managing PCB contamination. Completion of this work in late 2017 will allow incorporation of the
information into the final conceptual model report for San Leandro Bay.
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Table 2: Short Descriptions of Proposals for RMP Special Studies in 2018
Workgroup

Study Name

Budget

Summary

Critical Drivers

Selenium

Selenium Strategy
Coordination and
Technical Support

$10,000

The funds would support SFEI coordination and technical support for Workgroup activities and continuing
development of the Selenium Strategy.

Management Driver: North Bay Selenium
TMDL

$35,000

A synthesis of information for North Bay selenium indicators that would support an integrated and strategic
approach to monitoring in support of the TMDL. Specific items to be covered include examination of the
linkages between the three indicators, completing the development of the statistical framework for monitoring
design and data evaluation, and consideration of analytical methods for long-term monitoring. The synthesis
would be performed collaboratively by USGS, Tetra Tech, and SFEI.

Management Driver: North Bay Selenium
TMDL

Selenium

Selenium

North Bay
Synthesis

Selenium in White
Sturgeon Muscle
Plugs from 2016
and 2017

$35,000

In March 2016, the State Water Resources Control Board approved a Selenium TMDL for North San Francisco
Bay, which established a white sturgeon muscle tissue target of 11.3 ug/g dry weight as a basis for evaluating
impairment. In 2014, the RMP conducted a pilot study in collaboration with the California Department of Fish and
Wildlife (CDFW) and United States Fish and Wildlife Service (USFWS) to develop a non-lethal monitoring
method for collecting white sturgeon muscle tissue using muscle plugs. A large number of samples (60
samples) were successfully collected in 2015 (a dry year) during a second year of sampling (30 of which were
analyzed). This study proposes to continue this sampling through (1) analyzing tissue samples collected pro
Management Driver: North Bay Selenium
bono by USFWS in 2016 (another dry year - to confirm the 2015 results) and (2) collecting and analyzing tissue
TMDL
samples in fall 2017 (following a very wet winter - to allow a comparison of wet and dry years). Data from 20152017 will establish a baseline for a long-term time series of tracking condition relative to the TMDL target.
Task 1 includes the analysis of tissue samples already collected in 2016 and the collection of samples in fall
2017. This task will be funded through approved SEP funds that have been designated for selenium monitoring.
Task 2 includes the analysis of the fall 2017 samples, data management, and reporting for both the 2016 and
2017 data.
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Special Study Proposal:
Emerging Contaminants Strategy
Summary:

Increasing interest in emerging contaminants issues by the San Francisco Bay
Regional Water Board, RMP stakeholders, and the general public is reflected
in headline news as well as policy actions at local, state, and federal levels.
The amount of effort needed to manage the RMP Emerging Contaminants
Strategy has increased significantly in recent years. Core deliverables have
been tracking new information regarding contaminant occurrence and
toxicity and updating the RMP’s Tiered Risk and Management Action
Framework. New requests for information include assisting the Water Board
with emerging contaminants action plans. Coordination of pro bono analyses
by partners, such as BACWA and universities, is another rapidly expanding
component of strategy implementation. A recently improved Bay-specific
contaminant transport model will also be tested to assess its utility in
improving understanding of the role of pathways, in response to a need for
improved modeling capabilities identified by stakeholders and experts. For
these reasons, this proposal requests a $15,000 (30%) increase in funding for
managing the RMP Emerging Contaminants Strategy. This represents less
than 20% of the overall RMP CECs planning budget ($350,000).

Estimated Cost:

$65,000

Oversight Group:

ECWG

Proposed by:

Rebecca Sutton (SFEI)

PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Task 1. Information gathering from a variety of sources throughout the year,
including presentations at scientific conferences, to inform Task 5
Task 2. Assist Water Board and other RMP stakeholders with science summaries
relating to policy including emerging contaminants action plans and
comment letters regarding proposed actions of other agencies
Task 3. Coordinate pro bono studies conducted in collaboration with RMP Status
and Trends monitoring activities
Task 4. Present an update of RMP CEC Strategy, ongoing or completed special
and pro bono studies, and new studies to the Steering Committee
Task 5. Review RMP tiered monitoring and management risk framework,
integrating new data and external information (Task 1)
Task 6. Update the RMP CEC Strategy document with revised tiered framework
tables and multi-year plan, discussion of new RMP data and information
gathered (Task 1); include discussion of role of improved Bay
contaminant transport model in informing understanding of fate and
transport of emerging contaminants in the Bay

1

Due Date
Year-round
Year-round
Year-round
Summer 2018
Summer 2018
Fall 2018
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Background
The science and management of contaminants of emerging concern (CECs) is an area of
dynamic recent development. In 2016, Congress made major changes to the Toxic
Substances Control Act, the primary legislation governing production and use of chemicals
in the U.S. While the full impacts of this action are not yet certain, passage of legislation
designed to modify a law that has been unchanged for 40 years is a clear sign of the growing
concern surrounding the widespread introduction of thousands of chemicals into commerce
without significant testing to establish safety for humans or wildlife. The general public has
also become increasingly engaged on issues of chemical safety and potential ecological harm,
informed by headlines in major newspapers across the country.
The RMP, a global leader on contaminants of emerging concern (CECs), stays ahead of the
curve by identifying problem pollutants before they can harm wildlife. The RMP completed a
strategy document outlining a comprehensive, forward-looking approach to addressing
CECs in San Francisco Bay (Sutton et al. 2013). A major revision to this document (Sutton
et al. 2017) will be discussed at the March 2017 ECWG meeting. The RMP’s CECs strategy
consists of three major elements. First, for contaminants known to occur in the Bay, the
RMP evaluates relative risk using a Tiered Risk and Management Action Framework. This
risk-based framework guides future monitoring proposals for each of these contaminants.
The second element of the strategy involves review of scientific literature and other aquatic
monitoring programs to identify new contaminants for which no Bay data yet exist. Finally,
the third element of the strategy consists of non-targeted monitoring, including broadscan
analyses and development of bioanalytical tools.
For the RMP CECs Strategy to remain relevant and timely, it needs annual updates with new
information on analytical methods and study findings from the RMP and others. Funds are
needed to review new results, track research conducted elsewhere, and keep stakeholders
apprised of findings. Coordination of pro bono analyses is another rapidly expanding
component of the strategy fund. At the same time, it is important for the RMP to provide
relevant, objective science to inform the growing number of policy actions concerning
emerging contaminants, an increasing demand on staff time.
In 2017, the RMP Steering Committee approved $50,000 for this strategy support task. Also
beginning in 2017, the RMP directed significantly increased resources for monitoring and
special studies relating to emerging contaminants, the result of an optional reduced
monitoring schedule for municipal wastewater discharges to the Bay in exchange for
increased payments to the RMP. With the potential for a similar level of resources directed
towards emerging contaminants in 2018, and the addition of specific deliverables regarding
modeling, the recommended budget needed for managing the RMP CEC Strategy is $65,000.
Additional budget details are provided in the following sections.

2
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Study Objectives and Applicable RMP Management Questions
Table 1: Study objectives and questions relevant to RMP management questions
Management Question

Study Objective

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

Compare existing occurrence
data with new toxicity
information reported in the
scientific literature.

2) What are the concentrations
and masses of contaminants in
the Estuary and its segments?
2.1 Are there particular regions
of concern?
3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts in
the Estuary?
3.1. Which sources, pathways,
etc. contribute most to impacts?

4) Have the concentrations,
masses, and associated impacts
of contaminants in the Estuary
increased or decreased?
4.1. What are the effects of
management actions on
concentrations and mass?
5) What are the projected
concentrations, masses, and
associated impacts of
contaminants in the Estuary?

Evaluate future monitoring
needs and toxicity data gaps.
Does new knowledge including
recently published toxicity data
and/or source/pathway
information suggest different
relative risks for any of the five
subembayments?
Evaluate improvements in
modeling capabilities through
by comparing predictions to
monitoring results.
Does new research in other
regions provide insight as to
key sources, pathways, loadings,
and processes that affect
impacts of emerging
contaminants?
Does trend data from other
regions suggest likely trends in
the Bay?
Which new management
actions are likely to impact
contaminant levels?
Do data on production, use,
and source trends in the
scientific and trade literature
provide a means of prioritizing
relative risk of Bay
contaminants?

Example Information
Application
Does the latest science suggest a
reprioritization of chemicals as
we learn more about them?
Which newly identified
contaminants merit further
monitoring?
What are the key regional
influences on different
subembayments that impact
concentrations, masses, and
potential risk of emerging
contaminants?
Are relative levels of
contaminants in different
matrices or subembayments
consistent with our expectations
for various contaminant
processes?

Are additional or different
actions needed to reduce levels
below aquatic toxicity
thresholds?

Do production, use, and source
trends suggest likely changes in
the relative risk of specific
emerging contaminants?

Emerging contaminants strategy work most directly addresses questions 1, 3, and 5, by
assuring that all manner of relevant new information is brought to bear in evaluating the
relative risk of emerging contaminants to Bay wildlife. For example, a new study identifying a
lower toxicity threshold for a particular contaminant might suggest that the risk tier in which
that contaminant had been placed should be revised.

3
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In addition, the study will address emerging contaminants priority questions:
• Which CECs have the potential to adversely impact beneficial uses in San Francisco
Bay?
• What are the sources, pathways, loadings, and processes leading to CEC pollution in
the Bay? (proposed)
• Have the concentrations of CECs in the Bay increased or decreased? (proposed)
• Which management actions may be effective in reducing CEC levels? (proposed)

Approach
The emerging contaminants strategy funding supports the review of key information sources
throughout the year. These sources include:
•

•
•

Abstracts and newly published articles in key peer-reviewed journals (e.g.,
Environmental Science and Technology, Environmental Toxicology and Chemistry,
Environment International)
Documents produced by other programs (e.g., USEPA, Environment Canada,
European Chemicals Agency, Great Lakes CEC Program)
Abstracts and proceedings from relevant conferences (e.g., Society of Environmental
Toxicology and Chemistry, International Symposium on Brominated Flame
Retardants)

In addition, strategy funding allows staff to provide additional services, such as:
•
•
•
•
•

Numerous presentations, briefings, and stakeholder interactions
Scientific assistance to the Water Board as the agency prepares emerging
contaminant action plans
Scientific assistance to stakeholders engaged in emerging contaminants policy
Coordination of pro bono analyses
Improved modeling capabilities: In 2017, the San Francisco Bay transport model will
be updated with major improvements regarding stormwater and runoff sources. In
2018, the model can then be used to predict the stormwater and wastewater
contributions of water-soluble contaminants (e.g., imidacloprid, phosphate flame
retardants) to Bay waters, using existing data on concentrations in each of these
pathways. These predictions can be compared to values measured in ambient Bay
water samples collected in 2017, allowing an assessment of the transport model’s
functionality and as well as the conceptual models relevant to each contaminant.

The proposed deliverables table on the first page of this proposal lists the specific tasks to be
completed and their due dates.

4

Item 04 - RMP 2018 Special Studies Proposals - Page 17

Emerging Contaminants Strategy – June 2017

Budget
The following budget represents estimated costs for 2018 Emerging Contaminants Strategy.
Table 2. 2018 Emerging Contaminants Strategy budget
Deliverables
Tasks 1-6: Information gathering from a variety of sources throughout the year,
including presentations at scientific conferences, to inform Task 5; Assist Water
Board and other RMP stakeholders with science summaries relating to policy
including emerging contaminants action plans and comment letters regarding
proposed actions of other agencies; Coordinate pro bono studies conducted in
collaboration with RMP Status and Trends monitoring activities; Present an
update of RMP CEC Strategy, ongoing or completed special and pro bono
studies, and new studies to the Steering Committee; Review RMP tiered
monitoring and management risk framework, integrating new data and external
information (Task 1); and Update the RMP CEC Strategy document with
revised tiered framework tables and multi-year plan, discussion of new RMP
data and information gathered (Task 1) and include discussion of role of
improved Bay contaminant transport model in informing understanding of fate
and transport of emerging contaminants in the Bay.

Budget

$65,000

Budget Justification
Significant increases in RMP resources dedicated to CEC special studies, beginning in 2017
and expected to continue in 2018, require greater levels of engagement, outreach,
coordination, and integration to assure strategic use of available funds.
Funding for managing the CEC Strategy in 2017 ($50,000) covers updates to the Tiered Risk
and Management Framework (element one of the RMP CEC strategy), review of the state of
the science concerning CECs and interaction with other monitoring groups (element two),
and interpretation of the findings of non-targeted analysis (element three) to determine new
monitoring priorities. It also covers scientific assistance to stakeholders, including the first
RMP webinar, on passive and alternative monitoring techniques, held in January 2017.
Finally, a portion of funding is being used to leverage in-house modeling capabilities to
improve the understanding of the fate and transport of emerging contaminants in San
Francisco Bay.
With the recent increase in the overall RMP planning budget for CECs, a corresponding
increase in strategy is needed to maximize programmatic impact. In 2018, we anticipate
increased engagement with stakeholders, including scientific advisory support for the Water
Board and others concerning relevant policy proposals and actions at the local, state, and
federal levels. We also anticipate increasing coordination of pro bono analyses that leverage
RMP funds. Finally, the development and use of contaminant transport modeling as a tool
for understanding and predicting the fate and transport of emerging contaminants will
require resources. To provide cost-effective expertise to address these demands, this
proposal requests an additional $15,000 of funding for 2018.
5
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By providing funding for the emerging contaminants strategy, the RMP can be assured it is
getting “the most bang for its buck,” targeting the highest priority contaminants among the
many thousands in commerce and potentially discharged to the Bay. The RMP is a global
leader in CEC monitoring, yet it must be efficient and pragmatic in the face of finite
resources. An increase in funding for this task will allow for strategic thinking using the latest
science, so that the RMP can continue to generate the information water managers need to
effectively address emerging contaminants in the Bay. This represents less than 20% of the
overall RMP CECs planning budget ($350,000); historically, CEC strategy funding has often
represented 20% of the planning budget.

Reporting
A number of RMP CEC Strategy presentations (Emerging Contaminants Workgroup
meeting and followup teleconference, Steering Committee, and Annual Meeting) provide
opportunities to report on this work. A brief update to the RMP CEC Strategy, including
revised tiered framework tables and multi-year plan, represents another key reporting
mechanism for the RMP.

References
Sutton R, Sedlak M, Davis J. 2013. Contaminants of Emerging Concern in San Francisco
Bay: A Strategy for Future Investigations. SFEI Contribution 700. San Francisco Estuary
Institute, Richmond, CA.
http://www.sfei.org/documents/contaminants-emerging-concern-san-francisco-baystrategy-future-investigations
Sutton R, Sedlak M, Sun J, Lin D. 2017. Contaminants of Emerging Concern in San
Francisco Bay: A Strategy for Future Investigations. 2017 Revision DRAFT. SFEI
Contribution 815. San Francisco Estuary Institute, Richmond, CA.
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Special Study Proposal: Current Use Pesticides and
Wastewater Contaminants in Margin Sediment and
Water
Summary:

To leverage an existing RMP effort to collect samples of margin sediment
in the South and Lower South Bays this summer, monitoring of two sets
of analytes in margin water and sediment is proposed. First, a screening
study to assess concentrations of current use pesticides is recommended.
Current use pesticides are currently listed as Possible Concerns (Tier I) for
the Bay; many pesticides widely used in urban settings have not been the
subject of Bay monitoring studies. Current use pesticides may also be
responsible for some of the unexplained sediment toxicity in the Bay. By
employing analytical methods developed by USGS California Water
Science Center (CAWSC; Sacramento, CA), over 150 pesticides can be
monitored, including several pesticides that the California Department of
Pesticide Regulation has identified via recent prioritization modeling and
marketplace surveys as high priorities for the southern Bay region, and for
which limited to no Bay data are available.
A second screening analysis performed by USGS National Water Quality
Laboratory (NWQL; Denver, CO) scientists can measure the polycyclic
musk fragrance ingredient galaxolide (or HHCB) and a number of other
fragrance ingredients. The State Water Board has recently prioritized
monitoring for galaxolide in water as part of a pilot study design for CECs
because laboratory studies indicate aquatic toxicity at low levels; previous
monitoring the RMP has conducted on this contaminant was in bivalves
and bird eggs collected in 2002-2004. Analysis of Bay samples would
complement an upcoming USGS National Water Quality Assessment
Program study of northern and central California, part of a series of
studies taking place in regions across the nation, which will monitor both
pesticides and wastewater contaminants in freshwater streams, but not the
Bay. Monitoring water and sediment samples in southern portions of the
Bay for these wastewater contaminants will also provide concentrations
that may be compared conservatively to available aquatic toxicity
thresholds, as this portion of the Bay experiences longer hydraulic
residence times relative to other embayments.

Estimated Cost:

$128,970

Oversight Group:

ECWG

Proposed by:

Rebecca Sutton (SFEI), Michelle Hladik (USGS CAWSC),
Ed Furlong (USGS NWQL), Jennifer Sun (SFEI), Diana Lin (SFEI)
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PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Task 1. Project Management (write and manage sub-contracts, track
budgets)
Task 2. Field Sampling
Task 3. Lab analysis
Task 4. QA/QC and contaminant risk review
Task 5. Draft report
Task 6. Final report

Due Date
Summer 2017 – Fall 2018
Summer 2017
Winter 2017
Spring 2018
Summer 2018
Fall 2018

Background
The RMP has recently begun to focus on better characterization of contaminants in nearshore “margin” areas of San Francisco Bay, an area that previously was not included in the
study design for Status and Trends. The margins directly receive discharges of stormwater
and wastewater, and are more contaminated by some types of urban pollution than the
ambient Bay. The margins are more likely to be a depositional sediment environment relative
to the ambient Bay, so sediment-bound contaminants may build up in these areas. In the
summer of 2017, the RMP is collecting samples of margin sediment in the South and Lower
South Bays, embayments with higher ambient levels of urban contaminants, due to higher
wastewater and stormwater discharges and lower levels of dilution.
This proposal outlines study of two classes of contaminants in the margins, current use
pesticides and wastewater contaminants including key fragrance ingredients. Consultation
with DPR scientists suggests the need for Bay data on several pesticides in current use. DPR
uses two methods to prioritize pesticides for study. The first is a Surface Water Protection
Program (SWPP) Surface Water Monitoring Prioritization Model
(cdpr.ca.gov/docs/emon/surfwtr/sw_models.htm), which uses pesticide application data
from the Pesticide Use Reporting (PUR) database and pesticide chemical toxicity
benchmarks from USEPA to run a watershed-specific pesticide prioritization algorithm.
Because the PUR database does not include information on use of pesticides marketed to
consumers, DPR uses a second method, a marketplace survey to assess relative availability of
different active ingredients, to supplement the model-based prioritization.
A synthesis of these exercises specific to the South and Lower South Bay region suggests the
need to monitor a number of current use pesticides in margin sediment, including eight
pyrethroids, fipronil (and degradates), pyriproxyfen (a hormone mimic), etofenprox (a
pyrethroid ether), and oxyfluorfen and pendimethalin, both herbicides. Pesticides identified
as priorities for water monitoring include nine pyrethroids, fipronil (and degradates),
pyriproxyfen, organophosphate insecticides (dichlorvos, malathion, diazinon, naled,
chlorpyrifos), imidacloprid, atrazine (herbicide), mancozeb (fungicide, degradate ethylene
thiourea), diquat dibromide (herbicide), oxyfluorfen, sulfometuron-methyl (herbicide),
diuron (herbicide), pendimethalin, flumioxazin (herbicide), and etofenprox. Screening studies
focused on these priority pesticides will provide information useful to Bay water quality
managers as well as DPR.

2

Item 04 - RMP 2018 Special Studies Proposals - Page 21

Current Use Pesticides and Wastewater Contaminants in Margin Sediment and Water – June 2017

Of note, previous RMP monitoring of several pyrethroids in Bay sediment found
concentrations well below levels of concern, leading to the designation of this pesticide class
as Low Concern (Tier II) contaminants for the Bay. However, the samples tested were
collected in the ambient Bay, generally removed from stormwater and wastewater discharges.
If there are problematic concentrations of pyrethroids in the Bay, they are more likely to be
found in the margins. Current use pesticides may also be responsible for some of the
unexplained sediment toxicity in the Bay.
Monitoring for a second set of analytes, using a USGS method for a diverse set of
wastewater contaminants, is also proposed. Of key importance to water quality managers is
the inclusion of a number of compounds used in fragrances added to personal care and
household products, in particular the polycyclic musk, galaxolide. The State Water Board
considers galaxolide to be a priority emerging contaminant for monitoring in aquatic
ecosystems due to toxicity concerns, specifically a NOEC (no observed effect concentration)
of 7 micrograms per liter in a study that evaluated the impacts of subchronic exposure on
larval development of the marine copepod Nitocra spinipes (Breitholtz et al. 2003). A recent
study of effluent-dominated rivers in southern California reported average galaxolide levels
of 2 micrograms per liter (Sengupta et al. 2014). These compounds have also been detected
in sediment cores from the Great Lakes (Peck et al. 2006).
Other contaminants covered in the screening that are of interest to the RMP include
nonylphenol and octylphenol and their mono- and diethoxylates (but not the broader array
of ethoxylated compounds recommended for study in another proposal), five phosphate
flame retardants, bisphenol A, triclosan, phthalates (DEP, DEHP), and several pesticides
(atrazine, bromacil, carbazole, chlorpyrifos, diazinon, metalazyl, metalochlor, DEET,
pentachlorophenol, prometon).
Existing monitoring of these contaminants by state and federal agencies does not include
San Francisco Bay. DPR conducts targeted monitoring studies of pesticides in freshwater
ecosystems, but does not monitor estuarine or marine systems. Likewise, an upcoming
USGS National Water Quality Assessment (NAWQA; https://water.usgs.gov/nawqa/)
Program study of northern and central California, part of a series of studies taking place in
regions across the nation (https://txpub.usgs.gov/RSQA/), will monitor both pesticides and
wastewater contaminants in freshwater streams, but not the Bay. Because the scope of
current state and federal monitoring efforts specifically excludes the Bay environment, the
RMP has the opportunity to fill this important data gap while gaining additional insights
from independent monitoring being conducted on Bay Area streams.

Study Objectives and Applicable RMP Management Questions
This study will focus on analytes prioritized by California regulatory agencies, and fill key
monitoring data gaps for current use pesticides, fragrance ingredients, and other wastewater
contaminants in water and sediment in southern stretches of the near-shore Bay
environment. The southern Bay margins are likely to be strongly influenced by wastewater
and stormwater discharges, and these waters experience longer residence times relative to
other embayments. As a result many urban contaminants have been found to be especially
concentrated in this portion of the Bay, making the region something of a worst case
3
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scenario. Concentrations can be compared to available toxicity thresholds, allowing
contaminants to be classified within the RMP’s tiered risk framework.
Table 1: Study objectives and questions relevant to RMP management questions
Management Question

Study Objective

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

Compare levels of current use
pesticides, fragrance
compounds, and other
wastewater contaminants to
toxicity thresholds, where
available.
This study is focused on South
and Lower South Bays. Levels
measured here may represent a
worst case scenario for the Bay
as a whole.
Investigate the influence of
different pathways based on
sample locations (e.g., near
stormwater vs. wastewater
discharges) for both sediment
and water contaminants.

2) What are the concentrations
and masses of contaminants in
the Estuary and its segments?
2.1 Are there particular regions
of concern?
3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts in
the Estuary?
3.1. Which sources, pathways,
etc. contribute most to impacts?
4) Have the concentrations,
masses, and associated impacts
of contaminants in the Estuary
increased or decreased?
4.1. What are the effects of
management actions on
concentrations and mass?
5) What are the projected
concentrations, masses, and
associated impacts of
contaminants in the Estuary?

Establish a baseline for future
studies.

Identify sources of
contaminants to evaluate
effects of current management
actions on potential discharges
and project trends with likely
changes in use and treatment
technology.

Example Information
Application
Are any target analytes at levels
of potential concern for the
Bay?

Does the DPR model accurately
predict the presence of current
use pesticides of concern in the
region? If not, why not?
Do sites influenced by different
pathways show different
patterns of contamination?
Do differences in detection
suggest persistence, degradation,
or additional pathways for
specific contaminants?
Are management actions
associated with observed
contaminant trends in water and
sediment?

Are relevant management
actions having the intended
effect?
Do detections suggest the need
for additional or different
management actions?

This monitoring effort will address questions 1 and 2, by monitoring chemicals in southern
portions of the Bay margins. In addition, the study will directly and explicitly address the
established emerging contaminants priority question: What emerging contaminants have the
potential to adversely impact beneficial uses of the Bay?
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Approach
Margin Bay Sediment and Water Sampling
Sample collection will occur in conjunction with the RMP Bay margin sediment sampling
cruise in South and Lower South Bay, scheduled for Summer 2017. Approximately 12 colocated samples of margin water and sediment will be collected. Sites will be selected in
consultation with RMP staff; some sites will be selected based on likely influence of
wastewater and stormwater discharges, respectively.
Water will be collected as surface grab samples. Sediment samples will be collected using a
Van Veen sediment grab. Both types of samples will be collected into certified pre-cleaned
amber glass jars, stored and shipped on ice to USGS laboratories in Sacramento and Denver,
respectively. At least one field blank, one field replicate, one matrix spike, and one matrix
spike duplicate sample will also be collected for analysis.
Analytical Methods
Pesticides:
USGS Sacramento has developed multiple broad screening analyses for pesticides in water
and sediment. Water samples will be analyzed via gas chromatography-mass spectrometry
(GC-MS; water and suspended sediment; Hladik et al., 2008; Hladik et al., 2009) and liquid
chomatography-tandem mass spectrometry (LC-MS/MS; water only; Hladik and Calhoun,
2012). Using these methods, the laboratory can analyze at least 18 of the 25 DPR priorities
for water monitoring. Ongoing refinements to the method make it possible that 3 more of
the prioritized pesticides may be included.
Sediment samples will be analyzed by GC-MS (Hladik and McWayne 2012). With this
method, 12 of 13 DPR priorities for sediment monitoring can be analyzed; the final pesticide
(pyriproxyfen) may be added to this broad screen.
Galaxolide and Other Fragrances Ingredients and Wastewater Contaminants:
USGS Denver has developed GC-MS methods for total water and sediment screenings of
galaxolide and other contaminants (Burkhardt et al. 2007; Zaugg et al. 2007). Wastewater
compounds in whole-water samples are extracted using continuous liquid–liquid extractors
and methylene chloride solvent, and then determined by capillary-column GC-MS.
Sediment and soil samples are extracted using a pressurized solvent extraction system. The
compounds of interest are extracted from interfering matrix components by high-pressure
water/isopropyl alcohol extraction, then isolated using disposable solid-phase extraction
(SPE) cartridges containing chemically modified polystyrene-divinylbenzene resin. The
cartridges are dried with nitrogen gas, and then sorbed compounds are eluted with
methylene chloride (80 percent)-diethyl ether (20 percent) through Florisil/sodium sulfate
SPE cartridge, and then determined by capillary-column GC-MS.
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Data Interpretation
Pesticide and wastewater contaminant concentrations will be compared to available toxicity
thresholds. Results will be evaluated quantitatively and qualitatively (e.g., presence/absence)
to determine whether contamination patterns are different between sites influenced
predominantly by wastewater effluent or stormwater runoff. Comparison of detected
pesticides to the pesticides prioritized for monitoring via DPR’s model may suggest further
insight as to pesticide use, fate and transport in the region. Comparison with USGS
monitoring efforts in nearby freshwater ecosystems will also provide further insight as to
sources, persistence and degradation, and other relevant environmental processes.

Budget
The following budget represents estimated costs for this proposal. Efforts and costs can be
adjusted by changing the number of samples (n=12, with 4 additional QA/QC samples), the
matrices of interest (water and sediment), or the analyses of interest (pesticides and
galaxolide and other wastewater contaminants).
Budget Justification
Field Costs
Field costs are minimized through sample collection during the RMP’s margin sediment
cruise. Only a small amount of planning hours are included in this budget.
Laboratory Costs
Per sample costs are as follows: Pesticides in water (and suspended sediment, in the case of
GC-MS) $2150; pesticides in sediment $1820; wastewater contaminants in water $655.20;
wastewater contaminants in sediment $795.20. USGS may be able to offer a match of up to
10% for USGS CAWSC labor costs associated with this project.
The USGS Sacramento pesticide analyte list shows the broadest correspondence to DPR
priorities in water and sediment relative to a number of other analytical laboratories
evaluated. The USGS Denver wastewater contaminants analysis is recommended because it
includes galaxolide, and because the same contaminants will be examined in a number of
freshwater streams in the region as part of a large USGS study starting in spring 2017; data
from this independent monitoring effort will be useful in placing Bay findings in context.
Data Management Costs
Data services will include quality assurance and upload to CEDEN.

Reporting
The primary deliverable will be a report; a draft is due in the summer of 2018, and the final
report is due in the fall of 2018.
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Table 2. Budget summary.

Expense

Estimated
Hours

Labor
Project Staff
Senior Management
Review
Project Management
Contract Management
Data Technical Services
GIS Services
Creative Services
IT Services
Communications
Operations

Estimated
Cost

168

24,000

6

1,200
0
0
11,000
300
340
0
0
0

3
4

Subcontracts
Name of contractor
USGS CAWSC - sediment
USGS CAWSC - total water (LC & GC)
USGS NWQL - sediment
USGS NWQL - total water
USGS CAWSC - CEDEN formatting
Direct Costs
Equipment
Travel
Printing
Shipping
Other

29,120
34,400
12,725
10,485
4,000

400
200
0
800
0

Grand Total
128,970
*Not needed because core RMP funding provides this service.
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Pharmaceuticals in Wastewater: Data Analysis and Reporting
Summary:

In 2016, six Bay Area wastewater treatment agencies contributed a total of
$77,500 towards a voluntary study of pharmaceutical compounds in wastewater.
This RMP-coordinated study represents the most comprehensive analysis of
pharmaceuticals in wastewater to date in this region. The data from this study
include the first information available about pharmaceutical compounds in
influent and effluent from secondary treatment plants, and includes measurements
in influent, partially treated effluent (tertiary treatment facilities only), final
effluent, recycled water, and reverse osmosis concentrate. Synthesis of the data
would be an opportunity to evaluate the current level of concern associated with
pharmaceutical compounds in the Bay following recent policy developments
surrounding pharmaceutical stewardship. This proposal is for funding to perform
quality assurance/quality control review, data analysis, and reporting for the
pharmaceuticals dataset. Proposed work would leverage the investment made by
the wastewater agencies to collect the data and would maximize the use of these
data to inform regional efforts to monitor pharmaceuticals and manage
contaminant treatment and source reduction.

Estimated Cost: $30,000
Oversight Group: ECWG
Proposed by: Jennifer Sun and Rebecca Sutton (SFEI)
PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Task 1. Data Management, including Quality Assurance / Quality
Control
Task 2. Draft report
Task 4. Final report

Due Date
Winter 2017
Summer 2018
Fall 2018

Background
Pharmaceuticals are detected frequently in U.S. waterways, creating concern for their potential to
impact wildlife as well as humans. Laboratory studies indicate fish exposed to antidepressant
medications at environmentally relevant doses exhibit behavioral changes that affect survival and
reproduction (e.g., Weinberger and Klaper 2014; Brodin et al. 2013). Antibiotic medications,
designed specifically to kill organisms, may disrupt bacterial communities and essential ecosystem
functions (e.g., Näslund et al. 2008), impart broader antibiotic resistance (e.g., Rizzo et al. 2013), and
are often toxic to algal species (e.g., Ferrari et al. 2004). Other pharmaceutical compounds have
significant endocrine disrupting effects on aquatic species (e.g., Kolodziej et al. 2013).
Pharmaceuticals typically enter the wastestream through excretion and flushing of unused medicines,
1
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suggesting that the primary pathway for Bay contamination is treated wastewater. Increasing support
for developing recycled water as a local drinking water source also elevates the concern for the
detection of these pharmaceutically active compounds in effluent.
In 2016, the RMP coordinated a study of pharmaceutical compounds in wastewater. Six wastewater
facilities located throughout the Bay Area voluntarily participated in this study, contributing a total
of $77,550 to analyze 104 pharmaceutical compounds in a total of 39 samples. These combined
results provide the most comprehensive analysis of pharmaceuticals in wastewater in the Bay Area to
date. Prior to this study, few studies of pharmaceuticals in wastewater in the Bay Area have been
conducted, including an RMP study of influent and effluent collected in 2006 from the City of Palo
Alto wastewater treatment plant and the San Jose-Santa Clara Regional Wastewater Facility
(SJSCRWF), a study of reverse osmosis treatment in 2008-2009 by the City of Palo Alto wastewater
treatment plant, and a more comprehensive study of influent and effluent conducted by SJSCRWF
in the summer of 2010 (Harrold et al. 2009; Reinhard et al. 2010; Dunlavey et al. 2010).
This voluntary study generated a wealth of data that will fill several gaps in the current
understanding of pharmaceutical compound removal by wastewater treatment processes and
concentrations in final, discharged effluent. This study included measurements of pharmaceuticals in
the final effluent of facilities that employ only secondary treatment, as well as measurements at
multiple points along the treatment process in facilities that use tertiary treatment processes.
Participating agencies included those discharging to Lower South, South, Central and North Bays. In
addition to wastewater influent and final effluent in both secondary and tertiary treatment facilities,
this study also included samples of partially treated effluent (prior to tertiary treatment), recycled
water, and reverse osmosis concentrate, matrices that have not previously been tested for
pharmaceuticals in this region. Twenty-nine samples were collected during the dry season in early
October 2016, when stormwater infiltration is expected to be negligible, particularly after a
prolonged drought, and the influence of wastewater is greatest in the Bay. An additional 5 samples
will be collected at a single agency in both spring and summer 2017.
Previous Bay Area wastewater studies showed significant removal for many pharmaceutical
compounds detected in effluent, but focused only on tertiary treatment facilities. This study covers a
broader list of contaminants and will provide a better estimate of the final effluent concentrations
that should be expected at facilities that do not use tertiary treatment processes.
In addition to the previous wastewater data, pharmaceuticals data were collected in ambient Bay
water from Lower South Bay in conjunction with the 2006 wastewater study (Harrold et al. 2009),
and in ambient Bay water, sediment, and mussel tissue throughout the Bay in 2009-2010
(Klosterhaus et al. 2013a, 2013b). Though these studies showed that concentrations in the Bay are
generally below toxicity thresholds, some pharmaceutical compounds were found at levels
approaching thresholds of concern, indicating they may be candidates for further monitoring both in
the Bay and in pathways. Key compounds include sulfamethoxazole (intermittently detected above a
water PNEC) and erythromycin (intermittently detected above the algal PNEC). High
2
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concentrations of these and other compounds in final wastewater effluent may suggest that further
monitoring of these compounds in the Bay is warranted.
A growing policy focus on pharmaceuticals also supports an updated review of current levels of
pharmaceuticals in wastewater to reevaluate the level of concern that should be associated with these
compounds. Seven of the nine Bay Area counties (Alameda, San Francisco, San Mateo, Santa Clara,
Marin, Sonoma, and Contra Costa Counties) currently have drug take-back ordinances in effect, five
of which have gone into effect within the past two years. Meanwhile, changes to federal regulations
may make voluntary collection projects easier to implement. The 2016 San Francisco Estuary
Blueprint calls for additional pharmaceutical CECs reduction efforts (SFEP 2016), which could be
informed by the levels of pharmaceuticals in wastewater influent and effluent found in this study.
Findings from this study could suggest the need for additional management actions to address
pharmaceutical water pollution, as well as additional Bay monitoring.
An initial survey of project participants has indicated support for RMP ECWG staff to analyze and
interpret the data. The Bay RMP will contribute significant expertise in evaluating pharmaceuticals in
wastewater and other matrices, including experience with similar data sets and reviews of recent
scientific and policy developments (Harrold et al. 2009, Klosterhaus et al. 2013a, 2013b; SFEI 2013).
Multiple agencies have requested assistance for analyses such as identifying compounds at potential
levels of concern based on comparisons of concentrations to thresholds of concern, and evaluating
removal efficiencies. The study will also include broader data synthesis, such as comparisons with
other data collected both regionally and nationally, and including historical data when available.
Simple modeling calculations will also be performed to estimate ambient Bay water concentrations
based on concentrations measured in final effluent. All six of the participating agencies have given
the RMP permission to analyze and publish their results anonymously in a technical report.
With these funds, the RMP will be able to leverage the existing work completed by six participating
agencies and maximize the use of these data to not only identify compounds of concern but also
inform regional efforts to monitor pharmaceuticals and manage contaminant treatment and source
reduction. Furthermore, substantial cost savings can be realized by combining quality
assurance/quality control review across the agencies, as well as data analyses such as comparisons of
concentrations to thresholds and other studies.

Study Objectives and Applicable RMP Management Questions
This study will provide information that will help to determine the level of concern associated with
pharmaceutical pollution in the Bay. Currently available data on pharmaceuticals in the Bay suggests
the class is of low concern (Tier II contaminants) (Sutton & Sedlak 2015). However, the rapidly
growing Bay Area population and associated rise in pharmaceutical use indicates periodic monitoring
of these widely used compounds is appropriate. In addition, analytical advances allow for
characterization of a broader array of target compounds among the approximately 3,000
pharmaceuticals available in the U.S. (Howard and Muir 2011).
3
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This study will also address RMP management questions, shown in Table 1 below.
Table 1. Study objectives and outcomes related to the RMP Management Questions
Management Question

Study Objective

Example Information Application

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

Identify pharmaceutical
compounds found at
concentrations in
dischargeable final
effluent that could
potentially cause adverse
impacts upon dilution in
receiving waters.

Which pharmaceutical compounds
are present at high enough
concentrations in wastewater
effluent to cause potential concerns
and warrant additional monitoring
in San Francisco Bay?

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

N/A (see MQ #5)

N/A (see MQ #5)

3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts
in the Estuary?
3.1. Which sources,
pathways, etc. contribute
most to impacts?

Characterize range of
pharmaceutical
concentrations observed
in the wastewater
pathway.

What wastewater treatment
processes are most effective at
removing pharmaceutical
compounds, and which ones?

4) Have the concentrations,
masses, and associated
impacts of contaminants in
the Estuary increased or
decreased?
4.1. What are the effects of
management actions on
concentrations and mass?

Compare new wastewater Have concentrations of
pharmaceutical data
pharmaceuticals in the wastewater
alongside available data
pathway increased or decreased?
from previous studies.
How effective are secondary and
tertiary wastewater treatment
processes in removing
pharmaceutical compounds?

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

Evaluate per capita
concentrations of
pharmaceuticals, to
support predictions

How do final effluent
concentrations and removal rates
vary with treatment type, size, or
operation?

4

Which pharmaceuticals may reach
levels of concern in the next
decade based on increasing
population?
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based on future
population.
This study will also address the current and proposed RMP CEC Management Questions:
1. Which CECs have the potential to adversely impact beneficial uses in San Francisco Bay?
2. What are the sources, pathways, loadings, and processes leading to CEC pollution in the
Bay? (proposed question)
3. Have the concentrations of CECs in the Bay increased or decreased? (proposed question)
4. What are the effects of management actions? (proposed question)

Approach
Wastewater Sampling & Analytical Methods
Twenty-nine samples were collected by six participating agencies in October 2016. Five additional
samples were collected at one of the participating agencies in February 2017, and a third round of 5
samples are planned to be collected in summer 2017. Because this work was voluntary, the sampling
design and collection method differed among agencies. The majority of samples were collected as
24-hour flow-weighted composites, but some were collected as grab samples at peak flow.
Samples will be analyzed by SGS-AXYS (formerly AXYS Analytical, Inc.) Analytical Services Ltd.
(Sidney, BC, Canada) for 104 pharmaceutical compounds in Lists 1, 3, 4 and 5 (AXYS Method
MLA-075; Table 3) using liquid chromatography tandem mass spectrometry (LC-MS/MS). SGSAXYS conducted analyses in all matrices for prior RMP pharmaceutical studies as well as the 2010
SJSCRWF study (Harrold et al. 2009; Dunlavey et al. 2010; Klosterhaus et al. 2013b).
The target analytes are listed in Table 3, along with information as on the extraction and LC-MS/MS
mode used. The 29 samples already analyzed were run in two lab batches. One field blank and one
duplicate sample was included, and will be included, with each lab batch.
Data Analysis
Data will be compiled from the agencies and QA/QC reviewed by RMP staff. Data analyses will
include summary statistics calculated for concentrations measured across matrices and facility types,
evaluation of removal of pharmaceutical compounds by different treatment methods and facilities,
estimated calculations of per capita pharmaceutical concentrations, and model estimations of
corresponding diluted concentrations in ambient Bay water. Data will be reported in the context of
available thresholds of concern, including monitoring guidelines and published toxicity thresholds,
as well as published data available regionally and nationally. In addition, the results will be
synthesized in visually attractive graphics that can be used by the facilities to easily explain the results
to management, interested parties or the public.
5
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The technical report will also include data synthesis and recommendations that will inform the RMP
and broader regional strategy for monitoring and managing pharmaceutical compounds. For
example, the report will address topics such as:
● Confirming the categorization of pharmaceuticals in the RMP tiered risk framework or
flagging compounds for further monitoring to verify their categorization. The data may
continue to support the categorization of pharmaceuticals as chemicals of low concern (Tier
II), or it may indicate that particular compounds are present in wastewater at levels that
could potentially cause concern in the Bay.
● Providing recommendations for future RMP pharmaceuticals monitoring. This may include
identifying compounds of concern that may be candidates for monitoring in the Bay and
identifying remaining data gaps.

Budget
Table 2. Budget Summary
Expense

Estimated Cost ($)

Labor
Data Management

$8,500

Data Analysis & Report Writing

$22,500

Grand Total

30,000

Budget Justification
Field collections and laboratory analysis have already been largely completed. This study will leverage
the $77,500 in laboratory analytical funds and in-kind labor provided by the six wastewater agencies
that participated in the voluntary study by providing an overall synthesis of the data, statistical
evaluations, and placing the data in context. RMP staff will bring to this project significant expertise
in the area of pharmaceuticals, and the ability to broadly synthesize these data to inform future
monitoring strategies. Significant cost-savings will be realized by utilizing RMP staff expertise, and
combining QA/QC and data analyses across agencies.
Labor costs include data management and QA/QC, literature review, data analysis, and preparation
of a technical report. Data management and QA/QC tasks include $8,500 in labor costs. Data
analysis and report writing will cost an additional $22,500. The technical report will undergo multiple
rounds of review, including an initial review by the ECWG and participating BACWA agencies,
followed by a review by the Technical Review Committee.
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Reporting
Standard RMP data management formatting and QA/QC procedures will be used. Data will be
uploaded to the local regional data center for internal record but will not be published to CD3 or
CEDEN in order to maintain data anonymity.
A draft technical report will be completed by Summer 2018. A final technical report will be
completed by Fall 2018. The report will be reviewed by the ECWG, TRC, and participating
BACWA members.
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Table 3. Pharmaceutical Compounds in Lists 1, 3, 4 and 5 (EPA 1694, AXYS MLA-075).
Superscripts indicate analytes for which only estimates of concentration are available.
List 1 – Acid
Extraction in
Positive Ionization

List 3 – Acid
Extraction in
Negative
Ionization

List 4 – Basic
Extraction in
Positive
Ionization

List 5 – Acid Extraction
in Positive Ionization

Acetaminophen

Bisphenol A

Albuterol

Alprazolam

Azithromycin

Furosemide

Amphetamine

Amitriptyline

Caffeine

Gemfibrozil

Atenolol

Amlodipine

Carbadox

Glipizide

Atorvastatin

Benzoylecgonine

Carbamazapine

Glyburide

Cimetidine

Benztropine

Cefotaxime

Hydroclorothiazid
e

Clonidine

Betamethasone

Ciprofloxacin

2-hydroxyibuprofen

Codeine

Cocaine

Clarithromycin

Ibuprofen

Cotinine

DEET

Clinafloxacin

Naproxen

Enalapril

Desmethyldiltiazem

Cloxacillin 1

Triclocarban

Hydrocodone

Diazepam

Dehydronifedipine

Triclosan

Metformin

Fluocinonide

Digoxigenin

Warfarin

Oxycodone

Fluticasone propionate

Digoxin

Ranitidine

Hydrocortisone

Diltiazem

Triamterene

10-hydroxy-amitriptyline

1,7-Dimethylxanthine

Meprobamate

Diphenhydramine

Methylprednisolone

Enrofloxacin

Metoprolol
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List 1 – Acid
Extraction in
Positive Ionization

List 3 – Acid
Extraction in
Negative
Ionization

List 4 – Basic
Extraction in
Positive
Ionization

List 5 – Acid Extraction
in Positive Ionization

Erythromycin-H20

Norfluoxetine

Flumequine

Norverapamil

Fluoxetine

Paroxetine

Lincomycin

Prednisolone

Lomefloxacin

Prednisone

Miconazole

Promethazine

Norfloxacin

Propoxyphene

Norgestimate

Propranolol

Ofloxacin

Sertraline

Ormetoprim

Simvastatin

Oxacillin 1

Theophylline

Oxolinic acid

Trenbolone

Penicillin G 1

Trenbolone acetate

Penicillin V

Valsartan

Roxithromycin

Verapamil

Sarafloxacin
Sulfachloropyridazine
Sulfadiazine

Sulfadimethoxine

List 1
(continued)
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List 1 – Acid
Extraction in
Positive Ionization

List 3 – Acid
Extraction in
Negative
Ionization

Sulfamerazine

Sulfathiazole

Sulfamethazine

Thiabendazole

Sulfamethizole

Trimethoprim

Sulfamethoxazole

Tylosin

Sulfanilamide

Virginiamycin

List 4 – Basic
Extraction in
Positive
Ionization
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Special Study Proposal: Non-targeted Analysis of
Sediment and Water
Summary:

Non-targeted analysis, a key element of the RMP’s CEC strategy and
recent state CEC guidance, can help to provide a measure of assurance
that the RMP is not missing unexpected yet potentially harmful
contaminants simply because of failures to predict their occurrence based
on use or exposure prioritization criteria. The RMP has recently
conducted non-targeted analysis of nonpolar, fat-soluble compounds in
bivalve tissue and seal blubber, and polar, more water-soluble compounds
in water and effluent. This new proposed study would use non-targeted
techniques from two different labs to examine both nonpolar and polar
contaminants in Bay sediment, a matrix that has not yet been screened.
This type of non-targeted study will lay the foundation for future targeted
CEC monitoring by helping to identify new potential contaminants of
concern without a priori knowledge of their occurrence.
In addition to the non-targeted sediment study, an additional non-targeted
study of water is proposed to leverage previous monitoring efforts. This
low-cost add-on would screen extracts of passive samplers deployed in
2016 for the presence of nonpolar compounds using non-targeted analysis,
a direct complement to the ongoing screening for more polar compounds.

Estimated Cost:

$101,000

Oversight Group:

ECWG

Proposed by:

Rebecca Sutton (SFEI), Lee Ferguson (Duke University),
Eunha Hoh (San Diego State University)

PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Task 1. Project Management (manage subcontracts, track budgets)
Task 2. Develop detailed sampling plan
Task 3. Field Sampling (Margin Sediment)
Task 4. Lab analysis
Task 5. QA/QC and contaminant risk review
Task 6. Field Sampling (Ambient Bay Sediment)
Task 7. Lab analysis
Task 8. QA/QC and contaminant risk review
Task 6. Draft report and fact sheet
Task 7. Final report and fact sheet
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Due Date
Summer 2017 – 2019
Summer 2017
Summer 2017
Fall 2017
Winter 2017
Spring 2018
Fall 2018
Winter 2018
Spring 2019 (ECWG mtg)
Summer 2019
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Background
The RMP has developed a pro-active emerging contaminants program, and conducts policyrelevant monitoring via Special Studies to help identify and address problematic, unregulated
contaminants before they cause significant harm to the Bay. The RMP has established a
unified emerging contaminants strategy (Sutton et al. 2017) with three elements: 1) targeted
chemical monitoring and relative risk evaluation using a tiered risk and management action
framework; 2) review of the scientific literature and other aquatic monitoring programs as a
means of identifying new emerging contaminants for which no Bay occurrence data yet exist;
and 3) non-targeted analysis to create inventories of unanticipated contaminants in tissues,
sediment, or water that can be used to direct targeted chemical monitoring or toxicity
identification evaluations.
State guidance on emerging contaminants in aquatic ecosystems echoes many aspects of the
RMP strategy (Dodder et al. 2015). In particular, non-targeted analysis plays a key role in the
comprehensive CEC management framework (see pg 40, Dodder et al. 2015). Non-targeted
analysis is an essential means of assuring focus on the contaminants with greatest potential
to impact an ecosystem, by seeking to remove a “knowledge bias” on previously identified
problem chemicals.
One class of non-targeted method highlighted by the state guidance includes those
“designed to screen for new or unexpected contaminants; i.e., unknown CECs” (pg 29,
Dodder et al. 2015). The RMP, in collaboration with the National Institute of Standards and
Technology (NIST), recently completed a non-targeted analysis of Bay harbor seal blubber
and mussel tissues, which focused on persistent, fat-soluble (nonpolar), chlorine and
bromine-rich chemicals (Sutton and Kucklick 2015). This investigation brought to light five
contaminants not previously identified in Bay wildlife, and for which toxicity is largely
unknown. However, most of the Bay chemical contamination was from high priority
contaminants that the RMP already monitors, or closely related compounds.
A second non-targeted analysis focusing on more polar, water-soluble organic compounds in
ambient Bay water and effluent samples was initiated in 2016. Bay water samples were
collected via passive samplers (Polar Organic Chemical Integrative Sampler; POCIS), with
accompanying grab samples on deployment and retrieval. Initial findings will be presented
and discussed at the 2017 ECWG meeting.
Sediment is an important Bay matrix that has not yet been characterized via non-targeted
analysis. Sediment can harbor both polar and nonpolar contaminants, and transfer them to
the food web particularly via exposure of lower trophic level benthic organisms. The RMP
has conducted targeted chemical monitoring of ambient Bay sediment for decades. Recent
efforts to similarly monitor near-shore, “margin” sediment for contaminants have just begun.
Near-shore sites are more likely to be depositional sediment environments influenced by
current uses of chemicals.
This proposal is primarily focused on non-targeted analysis of sediment, using two different
2
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techniques designed to probe a wide range of contaminants (nonpolar and polar). Also
included is an add-on that leverages a previous monitoring effort, passive sampler deployed
in 2016 and already being subjected to non-targeted analysis focusing on polar compounds.
Leftover extracts from these deployments may be analyzed using a complementary technique
to probe nonpolar compounds. Adding a small number of these already-collected samples to
this sediment study would be an efficient means of gaining valuable insights regarding the
presence of nonpolar compounds in ambient Bay waters.

Study Objectives and Applicable RMP Management Questions
Given the increased burden on the RMP from multiple areas of interest to stakeholders, it is
essential that the RMP focus on those CECs that are the highest priority. Traditional,
targeted contaminant monitoring focuses on specific lists of chemicals already identified as
potentially problematic through either expert judgement, anticipation of high toxicity, usebased prioritization, or other a priori methods. Through non-targeted monitoring, we can
provide a measure of assurance that the RMP is not missing unexpected, potentially harmful
contaminants in the Bay water simply because of failures to predict their occurrence based
on use or exposure prioritization criteria.
Non-targeted analysis is an essential element of the RMP’s CEC Strategy (Sutton et al. 2017).
The current proposal is to use two types of non-targeted analysis to scan for a wide range of
organic contaminants in Bay sediment. This special study would provide data on
contaminants in an important Bay matrix that has not yet been explored with this set of
techniques, essentially filling a major data gap in characterizing possible contaminant
chemistries in the Bay. It would also take advantage of considerable advances in identifying
nonpolar contaminants via non-targeted analysis relative to the previous RMP study on
tissue samples, initiated in 2010.
Should a non-targeted analysis of Bay sediment identify unexpected contaminants, the
information could indicate a need for a follow-up RMP Special Study designed to specifically
assess the new “candidate” CECs on a quantitative basis. It could also point to ecotoxicity
data gaps or suggest new management priorities. Thus, we anticipate that positive
identifications resulting from the proposed study would be potentially very high in impact.
In contrast, because of the comprehensive nature of the non-targeted methods proposed
herein, should few unexpected contaminants be identified, the RMP would then have
considerable evidence that existing CEC monitoring is already focusing on the highest
priority contaminants for the Bay.
This proposal also provides for a small number of additional non-targeted analyses on Bay
passive sampler extracts to assess the presence of contaminants in Bay waters using gas
chromatography, which can be especially useful for detecting nonpolar compounds. This
additional analysis would close the loop on the non-targeted chemical characterization using
liquid chromatography and focusing more on polar compounds, a study funded in 2016,
leveraging the previous monitoring effort. Nonpolar compounds are likely to be present in
Bay samples due to sorption on suspended particulates or co-solvation with natural organic
matter.
3
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Table 1: Study objectives and questions relevant to RMP management questions
Management Question

Study Objective

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

Identify (i) polar and nonpolar
sediment contaminants and (ii)
nonpolar water contaminants
not yet characterized by
targeted monitoring efforts.
Evaluate future monitoring
needs and toxicity data gaps.

2) What are the concentrations
and masses of contaminants in
the Estuary and its segments?
2.1 Are there particular regions
of concern?

3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts in
the Estuary?
3.1. Which sources, pathways,
etc. contribute most to impacts?
4) Have the concentrations,
masses, and associated impacts
of contaminants in the Estuary
increased or decreased?
4.1. What are the effects of
management actions on
concentrations and mass?
5) What are the projected
concentrations, masses, and
associated impacts of
contaminants in the Estuary?

Comparison of margin vs.
ambient Bay sediment with
respect to non-targeted
detections.
Initial comparison of sites
influenced by different
pathways (agriculturedominated river, stormwater,
wastewater) with respect to (ii)
passive sampler water
detections.
Investigate the influence of
different pathways based on
sample locations (e.g., near
stormwater vs. wastewater
discharges) for both sediment
and water contaminants.

Example Information
Application
Have previous targeted
monitoring efforts focused on
contaminants with the highest
relative risk to the Bay?
Which newly identified
contaminants merit further
monitoring?
Do margin sediments have
different contaminants than
ambient Bay sediments?
Are there regional or pathwayrelated differences in the
presence of newly identified
contaminants?

Do sites influenced by different
pathways show different
patterns of contamination?
Do differences in detection
suggest persistence, degradation,
or additional pathways for
specific contaminants?

Establish a baseline for future
studies.

Identify sources of newly
identified contaminants to
evaluate effects of current
management actions on
potential discharges and project
trends with likely changes in use
and treatment technology.

Are relevant management
actions having the intended
effect?
Will newly identified
contaminants suggest the need
for additional or different
management actions?

This monitoring effort would most directly address questions 1, 2, and 3, identifying watersoluble contaminants not yet characterized by targeted monitoring efforts, and providing
4

Item 04 - RMP 2018 Special Studies Proposals - Page 42

Non-targeted Analysis of Sediment and Water – June 2017

information useful to initial comparisons with respect to contaminants in sites influenced by
different pathways. This proposal does not include an examination of potential sources of
newly identified contaminants. Such a study could be completed in future years and would
provide information useful in addressing questions 4 and 5, concerning likely past and future
trends.
In addition, the study will directly and explicitly address the established emerging
contaminants priority question: What emerging contaminants have the potential to adversely
impact beneficial uses of the Bay?
It will also address proposed emerging contaminants priority question #2, What are the
sources, pathways, loadings, and processes leading to CEC pollution in the Bay?

Approach
Margin and Ambient Bay Sediment Sampling
Sample collection will occur in conjunction with RMP margin and ambient Bay sediment
sampling cruises, scheduled for Summer 2017 and Spring 2018, respectively. Approximately
15 samples of margin sediment will be collected, and 5 samples of ambient Bay sediment.
Sites will be selected in consultation with RMP staff; some sites will be selected based on
likely influence of wastewater discharges. Ancillary data collected by the RMP efforts,
including DOC and grain size distribution, will be provided to analytical partners.
Sediment samples will be collected shipboard using a Van Veen sediment grab. A metal
scoop and bucket will be used to remove and composite sediment; exposure to plastic will
be avoided. Two samples of approximately 50 g will be collected at each site and placed into
certified pre-cleaned amber glass jars, stored and shipped on ice to Duke University and San
Diego State University, respectively. Three field blanks will also be collected for analysis.
Ambient Bay Water Sampling
In 2016, Bay water sampling was conducted using passive sampling devices called Polar
Organic Chemical Integrative Samplers (POCIS; Environmental Sampling Technologies, St.
Joseph, MO) containing a solid phase sorbent (Waters Oasis HLB). Remaining extracts from
this previous effort will be analyzed for nonpolar compounds.
During the summer of 2016, POCIS canisters were deployed for around three weeks at each
of three sites: 1) a site within the tidally influenced portion of the Napa River, probing
potential agricultural and pesticide influences (spring 2016); 2) San Leandro Bay, a site
influenced by stormwater discharges (winter 2016); and 3) a site in the Lower South Bay
influenced by WWTP discharges (summer 2016). A single blank was also collected.
POCIS were shipped (on ice) to Dr. Ferguson’s laboratory at Duke University (NC) after
collection for immediate extraction and analysis, as described below. Remaining extract will
be subjected to non-targeted analysis focused on nonpolar compounds in Dr. Hoh’s
5

Item 04 - RMP 2018 Special Studies Proposals - Page 43

Non-targeted Analysis of Sediment and Water – June 2017

laboratory, leveraging the earlier work to provide information on a broader range of
contaminants.
Analytical Methods
Polar Compounds:
Non-targeted analysis of 23 sediment samples will be conducted by Dr. Ferguson’s Lab
(Duke University) using Orbitrap liquid chromatography high resolution mass spectrometry
(LC-HRMS). Sediment samples (shipped directly from SFEI to Duke University) will be
processed by Soxhlet extraction with 1:1 acetone hexane, followed by cleanup using gelpermeation chromatography and (where necessary) silica gel chromatography prior to
concentration and solvent exchange to 50:50 acetonitrile:water.
Extracts will be separated using UHPLC (Thermo Hypersil Gold column, 1.9 µm particle
size, 2.1 x 100 cm) over a 70 minute gradient prior to introduction into the mass
spectrometer. The LTQ-Orbitrap MS/MS will be operated at 100,000 resolution to achieve
< 2 ppm mass accuracy across the mass range of interest. Sample extracts will be spiked with
internal mass calibration/quantitation standards (chosen from a set of stable-isotope labeled
compounds available in the PI’s laboratory) immediately prior to injection. Ionization will be
performed by either electrospray in either positive or negative polarity mode, depending on
the analyte. High resolution detection of analytes in MS mode will be performed by the
Orbitrap analyzer, while simultaneous data-dependent MS/MS will be performed in the
LTQ Velos module before the Orbitrap. Ions for MS/MS analysis (10 per Orbitrap scan)
will be dynamically chosen on a per-scan basis, with priority given to accurate mass values
corresponding to compounds in compiled “suspect” lists (already compiled based on
production volume, toxicity, and/or literature reports), with secondary priority given to
“non-target” analytes in order of decreasing intensity. These MS/MS data will provide
important information to aid in identification of non-target analytes.
Data generated through these approaches will be applied to both commercially-available
(ThermoFisher Scientific TraceFinder, Compound Discoverer, and MassFrontier) and
custom-written processing software designed to aid in identifying polar organic compounds
based on HRMS/MS data. Final validation of tentative identities will be made based on
authentic standard match wherever possible.
The Ferguson laboratory has extensive experience in use of accurate mass MS and MS/MS
for identifying non-target compounds in complex mixtures (Benotti et al. 2003; Eichhorn et
al. 2005; Cui et al. 2009; Stapleton et al. 2011), and this strategy has proved successful for
identifying emerging contaminants in wastewater, as well as in coastal surface waters
impacted by water reuse activities (e.g., on Kiawah Island, SC). These new identifications
include several micropollutants that have not, to our knowledge, been previously reported to
occur in environmental media such as wastewater or surface water. Dr. Ferguson’s
laboratory was chosen for this work because it is uniquely qualified and experienced to
undertake the experiments described.

6
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Nonpolar Compounds:
Non-targeted analysis of 23 sediment samples and 4 POCIS extracts (3 samples and 1 blank)
for non-polar compounds will be conducted by Dr. Hoh’s laboratory (San Diego State
University) using a novel instrument, and a method known as comprehensive twodimensional gas chromatograph coupled to time-of-flight mass spectrometry
(GC×GC/TOF-MS). Sediment samples will first be processed by modifying QuEChERS
(Quick Easy Cheap Effective Rugged and Safe; Anastassiades et al., 2003; Payá et al., 2007).
Extraction will be done by ethyl acetate by partitioning with pure water and salts. And then,
extracts will be minimally cleaned with QuEChERS dispersive solid phase extraction with
C18, PSA and anhydrous MgSO4. At the beginning of extraction, a known amount of
internal standard mixture (isotope labeled compounds) will be spiked to each sediment
sample. Due to the GC×GC’s high separation power, minimal clean-up is acceptable.
GC×GC/TOF-MS has an enhanced ability to identify compounds (Dalluge et al. 2002).
GC×GC is a powerful separation mechanism and is able to resolve compounds that would
otherwise co-elute on a conventional single-dimension GC system. In GC×GC, an
additional degree of separation is provided by a secondary GC column with different
retention properties compared to the primary column. In addition to providing enhanced
resolving power, the GC×GC system narrows chromatographic peak widths, resulting in up
to 100 times higher sensitivity compared to single column GC systems.
As chromatographic peaks elute from the second GC column, they are ionized and analyzed
by the TOF-MS. The TOF-MS continuously collects full scan mass spectra for the length of
the run. The mass spectra then undergo spectral deconvolution, which mathematically
resolves closely eluting spectra and eliminates background noise. The deconvoluted spectra,
in conjunction with the retention times, are used for compound identification.
Because a mass spectrum is collected from every peak that elutes from the GC×GC system,
this analytical method is non-targeted, and prior hypotheses regarding the presence of
particular compounds are not required to detect their presence in the sample. The
deconvoluted mass spectra are searched against mass spectral databases to make tentative
compound identifications. An advantage of non-targeted analysis based on GC×GC/TOFMS is that the standard NIST EI mass spectral library (which contains over 240K chemical
compounds) can be used as a searchable mass spectral database.
The framework of overall data processing is briefly summarized here: 1) use of the
“Statistical Compare” software tool to isolate differentiating chemicals present in sediment
extracts and POCIS extracts; 2) manual review to finalize a list of “truly detected
compounds”; 3) manual review of compounds identified through searches against the NIST
EI mass spectral library; 4) further confirmation with authentic standards if available in
Hoh’s laboratory; and categorization of the identification uncertainty for compounds
without authentic standards; and 5) creation of a custom mass spectral library of all truly
detected compounds, including both identified and unidentified compounds. The custom
library will also include the compounds’ chromatographic information (GC×GC retention
times), spectral match score to the standard spectra, and other ancillary information. It stores
the complete set of evidence used for each identification, and also documents the spectra for
which identifications were not possible.
7
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The Hoh laboratory has extensive experience in use of GC×GC/TOF-MS for identifying
non-target compounds in biological tissues (Hoh et al., 2009; Hoh et al., 2012; Shaul et al.,
2015; Millow et al., 2015; Mackintosh et al., 2016; Alonso et al., 2017), and has successfully
implemented non-targeted analysis to identify emerging contaminants in sediment, soil, and
dust (currently working on projects sponsored from Orange County Water District,
Southern California Coastal Water Research Projects, US EPA, and CA Tobacco Related
Disease Research Program). Dr. Hoh’s laboratory was chosen for this work because of the
group’s strong qualification and successful records in similar projects.
Archiving:
If sufficient raw extract is available after analyses are completed, these samples may be
archived for potential future use.

Budget
The following budget represents estimated costs for this proposal. Efforts and costs can be
adjusted by changing the number of samples.

8
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Table 2. Budget summary.

Expense

Estimated
Hours

Labor
Project Staff
Senior Management Review
Project Management
Contract Management
Data Technical Services
GIS Services
Creative Services
IT Services
Communications
Operations

Estimated
Cost

192
6

8
20

Subcontracts
Name of contractor
Duke - sediment NTA
SD State - sediment NTA
SD State - archived passives NTA

29,650
1200
0*
0*
0
800
1,700
0
0
0

29,900
29,900
5,200

Direct Costs
Equipment
Travel
Printing
Shipping
Other

2,000
0

Grand Total

101,000

400
200
50

*Not needed because core RMP funding provides this service.

9
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Budget Justification
Field Costs
Field costs are minimized by leveraging the sample collection during the RMP’s margin and
ambient Bay sediment cruises, as well as use of POCIS samples collected and extracted in
2016. Only a small amount of planning hours are included in this budget.
Reporting Costs
Preparation of a draft manuscript for publication in a peer-reviewed journal would be the
responsibility of the analytical partners (Lee Ferguson at Duke and Eunha Hoh at San Diego
State University), and will require relatively little RMP staff time. After the manuscripts are
complete, RMP staff will produce a 2-page fact sheet to describe the results and their
implications for RMP stakeholders and the general public. This fact sheet would be a
companion to one recently completed for non-targeted analysis of fat-soluble compounds
(Sutton and Kucklick 2015).
Laboratory Costs
Both types of non-targeted analysis cost $1,300 per sample. The RMP will benefit from prior
negotiations to reduce the indirect costs charged by both universities below standard rates.
These indirect costs (10% for Duke University, negotiated from 58%, and 25% for San
Diego State University, negotiated from 50.5%) are embedded in the per sample analytical
costs provided and amount to a cost-share of over $20,000.
Data Management Costs
No data management is needed for this proposed project, as it is not targeted, analytespecific analysis.

Reporting
Deliverables will include: a) a draft manuscript1 that serves as an RMP technical report, due
spring 2019; b) a plain language RMP fact sheet describing the results and their implications,
due spring 2019; and c) additions to other RMP publications such as the Pulse.

The draft manuscript will be distributed to RMP stakeholders for review by email, not published on the
website, so as to not jeopardize publication of the manuscript in a peer-reviewed journal.
1
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Special Study Proposal: Characterizing Unknown
Perfluoroalkyl and Polyfluoroalkyl Substances in SF Bay
Sediment
Summary: Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are an important class of
chemicals that are widely used in industrial, commercial and residential applications. They are
of concern because they are highly persistent and many are associated with a myriad of
health effects. Some of the highest concentrations in the world of perfluorooctane sulfonate
(PFOS) have been observed in Bay seals and cormorants. The RMP routinely monitors for
about a dozen of the ~3,000 PFASs in use today. This study will use recently developed
methods to provide a more comprehensive picture of the complete suite of PFASs in
sediment. This is of critical importance as manufacturers phase out the use of PFOS and
perfluorooctanoic acid (PFOA) in favor of alternative PFASs. Very little is known about
these alternatives – both in terms of chemical structure and production volumes. Hence this
study will produce a unique dataset for identifying the presence of these alternatives. Use of
this novel method will be critical for tracking the use of this very pervasive and toxic class of
compounds.
Estimated Cost:

$49,700

Oversight Group: Emerging Contaminant Workgroup
Proposed by:

Chris Higgins (Colorado School of Mines) and Meg Sedlak (SFEI)

PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Task 1. Field collection of margin sediment samples
Task 2. Laboratory analysis of sediment samples (archive and margin)
Task 3. Update to ECWG on preliminary results
Task 3. Review of data
Task 4. Draft factsheet and manuscript
Task 5. Final factsheet and manuscript

Due Date
Summer 2017
September 2017 –
February 2018
April 2018
April – June 2018
November 2018
January 2019

Background
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are an important class of chemicals
that are widely used in industrial, commercial and residential applications. They are of
concern because they are highly persistent and many are associated with a myriad of health
effects. Historically, PFOS (perfluorooctane sulfonate) and PFOA (perfluorooctanoic acid)
have been widely used in such diverse applications as the manufacture of fluoropolymers
(e.g., Teflon), stain/water repellant coatings for textiles and food packaging, and fire-fighting
foams.
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Due to the widespread detection of PFOS in human blood, the production and use of PFOS
in the US was phased out in early 2000. Similar concerns over the wide spread detection o
of PFOA in humans and in the environment resulted in eight major manufacturers phasing
out the production of PFOA by 2015, replacing it with shorter chained compounds such as
C6 (PFHxA) and C4 (PFBA) that are thought to be less bioaccumulative and toxic.
Perfluoroalkyl ether carboxylic acids have also been identified as alternatives. However,
these alternatives are being detected in the environment. One of the more well-known
compounds, GenX (perfluoro-2-propoxypropanoic acid [PFPrOPrA]), a PFOA replacement,
was recently detected in a watershed downstream of a PFAS manufacturer at very high
concentrations (up to 630 ng/L)(Sun et al. 2016). In addition, although the use of PFOA
and PFOS in the US is restricted, they continue to be identified in many products used in the
US (Schaider et al. 2017).
A second concern is the transformation of polyfluorinated substances to the problematic
perfluoroalkyl substances such as PFOS and PFOA. These polyfluorinated substances are
often referred to as precursors and include the polyfluoroalkyl phosphate esters (PAPs),
fluorotelomer acrylate polymers, and fluorotelomer sulfonamide-based substances.
The RMP has recently begun focusing on the concentrations of pollutants in the margins of
the Bay as this has been a geographical area in the past that has been under-sampled. This
area is an important habitat for Bay wildlife to forage for food, to breed, and to raise young
of the year. At the same time, it is recognized as an area that typically contains higher
concentrations of pollutants due to its proximity to sources. As a result, it is important to
monitor margin sediments for a suite of PFASs. Prior work suggests that the margins can
have elevated concentrations of the precursors such as di-PAPs.
One of the formidable challenges about PFASs is the large number of compounds in use,
upwards of 3,000 individual chemicals; the RMP only routinely monitors a handful of these.
A second challenge is the dearth of information regarding the structure and use of these
3,000 compounds. Given these challenges, one approach is to monitor using broad
analytical techniques such as the total oxidizable precursor (TOP) method (Houtz and
Sedlak 2012) or nontargeted techniques. Using more broad scale analytical techniques would
be consistent with recent state and federal approaches, which are moving towards
monitoring/regulating the whole class of compounds. For example, California Assembly
Member Phil Ting of San Francisco has introduced a bill (AB-958) that will prohibit a food
provider from using food packaging materials that contains PFAS.
In the Bay Area, wastewater effluent was recently characterized using the TOP method
(Houtz et al. 2016). Similarly, University of California Berkeley researchers applied this
technique to stormwater collected in the winter of 2010/2011 (Houtz and Sedlak 2012). In
both instances, greater than 60% of the PFAS load was attributed to unidentified precursors.
While the TOP method alone is able to identify the fraction of precursors that can degrade
to perfluoroalkyl substances such as PFOA, it is not suitable for identifying the specific
structures of these unknown precursors nor some of the suspected replacement PFASs.
In this project, both the TOP assay as well as liquid chromatography coupled with highresolution mass spectrometer (quadrupole time-of-flight mass spectrometry (LC-QToF-MS))
will be used to identify a much broader suite of PFASs, including potential precursors. This
2
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approach successfully identified 40 new classes of PFASs in groundwater contaminated by
aqueous film-forming foam (AFFF; Barzen-Hanson et al. 2017). In total, 240 individual
PFAS were identified in AFFF and AFFF-contaminated groundwater. More relevant to the
work proposed here, a study of firefighters in Australia found several new PFOS-like PFASs
in human serum (Rotander et al. 2015).
As part of this work, we will not only quantify the standard list of PFAAs (including PFOS
and PFOA), but we will use the LC-qToF-MS mass spectral library developed as a result of
the work of Barzen-Hanson et al. (2017) and Rotander et al. (2015) to examine the potential
presence of a broader suite of PFASs. This will include not only AFFF-derived PFASs, but
also PFASs more common to consumer products such as polyfluoroalkyl phosphate
mono/di-esters (monoPAPs/diPAPs) and various other perfluoroalkyl sulfonamide-based
chemicals.
The information derived from this project will be important for the following reasons.
•

•

The data will provide information to assess trends of the more routinely monitored
PFASs such as PFOS and PFOA in sediments. This will be important to assess
whether concentrations of PFOS in sediment indicate any trends.
This project will help to elucidate the unknown precursors that have been identified
as part of previous Bay Area stormwater and effluent studies. Without knowing
what the precursors are, it will be impossible to mitigate or manage the impact of the
use of these chemicals.

Study Objectives and Applicable RMP Management Questions
The purpose of this study is to monitor well-studied PFASs and identify previously
unknown chemicals in sediment.

3
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Table 1. Study objectives and questions relevant to RMP management questions
Management Question

Study Objective

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

Are PFOS and PFAS at levels
of concern in Bay margin
sediment?

2) What are the concentrations
and masses of contaminants in
the Estuary and its segments?
2.1 Are there particular regions
of concern?
3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts in
the Estuary?
3.1. Which sources, pathways,
etc. contribute most to impacts?
4) Have the concentrations,
masses, and associated impacts
of contaminants in the Estuary
increased or decreased?
4.1. What are the effects of
management actions on
concentrations and mass?
5) What are the projected
concentrations, masses, and
associated impacts of
contaminants in the Estuary?

Are there significant
concentrations of previously
unidentified PFASs in
sediment?
This study will only focus on
the South Bay. It could be
expanded to evaluate PFASs in
other embayments.

Example Information
Application
Identifying a more complete
array of PFASs present in the
Bay will be important for
understanding the magnitude of
the problem and for assessing
the impact of management
actions.

The study objective is to better
characterize the PFASs in
sediment to understand
possible sources.

This information may be useful
for source identification such as
AFFF or novel replacements for
C8 chemicals.

Evaluate temporal trends in
sediment.

Conduct statistical evaluations
using prior data.

Understanding the suite of
PFASs in sediment will help us
better assess the concentration
and mass in the Lower South
Bay.

Projections may inform
classification in Tiers.

Approach
This project will characterize PFASs in margin sediment from the Lower South Bay.
Archived sediment samples will be analyzed and compared to current sediment
concentrations. As part of the RMP Status and Trends margin sediment cruise, five sites in
the Lower South Bay will be sampled for surface sediments. Archived sediment samples
(~2010) will also be submitted for analyses. It is likely that these samples will be located
more in the center of the Lower South Bay.
The sediment samples will be sent to Colorado School of Mines for PFAS analyses using
LC-Q-ToF-MS. Sediment samples will be extracted and cleaned up using established
4
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protocols for the analysis of PFASs in soils and sediments (McGuire et al., 2014; BarzenHanson et al., in prep). After extraction, each sample will be split, with one aliquot being
subjected to the TOP assay (oxidation followed by LC-QToF-MS; Houtz and Sedlak, 2012)
and the other aliquot being directly analyzed by LC-QToF-MS.
Sediment extracts will be injected and separated on a C18 column prior to analysis by both
ESI+ and ESI- LC-QToF-MS using chromatographic conditions previously established for
characterizing PFASs in AFFF formulations (Barzen-Hanson et al., 2017). Quantitative
analysis will be enabled through the use of matrix-matched calibration standards containing
know quantities of PFASs for which analytical standards are available. For the novel PFASs,
HRMS spectra and LC-retention time data will be compared against AFFF-spiked matrix
matched samples and mass spectral libraries developed in Dr. Higgins’ laboratory from
previous work (Barzen-Hanson et al., 2017); only features matching both retention time and
MS/MS fragmentation spectra to known PFASs will be confirmed as present. For these
PFASs, semi-quantitative analysis will be performed using peak intensities and equimolar MS
response factor assumptions for the most closely related structural analog.
Finally, HRMS data generated will also be queried using R scripts (Loos, 2015), in addition
to mass defect screening approaches, to enable the identification of new metabolites of the
PFASs present in the AFFF dosing solution. For example, data will be specifically queried
for the presence of GenX (Sun et al. 2016) and other highly fluorinated PFOA replacement
chemicals. This approach successfully identified new PFASs present in environmental
samples (i.e., groundwater) that are presumably derived from microbial metabolism of
PFASs in AFFF (Barzen-Hanson et al., 2017).

Budget
The following budget represents estimated costs for this proposed special study (Table 2).
Table 2. Proposed Budget.
Personnel
Project Staff (SFEI)
Laboratory Analyses (CSM)
Contract Management
Data Technical Services
Direct cost (shipping)
Total

Budget
$27,000
$15,000
NA
$6,700
$1,000
$49,700
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Budget Justification
Field Costs
Field costs are minimized through by leveraging the sample collection during the RMP’s
margin sediment cruises and the use of archive samples (sediment).
Reporting Costs
Preparation of a draft manuscript for publication in a peer-reviewed journal will be the
responsibility of the analytical partners (Dr. Chris Higgins), and will require relatively little
RMP staff time. After the manuscripts are complete, RMP staff will produce a 2-page fact
sheet to describe the results and their implications for RMP stakeholders and the general
public.
Laboratory Costs
The laboratory costs are on a fixed budget for the analysis of the 10 samples. Data
interpretation to identify new analytes is quite time intensive.
Data Management Costs
Data management and upload to CEDEN is suggested only for the standard 13 PFAS
analytes that have been identified in the past (e.g. PFOS, PFOA, etc.). Other tentatively
identified compounds will be maintained in excel spreadsheets and included as supplemental
material in a manuscript.

Reporting
Deliverables will include: a) a draft manuscript that serves as an RMP technical report due
Fall 2018; b) a plain language RMP fact sheet describing the results and their implications
due January 2019 2018; and c) additions to other RMP publications such as the Pulse.
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Nonylphenol Ethoxylate in Margin Sediments

Special Study Proposal: Nonylphenol Ethoxylates in
Margin Sediments
Summary:

Nonylphenol ethoxylates (NPEs) and related compounds are nonionic
surfactants that were once widely used in industrial and household laundry
detergents; key NPEs are ubiquitously detected in Bay water, sediment,
and bivalve samples. Currently, these compounds are classified as
Moderate Concern (Tier III) compounds, and it has been suggested that
concentrations of these compounds may be decreasing from voluntary
phase-out of NPEs from laundry detergents. However, there are many
other potential sources of NPEs. Moreover, preliminary results from a
2016 RMP special study suggest that Bay samples contain a broad,
complex mixture of NPEs and related compounds, including more
ethoxylated NPEs that have not been targeted for monitoring in the Bay.
This proposed study will collect and archive sediments in the Lower
South Bay margin areas for the purpose of analyzing a broad suite of
NPEs and related compounds.
The cost for the chemical analysis is included as additional work that can
provide valuable information to quantify the NPE and related compounds,
should additional resources become available. These margin sites receive
considerable wastewater and stormwater discharges, and are more likely to
reflect contamination of current uses of chemicals. Analysis of NPEs and
related compounds would provide information to help determine whether
NPEs should continue to be classified as Tier III contaminants, and
additional information about the influence of ongoing sources of
contamination, including effluent and runoff.

Estimated Cost:

$9,600

Oversight Group: ECWG
Proposed by: Diana Lin and Rebecca Sutton (SFEI)
PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Task 1. Project Management (manage subcontracts, track budgets)
Task 2. Field Sampling
Task 3. Archive samples

1

Due Date
Summer 2017 – Spring
2019
Summer 2017
Summer 2017
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Background
Nonylphenol ethoxylates (NPEs) are nonionic surfactants with a wide range of potential
consumer and industrial applications. NPEs were once widely used in industrial and
household laundry detergents, though voluntary phase-outs may have reduced this particular
use significantly (Maruya 2015, EPA 2010). NPEs are manufactured by reacting
nonylphenols (NPs) with ethylene oxide. Longer-chain nonylphenol ethoxylates can degrade
to shorter products like nonylphenol monoethoxylates (NP1EO), nonylphenol diethoxylates
(NP2EO), and nonylphenol (NP). Nonylphenols are persistent in the aquatic environment,
moderately bioaccumulative, and extremely toxic to aquatic organisms (USEPA 2010). A
small set of NPE and NP compounds, specifically 4-NP, 4-NP1EO, 4-NP2EO, have been
analyzed in Bay surface water, sediments, bivalves, small fish, and aquatic bird eggs
(Klosterhaus et al. 2013).
Currently, these compounds are classified as Moderate Concern (Tier III) compounds.
Although concentrations in the Bay are well below most toxicity thresholds, previously
measured concentrations in the surface water were above concentrations that impacted
barnacle settlement in a laboratory study (Billinghurst et al. 1998). Other studies have shown
the potential for synergistic effect of NP and NPEs in combination with other contaminants
such as pesticides, which could elicit estrogenic effects on fish (Schlenk et al. 2012) at
concentrations measured in the Bay.
It has been suggested that use of NPs and NPEs, and associated environmental
contamination, may have declined significantly following voluntary phase-outs among
laundry manufacturers. A single study of archived bivalve tissue from San Francisco Bay
showed declining levels of NP and NP1EO from 1994 to 2009 (Maruya et al. 2015).
However, laundry detergent is just one use of these compounds. Comment letters in
response to a recently proposed USEPA Significant New Use Rule (SNUR) indicate a
number of other current uses for NPEs, including: adhesives, agricultural use for animals,
antioxidant, catalyst, caulk, cleaning surfactant, coatings, colorant or ink component,
corrosion inhibitor, defoamer, emulsifier, epoxy catalyst, food additives, food contact
adhesives and coatings, fuel additive, hardener, lubricant, paints, paint primer, paint stripper,
pesticide ingredient, plastic and polymer additive, printing ribbon component, processing aid,
resins, rheology modifier, sealants, and wetting agent. Current environmental data are needed
to assess whether this class of contaminants continues to merit classification as a moderate
concern for the Bay.
Also of interest are many members of the NPE family that have not been examined in the
Bay. Recent non-targeted analysis of Bay water and effluent samples, a 2016 RMP Special
Study, detected the presence of a complex suite of NPEs and related octylphenol ethoxylates
(OPEs), including longer chain NPEs with 3-11 ethoxylate groups (L. Ferguson, personal
communication). This means that there are many additional NPEs present in Bay water that
have never been the subject of targeted monitoring in the Bay. The qualitative data from
this non-targeted analysis suggests that residential wastewater effluent may not be the only
source of NPEs to the Bay, and that stormwater discharges may also be a source of NP and
NPEs. For example, relatively few detections were observed in effluent samples, while many,
more intense detections were observed in samples obtained from San Leandro Bay, a site
2
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heavily influenced by stormwater discharges. Since NPEs were used as an additive in a
variety of industrial and consumer products, NPEs may enter the environment through a
variety of sources and pathways. A model of NPE sources in an urban catchment area in
Sweden estimated that biggest source of NPEs came from vehicles from the wear and tear
of car products that contained NPEs (Bjorklund 2007).
Given the potentially wide range of sources of NPEs, analysis of a broad set of NPEs in Bay
samples would provide information to determine whether NPEs should continue to be
classified as Tier III contaminants.
This proposal will collect and archive sediments from the Lower South Bay margins for the
purpose of analyzing a broad suite of nonylphenols and nonylphenol ethoxylates and related
compounds, when funding is available. Margin sites are more likely to be depositional and
reflect contamination of current uses of chemicals. The Lower South Bay receives
considerable wastewater and stormwater discharges, and is less readily diluted by waters of
the Pacific Ocean and the San Joaquin and Sacramento rivers.

Study Objectives and Applicable RMP Management Questions
Should additional funding become available, NPE analyses will provide data essential to
understanding the distribution of NPEs and related compounds in the SF Bay.
Table 1. Study objectives and questions relevant to RMP management questions.
Management Question

Study Objective

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

Measure contaminants in
sediments not previously
characterized by previous NPE
monitoring efforts.
Evaluate future monitoring
needs and toxicity data gaps.

2) What are the concentrations
and masses of contaminants in
the Estuary and its segments?
2.1 Are there particular regions
of concern?
3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts in
the Estuary?
3.1. Which sources, pathways,
etc. contribute most to impacts?

Example Information
Application
Which newly identified
contaminants merit further
monitoring?
Do findings suggest NPEs
should be classified as high,
moderate, or low emerging
contaminant within the RMP’s
tiered framework?

This study will only focus on
the South Bay and Lower South
Bay.
Investigate the influence of
different pathways based on
sample locations (e.g., near
stormwater vs. wastewater
discharges) for sediment
contaminants.

3

Do sites influenced by different
pathways show different
patterns of contamination?
Do differences in detection
suggest persistence, degradation,
or additional pathways for
specific contaminants?
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4) Have the concentrations,
masses, and associated impacts
of contaminants in the Estuary
increased or decreased?
4.1. What are the effects of
management actions on
concentrations and mass?
5) What are the projected
concentrations, masses, and
associated impacts of
contaminants in the Estuary?

Establish a baseline for future
studies.
Measure changes in historic
concentrations in the sediment.
Newly measured contaminants
may suggest information about
sources or effects of current
management actions on current
and future discharges.

Are relevant management
actions having the intended
effect?
Will newly measured
contaminants suggest the need
for additional or different
management actions?

Approach
Sample collection will occur in conjunction with the proposed RMP margin sediment
sampling cruise in South Bay and Lower South Bay, scheduled for Summer 2017.
Approximately 15 samples of margin sediment will be collected. Sites will be selected in
consultation with RMP staff; some sites will be selected based on likely influence of
wastewater discharges. Sediment samples will be collected using a Van Veen sediment grab.
A field blank and two duplicates will also be collected. Samples will be archived at -20oC.
Chemical analysis of a broad array of NPE and related compounds will be conducted if
additional funding is allocated. This portion of the work will be referred to as “add-on”
within this proposal. The measured concentrations of a broad suite of NPEs and related
compounds will be used to determine which compounds merit further monitoring. This
study, with completion of remaining add-on, may identify new NPE-related compounds that
have not been targeted for analysis in the Bay. Identification of compounds and comparison
to published toxicity thresholds will help determine whether NPEs should continue to be
classified as Tier III, or if the data warrants reclassification to a different tier. This study and
remaining add-on would establish a baseline for NPE-related compounds in sediment to
assess future measurements and test for trends.
Sampling will be focused on the South Bay and Lower South Bay, where greater
anthropogenic influence leads us to expect higher concentrations in this region. Therefore,
this study with remaining add-on will indicate whether NPE-related compound
concentrations in sediment are at levels of concern. This study will also reveal what NPEs
are dominant in sediments and whether compositions of NPEs are different between sites
influenced predominantly by wastewater effluent or stormwater runoff. Understanding the
sources and pathways of NPEs will also support determining what management decisions
will be effective in reducing future concentrations. For example, major sources of NPEs to
runoff may come from car products and concrete, while sources of NPEs to effluent may be
from textiles and related products (Bjorklund 2007, Mansson 2008). Composition of NPEs
may also shed light on degradation kinetics and pathways. If some long-chain NPEs do not
degrade to more toxic NP, then they may have a lower level of concern.
4
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The Department of Toxic Substance Control’s (DTSC) Safer Consumer Products program
has identified NPEs and the degradation product nonylphenol as chemicals that warrant
further research, and DTSC is currently gathering data about their presence and toxicity in
the aquatic environment. The State Water Resource Control Board has also identified NPEs
as a priority for some receiving waters. Data from this study and remaining add-on may
provide useful findings to support DTSC’s evaluation of these chemicals.

Budget
The following budget represents estimated costs for collecting and archiving sediment for
this proposed special study, (Table 2). The remaining add-on work to complete this study,
which would include chemical analysis of the archived sediment samples, data analysis,
writing a technical report, and data services to QA/QC the data and upload the data to
CEDEN would cost an additional $43,840. Therefore, the total budget to complete this
study with remaining add-on would cost $53,840 ($10,000 + $43,840).
Table 2. Proposed Budget.

Expense

Estimated
Hours

Labor
Project Staff
Senior Management Review
Project Management
Contract Management
Data Technical Services
GIS Services
Creative Services
IT Services
Communications
Operations

Estimated
Cost

40
2

0

5,000
400
0
0
2,000
0
0
0
0
0

Direct Costs
Equipment
Travel
Printing
Shipping
Other

400
600
0
800
0

Grand Total

9,600
5
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Budget Justification
Field Costs
Field costs are reduced through sample collection during the RMP’s margin sediment cruise.
Data Management Costs
Data services includes QA/QC of field data in preparation for upload to CEDEN at
completion of full study.

Reporting
The reporting will be delayed until full completion of this study with remaining add-on.
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Special Study Proposal: Small Tributaries Loading POC Watershed
Characterization Reconnaissance Monitoring
Summary: To support a weight-of-evidence approach for the identification and management of PCBs
and Hg sources, the outcome of this proposal will be further knowledge about concentrations and particle
ratios in stormwater, areas and sources that disproportionately contribute to high concentrations,
characteristics that lead to variability in stormwater concentrations, and improved sampling and
interpretation methodologies for characterization monitoring. The proposal contains two tasks: (1) an
advanced analysis method development and interpretive report and (2) a field element. The level of effort
in both cases will be tailored to the amount of budget available. There is no phasing proposed.
Estimated cost total: $245-320k
Estimated Cost Task 1:
Option 1 (Low budget availability): $100k
Option 2 (High budget availability): $120k
Estimated Cost Task 2:
Option 1 (Low budget availability): $145k
Option 2 (High budget availability): $200k
Oversight Group: STLS/SPLWG
Proposed by: A Gilbreath, L McKee, J Hunt, J Wu and D Yee (SFEI) with oversight from the STLS
team (A Feng, C Sommers, B DeBerry, L Sabin, L Paquette, R Looker, J O’Hara)

PROPOSED DELIVERABLES AND TIMELINE
Due date
Task

Deliverable

2017
S

O

N

2018
D

J

F

M

A

M

!

!

!

!!

!

!

J

J

2019
A

S

O

N

D

J

F

M

1) Advanced data analysis
1A
1B

Proposed modifications to
2018 sampling design
Advanced analysis
interpretive report

!
!

!!

!

!!

2) Wet weather field monitoring
2A
2B
2C
2D

Selected site list
Wet season water samples
collected and sent to the
labs for analysis
Laboratory analysis, QA
& Data Management
Interpretation & reporting

!
!

!

!

!!
!

!!

! = STLS check in for review and course corrections
!! = SPLWG oversight and review

Background
The San Francisco Bay Hg and PCB TMDLs call for a 50% reduction in Hg loads by 2028 and a 90%
reduction in PCB loads by 2030. In response, the first Municipal Regional Permit for Stormwater (MRP)
Provision C.8.f. (SFRWQCB, 2009) called for a range of actions, including gaining a better understanding
of which Bay tributaries contribute the most loading to sensitive areas of biological interest on the Bay
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margin, better quantification of loads of sediments and trace contaminants on a watershed basis and
regionally, a better understanding of how and where trends might best be measured, and an improved
understanding of which management measures may be most effective in reducing impairment. These
same needs were reflected in the small tributary loading strategy (STLS) (SFEI, 2009). On November 19,
2015 the second MRP was issued and provided an updated set of management questions (provided below)
(SFRWQCB, 2015).
During water year (WY) 2015, 2016, and 2017, the RMP funded a watershed characterization
reconnaissance study aimed at locating high leverage watersheds and subwatersheds and developing a
remote sampler method designed to decrease costs and increase ease of data collection. Between these
three years of watershed characterization as well as a similar previous effort in WY 2011 (McKee et al.,
2012), a total of 71 sites have now been characterized for PCB and Hg concentrations and particle ratios
1
during at least one storm (Gilbreath et al., 2017 in SPLWG review; Gilbreath et al., in preparation) . In
addition, a total of 12 sites have now been characterised using the remote sampler methods (Gilbreath et
al., 2017 in SPLWG review; Gilbreath et al., in preparation). Through these efforts, 13 sites for PCBs
have been sampled showing highly elevated concentrations (>0.2 ug/g, or 140x the TMDL target), and
four sites have been sampled showing highly elevated concentrations for Hg (>1 ug/g, or 5x the TMDL
target) (Note: These data only reflect WYs 2011, 2015 and 2016; results have not yet been returned for
sampling in WY 2017). Initial results of the remote sampling pilot indicate that there is a reasonable
comparison between the particle concentrations observed from the remote samplers and particle ratios
observed in the manual samples. The additional remote samples completed in WY 2017 are expected to
help further resolve the differences observed and provide for more nuanced interpretations as well as
compare results between the two remote sampler methods. However, a detailed evaluation of the
concentrations observed at each of these locations has not been completed in relation to rainfall
characteristics prior to and during the storms observed, land use and source area distributions,
redevelopment patterns and congener profiles.

Study Objectives and Applicable RMP Management Questions
The main study objectives are three-fold:
1. Improve monitoring design. Using our current data, develop a stepwise methodology to identify
(1) watersheds of management interest and possible sources, (2) reasons for variance, and (3)
where possible, locations that appear to be more likely a false negative that should be higher
priority for re-sampling. The outcome is an improved methodology for sampling design (storms
types and numbers) for WY 2018 and beyond.
2. Locate high-leverage watersheds. Find watershed or subwatershed locations with high particle
ratios of PCBs and Hg and rank these locations relative to each other and sources.
3. Resample sites to verify previous findings. In watersheds previously sampled using the
reconnaissance method where findings were questioned because the storm sampled was unique or
because the results were unexpected, additional sampling may occur to verify the previous
findings.
4. Develop remote sampling tools. Further test two remote sampler designs (the Hamlin and the
Walling tube) for characterization of particle concentrations and comparison to manual methods.
These objectives address management question (MQ) 1 and 2 primarily but also support MQ 4 by
providing data that supports the QA for the Regional Watershed Spreadsheet Model and MQ 5 as possible
1

Data were also collected by the Santa Clara and San Mateo Stormwater programs using the watershed characterization
reconnaissance study design.
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baseline data for regional stormwater trends assessment, and less directly MQ 3 by providing a regional
map of concentrations and loads for baseline comparison to the effects of BMP application.
MRP 2.0 Q1:
MRP 2.0 Q2:
MRP 2.0 Q3:
MRP 2.0 Q4:
MRP 2.0 Q5:

Source Identification / Leverage: Which sources or source areas provide greatest
opportunity for load reductions?
Impairment: Which source areas contribute most to impairment of Bay?
Management effectiveness: Provide support for planning future management actions or
evaluate existing actions.
Loads: Assess POC loads, concentrations, or presence/absence.
Trends: What are the spatial and temporal trends in loads or concentrations?

Approach
Task 1:Advanced data analysis ($100k - $120k)
The advanced analysis of existing data is proposed to more deeply analyze the wealth of data already
collected and to develop a stepwise methodology for improved interpretation and identification of
watersheds of management interest.
● This project would include an initial planning process with stakeholders and science advisers to
define the goals, analysis approaches, and management utility of the outputs.
● A broad range of data types will be considered for use in the analysis, possibly including
stormwater concentration data from both well sampled and non-well sampled sites, particle ratios,
pollutants in soils data, rainfall, land use/ source area data, drainage area, etc. It will be particularly
important to get input from BASMAA on any new information on land uses and sources that has
been developed for the stormwater sites. It will also be important to receive all the available data
(including the data collected during storms by the Santa Clara and San Mateo programs).
● Pending outcomes of the planning effort, the analysis may include statistical analyses using the
abovementioned data, complete congener profiling to better understand the fresh versus weathered
characteristics of the PCB signal and aroclor source characteristics, investigation into true source
identification, use of the RWSM to investigate outliers, and a statistical analysis of monitoring
designs for more confidently characterizing watersheds.
Ideally 2017 WY carryover funds (~$20-30k) could be authorized for use starting summer 2017 to
complete enough of the data analysis for planning reconnaissance monitoring in WY 2018. Even if started
later, it will still inform any future monitoring and interpretation and help support decisions in relation to
the water sampling designs options that could be implemented to support watershed loading trends
evaluations.
Task 2: Wet weather field monitoring ($145k - $200k)
A wet weather field monitoring program is proposed to continue in the WY 2018 winter season for
sampling watersheds, subwatersheds or finer scales for management priority. The sampling program will
follow the same general field sampling design that has been successfully implemented during WY 2011
(McKee et al., 2012), WY 2015 (McKee et al., 2016), WY 2016 (Gilbreath et al., in SPLWG review), and
WY 2017 (in development). However, in the coming winter season there will be a greater focus on
revisiting sites that have been sampled before. The objective of the resampling is to further explore sites
that (based on the advanced data analysis and decision tree (Task 1), are still thought to be of greater
management interest. The basic premise (the hypothesis that is supported by the variability seen in data
from some of our more polluted and well sampled watersheds (e.g. Sunnyvale East and Pulgas PS south)),
is that more polluted sites of greater management interest are likely to exhibit much more variable and
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complex stormwater quality patterns depending on site and source area characteristics and storm rainfall
characteristics (intensity and duration) and antecedent characteristics (earlier versus later). Such sites are
unlikely to be well characterised by a single storm composite sample unless such a sample happens to be
randomly collected during a “perfect storm” for that site. The objective of the resampling is explore such
sites under a different set of conditions that previously sampled and where possible under what are
perceived to be more likely conditions for a pollutant “release event”. Such sites may need to be sampled
during more than two storms if the advanced data analysis and resulting decision tree suggests multiple
storm styles of interest or is unequivocal as to which storm style may be of interest.
● Monitoring Design:
At each site, collect a minimum of:
o One composite stormwater sample during a rainfall event that is forecast to exceed 0.5 inches
of rainfall in a 6-hour period and that has forecasted site specific storm characteristics of
interest (the sampling triggers generated by the advanced data analysis (Task 1) using one of
three manual sampling techniques and employing clean hands protocols (D95, b-reel, and
boom-truck water quality sampler at sites with larger watershed areas, DH81 water quality
sampler, or an ISCO pumping sampler) and/or
o One remote sampler (settled suspended sediment) sample during a rainfall event that is forecast
to exceed 0.5 inches of rainfall in a 6-hour period and meets the sampling triggers outlined by
Task 1) using one or both remote sampling techniques (Hamlin or Walling tube).
●

Site Selection:
o The primary site selection rationale for the wet season of WY 2018 will be re-sampling sites
that are suspected to remain on the list for management concern based on the outcomes of the
advanced data analysis (Task 1) and any other evidence that BASMAA or the Water Board may
bring. This primary rationale has, in the past, been referred to as resampling potential false
negatives but, this year, this effort will be supported by a much deeper analysis of existing data
and information than ever before based on the outcomes of Task 1.
o Other selection rationale:
▪ New sites of interest based on and BASMAA or Water Board evidence outsides of
stormwater wet season reconnaissance characterisation data
▪ Larger watersheds with an existing USGS gauge
▪ Sites within priority margin unit watersheds
▪ Nested sampling design to track sources upstream in known polluted areas to help better
define source areas and management options
● Number of sites: Dependent on site logistics, proximal site associations, analytes, budget and other
factors, but likely 12-25 sites. Since we will be re-sampling known sites, there will not be a need for
reconnoitering very many of any new sites thus saving more budget for storm sampling and lab
analysis.
● The 2017 analytes list will be continued (PCBs, Hg, SSC, TOC, grainsize, salinity) in WY 2018
Note: There is $20-30k carryover from WY 2017 will supplement the funding being requested here. In
addition, there could be some coordination and application of some of the sampling resources [from the
reconnaissance or trends level sampling STLS elements] and data needs for priority margin units (PMUs)
pending discussions in late May by the PCB and dioxins working group.

Reporting
Outputs (Deliverables):
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1) A spreadsheet matrix of sites and sampling triggers for each site to support the field program
(Preliminary due September 2017, final due September 2018),
2) A stepwise interpretive methodology (supported by a technical appendix outlining the results of
the advanced data analysis) (preliminary draft by 2018 WG meeting to get further review, second
draft August 2018 - final November 2018), and a
3) Technical report on the WY 2018 reconnaissance data (March 2019) that will likely include
advanced interpretative reporting using the methods developed in the advanced data analysis.
Desired outcomes:
Identification of sites that are disproportionately polluted with PCBs that are of heightened management
interest

Linkages to other STLS elements
Data collected in this project element is being used to support recalibration of the RWSM, input for RAA,
and may provide useful context for development of the watershed loadings Trends Strategy.

Linkages to other RMP Workgroups
Some of the sampling sites may be selected in the watersheds of the Priority Margin Units (PCB WG) and
monitored for emerging contaminants with funding from the ECWG.

References
Gilbreath, A.N., Hunt, J.A., Yee, D., and McKee, L.J., 2017 (in SPLWG review). Pollutants of concern (POC) reconnaissance
monitoring final progress report, water years (WYs) 2015 ad 2016. A technical report prepared for the Regional Monitoring
Program for Water Quality in San Francisco Bay (RMP), Sources, Pathways and Loadings Workgroup (SPLWG), Small
Tributaries Loading Strategy (STLS). Contribution No. xxx. San Francisco Estuary Institute, Richmond, California.
McKee, L.J., Gilbreath, A.N., Hunt, J.A., and Greenfield, B.K., 2012. Pollutants of concern (POC) loads monitoring data, Water
Year (WY) 2011. A technical report prepared for the Regional Monitoring Program for Water Quality in San Francisco Bay
(RMP), Small Tributaries Loading Strategy (STLS). Contribution No. 680. San Francisco Estuary Institute, Richmond,
California. http://www.sfei.org/documents/pollutants-concern-poc-loads-monitoring-data-water-year-wy-2011
McKee, L.J., Gilbreath, A.N., Yee, D., and Hunt, J.A., 2016. Pollutants of concern (POC) reconnaissance monitoring draft
progress report, water year (WY) 2015. A technical report prepared for the Regional Monitoring Program for Water Quality
in San Francisco Bay (RMP), Sources, Pathways and Loadings Workgroup (SPLWG), Small Tributaries Loading Strategy
(STLS). Contribution No. 787. San Francisco Estuary Institute, Richmond, California.
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Oakland, CA. http://www.sfei.org/sites/default/files/biblio_files/Small_Tributary_Loading_Strategy_FINAL.pdf
SFRWQCB, 2009. California Regional Water Quality Control Board San Francisco Bay Region Municipal Regional Stormwater
NPDES Permit, Order R2-2009-0074, NPDES Permit No. CAS612008. Adopted October 14, 2009. 279pp.
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/Municipal/index.shtml
SFRWQCB, 2015. California Regional Water Quality Control Board San Francisco Bay Region Municipal Regional Stormwater
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Special Study Proposal: STLS POC Stormwater- Regional Watershed
Spreadsheet Model Support
Summary: The RMP developed the Regional Watershed Spreadsheet Model (RWSM) primarily to
estimate regional loads and secondarily to provide additional information for management at finer scales
(Bay margins, single watersheds, subwatersheds, or older built-out areas). The development and
calibration of the RWSM were completed in 2016 and the model was used to provide information on land
use-based event mean concentrations (EMC) and yields for PCB and Hg, as well as regional and
sub-regional loads. The model is presently being prepared for public release (beta, May 2017 and final
August 2017) but what is lacking is occasional technical support to maintain a collaborative peer-review
process for subsequent model refinements and ensure public accessibility of any future refined or
improved versions of the model. This funding will provide any occasional support for the RWSM after it
becomes publicly available.
Estimated Cost: $7k
Oversight Group: STLS/SPLWG
Proposed by: Jing Wu, Lester McKee, Alicia Gilbreath (SFEI)

PROPOSED DELIVERABLES AND TIMELINE
Tas
k

Due date
Deliverable

2017
S

A

Provide technical support

O

2018
N

!

D
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F

!

M

A

M

!!

J

J

A

!

S

O

N

!

! = STLS check in for review and course corrections
!! = SPLWG oversight and review

Background
The development of the Regional Watershed Spreadsheet Model (RWSM) was recommended in the small
tributary loading strategy (STLS) to support improved estimates of regional scale loads (primarily), to
provide a quantification of the relative concentrations and loads between watersheds to help focus
management. Starting in 2010, a multi-year effort was undertaken to systematically develop and calibrate
the model. The development process has been documented through five previous progress reports (Lent
and McKee, 2011, Lent et al., 2012, McKee et al., 2014; Wu et al., 2016; Wu et al., 2017). The model was
initially designed to use either a hydrology model or suspended sediment (SS) model as the basis for the
pollutant models, but the current structure uses the hydrology model as the primary basis for estimating
local and regional loads based on land use-based EMC and yields.
With the 2016 budget, the RWSM development and calibration was finalized. The final pollutant models
are structured on four land use groups and calibrated to a subset of well sampled watersheds through a
hybrid manual and automatic approach. The calibrated model was used to provide land use-based EMC
and yields for PCB and Hg, as well as regional and sub-regional loads (Wu et al., 2017). Given the model
has been developed over multiple years using small and incremental annual adjustments to the model
structure, by multiple staff, through different platforms as technology has improved, a wholesale switch
from sediment based to water based, adding components for the calibration procedures, and multiple
rounds of review and adjustment, the current form of the model kit (Wu et al., 2017) consists of three
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separate components (an ArcGIS tool application written in python code, and Excel spreadsheet for
manual calibration, and an R-scripted auto-calibration and error generation component) and has not been
compiled into a cohesive, flexible, and well-documented model kit suitable for use outside of the
development team. As a result, the 2017 work plan was focused on cleaning up model code and
completing a full model documentation. The work plan for the 2017 funding includes:
1. Clean up and reconstruct model code
2. Clean up model input files and auto-calibration codes
3. Document model structure and complete a user manual
4. Finalize the model kit and documentation and release them for public use

Study Objectives and Applicable RMP Management Questions
The main study objective is to provide occasional technical support to maintain a collaborative
peer-review process for subsequent model refinements and ensure public accessibility of any future
refined or improved versions of the model, after it is officially released.
The proposed activity will help maintain the model to be used for addressing management question (MQ)
4 primarily but also supports MQ1 by providing a quantified load rankings by watershed, MQ2 by its use
for estimating loading to priority margin units, and MQ 3 by providing maps of concentrations and loads
Bay Area wide as a basis to support effectiveness evaluation methods for stormwater BMPs.
MRP 2.0 Q1: Source Identification / Leverage: Which sources or source areas provide greatest
opportunity for load reductions?
MRP 2.0 Q2: Impairment: Which source areas contribute most to impairment of Bay?
MRP 2.0 Q3: Management effectiveness: Provide support for planning future management actions or
evaluate existing actions.
MRP 2.0 Q4: Loads: Assess POC loads, concentrations, or presence/absence.

Approach
The RWSM is anticipated to be officially released in August 2017. The approach to continuous support
of RWSM includes:
1. Response to user requests
2. Maintain a collaborative peer-review process for potential model refinements

Reporting
Documentation response to information or review requests and of any version changes. Report out via
short memo or PP presentation at next year's SPLWG on how the modeling is being used and any new
versions that may have emerged.

Linkages to other STLS elements
The RWSM makes use of the data available from well-sampled watersheds for calibration. The
reconnaissance data was then used in an informal “verification” procedure to explore how well the
RWSM does more generally in predicting EMCs in reconnaissance watersheds as well as others that are
not used for model calibration and to help verify whether the model captures the patterns and magnitudes
of concentrations across the region as observed. This important step helps highlight any sites where the
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model output is outside (substantially lower or higher) the available observations. In the future, and if the
“advanced data interpretation of reconnaissance data is funded, this verification procedure will be
performed using “screened data” based on the outcomes of advanced data analysis task. The model will
be evaluated among other modeling options for use in the regional trends evaluations and is being used to
support the a starting point for differentiation of concentrations and yields for differing land use classes
for RAA modeling.

Linkages to other RMP Workgroups
The RWSM is being used to estimate the loads to the Priority Margin Units (PCB WG) but has also be
used in the past to estimate regional nutrient loads and could be used in the future to estimate regional
loads of emerging contaminants.
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Lent, M.A. and McKee, L.J., 2011. Development of regional suspended sediment and pollutant load estimates for San Francisco
Bay Area tributaries using the regional watershed spreadsheet model (RWSM): Year 1 progress report. A technical report
for the Regional Monitoring Program for Water Quality, Small Tributaries Loading Strategy (STLS). Contribution No. 666.
San Francisco Estuary Institute, Richmond, CA.
http://www.sfei.org/sites/default/files/RWSM_EMC_Year1_report_FINAL.pdf
Lent, M.A., Gilbreath, A.N., and McKee, L.J., 2012. Development of regional suspended sediment and pollutant load estimates
for San Francisco Bay Area tributaries using the regional watershed spreadsheet model (RWSM): Year 2 progress report. A
technical progress report prepared for the Regional Monitoring Program for Water Quality in San Francisco Bay (RMP),
Small Tributaries Loading Strategy (STLS). Contribution No. 667. San Francisco Estuary Institute, Richmond, California.
http://www.sfei.org/sites/default/files/RWSM_EMC_Year2_report_FINAL.pdf
McKee, L.J., Gilbreath, A.N., Wu, J., Kunze, M.S., Hunt, J.A., 2014. Estimating Regional Pollutant Loads for San Francisco Bay
Area Tributaries using the Regional Watershed Spreadsheet Model (RWSM): Year’s 3 and 4 Progress Report. A technical
report prepared for the Regional Monitoring Program for Water Quality in San Francisco Bay (RMP), Sources, Pathways
and Loadings Workgroup (SPLWG), Small Tributaries Loading Strategy (STLS). Contribution No. 737. San Francisco
Estuary Institute, Richmond, California.
http://www.sfei.org/documents/estimating-regional-pollutant-loads-san-francisco-bay-area-tributaries-using-regional-wate
Wu, J., Gilbreath, A.N., McKee, L.J., 2016. Regional Watershed Spreadsheet Model (RWSM): Year 5 Progress Report. A
technical report prepared for the Regional Monitoring Program for Water Quality in San Francisco Bay (RMP), Sources,
Pathways and Loadings Workgroup (SPLWG), Small Tributaries Loading Strategy (STLS). Contribution No. 788. San
Francisco Estuary Institute, Richmond, California.
http://www.sfei.org/sites/default/files/biblio_files/RWSM%202015%20FINAL.pdf
Wu, J., Gilbreath, A.N., McKee, L.J., 2017. Regional Watershed Spreadsheet Model (RWSM): Year 6 Progress Report. A
technical report prepared for the Regional Monitoring Program for Water Quality in San Francisco Bay (RMP), Sources,
Pathways and Loadings Workgroup (SPLWG), Small Tributaries Loading Strategy (STLS). Contribution No. 811. San
Francisco Estuary Institute, Richmond, California.
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Special Study Proposal Concept: Planning Support for Stormwater
Alternative Flame Retardants Conceptual Model
Summary: While the Small Tributaries Loadings Strategy (STLS) Program has focused primarily on
PCBs and Hg in its work, its broader goals include characterizing stormwater concentrations and loads to
the Bay of other Pollutants of Concern (POCs). Past POC monitoring and modeling efforts by STLS
participants have included Polybrominated Diphenyl Ethers (PBDEs), building on previously developed
conceptual models. This study will review available PBDE data and conceptual models and recommend
how those can inform the ECWG’s planning for a 2019 study proposal of alternative flame retardants
(AFRs) that are replacing PBDEs.
Estimated Cost:
Option 1 (Low budget availability): $13k
Option 2 (High budget availability): $16k
Oversight Group: STLS/SPLWG, coordinating with ECWG
Proposed by: STLS Team
PROPOSED DELIVERABLES AND TIMELINE
Due date
Task

Deliverable

2017
S

A
B
C
D

Clarified list of regional management information needs for
AFRs in stormwater and finalized work plan
Compile and summarize PBDE stormwater data from 2007
Conceptual Model report and PBDE and AFR data from
subsequent STLS monitoring during WYs 2010, 2012, 2013, and
2014
Review modeling platforms that could be used for exploring and
predicting AFR behavior
Report on the strengths and weaknesses of the available data and
conceptual models for addressing AFR information needs in
relation to stormwater

O

2018
N

D

J

F

M

A

M

!

!!!

!

!!

J

J

A

S

O

!
!

! = STLS check in for review and course corrections
!! = SPLWG oversight and review
!!! = ECWG oversight and review

Background
PBDEs in biota were cause for concern prior to 2006 due to high concentrations in Bay biota (e.g., Oram
et al., 2008 and references therein), but due to a regulatory phase-out they are being replaced as flame
retardants in a wide range of consumer products. The primary AFRs replacements include bromine- and
phosphate-based compounds and have been classified as Tier I (Possible Concern) by the RMP
Contaminants of Emerging Concern (CEC) Strategy developed by the Emerging Contaminants
Workgroup (ECWG). One flame retardant, hexabromocyclododecane (HBCD), has been classified as a
Tier II (Low Concern) contaminant. The reissued Municipal Regional Stormwater Permit (MRP,
SFRWQCB, 2015) ended a requirement for stormwater monitoring of PBDEs, but requires that
stormwater permittees conduct or cause to be conducted a study addressing management information
needs for AFRs. This study may include preparing a Conceptual Model (CM) of AFR sources and
pathways that are associated with stormwater runoff.
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Review of previous PBDE monitoring data and CMs (e.g., Werme et al 2007) could provide a starting
point for the AFR CM, subject to differences in management information needs and chemical properties
and uses of AFRs. For example, AFRs are a broad class of compounds with a wide range of
environmental behaviors. PBDEs may not be the appropriate group of compounds to use as a starting
point to assess some AFRs, particularly if there is a focus on understanding sediment-bound contaminants
– some AFRs are highly water soluble. In addition, some AFRs, especially organophosphate flame
retardants, have additional sources; this class in particular has been used as plasticizers for a long time in
addition to use as flame retardants. The existing PBDE conceptual models may not have adequately
considered these sources.
The Small Tributaries Loading Strategy (STLS) (SFEI, 2009) was developed to coordinate efforts by the
RMP with those of stormwater permittees to address management questions identified in the first MRP
(SFRWQCB, 2009) regarding sources, concentrations, loads and trends of certain Pollutants of Concern
contributed by local tributaries to SF Bay. An updated set of management questions (listed below) was
provided in the reissued MRP effectively beginning in 2016 (SFRWQCB, 2015).
Since 2010, the STLS has included development of the Regional Watershed Spreadsheet Model (RWSM)
primarily to support improved estimates of regional scale loads, and to provide a quantification of the
relative concentrations and loads between watersheds to help focus management. The RWSM was
designed to use either a hydrology model or suspended sediment (SS) model as the basis for the pollutant
models, but current structure uses the hydrology model as the primary basis for estimating local and
regional loads based on land use EMC and yields. As part of this modeling effort, pollutant profiles for
PCBs, Hg, SS, Cu, Se, OC pesticides, and PBDEs were outlined and recommendations for their
parameterization approaches were made (Lent and McKee, 2011; McKee et al., 2014).

Study Objectives and Applicable RMP Management Questions
The main study objectives are
1. Identify the priority management information needs for AFRs in stormwater runoff to SF Bay
2. Assess the applicability of previous PBDE and AFR data and conceptual models to a conceptual
model of AFRs in stormwater
Level I RMP, Q3:
Level II RMP, Q3C:

What are the sources, pathways, loadings, and processes leading to
contaminant-related impacts in the Estuary?
What is the effect of management actions on loads from the most important
sources, pathways, and processes?

Relation to Management Questions for STLS, as stated in MRP 2.0
Q3: Management effectiveness: Provide support for planning future management actions or evaluate
existing actions.
Q4: Loads: Assess POC loads, concentrations, or presence/absence.
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Approach
Task A
Facilitate between the Water Board and BASMAA to generate a clarified list of regional management
information needs for AFRs in stormwater. Use this list to make any adjustment on the current general
work plan (Task B and C).
Task B
Compile and summarize PBDE stormwater data from 2007 Conceptual Model report and PBDE and AFR
data from subsequent STLS monitoring during WYs 2010, 2012, 2013, and 2014. Review applicability of
PBDE data, CM Report and the RWSM PBDE pollutant profile for addressing AFR information needs in
the context of a wide variation in AFR properties from highly water soluble to strongly sediment bound,
and a wide variety of uses including use as flame retardants but also use as more general plasticizers.
Task C
Review modeling platforms that could be used for exploring and predicting AFR behavior in stormwater
to fill information gaps as well as help identify ideal sampling locations for the AFRs of interest.
Multimedia modeling platforms of interest include hydrologic models that combine flow and suspended
sediment transport processes, and steady-state fugacity models that facilitate transfer of pollutants
between basic compartments (air, water, soil/sediment) using local conditions and rate constants.
Task D
Based on the results of Task A, B, and C, report on the strengths and weaknesses of the available data and
conceptual models for addressing AFR information needs in relation to stormwater, outline any remaining
data gaps, propose methods for addressing those data gaps including which models are recommended, and
outline a plan for how to collaborate or partner with DPR on any sampling design. Any remaining
proposed data gaps and methods/models/monitoring recommendations should be stratified into those with
a clear nexus to MRP requirements (Tier I) and other optional activities that may be included in a 2nd tier
of a subsequent ECWG project proposal subject to availability of funding.

Reporting
Complete a summary report (tech memo) outlining the outcomes of task A to D (draft in Mar 2018, final
in April 2018).

Linkages to other RMP Workgroups
ECWG/SFEI staff will assist in clarifying management information needs, and reviewing draft/final
deliverables. The resulting product will be presented to and reviewed by the ECWG in addition to or
instead of the SPLWG.
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Special Study Proposal: STLS POC Stormwater- Trends strategy
development
Summary: The STLS watershed loadings trends strategy is designed to answer a key management
question of how regional scale loads are changing through time (and consequently how Bay Water
Quality is changing). Progress has been made in trend analysis with the RMP funded Guadalupe
monitoring and statistical modeling effort as well as BASMAA’s development of an interim accounting
tool for tracking management efforts. However, questions remain as how the regional loads have and will
change as a result of decadal long management actions and in relation to TMDL goals. This study
proposes to develop an integrated strategy of trends evaluation for application at select sites and modeling
to understand trends in pollutant concentrations and loads at two scales (both representative selected
watershed sites and the region as a whole). The strategy will serve as a road map for the next five years,
and possibly beyond, that will lead to a robust framework for tracking regional scale loading trends over
time.
Estimated Cost:
Option 1 (Low budget availability): $75k
Option 2 (High budget availability): $95k
Oversight Group: STLS/SPLWG
Proposed by: Lester McKee, Jing Wu, Alicia Gilbreath, Don Yee, and Jennifer Hunt (SFEI)

PROPOSED DELIVERABLES AND TIMELINE
Due date
Task

Deliverable

2017
S

A
B
C

Complete Guadalupe trend
analysis
Statistical model for a
second watershed
Develop a regional trends
strategy road map
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!!

2018
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!

M

J

J

2019
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S
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D

J

F

M

!!
!

!!

! = STLS check in for review and course corrections
!! = SPLWG oversight and review

Background
The STLS watershed loadings trends strategy is the plan by which progress towards meeting the San
Francisco Bay Hg and PCBs TMDLs (reduction in loads of 50% by 2028 and 90% by 2030, respectively)
is evaluated by the RMP. Within the strategy there are three primary questions: Q1 on accounting for
source reduction activities, Q2 on monitoring and modeling to quantify observable changes in watershed
flux at a regional scale, and Q3 on using "futures modeling" (planning) to predict the loads reductions
associated with management options. Progress to date on these questions includes:
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Q1: BASMAA has developed an interim accounting tool for tracking management efforts
(including efforts back to 2002).
Q2: RMP has developed a statistical model of the response of Guadalupe watershed loads to a
range of climatic variables as a first case study, and is evaluating the model power/data needs for
trends assessment.
Q3: BASMAA and SFEI have carried out a number of BMP performance studies and developed
and applied various modeling tools for the region.
Questions still remains, however, as to the ideal sampling design for trends (type of samples, discrete
grabs, storm composites or perhaps monthly composites), the costs of such a design on a per watershed
basis, the size of the trends that can be observed and how trends results in single watersheds relate to
management effort in those sample watersheds, which watersheds to sample and how many (and the
scaled costs of such a multi-watershed sampling effort), and how to scale up the results from a few
watersheds to the region as a whole (Q2)? In short, the trends strategy is in need of a road map of all the
elements that need to be completed over possibly the next ~5 years for a ~20+ year plan for robust
regional trends evaluation.

Study Objectives and Applicable RMP Management Questions
The objective of the effort is to develop a trends strategy road map through an interactive STLS process
with appropriate oversight from our trends strategy and SPLWG advisors and to design to complete some
earlier elements identified in the road map. Management Questions 1, 2, and 3 above can be answered in
parallel but are intertwined (the way the data and information evolves for MQ 1 and MQ 3 will play into
how and what types of effort will be needed to address the elements in the road map for MQ 2.
This study addresses management question (MQ) 3, 4 and 5.
MRP 2.0 Q1: Source Identification / Leverage: Which sources or source areas provide greatest
opportunity for load reductions?
MRP 2.0 Q2: Impairment: Which source areas contribute most to impairment of Bay?
MRP 2.0 Q3: Management effectiveness: Provide support for planning future management actions or
evaluate existing actions.
MRP 2.0 Q4: Loads: Assess POC loads, concentrations, or presence/absence.
MRP 2.0 Q5: Trends: What are the spatial and temporal trends in loads or concentrations?

Approach
Task A. Complete Guadalupe trend analysis ($20k)
Use the developed statistically-based multi-factor regression trends model (e.g., Hirsch 2010) for
Guadalupe to complete a power analysis that can be used to design and cost out a monitoring program
sufficient for evaluating loading trends in the watershed in relation to possible future management effort
and the desirable scale of change needed.
1. Refine the Guadalupe analysis to explore a) simulated storm composites and b) monthly
composites as the starting data to evaluate reduced intensity sampling in relation to the power to
see trends of a desirable magnitude over agreed to time horizons, and
2. Make an estimate of field, lab, and data management costs for such a program based on
reasonable assumptions of staffing and inflation.
This information will provide a reality check on the costs of a trends program for any single watershed to
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support any future decision on implementing such a program.
Task B. Develop a similar statistical model in a second watershed ($35-40k)
Refine and complete the statistical trend analysis for Zone 4 Line A to serve as a second test case for
monitoring program design and methodology for evaluating loading trends in individual watersheds. Even
if not eventually selected as a representative trends watershed, the characterization of the variance in load
predictability observed in Z4LA will help to incrementally advance (to N=2) our understanding of the
range of uncertainty in estimating loads and trends in various watersheds. Using the combination of
results from Task A and B), we will then develop a general idea of costs for sampling more than 2
watersheds using such designs.
1. Complete the statistical trends evaluation model for Zone 4 Line A using event timestep or
perhaps monthly time step simulated composite design (like in Task A.1 for Guadalupe) to
evaluate the resultant statistical model,
2. Make an estimate of field, lab, and data management costs for such a program for Z4LA based on
reasonable assumptions of staffing and inflation, and
3. Based on the differences that may exist between these two watersheds and using these as a
reasonable basis for sampling smaller less complex and large more complex watersheds, make a
preliminary evaluation of scaled costs for sampling a greater number of watersheds in the region
(3-6 watersheds) to support a potential future regional scale loading trends evaluation.
The statistical analysis at Guadalupe and Zone 4 Line A can help identify key processes and factors that
are important to estimate trends at individual watersheds and for the region as a whole. Although not
transferable, those analysis can further our conceptual understanding of POC loading and trends
mechanisms, which can help bridge knowledge gaps to support a possible future regional model
development.
Task C. Scoping and concept development of a regional trends model and road map ($20-35k)
The trends strategy is in need of a road map of all the elements that need to be completed over possibly
the next ~5 years for a ~20+ year robust regional trends evaluation. This task aims to combine the
knowledge gained from the other tasks, the information on progress from the various RAA modeling
efforts being lead by BASMAA, and the linkages to other possible trends indicators (e.g., Bay margin
PMU indicators) to develop the rationale for and elements in that long term road map for regional scale
loading trends evaluation.
1. Define the goals and scopes of a regional trends model. Think through how a regional model can
be used for estimating temporal and spatial trends in pollutant loads and concentrations; what are
its potential uses for other pollutants; and how it can be linked to the Bay hydrodynamic and
water quality model. Outline the questions that a regional model can answer and key information
it can provide,
2. Identify appropriate structural elements of a trends model in relation to the goals and key
information needs. Review previous and ongoing modeling efforts in the region. Summarize
lessons learned from these efforts, identify potential gaps, and recommend which of the existing
available models can be used as a starting point to support regional scale loading trends
evaluation,
3. Identify data requirements and availability for supporting a regional trends model. Discuss how to
use the data collected by interim accounting methods and the monitoring done in representative
watersheds to support model development, as well as how to potentially use the model to further
identify representative watersheds to guide future monitoring effort.
4. If deemed necessary, scope out a future work plan element to determine of watersheds of similar
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characteristics can be grouped together to form the basis of a stratified sampling design to support
questions about watershed specific and regional scale loading trends? If so how many groups are
there and how do our existing well-sampled or reconnaissance characterization sampled
watersheds fit into these groups?
5. Outline the entire road map for a trends strategy. Include all the elements and steps that will lead
to the development and calibration of a regional model for supporting trend analysis the the
regional loading scale.

Reporting
The trends strategy road map will be presented that will include a technical appendix of the results from
the tasks in the trend strategy (draft in April 2018, final in July 2018)..

Linkage to other STLS Proposed Tasks
This trends strategy is highly linked to nearly all other STLS efforts, as it aims to combine monitoring and
modeling components of numerous studies (both in STLS and in work of stakeholder agencies) to develop
a road maps towards a regional picture of loading trends and to help evaluate management alternatives.
For example, reconnaissance data from other watersheds can help validate the categorization and
representativeness watersheds. Measures of BMP effectiveness made by external partners provide some
indication of likely management effect on watershed loads, and consequent likelihood of detecting trends
over various time intervals. The sampling design for Guadalupe and Zone 4 Line A, as well as data needs
identified in the trends strategy road map, can be used to guide future monitoring effort.

Linkages to other RMP Workgroups
Although there are no immediate direct linkages (there is no guarantee that the work will not be done in a
PMU watershed), the monitoring designs and modeling framework that may result from this effort would
be ideal for applying to a single PMU if that is desired by the PCB WG to increase the quality of the
evaluation of the dynamic nature between management actions, loading change and water quality
improvement on the Bay margin.

References
Hirsch, R. M., Moyer, D. L. and Archfield, S. A. (2010), Weighted Regressions on Time, Discharge, and Season (WRTDS), with
an Application to Chesapeake Bay River Inputs. JAWRA Journal of the American Water Resources Association, 46:
857–880. doi:10.1111/j.1752-1688.2010.00482.x
SFRWQCB, 2015. California Regional Water Quality Control Board San Francisco Bay Region Municipal Regional Stormwater
NPDES Permit, Order No. R2-2015-0049, NPDES Permit No. CAS612008. November 19, 2015. 350pp.
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/Municipal/R2-2015-0049.pdf
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Special Study Proposal: Small Tributaries Loading Program Management
Summary: The goal of the Small Tributaries Loadings Strategy (STLS) Program over the next few years is to
continue to provide information to RMP Stakeholders and the public that directly supports the identification and
management of PCBs and Hg sources, concentrations, loads, and the determination of trends in relation to
management efforts and beneficial uses in San Francisco Bay. To support the Small Tributaries POC stormwater
concentration and loading program, the outcome of this task will be to maintain monthly communication with
BASMAA program and Water Board representatives. This will be completed through regular check in phone calls,
planning for and development of meeting agendas and materials, preparation of meeting summaries, and monitoring
the agenda of and attendance at key external meetings.
Estimated Cost: Option 1: $32,000
Oversight Group: STLS/SPLWG
Proposed by: Jennifer Hunt, Alicia Gilbreath, Jing Wu, and Lester McKee (SFEI)

Proposed Deliverables and Timeline
Task

A

2018

Deliverable

STLS Management(meeting agendas, meeting
summaries, tracking and addressing action items)
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! = STLS check in for review and course corrections
!! = STLS/SPLWG oversight and review

Background
The San Francisco Bay Hg and PCBs TMDLs call for a reduction in loads by 50 and 90% by 2028 and 2030,
respectively. In response, the first Municipal Regional Permit for Stormwater (MRP) Provision C.8.f. (SFRWQCB,
2009) called for a range of actions including gaining a better understanding of which Bay tributaries contribute the
most loading to sensitive areas of biological interest on the Bay margin, better quantification of loads of sediments
and trace contaminants on a watershed basis and regionally, a better understanding of how and where trends might
best be measured, and an improved understanding of which management measures may be most effective in
reducing impairment. These same needs were reflected in the small tributary loading strategy (STLS) (SFEI, 2009).
On November 19, 2015 the second MRP was issued and provided an updated set of management questions
(provided below) (SFRWQCB, 2015). Funding the management of the STLS local team has been occurring since
2009 at a gradually increasing level (initially $20k). This need is likely to remain through the remainder of the
current MRP permit term and possibly into the next permit term..
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Study Objectives and Applicable RMP Management Questions
With an increased focus on collaboration synergy between projects funded by the RMP and those funded directly
by BASMAA, it was recognized back in 2009 that an annual budget allocation was needed to ensure constant and
efficient communication between RMP program staff and BASMAA and Water Board representatives. These
objectives help to ensure quality planning and implementation of projects that aim to answer the following five
management questions:
MRP 2.0 Q1: Source Identification / Leverage: Which sources or source areas provide greatest opportunity for
load reductions?
MRP 2.0 Q2: Impairment: Which source areas contribute most to impairment of Bay?
MRP 2.0 Q3: Management effectiveness: Provide support for planning future management actions or evaluate
existing actions.
MRP 2.0 Q4: Loads: Assess POC loads, concentrations, or presence/absence.
MRP 2.0 Q5: Trends: What are the spatial and temporal trends in loads or concentrations?

Approach
RMP staff will provide management of the STLS process and STLS projects. Tasks include:
· Monthly meetings (phone calls)
· Quarterly or as needed face-to-face meetings
· Planning for and development of meeting agendas and materials
· Preparation of meeting summaries, and
· Monitoring the agendas of, and attendance at key external meetings (e.g. BASMAA Monitoring / POC
Committee meeting, BASMAA BoD meetings)

Reporting
Written meeting summaries are prepared during and after every meeting and archived. A list of action items and
due dates are also maintained.

Linkages to other RMP Workgroups
RMP staff aim to help transfer information between other RMP workgroups and committees and the STLS and
SPLWG. These include meetings of the Priority Margin Units (PCB Workgroup) and the Emerging Contaminants
Workgroup (ECWG).
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EEWG Strategy: Exposure and Effects Workgroup Strategy
Coordination and Technical Support
Summary:

Develop an updated multi-year plan for the Exposure and Effects Workgroup.
Funds for this task would enable SFEI to continue to consult with the EEWG
regarding plans for the next iteration of Exposure and Effects activities that can
inform management decisions in San Francisco Bay. Funds would also support
small-scale synthesis of information that is needed to support these discussions.

Oversight group: Exposure and Effects Workgroup
Proposed by:

Phil Trowbridge, SFEI

Proposed Funding: $10,000
Proposed Deliverables and Timeline

Deliverable

Due Date

Updated EEWG Multi-Year Plan

June 30, 2018

Introduction and Background
The Exposure and Effects Workgroup (EEWG) has been overseeing investigations of the
biological effects of contaminant exposures since the late 1990s. Over the years, EEWG has
guided special studies on birds, fish, and benthos primarily.
Recently, there have been concerns about the direction of this workgroup. Bioaccumulation
monitoring in birds and fish, which started as EEWG special studies, have been incorporated into
the RMP Status and Trends monitoring design. The special studies that remain with the
workgroup lack a strategic vision. Discussions with the TRC, SC, and EEWG in 2017 concluded
that there is still a need for the workgroup, but that the group needs a new strategic plan to guide
its efforts.
Study Objective and Applicable RMP Management Questions
The objective of this task is to provide coordination and technical support for continuing
development of the EEWG Strategy. This task would therefore address all of the questions that
have been articulated for this Workgroup (see list below).
1.
2.
3.
4.
5.
6.
7.
8.

What are the spatial and temporal patterns of impacts of sediment contamination?
Is chemical contamination the cause of observed sediment toxicity in the Bay?
What are the best tools to predict ecological effects from chemical contamination of
sediments in the Bay?
Should any sediment contamination hotspots on the 303d list be de-listed?
Do spatial patterns in bioaccumulation in birds indicate particular regions of concern?
Are there any indications of ecological effects caused by exposure to specific chemicals
or mixtures of contaminants in the Bay?
What are appropriate criteria to manage ecological exposure to chemicals in dredged
material?
Are there effects on fish, benthic species, and submerged habitats from dredging?

The task would also address many of the overarching RMP management questions.
1
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Tasks for 2018
Consult with EEWG Workgroup and update multi-year plan ($10K)
Funds for this task would enable SFEI to continue to consult with the EEWG regarding plans for
the next iteration of Exposure and Effects activities that can inform management decisions in San
Francisco By. Funds would also support small-scale synthesis of information that is needed to
support these discussions.
Timing and Deliverables: An updated EEWG multi-year plan in June 2018. The plan will include
a multi-year schedule of budgets and deliverables.

2
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CAUSES OF SEDIMENT TOXICITY TO AMPHIPODS: CLAY VS. CONTAMINANT
EFFECTS
Brian Anderson – University of California Davis
Steve Bay – Southern California Coastal Water Research Project
April 20, 2017

SHORT DESCRIPTION: DETERMINE CAUSES OF SEDIMENT TOXICITY BY
SEPARATING EFFECTS OF CONTAMINANT AND PHYSICAL FACTORS
ESTIMATED COST: PHASE 1 = $34,170
OVERSIGHT GROUP: EEWG
REVIEW PROCESS TO DATE:

Introduction
Sediment toxicity is a continuing concern in the San Francisco Estuary and
determination of the causes of toxicity is necessary to support Regional Board
management actions regarding contaminant sources and load reductions. Causal
assessment for San Francisco Estuary sediment toxicity is difficult because most of the
toxicity is at a moderate level, below what is needed for toxicity identification evaluation
(TIE) analyses, and individual sediment contaminant concentrations are below toxicity
thresholds.
RMP has sponsored several special studies and workshops to determine the cause of
sediment toxicity in the San Francisco Estuary. The most recent workshop, held in
2012, developed a research strategy that included recommended studies to improve
toxicity identification in San Francisco Estuary. The workshop’s priority
recommendations (Phase I activities) included studies on the influence of fine particles
(e.g., clay) on amphipod mortality, which has been recently conducted. The workshop
also recommended that additional TIE analyses be conducted, as described in the
following workshop report excerpt:
“It is recommended that a set of targeted TIEs be conducted to verify the influence of
factors identified in Phase 1. These TIEs should be designed to focus on those
factors identified as of greatest importance in Phase 1 and should also have
adequate sensitivity to be informative at the low levels of toxicity present at most Bay
locations. Both bulk sediment and pore water TIEs are needed to address the types
of toxicants likely to be of concern. It is possible that alternative methods or
endpoints will need to be used to provide the necessary sensitivity.”
Recent RMP special studies have identified a size-specific influence of clay on
amphipod (Eohaustorius estuarius) mortality, with larger amphipods being less tolerant
of clay exposure. These studies suggest that the high clay content of San Francisco
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Estuary sediments (relative to the amphipod’s habitat) may be contributing to the
unexplained toxicity observed in previous RMP monitoring. This has resulted in the
recommendation that RMP monitoring be conducted using small size classes to reduce
clay effects on sediment test results.
Additional research is needed before the relationship between clay exposure and
amphipod survival shown in previous studies can be applied for causal assessment in
San Francisco Estuary. The previous studies were conducted using clay-spiked control
sediment that may not accurately represent the effects of clay present in Estuary
sediments, which occur in conjunction with low to moderate chemical contamination.
The goal of the current proposal is to characterize the causes of amphipod mortality at
sites with elevated clay and chemical concentrations below known toxicity thresholds.
Recent research on size-specific clay effects have increased our understanding of how
this non-contaminant factor influences sediment toxicity test results. Because of the
potential for clay to impact amphipods through interactive effects with contaminants,
additional progress on causes of sediment toxicity in San Francisco Estuary require
methods to separate clay-induced mortality from chemical effects. One approach to
investigate clay effects in field sediments is through comparison of whole sediment and
interstitial water toxicity. The working hypothesis behind this approach is that in
sediments where high clay concentrations are the primary driver of amphipod mortality,
toxicity due solely to clay would not be observed in interstitial water exposures. The
freely dissolved contaminants in interstitial water is a primary exposure route for free
burrowing amphipods (Anderson et al., 2008). However, extraction and toxicity analysis
of interstitial water is difficult and subject to confounding factors (Carr and Nipper,
2003). This study will develop an ex situ interstitial water toxicity test method for more
accurate analyses and then apply it to field sediments in order to evaluate the influence
of sediment clay on RMP sediment toxicity results.
Study Objective and Applicable RMP Management Questions
Applicable RMP management questions: 1, 3 and 5.
Note: The current proposal is divided into two Phases. Phase 1 (current
proposal - Objectives 1 and 2) will complete development and validation of an ex
situ exposure chamber. Once a proof of concept has been confirmed
demonstrating the utility of the chamber, Phase 2 will address Objectives 3 and 4.
Phase 2 will be conducted as a separately funded study.

Phase 1. Chamber development and validation.
Objective 1. Develop an ex situ exposure method to allow comparison of whole
sediment and interstitial water toxicity to the amphipod Eohaustorius estuarius.
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Objective 2. Conduct whole sediment and ex situ interstitial water toxicity comparisons
with sediment spiked with model stressors to validate exposure method.
Phase 2. Identification of clay associated mortality using field sediments.

Objective 3. Conduct comparative analyses of sediments from the San Francisco
Estuary Status and Trends 2018 survey and Southern California Bight 2018 survey.
Use lines of evidence from whole sediment and interstitial water toxicity tests, chemical
analyses, and analyses of grain size, clay and other physical parameters to evaluate the
relative role of clay on amphipod mortality.
Objective 4. Develop guidance for evaluating the effects of clay on amphipod sediment
toxicity test results for regional monitoring and sediment quality objective (SQO)
implementation.
Study Approach
This project will be a collaboration between UC Davis – Granite Canyon (UCD-GC) and
the Southern California Coastal Water Research Project (SCCWRP). This is intended
to be a two-phase study. Phase 1 (current proposal) will develop an ex situ interstitial
water exposure and toxicity test method for use in distinguishing between the effects of
physical sediment factors (e.g., clay) and sediment contamination (Objective 1). The ex
situ method will be validated by testing sediment that has been spiked separately with
increasing concentrations of clay and representative chemicals (Objective 2). Phase 2
(separate proposal) will utilize the method to assess the toxicity of field-collected
sediments from two regional monitoring programs (Objectives 3 & 4).
Phase 1
Objective 1
UCD-GC and SCCWRP will collaborate to develop an ex situ exposure chamber
designed to be inserted into whole sediment during laboratory toxicity testing in order to
mimic exposure of amphipods to interstitial water in the standard whole sediment
toxicity test. The ex situ chamber will contain a screened opening that will allow the
chamber contents to equilibrate with interstitial water contaminants without allowing clay
into the chamber (Figure 1). Use of an equilibrated ex situ chamber will minimize
potential artifacts associated extraction and testing of interstitial water (i.e., changes in
redox conditions affecting bioavailability; disequilibria resulting from removal of
interstitial water from the whole sediment contaminant reservoir). The chamber should
contain sufficient volume to allow exposure of individual amphipods to interstitial water
for 10 days. Preliminary testing of prototype chamber designs will emphasize
confirmation the chambers provide acceptable water quality (pH, DO) and attain test
acceptability criteria for the 10-day amphipod test following U.S. EPA guidance (U.S.
EPA, 1994).
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In addition to the design attributes described above, contaminant concentrations in the
interstitial water in the ex situ exposure chamber should be comparable to interstitial
water in the whole sediment exposures. To confirm this, experiments will be conducted
using whole sediment spiked with a model contaminant, chlorpyrifos. Chlorpyrifos is an
appropriate contaminant for this objective since it’s toxicity to E, estuarius is well
established for water and sediment, it has physico-chemical properties similar to other
organic chemicals, and it represents a class of contaminants which have been shown to
affect amphipods in field sediments (i.e., pesticides).
In these experiments, chlorpyrifos-spiked sediment will be prepared using previously
described methods (Anderson et al., 2008). Standard and ex situ exposure systems will
be loaded with spiked sediment and allowed to equilibrate for an initial period (e.g., 24
hours). After the initial equilibration, interstitial water will be extracted from whole
sediment via centrifugation and the chlorpyrifos concentration in whole sediment
interstitial water will be compared to the concentration in replicate ex situ exposure
chambers. Extracted sediment and ex situ interstitial water chlorpyrifos concentrations
will be measured over several days to determine the time needed to attain equilibration
with the whole sediment interstitial water. Demonstration of comparable interstitial
water concentrations in whole sediment and ex situ exposures will provide confidence
that the ex situ exposure chambers reflect whole sediment interstitial water exposure to
contaminants. If the chlorpyrifos concentrations are not comparable, design of the ex
situ chambers may need to be modified. Comparable concentration is defined as
chlorpyrifos measurements in extracted sediment and ex situ interstitial water having
relative percent differences within the range typically achieved for duplicate organic
analytical chemical measures (e.g., approximately 50%).
Objective 2
Prototype ex situ chambers will be evaluated using multiple spiked sediment toxicity
tests. Each experiment will compare traditional whole sediment exposures to ex situ
exposures. In the first experiment, a nontoxic reference sediment will be spiked with
increasing concentrations of clay to confirm that the ex situ chambers can separate the
effects of clay content on toxicity. Lack of a toxicity response in the ex situ exposures
for treatments with whole sediment toxicity will indicate that the exposure system can
effectively eliminate toxicity associated with clay particles.
Two additional experiments will be conducted using sediment spiked with two model
chemicals to verify the assumption that the ex situ exposure method provides a
representative measure of toxicity to E. estuarius resulting from sediment
contamination. In these experiments reference sediment will be spiked separately with
copper (as a representative metal with toxicity subject to redox conditions) and the
pesticide chlorpyrifos (as a representative organic with toxicity subject to desorption
rate) and allowed to equilibrate using previously described methods (Anderson et al.,
2008). Sediments will be spiked at concentrations bracketing published LC50 values for
copper and chlorpyrifos (0, 0.25x, 0.5x, 1.0x, 2.0x, 5.0x LC50). Copper and chlorpyrifos
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concentrations will be measured in each exposure concentration in whole sediment,
whole sediment interstitial water, and ex situ interstitial water. Measured concentrations
of whole sediment and interstitial water copper and chlorpyrifos will be used to
determine the dose-response relationship for each type of exposure.
Comparison of the whole sediment interstitial water, ex situ interstitial water and whole
sediment dose response curves for each contaminant will be used to evaluate the
suitability of the ex situ exposure system for use with contaminated field sediments.
Similarity of the dose-response curves will indicate that the combined exposure system
(whole sediment and ex situ) has utility for application to field sediments containing a
mixture of stressors (e.g., clay and contaminants). These results will be used to inform
interpretation of the Objective 3 results, and identify sediment samples where elevated
clay and not contaminants are the primary cause of amphipod mortality.
Phase 2
Objective 3
Whole sediment and ex situ interstitial water toxicity tests will be conducted on selected
sediments from San Francisco Bay as part of RMP Status and Trends sediment toxicity
testing in 2018. Additional testing is expected to be conducted in conjunction with
Southern California Bight 2018 regional monitoring (in-kind support funded as part of
Bight 2018 survey).
Sediments will be tested at sites that have previously demonstrated moderate amphipod
mortality, contain elevated clay, and have no obvious chemical causes of toxicity (i.e.,
contaminants below established toxicity thresholds). Sites for this comparison will be
selected using historical data from the seven Status and Trend base sites that are
sampled as part of routine monitoring. In addition, RMP historical data will be screened
to select additional probabilistic sites to be sampled as part of RMP 2018 sampling. For
this screening, data from previous monitoring conducted at stations that are proximate
to the 2018 RMP probabilistic sampling will be evaluated. The final list of 10 stations
will be comprised of a subset of the 7 Status and Trends base sites and the remaining
20 probabilistic stations.
Results will be assessed relative to the measured whole sediment chemical and
physical properties conducted as part of routine RMP Status and Trends (10 sites) and
Bight 2018 monitoring. The whole sediment and ex situ interstitial water toxicity test
results will be assessed to evaluate two hypotheses concerning response of amphipods
to each sediment sample.
Hypothesis 1: Reduced amphipod survival in the whole sediment test is primarily due
to clay exposure. If this hypothesis is correct, we will expect to see lower survival in the
whole sediment exposures relative to ex situ interstitial water exposure in samples with
high clay concentrations.
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Hypothesis 2: Chemical contaminants in the sediment sample are the primary cause of
sediment toxicity. If this hypothesis is correct, amphipod survival will be comparable in
whole sediment and interstitial water exposures.
Objective 4.
Recommendations and guidance will be developed for use of ex situ interstitial water
testing in regional monitoring and sediment quality objectives (SQO) implementation.
The ex situ interstitial water exposure method is not expected to be utilized on a routine
basis, but rather to provide a tool for sediment TIEs and confirmatory studies specified
in the implementation guidance in the water quality control plan for SQOs (SWRCB
2009). The SQO plan recognizes the potential for sediment quality impacts to occur that
are not caused by chemical contaminants (such as extremes in sediment grain size),
and recommends that the first step in stressor identification should be confirmatory
studies to verify the assumption that sediment quality impacts are associated with
chemical stressors.
UC Davis and SCCWRP will compare results of 2018 RMP Status and Trends and
Bight 2018 toxicity tests to determine if regional differences in response are present and
whether there is a similar relationship between clay content and toxicity between
programs. This will include evaluation of toxicity test results, whole sediment organic
and inorganic chemical analyses, sediment grain size characteristics, and interstitial
water ammonia and hydrogen sulfide concentrations.
A technical report summarizing the results will be produced for RMP review and
approval. The report will include recommendations and guidance for future application
of the ex situ exposure method for regional monitoring and stressor identification to
satisfy SQO program requirements.
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Budget
Task
Phase 1
Objective 1 – Develop and test ex situ exposure chamber
Construct and test prototype chamber(s)
Confirm interstitial water equilibration with chlorpyrifos
Objective 2 – Validate ex situ exposure chamber with spiked
reference sediment
Clay-spiked exposure
Copper-spiked exposure
Copper sediment analysis (6 x $195)
Copper interstitial water analysis (12 x $125)
Chlorpyrifos-spiked exposure
Chlorpyrifos sediment analysis (6 x $500)
Chlorpyrifos interstitial water analysis (6 x $100)
Total Phase 1 (current proposal)
Phase 2
Objective 3 – Evaluate field-collected sediments from two
regional monitoring programs
Collect additional Status and Trends sediment (UCD-GC
subcontract to Applied Marine Sciences)
Test samples using standard and ex situ exposures
(10 x $2,000)
Objective 4 – Data evaluation and reporting
Total Phase 2 (separate proposal)

UCD-GC

SCCWRP

$10,000
$5,000

$4,000
$4,000
$1,170
$1,500
$4,000
$3,000
$1,500
$34,170

$2,500
$10,000
$3,750

$0*
$3,750
$20,000

*SCCWRP will test 10 Bight 2018 samples using whole sediment and ex situ exposures
as part of Bight 2018 monitoring.
Schedule and Deliverables
Task
Objective 1 – Develop and test ex situ exposure chamber
Objective 2 – Validate ex situ exposure chamber
Objective 3 – Evaluate field-collected sediments
Objective 4 – Data Evaluation and Technical report
summarizing findings.

Date
June. 2017 – Oct. 2017
Oct. 2017 – Dec. 2017
Jan. 2018 – Feb. 2018
Aug. 2018 – Dec. 2018
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Figure 1. Conceptual design of ex situ interstitial water exposure system. Specific dimensions and
materials will be developed in Objective 1 of study.
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Support for Sediment Bioaccumulation Evaluations

Special Study Proposal:
Summary:

The Dredged Material Management Office (DMMO) is responsible for approving
millions of cubic yards of routine dredging projects in the San Francisco Bay to
maintain safe navigation. Dredged sediment as well as the remaining residual
sediment surface are evaluated to ensure projects do not produce adverse
environmental impacts. Bioaccumulation testing of dredged material is required
if certain triggers are exceeded. However, the process for evaluating
bioaccumulation test results is complicated and often site-specific, and is
currently developed and agreed upon between dredgers and regulators on a
case-by-case basis. This study would develop a standard list of toxicity
reference values (TRVs) based on the U.S. Army Corps of Engineers’ (USACE)
Environmental Residue Effects Database (ERED), which can be used as a
screening tool to evaluate bioassay results for the region. By developing a list of
the most relevant TRV values up front, this study will save dredgers and
regulators time and money by avoiding the need to conduct individual studies to
develop TRVs, and also improve the efficiency and consistency of dredging
project evaluations. This study will also recommend standard bioassay inputs for
bioaccumulation modeling in fish for screening-level evaluation of dredging
projects.

Estimated Cost:

$30,000

Oversight Group:

EEWG

Proposed by:

Support for Sediment
Bioaccumulation Evaluations

Diana Lin and Jay Davis (SFEI)

PROPOSED DELIVERABLES AND TIMELINE
Deliverable

Due Date

Task 1. Review literature on bioaccumulation testing
evaluations
Task 2. Develop compound list and TRVs
Task 3: Develop bioaccumulation model inputs
Task 3. Draft report
Task 4. Final report

January 2018

1

January - February 2018
March 2018
April 2018
June 2018
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Background
Every year, millions of cubic yards of sediment are dredged in and around San Francisco Bay to
maintain safe navigation. The Dredged Material Management Office is an interagency group, led
by the U.S. Army Corps of Engineers (USACE), U.S. Environmental Protection Agency Region 9
(USEPA), San Francisco Bay Conservation and Development Commission, San Francisco Bay
Regional Water Quality Control Board, and State Water Resources Control Board, responsible for
approving routine dredging projects in an economically and environmentally sound manner. Both
the dredged sediment and the remaining residual sediment (post-dredge surface sediment) are
evaluated using a tiered screening approach that requires certain sediment tests and analysis at
each tier.
Sediment concentrations for bioaccumulative compounds that exceed TMDL requirements, some
ambient concentrations, or certain other published concentration thresholds may trigger a
bioaccumulation test. These standardized tests usually involve 28-day exposures to estimate
steady-state tissue concentrations in Nereis virens (polychaete) and Macoma nasuta (bivalve).
Dredged material bioaccumulation testing thresholds have been established for mercury, total
polychlorinated biphenyls (PCBs), total polycyclic aromatic hydrocarbons (PAHs), total DDTs,
total chlordane, dieldrin, and dioxins
(http://www.sfei.org/projects/dmmo-ambient-sediment-conditions). The bioaccumulation testing
thresholds for mercury, total PCBs, and total PAHs are based on ambient sediment
concentrations from the RMP (SFEI 2016), while the other current thresholds reflect published
values. However, thresholds have not been established by DMMO for other potentially
bioaccumulative compounds.
Bioaccumulation analysis with benthic organisms evaluates whether the dredged material has the
potential to bioaccumulate or biomagnify in the food chain and cause ecological impacts or harm
to higher trophic organisms like fish, or to harm human consumers of fish. However, the process
for evaluating bioaccumulation test results is complicated and often site-specific. The
Programmatic Essential Fish Habitat Agreement acknowledges these complications:
“Note that interpretation of bioaccumulation results is rarely straightforward. It involves
case-by-case consideration of laboratory bioaccumulation test results (tissue
concentrations) relative to reference results, appropriate toxicity reference values (TRVs),
estimates of expected organism exposure (areal and temporal), and other factors. In
addition, our final suitability determinations also must take into account project-specific
issues such as practicability of available alternatives, aquatic placement volumes, and
other factors that may affect whether risks associated with disposal are avoidable or
unacceptable. Since this evaluation must occur on a case-by-case basis, we generally
cannot establish bright-line thresholds for bioaccumulation results that would
predetermine sediments to be unsuitable for in-Bay placement in all cases.”
- Programmatic EFH Conservation Measures, p. 10
Bioaccumulation in the test organism is initially compared to appropriate Toxicity Reference
Values (TRVs) as a conservative screening tool to efficiently evaluate whether the body burden of
an individual compound could cause direct adverse ecological effects. Selection of an
appropriate TRV is a critical step. Potential TRV values are available in USACE’s Environmental
Residue Effects Database (ERED), which is a collection of effect threshold data compiled from
peer-reviewed literature and reports submitted to U.S. government agencies (USACHPPM 2000).
The selection of the most appropriate TRV value for a specific compound is presently done on a
case-by-case basis by Bay Area regulators and dredgers, and this can be time-consuming and
2
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inefficient.
Measured tissue concentrations from the bioaccumulation tests are also used to estimate the
potential for biomagnification of the contaminants in Bay fish species. Bioaccumulation assays
and sediment concentrations are used as inputs into the Trophic Trace module of the
Bioaccumulation Risk Assessment Modeling System (BRAMS) to estimate concentrations in Bay
fish (e.g., shiner surfperch and white croaker). Model-predicted fish tissue concentrations are
then compared to any established fish tissue concentration targets (such as TMDL goals, if
applicable) and/or to ambient fish concentration data from the RMP. Both Long Term
Management Strategy (LTMS) managers and dredgers would save time and money if the
process for evaluating bioaccumulation testing could be standardized regionally. Having a
standardized process or even just accepted model inputs would not only improve efficiency but
also improve consistency of decision-making across dredging projects.
This study would use LTMS agency guidance to develop TRV values for priority pollutants for
benthic organisms for dredging projects in San Francisco Bay. This list would be developed with
a clear, consistent, and technically sound selection method. Additionally, this study would review
the current state of the art for bioaccumulation testing evaluations, and provide recommendations
for modeling bioaccumulation exposure risks to higher trophic organisms from contaminants in
benthic organisms by developing a standardized list of inputs for bioaccumulation models.

Study Objectives and Applicable RMP Management Questions
This study will provide information and methods essential for evaluating bioaccumulation test
results for dredging projects.
From the latest revised list of EEWG management questions:
o What are appropriate criteria to manage ecological exposure to chemicals in dredged
material?
Overarching RMP Management Questions
o 1: Are chemical concentrations in the Estuary potentially at levels of concern and are
associated impacts likely?
o 1.1: Which chemicals have the potential for impacts?
o 1.2: What is the potential for impacts due to contamination?
o 1.3: What are appropriate guidelines?

Approach
We will develop a list of the most relevant TRVs for San Francisco Bay benthic bioaccumulation
tests from ERED based on a review of USACE, USEPA, and other LTMS agency guidance and
published literature. The list of compounds for which we will derive TRV values will be based on
compounds classes where testing threshold for dredging projects have been established
(http://www.sfei.org/projects/dmmo-ambient-sediment-conditions), and compounds within those
classes will be prioritized based on discussions with LTMS agencies. LTMS agency guidance is
that TRVs for bioaccumulation testing of dredged material for San Francisco Bay should reflect
the best estimate of the lowest concentration causing an observable adverse effect on a marine
invertebrate. More specifically, relevant TRVs should be based on studies that demonstrate an
adverse effect on the whole organism that is likely to affect the sustainability of the population,
such as survival, growth, or reproduction. If multiple relevant studies are available, then the TRV
3
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value should be selected based on the lowest observable effects level (LOEL) for a marine
invertebrate. When data are limited, then LOEL can be estimated from other endpoints using
uncertainty factors. For example, if only a LD50 value for a marine invertebrate is available in
ERED, then an uncertainty factor of 20 may be used to estimate the LOEL.
We will check the reference for each of the final TRVs derived, to ensure each TRV is being
used in the correct context. Some consultation with USACE may be required to find the
reference, and any discrepancies found in this process will be flagged for USACE. We will also
conduct a review of bioaccumulation testing evaluations in order to develop a list of
recommended standardized bioaccumulation model inputs to be used in BRAMS. The purpose
of the model inputs would be to provide guidelines for standardized methods and parameters to
conservatively screen for bioaccumulation risks to higher trophic organisms, such as fish, from
bioaccumulation in benthic organisms exposed to the sediment from the dredging project.

Budget
The following budget represents estimated costs for this proposed special study (Table 2). Efforts
and costs can be scaled back by reducing the number of compounds evaluated.
Table 2. Proposed Budget.

Expense

Estimated Hours

Estimated Cost

Labor
Project Staff
Senior Management Review

215

28,000

10

2000

Project Management

NA*

Contract Management

NA*

Grand Total
*services included in the base RMP funding

30,000

Budget Justification
Project staff costs is based on estimated time required to:
● Prioritize compound list with DMMO (5 hrs.)
● Develop TRV list by filtering and evaluating effects data from ERED, and
checking cited reference (55 hrs.)
● Review bioaccumulation literature (10 hrs.)
● Derive standard inputs for bioaccumulation models for TRV list (45 hrs.)
● Draft report (55 hrs.)
● Finalize report and incorporate feedback from workgroup (45 hrs.)

Reporting
The primary deliverable will be a final technical report due in June 2018, which includes a list of
the most relevant TRVs for bioaccumulation testing for Bay dredging projects. The report will
also include recommended standard data inputs for bioaccumulation models.
4
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RMP Special Study Proposal: Synthesis of Benthic
Community Data in the Whole of San Francisco Bay
using the M-AMBI Index
Summary:

Evaluation of macrobenthic community condition is an integral component of
sediment quality assessment, and is a required element of the SQO
assessment framework. We do not, at present, have robust and validated
tools to interpret macrobenthic community health in the mesohaline,
oligohaline, and tidal fresh water habitats of San Francisco Bay Estuary (i.e.,
50% of the whole system). Consequently, SQO assessments showing 52%
of San Francisco Bay with poor benthic condition may be inaccurate and
misrepresenting the apparent extent of contaminant-impacted sediments. We
propose to update the SQO assessments of San Francisco Bay by
incorporating a newly revised version of the M-AMBI (Multivariate AZTI
Marine Biotic Index) benthic index designed to work in multiple estuarine
habitats across the United States, including the polyhaline, mesohaline, and
oligohaline habitats in the San Francisco Bay Estuary. To do this we will
calibrate the M-AMBI across the estuary’s different habitats and integrate the
M-AMBI scores into the SQO assessment framework. The successful
integration of this new benthic tool will allow for the first time, a robust SQO
assessment of the potential impacts of toxic, sediment-bound chemicals on
the macrobenthic resources of the San Francisco Bay Estuary.

Estimated Cost:

$50,000

Proposed by: David Gillett, Ashley Parks, and Steve Bay – Southern California Coastal Water
Research Project

Proposed Deliverables and Timeline
Deliverable

Due Date

Technical memo on index calibration
Annotated copies of the R-scripts used to calculate the M-AMBI
scores so that others can apply the tool
Final report summarizing all of our findings, including M-AMBI
informed SQO assessments of 2008-2012 RMP samples

Month 12
Month 24
Month 24

Background
Benthic infauna are the most common faunal assemblage used to assess habitat quality across
the globe due to their sessile lifestyle, taxonomic diversity, and that they integrate stressor
exposure over time (e.g., Dauer 1993; Warwick 1988; Gray et al. 2002). These characteristics
combine to make for relatively predictable community-scale changes in both structure and
function when exposed to disturbance (e.g., Rhoads et al. 1978; Pearson and Rosenberg 1978;
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Gillett 2010). Within the state of California, macrobenthic fauna are similarly used in a variety of
monitoring programs are have been incorporated into a variety of regional and statewide
environmental management policies. One such example is the State’s Sediment Quality
Objectives program.
California’s sediment quality objectives (SQO) are used to assess the impacts of toxic, sedimentbound chemicals to the biological resources of the State’s enclosed bays and estuaries (SWRCB
2009). The SQO framework uses a multiples lines of evidence approach built upon measures of
sediment chemistry, sediment toxicity, and macrobenthic community composition (Bay et al.
2014). Evaluating impacts on macrobenthic community structure is a complex prospect, as
perturbations are manifest through changes in abundance and, eventually, changes in the taxa
that make up the community. For ease of communication and repeatability, the summarization
and communication of those changes are typically done with a benthic assessment index that can
distill complex ecological information into a single value easily understood by environmental
managers, but grounded in sound ecological theory.
The San Francisco Bay Estuary is the largest embayment in California and it is an ecologically
complex system that spans the full range of the estuarine salinity gradient from the tidal
freshwater of the San Joaquin Delta to the polyhaline waters in the central bay. These natural
gradients make consistent evaluation of macrobenthic fauna potentially problematic, as
community composition naturally changes along the estuarine gradient of salinity too (e.g.,
Ranasinghe et al. 2012; Thompson et al. 2013). As a consequence, there is a lack of robustly
calibrated and validated benthic indices for the mesohaline, oligohaline, and tidal freshwater parts
of San Francisco Bay Estuary. The goal of this project is to improve our understanding of
macrobenthic community condition in San Francisco Bay Estuary by applying a recently revised
benthic index that is less sensitive to natural habitat gradients to existing RMP monitoring data.
Estuarine habitat gradients are not unique to the San Francisco Bay Estuary. In Europe, the
European Water Framework Directive (EU WFD) has adopted a benthic assessment approach
using the Multivariate AZTI Marine Biotic Index (M-AMBI) (Muxika et al. 2007) an index designed
for consistent evaluation of benthic communities as they change across natural gradients. The
M-AMBI is a weighted tolerance type of index that uses habitat-specific expectations of
community metrics (diversity, richness, etc) and the relative abundance of pollution tolerant and
sensitive taxa in a sample to evaluate the condition of the location from where it was collected.
Because of the way it was constructed, the M-AMBI does not require a large calibration/validation
data set and can therefore be applied in novel systems with relative ease.
However, when the M-AMBI has been applied in systems outside of the European continent
where it was originally developed, its performance has produced mixed results at best (e.g., Borja
et al. 2008; Borja and Tunberg 2011;Tiexiera et al. 2012). To solve some of these problems both
the AMBI (a univariate version of the M-AMBI) and the M-AMBI have been recalibrated for
application in coastal and estuarine waters of the continental United Sates using data from the
US EPA National Coastal Assessment (NCA) surveys (including data and taxonomic experts from
the San Francisco Bay area) (Gillett et al. 2015; Pelletier et al., submitted).
This new, revised version of the M-AMBI is going to be the single, generalized benthic index for
application across all coastal and estuarine waters of the United States. Existing locale-specific
benthic indices will continue to be used – and new ones likely developed – but we now have a
tool that can confidently be applied in all estuaries across the country. The M-AMBI will be used
in the benthic assessment component of the 2015 US EPA NCA survey and as the standard
benthic index for NCA surveys in the future. Using this tool to assess benthic community
samples collected by RMP surveys will allow for easier integration into the national program and
for direct, meaningful comparisons of ecosystem health in the San Francisco Bay Estuary to other
regions of the country. Previous calibration of the M-AMBI for West Coast applications was
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conducted on a broad regional scale for use as a stand-alone assessment tool; further calibration
for San Francisco Bay is needed to integrate the index scores with other lines of evidence in the
SQO assessment framework.
For this study, we propose to apply the newly revised M-AMBI (Pelletier et al. submitted) to
assess macrobenthic samples in the polyhaline, mesohaline, and oligohaline regions of San
Francisco Bay Estuary to evaluate macrobenthic response to pollution. These results will then be
incorporated into the SQO assessment framework, allowing a more complete assessment of
California’s largest estuary, and setting a template for assessments going forward. The products
from this study will provide the RMP and associated stakeholders with a better understanding of
the health of the San Francisco Bay Estuary’s macrobenthic communities, and also an evaluation
of the suitability of the M-AMBI for use in the SQO assessment framework. These results can be
used to infer the impacts of pollution on the estuary, how it has changed since 2008, and how it
may change in the future. Furthermore, we will be able to provide interested parties a tool to do
their own assessments of data collected in future benthic surveys.

Study Objectives and Applicable RMP Management Questions
The study will provide information essential to understanding the impact of pollution on the
macrobenthic fauna of San Francisco Bay Estuary. The specific objectives of this study will be to:
1. Calibrate M-AMBI interpretation thresholds for use with the SQO assessment framework
2. Calculate M-AMBI scores for RMP data from 2008-2012 and describe spatial and
temporal trends in the assessment results
3. Compare M-AMBI performance in San Francisco Bay to that of existing SQO benthic
indices and provide recommendations for future application in RMP
Table 1 illustrates how the objectives of this project relate to the RMP’s high-level management
questions.
Table 1. Study objectives and questions relevant to RMP management questions.
RMP Management Question
Proposal Study Objective
Example Information
Application
1) Are chemical
1. Calibrate M-AMBI
Assess benthic community
concentrations in the Estuary
interpretation thresholds.
condition and association with
2. Calculate M-AMBI scores
at levels of potential concern
chemistry and toxicity in San
and SQO assessment
and are associated impacts
Francisco Bay Estuary
categories for RMP benthic
likely?
samples
3. Evaluate M-AMBI
performance and develop
recommendations for future
application.
4) Have the concentrations,
2. Calculate M-AMBI scores
Compare time series of
masses, and associated
and SQO assessment
macrobenthic community
impacts of contaminants in the categories for RMP benthic
status to sediment
Estuary increased or
samples
contamination in different
decreased?
regions of San Francisco Bay
4.1. What are the effects of
Estuary
management actions on
concentrations and mass?
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Approach
In brief, our approach will be to adapt the modified M-AMBI for SQO assessment use in multiple
habitats of the San Francisco Bay Estuary. The condition category thresholds of the M-AMBI will
be calibrated for SQO assessment based on relationships using existing benthic index data from
the polyhaline portions of the estuary. This calibration will then be extended for use in the
mesohaline and oligohaline habitats. Lastly, we will integrate the M-AMBI benthic assessment
scores – potentially in combination with other existing benthic indices (see Ranasinghe et al.
2009) – with the sediment toxicity and sediment chemistry SQO lines of evidence to produce
updated SQO assessment scores for 2008-12 RMP samples.
In detail, the three tasks in the proposed work will be:
Task 1 – Calibration of the M-AMBI for SQO Assessment in San Francisco Bay Estuary
($21,000)
The M-AMBI uses five condition categories in its classification scheme (High, Good,
Moderate, Poor, and Bad Condition) following Muxika et al. (2007). These thresholds
were derived from statistical distributions of scores in the original calibration data set from
Europe. The benthic component of the CA SQO framework uses a four category system
(Reference, Low, Medium, and High Disturbance), derived from sample departure from
reference sites in their California calibration data set (Ranasinghe et al. 2009; Bay et al.
2014).
With the goal of integrating the M-AMBI into the SQO assessment framework, we will
need to develop an approach to classify the M-AMBI scores into a four category scheme
like the rest of the SQO components. We will accomplish this by benchmarking M-AMBI
scores in the polyhaline habitat to those of the existing SQO benthic indices (BRI,
RIVPACS, RBI, and IBI) and assigning new thresholds that match the existing SQO
thresholds and represent ecologically meaningful changes in benthic community
composition (species loss/replacement, shifts in dominance, potential functional changes,
etc).
M-AMBI scores and condition category assignments will be validated against an
independent data set in the polyhaline habitat that was used in the original SQO benthic
index development process. The validated polyhaline thresholds will be used as a model
for developing M-AMBI interpretation thresholds for the mesohaline and oligohaline
habitats.
Deliverable 1 – A technical memo covering the threshold adjustment process and the
results of the validation exercise.
Task 2 – Synthesis of benthic community data and revision of SQO assessment trends
($15,000)
The calibrated M-AMBI will be used to evaluate benthic samples from RMP surveys
conducted from 2008 – 2012. All of these samples have been utilized for SQO
assessment previously (e.g., Bay et al. 2013), and the previous chemistry and toxicity
lines of evidence results will be combined with the M-AMBI results to conduct a revised
and more complete assessment.
The assessment results will be analyzed to describe changes in the magnitude and
extent of sediment quality impacts over time for different habitats of the estuary.
Changes in assessment results related to the use of the M-AMBI will also be described.
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Deliverable 2 – Annotated R scripts used to calculate the M-AMBI scores so that others
can apply the tool.
Task 3 – Final Report and Presentation of Results ($14,000)
A final report will be created to synthesize the findings of tasks 1 and 2 and provide our
recommendations on the incorporation of the revised M-AMBI for benthic community
assessments associated with the SQO program and other assessment studies in the San
Francisco Bay Estuary. We will also prepare an oral presentation to SFEI staff, Regional
Water Quality Control Board staff, and RMP technical advisory board members as
desired. Additionally, we will provide copies of r-scripts to calculate the M-AMBI so that
the index can applied by others in the region.
Deliverable 3 - A final report summarizing our findings from tasks 1 through 3.

Budget
Table 2. Proposed Budget.
Expense

Estimated Hours

Estimated Cost

Labor
Project Staff
Senior Management Review

240

$44,000

16

$3,600

Direct Costs
Equipment
Travel

$2,400

Printing
Shipping
Other
Grand Total

$50,000

Budget Justification
Project Staff Labor – will cover the cost of D. Gillett (Scientist) and A. Parks (Scientist) time to
aggregate data, conduct the various analyses, and write the technical memos, final report, and Rscripts.
Senior Management Review Labor – will cover the cost S. Bay (Principal Investigator) to review
the analyses, as well as technical memos and final report produced by Gillett and Parks
Travel Direct Costs – Estimated costs for travel of Gillett, Bay, and Parks between Costa Mesa
and San Francisco on at least two occasions to present interim and final results to the RMP
advisory boards, SFEI staff, Regional Board staff, and other appropriate/interested parties.
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Special Study Proposal: Ship-based sampling and sample analysis
Summary:

Ship-based samples will be collected and analyzed for a range of nutrient-related
parameters. This data is essential for basic condition assessment, model
calibration, and improved understanding of nutrient behavior and nutrient-related
effects in the Bay. Ship-based discrete samples will be collected by USGS
aboard the R/V Peterson on ~12 full-bay cruises and an additional ~12 South
Bay cruises.

Oversight group: Nutrient Management Strategy
Proposed by:

David Senn, SFEI

Collaborators: USGS, UCSC
Proposed Funding: $177,000

Proposed Deliverables and Timeline
Deliverable
FY18 NMS Annual Report

Due Date
September 30, 2018

Approach
Ship-based samples will be collected and analyzed for a range of nutrient-related parameters.
This data is essential for basic condition assessment, model calibration, and improved
understanding of nutrient behavior and nutrient-related effects in the Bay. Ship-based discrete
samples will be collected by USGS aboard the R/V Peterson on ~12 full-bay cruises and an
additional ~12 South Bay cruises.
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Costs covered by NMS
- Nutrient analyses (USGS national lab)
- Analysis of integrated toxin samples (SPATT), discrete toxin samples, and algal
pigments (at UCSC)
- Basic data QA/QC and basic reporting
- Additional staff support on cruises to support the collection of NMS-related samples:
inorganic nutrients, total nutrients, microscopy, algal pigments, and particulate algal
toxins; spatially integrated toxin samples (SPATT)
Costs covered by USGS as part of their core program
- Collection of samples for chlorophyll and ancillary data (e.g., suspended particulate
matter, dissolved oxygen, salinity)
- Vertical profiles for multiple parameters
- Underway flowthrough data collection (salinity, T, chl-a fluorescence, turbidity/optical
backscatter)
- Program management, scientific oversight
- Data management for USGS parameters plus inorganic nutrients
- Ship maintenance, fuel, crew, etc.

Budget
Budget Justification
Nutrient analyses for 300 station-date samples ($40,000; ammonium, nitrate + nitrite, reactive
phosphorous, dissolved silicate; total N and total P will be measured at 75% of the sites);
Taxonomy on ~200 samples for phytoplankton community composition and biovolume ($45k);
toxin and algal pigment measurements ($55k); Additional staff support for field work, basic
reporting, and managing overall coordination to support NMS activities ($42k).

Reporting
Deliverables
Nutrient and chl-a data will be made publicly available through USGS’s website. Datasets for
toxins, phytoplankton microscopy, and pigments will also be made available through the NMS.
Results will also be summarized in the NMS Annual Report. Data will be used for many aspects
of the NMS (model calibration, condition assessment, assessment framework development).
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Special Study Proposal: Open-Bay and slough moored sensors: data analysis,
interpretation, and maintenance

Summary:

High-frequency moored in situ sensors at the Dumbarton Bridge have improved
our understanding of dissolved oxygen in Lower South Bay. This proposal would
maintain the network of moored sensors in open waters and margin areas of
Lower South Bay measuring dissolved oxygen and a range of other parameters.
In addition to data collection, FY18 activities would include data analysis with a
major focus on quantitative mechanistic interpretation to identify factors
contributing to observed DO conditions, possibly including the use of simplified
reactive-transport models.

Oversight group: Nutrient Management Strategy
Proposed by:

David Senn, SFEI

Proposed Funding: $342,000

Proposed Deliverables and Timeline
Deliverable
FY18 NMS Annual Report

Due Date
September 30, 2018

Background
While San Francisco Bay is generally not known to be either eutrophic (organic carbon supply >
300 g C m-2 y-1) or hypoxic (dissolved oxygen < 2 mg L-1), a substantial portion of our knowledge
of SFB biogeochemistry comes from a long-term dataset collected in the Bay’s main channel.
Over the past ~2 decades, dissolved oxygen rarely dipped below 5 mg L-1 during biweekly to
monthly surveys at stations in South and Lower South Bay (below left). More recently, though,
high-frequency moored in situ sensors at the Dumbarton Bridge have shown that dissolved
oxygen concentrations frequently drop to levels not typically observed in the long time series.
For example, dissolved oxygen repeatedly dipped near or below 5 mg L-1 in August 2013 during
the lower low tide several days in a row (below, right). The DO signal was strongly coupled to
the tides at multiple frequencies (semidiurnal: two highs and two lows per day; fortnightly: two
spring tides and two neap tides per lunar month), with lowest DO observed around the spring
tide on August 20, 2013. Since dissolved oxygen decreases on ebbing tides, we hypothesized
that lower dissolved oxygen waters were being advected from margin habitats, including the
extensive network of sloughs and creeks in Lower South Bay (SFEI 2015a).
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We began testing this hypothesis in
Spring/Summer 2015 by installing a
network of moored sensors in margin
areas of Lower South Bay, measuring
dissolved oxygen and a range of other
parameters (e.g., salinity, T, turbidity,
chl-a fluorescence). Observations
over Summer 2015 and 2016
confirmed that DO frequently fell
below 5 mg L-1 at multiple sites. The
data also indicated that condition
varied substantially among the sites,
and that DO concentration was
strongly influenced by the tides. High
levels of phytoplankton biomass (as
chl-a) were also evident in sloughs
and other regions influenced by
exchange with restored salt ponds.
Dissolved oxygen and chl-a
concentrations at a subset high-frequency
moored sensors sites in Lower South Bay.
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Approach
FY18 work will focus on the following:
● Complete Year 4 of open bay stations (San Mateo, Dumbarton Bridges) and Alviso
Slough.
● Continue slough creek deployments into Year 3 of slough/creek deployments, including
spring-summer-fall of the extremely wet WY2017 which came on the heels of several
drought years.
● Data analysis, with a major focus on quantitative mechanistic interpretation to identify
factors contributing to observed DO conditions, possibly including the use of simplified
reactive-transport models.
● Sensor network maintenance.
● At some sites, migrate to a different sensor package that is expected to improve data
quality and decrease maintenance frequency
● Data management and QA/QC.

Budget
Budget Justification:
2 staff (0.75 FTE junior staff, 0.65 FTE senior staff; $227,000) for field work, data management,
data analysis, interpretation, and report preparation. Field support and additional technical
support (including boat, fuel, field technicians; $40,000); equipment/supplies ($70k, replacement
sensors, instrument replacement and/or upgrades, reagents and maintenance supplies); and
analysis of discrete samples for instrument calibration ($5,000).

Reporting
Deliverables
• Summary of major observations in the NMS FY18 Annual Report (e.g., NMS FY16 Annual
Report)
• One or more technical appendices to that report characterizing, e.g.,
- Mechanistic interpretations of factors contributing to periodically low DO at slough
sites and physical and biogeochemical factors. The goal is to submit this report as a
manuscript to a peer-reviewed journal.
- Multi-year overview: Inter-year comparison of key parameters, what new has been
learned relative to ship-based monitoring alone (e.g., variance in DO, turbidity, and
chl-a),
- Spatial/temporal variability in LSB/SouthBay open-Bay and slough water quality (DO,
chl, etc.) to inform evaluation of DO-related condition.
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Special Study Proposal: Microplastics in San Francisco
Bivalves
Summary: With external funding from the Moore Foundation and the RMP, SFEI is
embarking on a significant effort to characterize microplastics in San Francisco Bay over the
next two years. The project will provide information to address many of the management
questions articulated in the RMP Microplastic Strategy. A key element that was not included
in the Moore project was the characterization of microplastics in bivalves. Bivalves are an
important food source to Bay wildlife, are integrators of contaminants in the water column,
and provide a robust long-term data set to evaluate trends. In 2018, as part of RMP Status
and Trends monitoring, bivalves will be deployed, collected, and analyzed for a suite of
contaminants. Resident species of bivalves are also collected as part of the Nutrient
monitoring that is routinely conducted. This project proposes to augment the existing RMP
efforts by including microplastics analyses.
Estimated Cost:

$45,600

Oversight Group: Microplastic Workgroup
Proposed by:

Meg Sedlak and Rebecca Sutton (SFEI)

PROPOSED DELIVERABLES AND TIMELINE

Deliverable
Task 1. Field deployment and collection
Task 2. Laboratory analysis
Task 3. Review of data
Task 4. Final report (part of Moore Microplastic study report)
Task 5. Presentation to TRC/ SC

Due Date
Summer 2018
Fall 2018
Winter 2018
12/30/2018
First quarter 2019

Background

Plastic is ubiquitous in modern life. Global plastic production was estimated to be 299
million tons in 2013 (Gourmelon 2015); nearly a third of plastic production is used for
plastic packaging including single-use items (Andrady and Neal 2009) that are discarded to
the environment after use. For the last two decades, society has focused on macroplastic in
the ocean such as the Pacific Ocean Garbage Patch but recently attention has turned to the
smaller plastic particles, < 5mm in diameter, referred to as microplastic.
The RMP conducted a microplastic screening study in 2015 that identified particles less than
5 mm in San Francisco Bay water and wastewater effluent (Sutton et al. 2016). At the time,
it was not possible to chemically confirm the composition of these particles. Based on this
small screening study, the RMP convened a Microplastic Workgroup in June 2016 to
develop a RMP Microplastic Strategy (Sutton and Sedlak 2017).
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A high priority for the Strategy is understanding whether microplastics are taken up into
biota and how this influences chemical body burden. The Moore project will quantify the
abundance of microplastics in prey fish. This is an important window into characterizing the
uptake of microplastic into the food web; however, the focus of the Moore study is small
fish in Bay margins and the scope does not include measurement of chemical interactions.
Microplastics are detected in bivalves (e.g., van Cauwenberghe and Janssen 2014) and limited
studies to date have shown that they have been identified in Pacific Oysters (Crassostrea gigas)
from Half Moon Bay (Rochman et al. 2015). We currently lack any data on whether
microplastic is detected in Bay bivalves.
It is important to have this information for three reasons. First, because bivalves are filterfeeders they represent an integrated signal of water column concentrations in the open Bay;
this will complement the existing work being conducted in the Bay margins assessing prey
fish. Second, evaluating the concentration of microplastic in Bay bivalves will help us to
understand the health risk to bivalves, which are an important part of the Bay food web.
Third, understanding the concentration of microplastic in bivalves will help us to better
understand the potential for bioaccumulation of microplastic and contaminants that may be
adsorbed to the surface of microplastic or present in the microplastic as an additive (e.g.,
plasticizers or flame retardants). Lastly, if microplastics are detected and the RMP continues
to monitor bivalves for microplastic over time, this study may provide a baseline for an
important trend indicator. Time series of concentrations of contaminants in bivalves provide
some of the best long-term trend information available for the Bay.

Study Objectives and Applicable RMP Management Questions

The purpose of this study is to monitor bivalves for the abundance of microplastic and
explore whether concentrations and patterns of microplastic correlate with chemical
contaminants in animals sampled in the same location.
Table 1. Study objectives and questions relevant to RMP Microplastic Strategy management
questions (Sutton and Sedlak 2017).
Management Question

Study Objective

1) How much microplastic
pollution is there in the Bay?

Assess concentration in
important lower trophic
organism.
Compare concentrations in Bay
bivalves to literature studies.
Evaluate temporal trends in
biota.

2) What are the health risks?
4) Have the concentrations of
microplastic in the Bay
increased or decreased?

Example Information
Application
This information will be used to
assess uptake of microplastic
into food web.
Assess magnitude of potential
impact.
Conduct statistical analyses of
data to determine potential
trends. This assumes that this
element is carried out over an
extended period of time.

Item 04 - RMP 2018 Special Studies Proposals - Page 113

5) Which management actions
may be effective in reducing
microplastic pollution?

Characterize chemical
composition and particle type
of microplastic present in
bivalves.

Understanding the type and
composition of microplastics
accumulating in biota will be
important for evaluating
appropriate management
actions.

Approach

The RMP Status and Trends bivalve element presents an opportunity to quantify the
abundance of microplastic particles in bivalves. In 2018, the RMP will be collecting bivalves
from 9 locations in the Bay (7 sites are 90-day transplants of Mytilus edulis; 2 sites are resident
species). We will collect three samples from each of the 90-day transplant locations. Each
sample analyzed will be a composite of 5 to 7 bivalves. In addition to these samples, three
composite samples of the time zero bivalves will be analyzed to evaluate background
concentrations of microplastics.
In addition to the transplanted samples, the RMP will also collect resident bivalves at three
margin sites that are currently being monitored for bacteria under the nutrient monitoring
program. Again a composite of 5 to 7 samples will be prepared from each site. The target
species will be Mytilus.
The samples will be sent to University of Toronto for microplastic analyses using Raman
spectroscopy to identify the chemical composition of the particles and particle sizes. This
project will augment the existing bivalve work by collecting additional samples for
microplastic analyses and benefit from the chemical analysis of mussels from the same
locations. The data will be reviewed and uploaded to CD3 via CEDEN.

Budget
The following budget represents estimated costs for this proposed special study (Table 2).
Table 2. Proposed Budget.
Personnel
Project Staff
Laboratory Analyses
Contract Management
Data Technical Services
Direct cost (shipping)
Total

Budget
$18,500
$18,200
NA
$8,000
$800
$45,600
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Reporting
The results of this project will be summarized in a presentation to the TRC/ SC. In
addition, the results will be incorporated into the final report for the Moore Microplastic
project and included in the manuscript that is being prepared for the Moore Microplastic
project.
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RMP Special Study Proposal: Managing Dredged Material
Management Office (DMMO) Database
Summary:

The current DMMO database is managed by the USACE and is available here:
http://www.dmmosfbay.org/. The benefits of transitioning the hosting and managing of the
database to SFEI include stable funding and support for the database, and the ability to
integrate the DMMO data into SFEI’s other data visualization tools in the future, such as
the Contaminant Data Display and Download tool (cd3.sfei.org), which is the primary data
access and visualization tool for the Regional Monitoring Program’s 25 year dataset.
DMMO data could also be integrated and visualized through CD3, and thus making it
easier to synthesize the DMMO data (e.g., dioxin data or contamination hot spots in the
margins). In addition, this project would establish the infrastructure for potential future
enhancements to the DMMO database, such as developing a tool for compiling “Tier 1”
track records for projects or project clusters using the DMMO and other relevant data.
SFEI and the LTMS agencies propose a four step process to make dredged material data
accessible to managers. The first step would be to upload the DMMO database to SFEI’s
server. The second step would be to the evaluate goals and objectives of the DMMO
database. The third step would be to host and manage the DMMO database on SFEI’s
servers. The fourth step would be to assist with data uploads and troubleshoot as
needed.

Estimated Cost:

$16,000 - $60,000

Oversight Group: RMP Technical Review Committee
Proposed by:

Cristina Grosso and Don Yee (SFEI), Shelah Sweatt (USACE) and Brian Ross
(USEPA)

Proposed Deliverables and Timeline
Deliverable

Due Date

Upload a copy of DMMO database to SFEI’s server and backup
system
Memo summarizing long-term database goals
and objectives
Host and maintain DMMO database
Assist with data uploads

October 2017
October 2017
December 2018
December 2018

Background
The current DMMO database was developed with USACE funding and is managed by the USACE, but
the funding and support for maintaining and enhancing the database and website to upload and access
the data is not stable. Transitioning the management of the database to SFEI will leverage past
investments made by the RMP to support and enhance access to the RMP’s standardized dataset. Both
the DMMO and RMP databases use a comparable format to the California Environmental Data Exchange
Network (CEDEN). Therefore, SFEI’s Data Services team has many procedures in place already to
manage this type of data and experience in making these data available through online data access and
visualization tools.
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Study Objectives and Applicable RMP Management Questions
The study will provide information essential to understanding and analyzing dredged material in the San
Francisco Bay. The objectives of the project and how the information will be used are shown in Table 1
relative to the RMP’s high-level management questions.
Table 1. Study objectives and questions relevant to RMP management questions.
Management Question
Study Objective
Example Information
Application
1) Are chemical
concentrations in the Estuary
at levels of potential concern
and are associated impacts
likely?
2) What are the
Provide access to dredged
concentrations and masses of material testing data to
contaminants in the Estuary
synthesize with other
and its segments?
datasets.
2.1 Are there particular
Potential scope expansion:
regions of concern?
Synthesis of DMMO data for
contamination hot spots in the
margins; visualize DMMO
data through CD3; and
develop online tool to compile
"Tier 1" track records for
projects or project clusters
using DMMO database and
other relevant databases.
3) What are the sources,
pathways, loadings, and
processes leading to
contaminant-related impacts
in the Estuary?
3.1. Which sources, pathways,
etc. contribute most to
impacts?
4) Have the concentrations,
masses, and associated
impacts of contaminants in the
Estuary increased or
decreased?
4.1. What are the effects of
management actions on
concentrations and mass?
5) What are the projected
concentrations, masses, and
associated impacts of
contaminants in the Estuary?
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Approach
The management of the DMMO database project will be completed in four steps. An optional fifth task for
scope expansion has also been included.
1. Upload DMMO database to SFEI’s server
SFEI staff will upload a copy of the DMMO database to SFEI’s server and integrate the database
into SFEI’s robust backup and recovery plans.
2. Evaluate goals and objectives of DMMO database
SFEI staff will work with DMMO staff to evaluate the long-term goals and objectives of the DMMO
database and how dredged material data could be used and synthesized along with other
datasets to further the understanding in the San Francisco Bay. USACE, USEPA and SFEI staff
will convene two meetings with the LTMS Program Managers: one meeting will focus on reaching
agreement on the goals and objectives of the database, while the second meeting will review the
transition to SFEI hosting and managing the DMMO database so any needed adjustments could
be made.
3. Host and manage DMMO database
SFEI staff will host and manage of the DMMO database according to SFEI’s established Regional
Data Center protocols and business practices for providing reliable, timely and secure data to the
public.
4. Assist with data uploads and troubleshooting
SFEI’s Data Services team will assist DMMO data providers with their data uploads and
troubleshoot as needed. The specific details of the number of users, the frequency of data
uploads, and the CEDEN template version being used will be determined.
5. Develop web-based tool to compile "Tier 1" track records (optional scope expansion or
task for 2019 funding)
SFEI’s Environmental Informatics team will develop a web-based tool to compile “Tier 1” track
records for projects or project clusters using the DMMO database and other relevant databases.
This functionality could be integrated into the Contaminant Display and Download tool. In order to
complete this work, SFEI staff will convene a user group of LTMS managers to assist with
scoping and testing the new tool.

Budget
The following budget represents estimated costs for this proposed special study (Table 2).
Table 2. Proposed Budget.
Expense
Labor
Data Technical and System
Administration Services
Subcontracts
Direct Costs
Grand Total for Tasks 1-4
Additional cost for Task 5 - Tier 1
Records Query (optional)
Grand Total for Tasks 1-5

Estimated Hours

Estimated Cost

122

$16,000

0

$0

0
122

$0
$16,000

290

$44,000
$60,000
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Budget Justification
Labor Costs
Labor costs include SFEI staff time to perform system administration tasks for hosting and managing the
DMMO database on SFEI’s servers and for the Data Services team to assist with troubleshooting data
uploads.
After Year 1, the estimated ongoing costs to host the DMMO database are $3,000 - $5,000. Task 5 could
also be completed in 2019.

Reporting
The evaluation of the DMMO database goals and objectives will be summarized in a memo. Uploaded
datasets will be made available on the DMMO website.

References
Not Applicable
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I.
II.
III.
IV.

Principal Investigators: Daniel Livsey, Maureen Downing-Kunz, and David Schoellhamer, USGS
Title: Improved Lower South Bay suspended-sediment flux measurements
Priority topic: Lower South Bay Sediment Flux Monitoring
Overall project purpose: Improve estimates of Lower South Bay sediment exchange by accounting
for flocculation.

V. Abstract
Lower South Bay (LSB) sediment flux monitoring and research began in WY 2009 at Dumbarton
Bridge (DMB) due to the importance of sediment supply to the success of the nearby South Bay Salt
Ponds Restoration Project and transport of sediment-associated contaminants. Recent work on
sediment flux computations at DMB has focused on reducing uncertainty in flux estimates by
accounting for flocculation in the water column. When accounting for flocculation, net suspendedsediment flux computed from the mid-depth sensor changes direction over a 3.5 year period (Fig. 2)
and more closely agrees with flux estimates from previous numerical modeling efforts (Bever and
MacWilliams, 2013). Preliminary analyses indicate that flocculation covaries with the tidal cycle and is
greater on flood tides. If corroborated with additional field data proposed herein, these results would:
1) validate the proposed correction of previous estimates of sediment flux, which, by not accounting for
flocculation at the mid-depth sensor, underestimated flood-directed fluxes and overestimated ebbdirected fluxes; and 2) greatly reduce uncertainty in the proposed continuation of sediment flux
measurements.
VI. Project background:
Although understanding of the controls of LSB sediment flux has increased, large uncertainty in
sediment flux computations preclude a high level of certainty in flux estimates thus far (see discussion
in Shellenbarger et al., 2013). Recent work has focused on reducing this uncertainty in flux estimates by
accounting for flocculation in the water column; a settling velocity parameter calculated from the ratio
of turbidity readings at the mid-depth and near-bottom sensors at DMB better characterizes outliers in
the calibration of observed mid-depth turbidity to channel-average SSC (Fig. 1). When accounting for
flocculation, net suspended-sediment flux computed from the mid-depth sensor changes direction over
a 3.5 year period (Fig. 2) and more closely agrees with flux estimates from previous numerical modeling
efforts (Bever and MacWilliams, 2013). Preliminary analyses indicates that flocculation covaries with the
tidal cycle and is greater on flood tides. If corroborated with additional field data proposed herein, these
results would: 1) validate the proposed correction of previous estimates of sediment flux, which, by not
accounting for flocculation at the mid-depth sensor, underestimated flood-directed fluxes and
overestimated ebb-directed fluxes; and 2) greatly reduce uncertainty in the proposed continuation of
sediment flux measurements.
VII. Sampling Plan:
To quantify the effect of flocculation on LSB sediment flux computations we propose to continue
suspended-sediment flux monitoring at DMB with a augmented sampling program that will
continuously observe in-situ floc size, particle size distributions, SSC, and turbidity through entire floodebb cycles during spring and neap tides of each season (i.e. eight, two-day field excursions). Initial
analyses of settling velocity data measured by a flocculation camera (“floc cam”) imagery collected at
DMB in April 2014 suggest that the estimated settling velocity parameter is reasonable; however, floc
cam data have not been collected through entire flood-ebb cycles nor for all seasons at DMB. Seasonal
and spring-neap sampling are needed to independently determine the settling velocity parameter for all
time periods. Sediment flux monitoring will follow previously established USGS methods (Shellenbarger
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et al., 2013). In-situ floc size and particle size distributions will be measured using the floc-cam (Manning
and Schoellhamer 2013) and LISST-100x laser grain-size analyzer (e.g. Gartner et al., 2001), respectively.
Water samples for SSC measurement throughout tidal cycles will be collected 30-minute intervals using
an automatic water sampler.
In addition to existing infrastructure to quantify LSB sediment flux we propose two infrastructure
improvement options at DMB: 1) addition of two acoustic backscatter sediment sensors (LISST-ABS)
to continuously measure SSC at the elevations of the present turbidity sensors or 2) replacement of
existing sensors at two depths with a YSI fixed vertical profiler equipped with a YSI multiparameter
sonde and LISST-ABS instrument. The LISST-ABS instruments are less sensitive to grain size and
biological fouling than optical measurements, and thus would provide a redundant surrogate of
flocculation processes and a surrogate to infill lost turbidity data due to prevalent fouling at the site.
As an added benefit, implementing the fixed vertical profiler (options 2-3) would provide a proof of
concept for what could be a substantial innovation in LSB sediment flux monitoring and in the realtime water-quality monitoring network in San Francisco Bay. The vertical profiler would provide 20 –
60 measurements of SSC throughout the entire 15 m water column at up to 0.25 meter intervals. DMB
profile measurements of SSC would be calibrated to cross-section SSC measured using a boat-mounted
ADCP and bottle samples. Our present estimate of the settling parameter and flocculation uses only
two points within the water column. Continuous measurements of vertical profiles of flocculationcorrected SSC and existing velocity profile measurements would be used to compute sediment flux.
Furthermore, the vertical profiler equipped with an YSI multiparameter sonde would provide a platform
for the USGS and the RMP nutrient monitoring program to continuously profile numerous water quality
parameters of interest such as chlorophyll, dissolved oxygen, nutrients, pH, dissolved organic matter,
salinity, and temperature (Crauder et al., 2016).
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VIII. Objectives:
Because sediment supply and transport are critical knowledge for the South Bay Salt Pond Restoration
Project and transport of sediment-associate contaminants, we plan the following:
1) Maintain LSB suspended-sediment flux station at DMB for WY 2018 – WY 2019
2) Validate the proposed correction of previous estimates of sediment flux that did not account for
flocculation through 8, two-day field campaigns.
3) Provide a platform for the USGS and the RMP nutrient monitoring program to continuously profile
numerous water quality parameters of interest.
Budget (WY 2018-2019 costs combined)
WY 2018-2019 combined
Personnel
Sample analysis
Travel
Supplies
Fuel
Instrumentation
Indirect
Total*
Total with interpretation**

Option 1
$62,633
$10,397
$11,139
$4,573
$6,875
$17,880
$83,711
$197,208
$258,554

Option 2
$70,503
$30,996
$12,581
$6,633
$7,905
$80,490
$120,447
$329,555
$403,477

Option 3
$70,503
$30,996
$12,581
$6,633
$7,905
$114,198
$124,492
$367,308
$441,230

*Includes WY 2018-2019 Lower South Bay sediment flux computation
but no interpretation of the data; ** Includes indirect interpretation costs

Option details
1) 8 field campaigns, no floc cam, 2 - LISST ABS, 1 - ISSCO Sampler
2) Same as 1 with 1 LISST ABS, 1 vertical profiler, and 2 floc cam visits added.
3) Same as 2 with RDI ADCP for measuring entire cross-section SSC from acoustic backscatter for
comparison to vertical profiler SSC measurements.
Reporting (for all options)
The “Total*” line item includes a report with sediment flux computations, detail of methods used, and
data generated from the study; this report with no interpretations would be provided within 3 months
of project completion. The “Total with interpretation**” line item includes a peer review article with
interpretations submitted 6 months after project completion. Project completion is October 1st, 2019
Indirect costs include costs that support the delivery of reimbursable products, including space and executive,
technical, administrative, and financial support
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Figure 1. Turbidity to suspended sediment concentration calibration data. Note scatter in A is decreased by accounting for
flocculation in B. Flood-directed sediment flux was previously underestimated since flood waters have larger flocs compared
to ebb waters resulting in a systematic change in calibration slope with tide.

Figure 2. Cumulative Lower South Bay sediment flux for Water Years 2013 – 2016. Accounting for flocculation
changes magnitude and direction of sediment flux for WY 2013-2016 and WY 2008-2011 (not shown; Shellenbarger et
al., 2013).
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Mallard Island Suspended-Sediment Monitoring
Maureen Downing-Kunz and David Schoellhamer
U.S. Geological Survey, CA Water Science Center, Sacramento, CA
Objective:
Maintain data collection, processing, and publication for turbidity and suspended-sediment
concentration (SSC) at Mallard Island station (USGS 11185185).
Approach:
This station has optical turbidity sensors deployed at two depths: near surface (1 m below
MLLW) and near bed (1.5 m above bed). Both sensors sample on a 15-minute interval.
Provisional data are telemetered hourly to a database accessible online at
https://waterdata.usgs.gov/ca/nwis/inventory/?site_no=11185185
The instruments will be cleaned, serviced, and the data downloaded every four to six weeks.
Water samples will be collected to calibrate observed turbidity to suspend-sediment
concentration (SSC). All data will be QA/QCed by the USGS and made available to the public
once approved.
Justification:
The data are used by other studies to evaluate trends of turbidity and SSC and to estimate
sediment supply from the Delta to Suisun Bay. The station has been in operation since 1994 and
is the longest continuous record of SSC in San Francisco Bay and in any estuary in the world.

Budget:

Labor
Vehicle, Fuel, Supplies,
Lab
Indirect costs
Total

1-year deployment,
CY2017
$12,981
$3,280
14,229
$30,490

Indirect costs include costs that support the delivery of reimbursable products such as published
data, including space and executive, technical, administrative, and financial support.
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Special Study Proposal: Monitoring Design to Assess Acidification Threats
in San Francisco Bay
Summary:

Develop a monitoring design for carbonate chemistry to assess acidification
threats in San Francisco Bay. Funds for this task would enable staff to follow-up
on the near-term monitoring recommendations from the Ocean Acidification
Workshop held in October 2016. This would include an inventory of existing
monitoring assets as well as the beginning to plan for implementation of a
carbonate chemistry monitoring program. Funds would also support small-scale
synthesis of information that is needed to develop the monitoring design.

Oversight group: Technical Review Committee
Proposed by:

Phil Trowbridge, SFEI

Proposed Funding: $10,000

Proposed Deliverables and Timeline
Deliverable

Due Date

Monitoring Design for Carbonate Chemistry in San Francisco Bay

December 31, 2018

Introduction and Background
The “Monitoring for Acidification Threats in West Coast Estuaries: A San Francisco Bay Case
Study” Workshop was held at the San Francisco Estuary Institute (SFEI) on October 19 and 20 of
2016. The Workshop was comprised of approximately 50 attendees affiliated with research
institutes, government agencies, and universities (Trowbridge et al., 2017).
The Workshop was held to convene both technical and policy experts to assess whether
ocean-derived acidification is a likely concern in the Bay, and to identify its potential impacts to
beneficial uses, cost-effective monitoring strategies, and potential management actions. Key
findings from the Workshop were:
● Ocean acidification is expected to impact estuaries on the West Coast
● Chemical and biological data on the magnitude of acidification threats and impacts are
lacking in San Francisco Bay
● Local and regional experts identified species and habitats in the Bay that could be
sensitive to ocean acidification impacts and how they could be monitored
● Management of ocean acidification in estuaries will require agencies to work across
jurisdictions
For next steps, the workshop attendees recommended that ocean acidification monitoring in San
Francisco Bay should follow a stepwise process:
NEAR-TERM
o
o
o
LONG-TERM
o

Continue to synthesize existing data from the Bay to develop conceptual models
Inventory assets and identify opportunities to add OA monitoring to existing
monitoring programs
Implement a carbonate chemistry monitoring program
Implement a coupled chemical and biological monitoring program
1
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This proposal seeks a small amount of funding to follow-up on the near-term monitoring
recommendations from the workshop. Though the recommendation from the workshop was to
implement a carbonate chemistry monitoring program, funding for 2018 would only be used for
the planning stage of this monitoring effort, not the implementation.

Study Objective and Applicable RMP Management Questions
This proposed study is relevant to RMP Management Question #1. The linkage to the
management question is shown in the following table.

Management Question

Study Objective

Q1. Are chemical
concentrations in the Estuary
potentially at levels of
concern and are associated
impacts likely?

Develop an efficient
monitoring design, based on
existing programs, to
measure carbonate chemistry
in areas of the Bay that could
be impacted by ocean
acidification.

Example Information
Application
Addition of carbonate
chemistry to existing
monitoring programs in time
for the 2020 NOAA West
Coast Survey.

Approach
Tasks for 2018
1. Continue to synthesize existing data from the Bay to develop conceptual models
Although the Workshop outlined the state of the science for OAH in general, more datasets from
the Bay should be analyzed to develop better conceptual models for this particular estuary. One
specific idea is to use the existing water-quality models for San Francisco Bay and the Gulf of
Farallones to identify where and when upwelled water causes exposure to low-pH and
low-dissolved oxygen (DO) concentrations.
2. Inventory assets to identify opportunities to add OA monitoring to existing monitoring
programs
There are several long-term monitoring programs in San Francisco Bay. The U.S. Geological
Survey (USGS) has been monitoring water quality along the spine of San Francisco Bay since
the 1970s. The Regional Monitoring Program for Water Quality in San Francisco Bay (RMP)
measures toxic contaminants in water, sediment, and wildlife. Additionally, there is a network of
in-situ sensors in San Francisco Bay and coastal waters that is maintained by the USGS, Central
and Northern California Ocean Observing System (CeNCOOS), SFEI, San Francisco Bay
National Estuarine Research Reserve (NERR), RTC, and the UC Davis Bodega Marine
Laboratory (BML). This monitoring infrastructure should be better inventoried in order to facilitate
leveraging opportunities for OA monitoring. Finally, the Ocean Protection Council (OPC) and the
Pacific Coast Collaborative Interagency Working Group on OA are starting to take action on
building a West-Coast Monitoring Program. The monitoring programs in San Francisco Bay
should be part of the inventory for this larger West Coast network.
3. Plan for implementing a carbonate chemistry monitoring program
In order to better understand the current chemical state in the Bay, as well as the relationship
between all four carbonate chemistry parameters, an initial carbonate chemistry “snapshot”
should be conducted throughout the Bay. This would involve measuring all four parameters (high
quality pH, pCO2, total dissolved inorganic carbon, and total alkalinity) over a range of along- and
2
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cross-channel distances and depths. NOAA may be able to include the Gulf of Farallones and
Central Bay in the 2020 West Coast survey cruise. This cruise would have more value if
carbonate chemistry were being measured at key locations in the Bay at the same time. The
objective of this task would be to coordinate with existing monitoring programs in the Bay
regarding adding carbonate chemistry to their list of target analytes.

Budget
$10,000 for labor costs to perform coordination activities and small scale synthesis of relevant
information.

Reporting
Timing and Deliverables: A monitoring design for carbonate chemistry will be presented to the
TRC in December 2018. The plan will include proposed monitoring stations, target analytes, and
analytical methods.

References
Trowbridge, P., Shimabuku, I., Wheeler, S., Knight, E., Nielsen, K., Largier, J., Sutula, M., Valiela,
L., Nutters, H. 2017. Summary of Workshop on Monitoring for Acidification Threats in West Coast
Estuaries: A San Francisco Bay Case Study. October 19-20, 2016, San Francisco Estuary
Institute, Richmond, CA. Published online:
http://www.sfei.org/documents/summary-workshop-monitoring-acidification-threats-west-coast-est
uaries-san-francisco-bay.
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Prioritization and Notes from PCB Workgroup Meeting
Study

Cost

Ranking

PCB Strategy Support and Technical
Coordination

$10K

1

Conceptual Model Development for the
Richmond Harbor PMU

$30/60K*

1

Analysis of DMMO PCB Data

$32K

1

SLB Fish Gut Contents and Stable Isotopes

$21K

1

SLB Benthic Community

($52K)

GE Monitoring or UPRR Monitoring

TOTAL FOR 2018
* $60K for the full planning budget level; $30K for the
reduced budget level

SEP or possible future
year – do gut
contents first
Prospectus – why
RMP? Include
recommendation in
SLB writeup.

$93K/$123K
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PCB Strategy: PCB Strategy Coordination and Technical Support
Oversight group:
Proposed by:

Proposed Funding: $10,000

PCB Workgroup
Jay Davis, SFEI

Proposed Deliverables And Timeline
Deliverable
Updated PCB Multi-Year Plan

Due Date
Jun 2018

Introduction and Background
The RMP PCB Strategy Team formulated a PCB Strategy in 2009. The Team
recognized that a wealth of new information had been generated since the PCBs
TMDL Staff Report (SFBRWQCB 2008) was prepared. The Strategy articulated
management questions to guide a long-term program of studies to support
reduction of PCB impairment in the Bay.

The 2014 update of the PCB Strategy called for a multi-year effort to
implement the recommendations of the PCB Synthesis Report (Davis et al. 2014)
pertaining to:
1. identifying margin units that are high priorities for management and
monitoring,
2. development of conceptual models and mass budgets for margin units
downstream of watersheds where management actions will occur, and
3. monitoring in these units as a performance measure.
A thorough and thoughtful planning effort is warranted given the large expenditures
of funding and effort that will be needed to implement management actions to
reduce PCB loads from urban stormwater. The goal of RMP PCB Strategy work over
the next few years is to inform the review and possible revision of the PCB TMDL
and the reissuance of the Municipal Regional Permit for Stormwater (MRP), both of
which are tentatively scheduled to occur in 2020.

The multi-year plan for studying PCBs in the margins has three components:
conceptual model development, field studies to support/confirm the models, and
initiation of trend monitoring. Conceptual model development for a set of four
representative priority margin units will provide a foundation for establishing an
effective and efficient monitoring plan to track responses to load reductions and
also help guide planning of management actions. Preliminary field studies and
trend monitoring will be phased in as the level of funding for the PCB Strategy
allows.
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Study Objective and Applicable RMP Management Questions
The objective of this task is to provide coordination and technical support for
continuing development of the PCB Strategy. This task would therefore address all
of the questions articulated in the Strategy.
1.
2.
3.
4.
5.
6.

What are the rates of recovery of the Bay, its segments, and in-Bay
contaminated sites from PCB contamination?
What are the present loads and long-term trends in loading from each of the
major pathways?
What role do in-Bay contaminated sites play in segment-scale recovery
rates?
Which small tributaries and contaminated margin sites are the highest
priorities for cleanup?
What management actions have the greatest potential for accelerating
recovery or reducing exposure?
What are the near-term effects of management actions on the potential for
adverse impacts on humans and aquatic life due to Bay contamination?

The task would also address many of the overarching RMP management questions.
Tasks for 2018

Consult with PCB Workgroup and update multi-year plan in support of the TMDL
($10K)

Funds for this task would enable SFEI to continue to consult with the PCB
Workgroup and the Small Tributary Loadings Strategy Team regarding plans for the
next iteration of the TMDL and RMP activities that can inform the TMDL. Funds
would also support small-scale synthesis of information that is needed to support
these discussions. The plan will include a multi-year schedule of budgets and
deliverables aimed at providing a technical foundation for the next iteration of the
TMDL.
Timing and Deliverables: An updated PCB multi-year plan in June 2018. The plan
will include a multi-year plan schedule of budgets and deliverables.
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PCB Strategy: Priority Margin Unit Conceptual Model Development
Oversight group:
Proposed by:

Proposed Funding

PCB Workgroup
Jay Davis, SFEI

1) Conceptual Model for Priority Margin Unit #4 (Richmond Harbor): $60,000
Proposed Deliverables And Timeline
Deliverable
Draft report on Richmond Harbor
Final report on Richmond Harbor

Due Date
May 2018
Aug 2018

Summary
The goal of RMP PCB Strategy work over the next few years is to inform the review and
possible revision of the PCB TMDL and the reissuance of the Municipal Regional Permit for
Stormwater (MRP), both of which are tentatively scheduled to occur in 2020. Conceptual
model development for a set of four representative priority margin units will provide a
foundation for establishing an effective and efficient monitoring plan to track responses to
load reductions and also help guide planning of management actions. The Emeryville
Crescent was the first PMU to be studied in 2015-2016. The San Leandro Bay PMU is
second (2016-2017). The third was Steinberger Slough in San Carlos, and the fourth is
Richmond Harbor. A report on this fourth PMU and summarizing conclusions across all
four PMUs will be completed in 2018.
Introduction and Background
The RMP PCB Strategy Team formulated a PCB Strategy in 2009. The Team
recognized that a wealth of new information had been generated since the PCBs TMDL Staff
Report (SFBRWQCB 2008) was prepared. The Strategy articulated management questions
to guide a long-term program of studies to support reduction of PCB impairment in the Bay.
The PCB Team recommended two studies to begin addressing these questions. The first
recommended study was to take advantage of an opportunity to piggyback on the final year
of the three-year prey fish mercury sampling in 2010 to collect data on PCBs in prey fish
also. The second study that was recommended was a synthesis and conceptual model
update based on the information that had been generated since the writing of the TMDL
Staff Report.
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The prey fish monitoring revealed extremely high concentrations of PCBs in the
food web in several areas on the Bay margins (Greenfield and Allen 2013), and highlighted
a need to develop a more detailed conceptual model than the one-box model used as a basis
for the TMDL. A model that would support the implementation of actions to reduce loads
from small tributaries, a primary focus of the TMDL, would be of particular value. A revised
conceptual model was developed that shifted focus from the open Bay to the contaminated
areas on the margins where impairment is greatest, where load reductions are being
pursued, and where reductions in impairment in response to load reductions would be
most apparent (Davis et al. 2014).
The margins appear to be a collection of distinct local food webs that share some
general similarities but are largely functionally discrete from each other. Monitoring,
forecasting, and management should therefore treat these margin locations as discrete
local-scale units. Local-scale actions within a margin unit, or in upstream watersheds, will
likely be needed to reduce exposure within that unit. Better characterization of impairment
on the margins through more thorough sampling of sediment and biota would help focus
attention on the margin units where the need for action is greatest (“priority margin units”
or PMUs), and will also provide an important performance measure for load reduction
actions taken in local watersheds. Davis et al. (2014) recommended a focus on assessing
the effectiveness of small tributary load reduction actions in priority margin units, and
provided an initial foundation for these activities.

The 2014 update of the PCB Strategy called for a multi-year effort to implement the
recommendations of the PCB Synthesis Report (Davis et al. 2014) pertaining to:
1. identifying margin units that are high priorities for management and monitoring,
2. development of conceptual models and mass budgets for margin units downstream
of watersheds where management actions will occur, and
3. monitoring in these units as a performance measure.
A thorough and thoughtful planning effort is warranted given the large expenditures of
funding and effort that will be needed to implement management actions to reduce PCB
loads from urban stormwater.

Work conducted in 2015 initiated the multi-year PMU effort. The first phase of the
2015 work consisted of a preliminary assessment of margin units downstream of six pilot
watersheds that have been prioritized for management actions. In the second phase of the
2015 workplan (implementation of which continued into 2016), a detailed assessment of
one of the four PMUs (Emeryville Crescent) was developed. The 2016 workplan focused on
San Leandro Bay and included conceptual model development and, with substantial added
funding from two Supplemental Environmental Projects (SEPs), a significant field study to
address critical information gaps. The 2017 workplan included conceptual model
development for Steinberger Slough.
An updated draft of the multi-year plan is presented in Table 1. The goal of RMP
PCB special studies over the next few years is to inform the review and possible revision of
the PCB TMDL and the reissuance of the Municipal Regional Permit for Stormwater (MRP),
both of which are tentatively scheduled to occur in 2020. Conceptual model development
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for the set of PMUs is the element of the PCB workplan that will have the greatest value in
informing the consideration of a revised TMDL and MRP. A conceptual understanding of
the anticipated response of these PMUs to load reductions, in addition to providing a
foundation for establishing an effective and efficient monitoring plan, will also help guide
planning of management actions. As conceptual models are developed for these PMUs,
consideration will be given to whether a general model or family of models can be
developed that could apply to margin units more broadly. The monitoring plans that are
produced will be designed to maximize sensitivity to detecting reduced impairment in the
margin units.
Study Objective and Applicable RMP Management Questions
The objectives of this study are:
1. to develop a conceptual understanding of the anticipated response of the Richmond
Harbor PMU to load reductions, and
2. to develop sensitive monitoring strategies to detect the effectiveness of watershed
management actions in reducing PCB impairment in Richmond Harbor.
PCB Strategy Questions Addressed
1. What are the rates of recovery of the Bay, its segments, and in-Bay contaminated sites
from PCB contamination?
2. What are the present loads and long-term trends in loading from each of the major
pathways?
4. Which small tributaries and contaminated margin sites are the highest priorities for
cleanup?
5. What management actions have the greatest potential for accelerating recovery or
reducing exposure?
6. What are the near-term effects of management actions on the potential for adverse
impacts on humans and aquatic life due to Bay contamination?
RMP Management Questions Addressed
4.

Have the concentrations, masses, and associated impacts of contaminants in
the Estuary increased or decreased?
B.
What are the effects of management actions on the potential for
adverse impacts on humans and aquatic life due to Bay
contamination?
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Study Approach
The multi-year plan for studying PCBs in the margins has three components:
conceptual model development, field studies to support/confirm the models, and trend
monitoring. The funding requested for 2018 would support continued conceptual model
development through synthesis and simple modeling based on existing information.

o The multi-year plan calls for the development of conceptual models for four
PMUs (Emeryville Crescent, and San Leandro Bay, Steinberger Slough, and
Richmond Harbor) from 2015-2018. This proposal requests funding for
completion of the fourth conceptual model for Richmond Harbor.

o To support conceptual model development, a budget for field studies is also
included in the multi-year plan. These studies could include, for example,
analysis of spatial patterns in surface sediments or of sampling to determine
the presence of indicator species and their PCB concentrations. The budget
for field studies in 2018 is listed as TBD, pending the potential availability of
SEP funding.

o According to the multi-year plan, as the conceptual models and preliminary
field studies are completed, trend monitoring will be phased in. The plan
calls for funds potentially going to this monitoring in San Leandro Bay if SEP
funding becomes available in 2018, or going to this monitoring from RMP
funds beginning in 2019. The funds listed for this category in 2019 and 2020
could either be used for trend monitoring or preliminary field studies - the
PCBWG will decide this next year.

Given the long-term plan discussed above, the work proposed for 2018 is to
complete a conceptual site model for Richmond Harbor.
Tasks for 2018

Task 1: Complete a conceptual site model and first order mass budget for Richmond Harbor
Budget: $60K for SFEI labor to synthesize information and conduct modeling

The conceptual model will follow the template established for the Emeryville Crescent
PMU, with evaluations of loading, initial deposition, long-term fate, and bioaccumulation.
While ideally the site model evaluations will conclude that it is possible to detect reduced
concentrations in the Bay, it is also possible that the effort will conclude that this is not
feasible with a realistic effort given the relative magnitude of the reduced loading, the
reservoir of PCBs already in the PMU, and environmental variation.
This report will also integrate the analyses for all of the PMUs and summarize lessons
learned from the four-year PMU conceptual model development effort.
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Timing and Deliverables:
• A draft technical report documenting a conceptual model and monitoring plans for
Richmond Harbor by May 2018. Final report in August 2018.
References
Davis, J.A., L.J. McKee, T. Jabusch, D. Yee, and J.R.M. Ross. 2014. PCBs in San Francisco Bay:
Assessment of the Current State of Knowledge and Priority Information Gaps. RMP
Contribution No. 727. San Francisco Estuary Institute, Richmond, California.
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Table 1.
Element

PCB studies and monitoring in the RMP from 2010 to 2020. Numbers indicate budget allocations in $1000s. Numbers in
parentheses are from the RMP Supplemental Environmental Project fund. Funds listed for Item 6 for 2019 and 2020 could
also be used for Item 7, pending future Workgroup discussion.

1) Food Web Uptake (Small Fish)
2) PCB Conceptual Model Update

3) Development and updating of
multi-year workplan and continued
support of PCB Workgroup
meetings
4) Prioritize Margin Units

5) Develop Conceptual Site Models
and Mass Balances for PMUs (4
PMUs)
6) PMU Field Studies to Support
Development of Conceptual Site
Models and Monitoring Plans*

7) PMU Trend Monitoring (5 PMUs)
8) Synthesis of DMMO data for PCB
hot spots and mass removed
RMP Total

PCB
Questions
Addressed

2010

1, 4

50

1,2,3,4,5,6

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

10

10

10

10

10

10

45

30
(30)

60

30/60

30/0

21

150

53

1, 4, 5, 6

30

1, 4, 5, 6
1, 4, 5, 6

(202)

1, 4, 5, 6
1

50

53

85

SEP Funding
Overall Total

5

40

32

150

TBD

TBD

70

93/123

160/
190

160

70

93/123

160

160

232
50

53

85

272
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Special Study Proposal: Analysis of DMMO PCB Data
Summary:

The Dredged Material Management Office (DMMO) maintains a database that
compiles sediment chemistry testing data from all dredging projects in San Francisco
Bay. This rich database has only recently been released to the public. This study
would synthesize the available information from the DMMO database to evaluate
PCB concentrations from dredging projects, to compare their concentrations ranges
to other areas (e.g., open water and margin ambient sites), and to estimate the mass
of PCB removed from the Bay by dredging. These data would provide valuable
information to confirm the PCB TMDL assessment that dredging results in a net
loss of PCBs from the Bay and to leverage data already collected to evaluate the
current conceptual model of PCBs in the Bay.

Estimated Cost:

$31,600

Oversight Group:

PCBWG

Proposed by:

Diana Lin and Don Yee (SFEI)

PROPOSED DELIVERABLES AND TIMELINE
Deliverable

Due Date

Task 1. Compile and match DMMO annual report data (volumes,
placement location) with database (concentrations)
Task 2. Analyze and synthesize data
Task 3. Draft report
Task 4. Final report

January - February 2018
March - April 2018
May 2018
July 2018

Background
San Francisco Bay and its watershed have legacy PCB contamination spread widely across the land
surface, mixed deep into the sediment, and contaminating the Bay food web to a degree that poses
health risks to humans and wildlife. The San Francisco Bay Regional Water Quality Control Board
(Water Board) has implemented Total Maximum Daily Load (TMDL) requirements for PCBs in San
Francisco Bay to address impairment from elevated PCB concentrations in fish tissue. The TMDL
Implementation Plan relies on controlling external loadings of PCBs to the Bay, control of internal
sources of PCBs within the Bay, and management of risks to consumers of fish from the Bay.
Sediment dredging and disposal outside of the Bay are expected to result in a net removal of PCBs
from San Francisco Bay, but rising sea levels and a deficit of sediment relative to needs for sediment
in potential wetland restoration projects suggest needs for increased beneficial re-use of dredged
material where possible.
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The DMMO is an interagency group responsible for approving dredging projects. Every year,
millions of cubic yards of sediment are dredged in and around San Francisco Bay to maintain safe
navigation. The DMMO is led by the U.S. Army Corps of Engineers (USACE), U.S. Environmental
Protection Agency Region 9 (USEPA), the San Francisco Bay Conservation and Development
Commission, the Water Board, and the State Water Resources Control Board is responsible for
approving dredging projects in an economically and environmentally sound manner. Both the
dredged sediment and the remaining residual sediment (post-dredge surface sediment) are analyzed
for PCBs and other contaminants, and compared to ambient sediment concentrations in the Bay
based on data from the RMP. The analysis of the dredged material is used to determine the
suitability of the material for disposal at specific sites or for reuse within San Francisco Bay. The
physical, chemical, and biological testing data for dredging projects is compiled in a database on the
DMMO website.
Analysis and synthesis of the PCB data already compiled in the DMMO database can provide
valuable insights into the mass of PCBs removed from the Bay by dredging projects. This
information can update and check our conceptual understanding of PCB contamination in the Bay
and contribute to answering PCB management questions (described below) and identifying how
DMMO data can be more closely integrated with RMP PCB Strategy Management.

Study Objectives and Applicable RMP Management Questions
The proposed work addresses the following RMP Objectives and Management Questions.
Sediment Strategy Questions
1. What is the chemical quality of dredged material that can be disposed in-Bay or beneficially
reused?
PCB Strategy Questions
1. What are the present loads and long-term trends in loading from each of the major
pathways?
RMP Management Questions
1. What are the concentrations and masses of contaminants in the Bay and its segments?
2. What are the sources, pathways, loadings, and processes leading to contaminant-related
impacts in the Bay?
3. What is the magnitude of the net loss of PCBs to the Bay from dredging?

Approach
We will extract and synthesize dredged sediment PCB data from the DMMO website (e.g., a copy of
or download of the database contents) to quantify the distribution and movement of PCB out of the
Bay through dredging projects. Annual reports published by DMMO specify the total volume of
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dredged sediment from each project in the Bay and the destination of the dredged sediment (e.g.,
San Francisco Deep Ocean Disposal Site, or upland for disposal or reuse). Each DMMO annual
report includes a table that summarizes this information in the Appendix. The DMMO database
includes complete physical, chemical, and biological testing data from sediment dredging projects
from 2000 - 2016. We will extract and match the most relevant PCB sediment concentration testing
data with the project-specific dredged volume disposed outside the Bay as reported in the DMMO
annual report. This way, we will estimate the amount of PCB removed from the Bay from dredging
projects.
The data from the DMMO database will also be synthesized to evaluate the spatial distribution of
PCB concentrations in dredged sediment. This synthesis of dredged sediment testing data will help
inform management questions about the concentrations and masses of PCBs in the Bay and its
segments. Comparison of dredging data with ambient concentrations
(http://www.sfei.org/projects/dmmo-ambient-sediment-conditions#sthash.lXKqHHrD.dpbs) may
help inform questions about whether these sites are likely sources or sinks for PCBs relative to the
surrounding area. This comparison of sediment dredging data and RMP ambient data on a regional
and local basis can help inform understanding of what are appropriate management options for the
dredged sediment, and help evaluate opportunities for beneficial reuse through specific reuse
scenarios.

Budget
The following budget represents estimated costs for this proposed special study (Table 2).
Table 2. Proposed Budget.

Expense
Labor
Project Staff
Senior Management Review
Project Management
Contract Management

Estimated
Hours

Estimated
Cost

228
8

30,000
1,600
NA*
NA*

Grand Total
*services included in the base RMP funding
Budget Justification
Project staff costs are based on estimated time required for the following tasks:

31,600
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1. Obtain from DMMO spreadsheets used in DMMO annual reports that show annual
dredging projects by volume, and compile data so that projects can be linked to project
testing information in DMMO database. (3 hours)
2. Match DMMO projects each year with relevant testing data from DMMO database.
Prioritize data from most recent years. (50 hours)
3. Analyze and synthesize data to estimate PCB mass removed from the Bay by dredging. (5
hours)
4. Run statistical analysis on DMMO testing data to determine PCB sediment concentration
distributions. (30 hours)
5. Compare dredged sediment data with ambient concentrations. (30 hours)
6. Draft Report (80 hours)
7. Finalize Report (30 hours)

Reporting
The results of PCB data analysis from DMMO data will be reported as a technical report. A draft
report will be delivered in May 2018 at the next PCB Workgroup meeting, and a final report due July
2018.

References

SFBRWQCB, 2008. Total Maximum Daily Load for PCBs in San Francisco Bay: Final Staff Report
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Pollutant Concentrations of Sediment Cores from San Francisco Bay and Wetlands. San Francisco
Estuary Institute: Richmond, CA.
SFEI, 2014. Davis, J., McKee, L., Jabusch, T., Yee, D. PCBs in San Francisco Bay: Assessment of
the Current State of Knowledge and Priority Information Gaps. Report No. 727. San Francisco
Estuary Institute: Richmond, CA.

Item 04 - RMP 2018 Special Studies Proposals - Page 141

Special Study Proposal: San Leandro Bay Fish Diet Analysis
Summary:

Funding from the RMP and SEPs is supporting development of a conceptual model
and an extensive field study of PCB concentrations in San Leandro Bay to address
critical information needs related to conceptual model development. The objectives
of the field study are to 1) implement the monitoring recommendations and test the
hypotheses developed in the conceptual model for the Emeryville Crescent PMU;
and 2) provide the information needed to support development of an updated PCB
food web model that includes prey fish. The funding requested in this proposal
would support analysis of gut contents and stable isotopes for samples of sport fish
and prey fish species from San Leandro Bay. The PCB Workgroup has identified
this information to be critical in understanding PCB accumulation in the San
Leandro Bay food web, and in deciding on strategies for monitoring and managing
PCB contamination. Completion of this work in late 2017 will allow incorporation
of the information into the final conceptual model report for San Leandro Bay.

Estimated Cost:

$21,000

Oversight Group:

PCBWG

Proposed by:

Andy Jahn

PROPOSED DELIVERABLES AND TIMELINE
Deliverable

Due Date

Draft report
Final report

October 2017
November 2017

Background
The goal of the RMP PCB Strategy and RMP PCB special studies over the next few years is
to inform the review and possible revision of the PCB TMDL and the reissuance of the Municipal
Regional Permit for Stormwater, both of which are tentatively scheduled to occur in 2020.
Conceptual model development for a set of four representative priority margin units will provide a
foundation for establishing an effective and efficient monitoring plan to track responses to load
reductions, and will also help guide planning of management actions. The Emeryville Crescent was
the first PMU to be studied in 2015-2016. The San Leandro Bay PMU is second (2016-2017).
Funding from the RMP for conceptual model development in San Leandro Bay was
substantially augmented by funding from two Supplemental Environmental Projects (SEPs).
The SEP funding supported both development of the conceptual model and an extensive field study

Item 04 - RMP 2018 Special Studies Proposals - Page 142

of PCB concentrations in San Leandro Bay to address critical information needs related to
conceptual model development. The availability of funds for the field study made it possible to
pursue the following objectives:
1. implement the monitoring recommendations and test the hypotheses developed in the
conceptual model for the Emeryville Crescent PMU (Davis et al. 2017); and
2. provide the information needed to support development of an updated PCB food web
model that includes prey fish.
Funding available to date has been sufficient to implement most of a sampling plan developed by
the PCB Workgroup, but has left two elements unfunded: 1) analysis of the diet of sport fish and
prey fish in San Leandro Bay, and 2) benthic community analysis to determine the spatial
distribution of benthic invertebrates.
The funding requested in this proposal would support analysis of gut contents and stable
isotopes for samples of sport fish and prey fish species from San Leandro Bay. The PCB
Workgroup has identified this information to be critical in understanding PCB accumulation in the
San Leandro Bay food web, and in deciding on strategies for monitoring and managing PCB
contamination.

Study Objectives and Applicable RMP Management Questions
The proposed work addresses the following RMP Objectives and Management Questions.
PCB Strategy Questions Addressed
1. What are the rates of recovery of the Bay, its segments, and in-Bay contaminated sites from
PCB contamination?
4. Which small tributaries and contaminated margin sites are the highest priorities for cleanup?
5. What management actions have the greatest potential for accelerating recovery or reducing
exposure?
6. What are the near-term effects of management actions on the potential for adverse impacts on
humans and aquatic life due to Bay contamination?
RMP Management Questions Addressed
4.

Have the concentrations, masses, and associated impacts of contaminants in the
Estuary increased or decreased?
B.
What are the effects of management actions on the potential for adverse
impacts on humans and aquatic life due to Bay contamination?

Approach
Fish specimens preserved for dietary analysis included 20 white croaker, 40 shiner perch, 186
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topsmelt, and 30 northern anchovy (Coastal Conservation and Research 2016). These were
preserved in the field in a formalin solution to fix the tissues, after perforation of the body wall of
larger specimens. The objective of the dietary analysis is to identify the prey organisms and to
characterize the diet of each species with respect to size, mode of life, and presumed trophic level of
the prey.
Task 1. Data acquisition
Gut contents analysis will proceed by first measuring (to nearest mm) the total length (TL) of the
fish and weighing (to nearest mg) after blotting dry. Fish will be depurated in water for a day, then
guts (entire digestive tracts) will be removed, stripped of liver and fat deposits, rinsed in tap water,
blotted dry, and weighed to the nearest mm. After removal of gut contents, the gut will be rinsed,
blotted, and weighed again, to obtain the contents mass by subtraction. Contents will be identified
to the lowest practicable taxonomic category, and the percentage by taxon of the food mass
determined by weighing when practical (particles with mass > 1 mg), or estimated when necessary as
detailed in Jahn (2008).
Task 2. Data Processing
The basic data will be a matrix of diet items consisting of a row for each fish specimen organized by
species and station with fish length and weight, gut contents mass, and numbers and estimated
volumes of prey by taxonomic category. For presentation and discussion, these data will be reduced
to a matrix of percent mass of diet items by fish species and station, and possibly by fish size if
interesting patterns emerge. Prey taxa will also be lumped into size/life mode/trophic level
categories (as in Jahn 2008) for comparison to the results of stable isotope analysis.
Only topsmelt are represented by more than two stations, and only topsmelt and shiner perch were
collected on more than one day at a single station. Therefore, definitive spatial analysis within San
Leandro Bay will be limited to casual observation.
Task 3. Reporting
The results will be written up and presented to SFEI as a stand-alone data report.
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Budget
Task 1
Task 2
Task 3
Total

Gut Content Data Acquisition
Data Processing
Reporting

$13,800
$3,600
$3,600
$21,000

Reporting
A draft data report will be prepared by October 2017.
A final report will be prepared by November 2017.
Completion of this work in late 2017 will allow incorporation of the information into the final
conceptual model report for San Leandro Bay.

References
Jahn 2008. RMP Food Web Analysis; Data Report on Gut Contents of Four Fish Species.
http://www.sfei.org/documents/rmp-food-web-analysis-data-report-gut-contents-four-fish-species
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Prioritization and Notes from Selenium Workgroup Meeting
Study

Cost

Ranking

Selenium Strategy Coordination and Technical
Support

$10K

1

$35K
($10K)

2, ($10K SEP to
USGS)

2017 Plug Analysis, Data Management,
Reporting – deliverable for Dec 2018 – include
Jennifer’s paper as deliverable

$25K

3

Water Monitoring – Stand Alone (2018)

$46K

4

South Bay Synthesis

$50K

5

Clam, Water, (and more?) Monitoring (2018)
(with USGS)

$156K

Off the table

2016 Analysis and 2017 Collection

($20K)

SEP

North Bay Synthesis of Three Indicators –
deliverable for April 2018
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Selenium Proposal #1: Selenium Strategy Coordination and Technical Support
Summary:

The funds would support SFEI coordination and technical support for Workgroup
activities and continuing development of the Selenium Strategy.

Oversight group:
Proposed by:

Selenium Workgroup
Jay Davis, SFEI

Funding requested for 2018: $10,000
Introduction and Background
In April 2014 the RMP formed a Selenium Strategy Team to evaluate information needs that can
be addressed by the Program. The initial charge given to the Team by the RMP Steering
Committee was to focus on low-cost, near-term monitoring elements that could provide
information that provides high value in support of policy development and decision-making. A
TMDL for the North Bay was developed by the Water Board and was approved by USEPA in
2016. In July 2016, a Selenium Monitoring Workshop was held to begin developing a longterm selenium monitoring plan for North Bay, including sturgeon, clam, and water
monitoring. The primary objective of this monitoring is early detection of changes in
selenium exposure. A multi-year plan, to be completed in 2018, will include selenium
monitoring in all of these matrices. Development of a TMDL for the South Bay will be
considered in the next few years.

Study Objective and Applicable RMP Management Questions
The objective of this task is to provide coordination and technical support for Workgroup
activities and continuing development of the Selenium Strategy. This task would therefore
address all of the questions currently articulated in the Strategy (an update of these questions is in
progress).
1. What are appropriate thresholds?
2. Are the beneficial uses of San Francisco Bay impaired by selenium?
3. What is the spatial pattern of selenium impairment?
4. How do selenium concentrations and loadings change over time?
5. What is the relative contribution of each loading pathway as a source of selenium
impairment in the Bay?
This task would specifically address the management questions articulated for the North Bay.
1. Are the beneficial uses of north San Francisco Bay impaired by selenium?
2. Are changes occurring in selenium concentrations that that warrant changes in
management actions?
3. Will proposed changes in water flows and/or selenium loads in the Bay or upstream cause
impairment in the North Bay?

Item 04 - RMP 2018 Special Studies Proposals - Page 147

The task would also address many of the overarching RMP management questions.

Tasks for 2018
Funds for this task would enable SFEI to continue to convene the Selenium Workgroup to allow
discussions of plans for studies in support of implementation of the North Bay TMDL and the
consideration of a TMDL for South Bay, to develop RMP workplans to support these efforts, and
for any small-scale synthesis of information that is needed to support these discussions. The plan
will include a multi-year schedule of budgets and deliverables aimed at providing a
technical foundation for the TMDLs.

Timing and Deliverables
An updated selenium multi-year plan will be prepared for June 2018. The plan will include a
multi-year schedule of budgets and deliverables.
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Selenium Proposal #2: North Bay Synthesis
Summary:

A synthesis of information for North Bay selenium indicators that would support
an integrated and strategic approach to monitoring in support of the TMDL.
Specific items to be covered include examination of the linkages between the three
indicators, completing the development of the statistical framework for monitoring
design and data evaluation, and consideration of analytical methods for long-term
monitoring. The synthesis would be performed collaboratively by USGS, Tetra
Tech, and SFEI.

Oversight group:
Proposed by:

Selenium Workgroup
Jay Davis, SFEI
Robin Stewart, USGS
Sujoy Roy and Tom Grieb, Tetra Tech

Special Study Funding Requested for 2018: $35,000
Introduction and Background
A TMDL for the North Bay was developed by the Water Board and was approved by
USEPA in 2016. In July 2016, a Selenium Monitoring Workshop was held by the RMP to
begin developing a long-term selenium monitoring plan for North Bay, including sturgeon,
clam, and water monitoring. The primary objective of this monitoring is early detection of
changes in selenium exposure.
Workgroup activities since the Workshop have focused on development of the North
Bay monitoring design. The Workgroup’s goal is to have an integrated, long-term design for
all three indicators based on a solid statistical framework that is explicitly linked to
management decision-making. The investigator team (Robin Stewart of USGS; Sujoy Roy
and Tom Grieb of Tetra Tech; and Jay Davis, Jennifer Sun, and Don Yee of SFEI) has made
significant progress on developing this framework, and it was discussed at the Selenium
Workgroup meeting on June 6, 2017. Funding from a North Bay SEP allocated to Tetra Tech
($50K) and SFEI ($10K) supported the data analysis and statistical evaluation conducted so
far in 2017.
The Workgroup consensus was that additional development of the design and
framework is needed. This development would take the form of a synthesis of information
for North Bay selenium indicators that would support an integrated and strategic approach to
monitoring in support of the TMDL. Specific items to be covered in this North Bay synthesis
include the following.
o Examination of the linkages between the three indicators to better understand how
they correlate with each other (including the issues of lag times and the locations of
sample collection) and what they tell us about trends and mechanisms of selenium
bioaccumulation in the North Bay.
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o Completing the development of the statistical framework for monitoring design and
data evaluation, including integrating statistical approaches across the indicators (to
the extent possible) and further development of the linkage to management decisions.
o Consideration of analytical methods for long-term monitoring, including identification
of an alternate analytical lab to ensure that long-term time series can be maintained.

Study Objective and Applicable RMP Management Questions
This study would specifically address the management questions articulated for the North
Bay.
1. Are the beneficial uses of north San Francisco Bay impaired by selenium?
2. Are changes occurring in selenium concentrations that warrant changes in management
actions?
3. Will proposed changes in water flows and/or selenium loads in the Bay or upstream cause
impairment in the North Bay?
Tasks for 2018
USGS, Tetra Tech, and SFEI will continue working together and document their findings in a
North Bay Synthesis technical report. The report will provide a basis for a subsequent journal
publication with Robin Stewart as the lead author.

Budget
RMP Special Study Funds
Tetra Tech
$17,500
SFEI
$17,500
Funds from the Current North Bay SEP
USGS
$10,000

Timing and Deliverables
Draft technical report
Final technical report

April 2018
July 2018
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Selenium Proposal #3: Selenium in White Sturgeon Muscle Plugs
Summary: In March 2016, the State Water Resources Control Board approved a Selenium
TMDL for North San Francisco Bay, which established a white sturgeon muscle tissue target of
11.3 ug/g dry weight as a basis for evaluating impairment. In 2014, the RMP conducted a pilot
study in collaboration with the California Department of Fish and Wildlife (CDFW) and United
States Fish and Wildlife Service (USFWS) to develop a non-lethal monitoring method for
collecting white sturgeon muscle tissue using muscle plugs. A large number of samples (60
samples) were successfully collected in 2015 (a dry year) during a second year of sampling (30
of which were analyzed). This study proposes to continue this sampling through (1) analyzing
tissue samples collected pro bono by USFWS in 2016 (another dry year - to confirm the 2015
results) and (2) collecting and analyzing tissue samples in fall 2017 (following a very wet winter
- to allow a comparison of wet and dry years). Data from 2015-2017 will establish a baseline for
a long-term time series of tracking condition relative to the TMDL target.
Task 1 includes the analysis of tissue samples already collected in 2016 and the collection of
samples in fall 2017. This task will be funded through approved SEP funds that have been
designated for selenium monitoring. Task 2 includes the analysis of the fall 2017 samples, data
management, and reporting for both the 2016 and 2017 data.
Estimated Cost:
Task 1: $20,000 (funded through North Bay SEP funds approved for selenium monitoring)
Task 2: $35,000
Oversight Group: RMP Selenium Workgroup
Proposed by: Jennifer Sun and Jay Davis
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PROPOSED DELIVERABLES AND TIMELINE
Deliverable
Due Date
Task 1. Analyze 2016 muscle plugs & Collect 2017 muscle plugs
Task 1-1. Analyze 2016 muscle plugs
Fall 2017 (September)
Task 1-2. Collect 2017 muscle plugs (field sampling)
Fall 2017 (August-October)
Task 2. Analyze 2017 muscle plugs & Data Management
Task 2-1. Analyze 2017 muscle plugs
Fall 2018
Task 2-2. Data Management
Fall 2018

Background
Since 1998, San Francisco Bay has been identified as impaired by selenium under the Clean
Water Act. In April 2014, the RMP formed a Selenium Workgroup to evaluate information
needs that can be addressed by the Program in the next several years.
In 2016, the USEPA approved a selenium TMDL for North San Francisco Bay. The TMDL
established a target concentration of 11.3 ug/g dw in white sturgeon muscle tissue as the basis for
evaluating impairment (Baginska 2015). In order to help implement the TMDL, the Selenium
Workgroup has been developing a monitoring method that will allow for the routine collection of
large numbers of white sturgeon muscle tissue samples. White sturgeon were routinely sampled
every three years by RMP sport fish monitoring from 1997-2009. However, the number of fish
collected in each round of sampling has been small (12 fish per sampling event, spread
throughout the Bay), and future sampling events are now scheduled on a five-year cycle.
Identifying a means to obtain a larger number of white sturgeon muscle samples on a more
frequent basis was identified as a high priority by the RMP’s Selenium Workgroup, in order to
assess attainment of the North Bay selenium TMDL and other regulatory thresholds.
Muscle plug sampling provides a non-lethal method for monitoring contaminants in sport fish
that has been successfully used to monitor mercury and selenium concentrations in fish,
including threatened fish species. These studies have demonstrated low mortality and sublethal
impacts to fish as a result of handling and muscle plug collection in both laboratory and field
settings on several fish species (based on recapture ratios and qualitative evaluation of recaptured
fish) (Baker et al. 2004; Waddell & May 1995, Hamilton et al. 2002). During the 2009 and 2014
RMP sport fish sampling events, paired muscle plug and fillet samples were analyzed for
selenium as part of an effort to establish a non-lethal and efficient method of collecting sturgeon
muscle tissue using plugs. Selenium concentrations in muscle plugs were found to correlate well
with concentrations in muscle fillets for the 24 fish sampled. Paired muscle plug and fillet
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samples collected from nine angler-caught female sturgeon collected as part of the 2016 and
2017 Sturgeon Derby studies also show a significant positive correlation.
This correlation has opened the door to an opportunity to obtain a larger number of sturgeon
muscle samples, non-lethally, through a collaboration with a California Department of Fish and
Wildlife (CDFW) annual tagging program that is tracking sturgeon population trends (DuBois
and Harris 2015; more information at
http://www.dfg.ca.gov/delta/data/sturgeon/bibliography.asp). This CDFW study involves three
months of sturgeon tagging in Suisun and San Pablo Bays, between August and October of each
year. In 2014 and 2015, the RMP funded sturgeon muscle plug sample collection and analysis in
conjunction with this CDFW sampling effort. The 2014-2015 samples have been analyzed for
selenium and C, N, and S isotopes. The 2015 samples were also analyzed for testosterone and
17B-estradiol to predict the sex and sexual maturity of each fish (Webb et al., 2002). In 2016, 30
additional samples were collected pro-bono by USFWS staff present on the CDFW boats,
including muscle plug and blood plasma samples; these samples have been archived.
Continuing to collect and analyze muscle plug samples intensively in the short term (i.e. in 2016
and 2017) will provide information on the influence of hydrology on selenium in sturgeon and
contribute to developing a robust initial baseline to begin a long-term time series. Future
monitoring will help to identify whether significant increases are occurring that may warrant
management actions, and to verify indications of increasing concentrations measured in other
matrices (i.e. water, clams) if they occur. The data collected will also contribute to assessing
impairment based on the TMDL target.
The successful collection and analysis of tissue samples from 60 fish in 2015, and the collection
of samples from 30 fish in 2016, established the fall CDFW tagging effort as an effective and
efficient way to achieve these objectives. This proposal includes the completion of sample
collection and analysis for both 2016 and 2017 to address the first objective: establishing a robust
initial baseline dataset.
Analysis of the 2016 samples would provide a relatively low cost method of increasing our
understanding of current selenium conditions in sturgeon, including expected levels of observed
variance in the data. Because only eight samples were collected during the pilot study in 2014,
and the majority of fish sampled that year were below the target size, data from 2014 should not
be considered baseline values that will be comparable with future data. The only data currently
available using the same study design and methods that will be used in subsequent sampling
years was collected in 2015. Additional data from 2016 can be used to compare results from two
dry years, contributing to a more robust understanding of current concentrations and establishing
a solid baseline for selenium concentrations in sturgeon under these conditions.

Item 04 - RMP 2018 Special Studies Proposals - Page 153

Collection and analysis of samples in 2017 will fill an important data gap related to selenium
concentrations in sturgeon during a wet year. In 2017, the RMP did not fund a proposal to fund
muscle plug sampling in the fall of 2017, but planned to continue funding this study in future
years. However, the value of the fall 2017 muscle plugs has increased following the particularly
wet winter of water year 2017. Data on selenium in Potamocorbula amurensis show higher
selenium concentrations during dry years (Stewart et al. 2013). Data on selenium in sturgeon
collected during this fall sampling event is available for 2015 and can be available for 2016 if
Task 1 is funded, but no comparable data are available for a wet year. Data on selenium in
sturgeon collected in fall 2017, following a wet year, would fill an important data gap that would
help to understand whether hydrology (i.e. flow and water year type) also has a significant
impact on selenium levels in sturgeon muscle tissue.
This proposal outlines a scope and budget for the two tasks to complete sturgeon muscle plug
monitoring for 2016 and 2017: (1) analyzing the 2016 muscle plugs and collecting the 2017
muscle plugs in fall 2017, and (2) analyzing the 2017 muscle plugs and conducting data
management for both data sets in 2018,

Study Objectives and Applicable RMP Management Questions
The ultimate objective of this monitoring element is to obtain a relatively large number of
sturgeon muscle samples to assess attainment of the North Bay selenium TMDL and other
regulatory thresholds. These data will also allow tracking of long-term interannual trends. This
study addresses key questions identified by the Selenium Strategy and the RMP (Table 1).

Table 1. Study objectives and questions relevant to RMP management questions.
RMP Management
Priority
Study Objective
Example Information
Question
Management
Application
Question for
Selenium
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1) Are chemical
concentrations in the
Estuary at levels of
potential concern and
are associated impacts
likely?
1B. What potential for
impacts on humans and
aquatic life exists due
to contaminants in the
Estuary ecosystem?
4) Have the
concentrations, masses,
and associated impacts
of contaminants in the
Estuary increased or
decreased?
4.B. What are the
effects of management
actions on the potential
for adverse impacts on
humans and aquatic life
due to Bay
contamination?

1. Are the
beneficial uses of
north San
Francisco Bay
impaired by
selenium?

Compare measured
concentrations to
regulatory thresholds
(North Bay Selenium
TMDL).

2. Are changes
occurring in
selenium
concentrations
that warrant
changes in
management
actions?

Compare measured
concentrations to plug
and fillet
concentrations
measured during past
studies, including past
iterations of this study.

Do the data indicate a
need for management
actions?
What factors are
influencing the
observed selenium
concentrations? How
should the TMDL
muscle tissue target be
assessed?
Are selenium
concentrations
increasing or
decreasing?
What factors may be
influencing these
trends?

Evaluate trends using
linear regression and
change point method
analyses

Approach
Task 1
Archived tissue samples from 30 white sturgeon collected in 2016 will be analyzed. USGS
(Robin Stewart and her team) will process the plug samples and perform selenium analyses, and
subsequently prepare and ship samples to UC Davis to perform C, N, and S stable isotope
analyses. The stable isotopes will provide information on diet and habitat use by the sturgeon.
The Bozeman Fish Technology Center will perform testosterone and 17B-estradiol analyses on
blood plasma samples. These sex steroid results will be used to predict the fish sex and
reproductive stage.
Muscle plugs from sixty white sturgeon will also be collected between August and October 2017
during the CDFW sturgeon sampling event in North Bay. SFEI staff will plan and coordinate the
study and CDFW staff will collect the samples. In order to feasibly collect samples, CDFW staff
will require the purchase of a 12V DC portable freezer in order to store samples in the field over
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the course of the sampling season. SFEI staff will retrieve samples from CDFW staff periodically
throughout the duration of the field season in order to keep samples chilled at a colder and more
stable temperature until sample analysis.
Task 2
Muscle plugs from the sixty white sturgeon sampled in 2017 in Task 1 will be analyzed. USGS
(Robin Stewart and her team) will process the plug samples and perform selenium analyses, and
subsequently prepare and ship samples to UC Davis to perform C, N, and S stable isotope
analyses.
RMP staff will manage the data from the muscle plugs collected in both 2016 and 2017,
including data QA/QC, formatting, and upload to CEDEN.
Budget
The proposed budget for Task 1 is $20,000. In 2017, the RMP Steering Committee approved the
use of $90,000 in SEP funds for a selenium study, including $30,000 set aside for selenium
monitoring. $20,000 of the SEP funds allocated for selenium monitoring is proposed to fund
Task 1.
The proposed budget for Task 2 is $25,000. A significant cost savings will be realized by
combining data management for the 2016 and 2017 datasets.
Table 3A. Budget for Task 1
Task

Estimated Cost

Labor
Project Planning & Coordination

$4,000

Field Work (sample collections & pick-up)

$4,000

Subtotal

$8,000

Subcontracts
USGS - 30 selenium analyses @ $240/sample

$7,200

UCD - 30 C, N, S analyses @ $29/sample

$870

Bozeman Fish Technology Lab –
30 T and E2 analyses @ $40/sample each

$2,400
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Subtotal

$10,470

Direct Costs
Equipment - 40 portable refrigerator for field sample storage

$900

Equipment - biopsy plugs, sample containers, plasma sampling
equipment, etc.

$300

Shipping

$150

Travel - 6 days of staff travel to field site & partners

$180

Subtotal
Grand Total (SEP funds)

$1,530
$20,000

Table 3B. Budget for Task 2
Task

Estimated Cost

Labor
Project Planning & Coordination
Data Management

$500
$8,000

Reporting

$10,000

Subtotal

$18,500

Subcontracts
USGS - 60 selenium analyses @ $240/sample
UCD - 60 C, N, S analyses @ $29/sample
Subtotal

$14,400
$1,740
$16,140

Direct Costs
Shipping

$360

Subtotal

$360

Grand Total

Reporting

$35,000
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Data will be uploaded to CEDEN and a technical report will be prepared.
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