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RMP Sport Fish Strategy Team Meeting 

December 18, 2023 
1:00 PM – 4:00 PM 

 
HYBRID MEETING 

In-Person 
SFEI 

4911 Central Avenue, Richmond, CA  
First Floor Conference Room 

 
Remote Access 

Zoom link 
Zoom Meeting ID: 769 935 6044 

 
Dial-in info: 

        +1 669 900 6833 US (San Jose) 
        +1 253 215 8782 US (Tacoma) 

 
Lunch will be provided at 12:30 (if you attend in person!) - please RSVP to Jay Davis 

(jay@sfei.org) 
 

DRAFT AGENDA 
 

1. Review of Agenda, Introductions, Logistics  
 

1:00 
Jay Davis 

2. Information: Background on the RMP Sport Fish Monitoring 
Planning Process 
General overview of the planning process and the goals of the 
monitoring. 

1:20 
Jay Davis 

3. Information: Updates from the Group on Recent Activities and 
Sport Fish Contaminant Information Needs 
Brief summary of recent developments, future plans, and information 
needs. 

a) DPH Asian/Pacific Islanders Community Exposures (ACE) 
Project (human biomonitoring linked to fish consumption)  

b) All Positives Possible Carquinez Strait Fish and Preservation 
Project (LaDonna Williams, Jay Davis) 

c) Surface Water Ambient Monitoring Program "Realignment" 
Monitoring in the Bay Region (Anna Holder) 

d) San Francisco Water Board subsistence fishing consumption 
survey questionnaire project 

e) Any other updates related to Bay sport fish monitoring from 
the group 

1:30 
Group 
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4. Information: OEHHA on Data Gaps for San Francisco Bay 

The RMP has worked closely with OEHHA on designing the fish 
monitoring since it began in 1997.  OEHHA will outline remaining 
data gaps related to the Bay advisory.   

2:15 
Wes Smith 

5. Discussion: Sampling Plan for 2024 (Attachments: Summary article 
of the 2019 monitoring [pages 3-16]; Technical report on the 2019 
monitoring; Non-target analysis proposal [pages 17-25]) 
The design from 2019 is a starting point for the design for 2024 and 
will be reviewed.  We will discuss scope and logistics, including a 
timeline for planning and implementation.  After a review of general 
aspects of the design and elements that are being added to the core 
design, we will discuss the details for each analyte that will be 
included. 

o Species  
o Stations 
o Add-ons 

o Non-target emerging contaminant analysis (Ezra 
Miller) 

o PCB Priority Margin Unit sampling 
o Contaminants 

o PFAS 
§ PFAS in archived samples study (Miguel 

Mendez) 
o Mercury 
o PCBs 
o Dioxins 
o Selenium 
o Organochlorine Pesticides 
o PBDEs 

o Archiving 
o Additional archiving for CECs 

 
Desired Outcome: Agreement on the general design of the 2024 
sampling and many of the design details.   
 

2:30 
Jay Davis 

6. Review Next Steps and Action Items, Adjourn 3:50 
 



The degree of contamination of San Francisco Bay fish is one of the most 
important measures of Bay water quality. One of the primary goals of the 
Clean Water Act is to make all US waters fishable. Fish can be an important 
part of a healthy, well-balanced diet. They provide an excellent source of 
protein and vitamins, and are a primary dietary source of heart-healthy 
omega-3 fatty acids. Fishing on the Bay and consumption of Bay fish are 
popular and important activities that are enjoyed by many, and many depend 
heavily on Bay-caught fish in their diets for cultural reasons or subsistence. 

Unfortunately, the Bay is not entirely fishable.  Contaminants that made their 
way from land to the Bay decades ago persist and cause concentrations in 
some Bay fish to be above safe levels. An advisory issued by the California 
Office of Environmental Health Hazard Assessment, recommending limited 
consumption of fish from the Bay, has been in place since the 1990s. The 
advisory recommends no consumption of any surfperch species due to high 
concentrations of PCBs, and in addition no consumption of striped bass, white 
sturgeon, brown smoothhound shark, and leopard shark by the sensitive 
population (women 18-49 years and children 1-17 years) due to high levels of 
mercury and PCBs. 

The San Francisco Bay Regional Water Quality Control Board has established 
TMDL cleanup plans for mercury and PCBs, two of the contaminants of 
greatest concern in the Bay, and concentrations in fish are the key benchmarks 
in these TMDLs.

Progress toward the goal of a fully fishable Bay has been slow. The RMP has 
been monitoring contaminants in Bay fish since 1997, following up on a pilot 
study conducted by the Bay Protection and Toxic Cleanup Program in 1994. 
Over this time span, mercury and PCBs have shown only modest signs of long-
term decline. Evidence for declines has been stronger for other contaminants 
of concern, such as PBDEs and dioxins.  

The RMP performs an extensive survey of contaminants in Bay sport fish 
once every five years. In April 2021, the RMP published a report on the most 
recent sampling round, which was conducted in 2019. This article presents a 

RMP MONITORING OF CONTAMINANTS 
IN SAN FRANCISCO BAY FISH: 2019

FEATURED PROJECT

BY DR. JAY DAVIS, SFEI
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Fishing near Vallejo. Photograph by Joe Clark, All Positives Possible 
https://www.allpositivesp.org/
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brief overview of the findings for several of the main contaminants 
of concern in Bay fish: mercury, PCBs, dioxins, PBDEs, and PFAS. 
Additional details and information are available in the full report.  

Mercury, PCBs, dioxins, selenium, polybrominated diphenyl ethers 
(PBDEs), and per- and polyfluoroalkylated substances (PFAS) were 
analyzed in 1,306 fish, representing 16 species collected at 13 
locations in San Francisco Bay. Fish species were selected based on a 
number of criteria, including being popular for consumption, sensitive 
indicators of contaminant accumulation, and wide distribution; 
representing different exposure pathways (benthic versus pelagic); 
and having been monitored in the past. 

Contaminant concentrations were compared to numeric human 
health thresholds (advisory tissue levels, or ATLs) established by 
OEHHA for mercury, PCBs, selenium, and PBDEs. Results were also 
compared to regulatory thresholds for mercury, PCBs, and selenium, 
which have been established in TMDL regulations by the San 
Francisco Bay Regional Water Quality Control Board.

The 2019 survey addressed some of the data gaps identified by OEHHA 
relating to developing more extensive consumption advice for the Bay. 
Multiple samples were analyzed for bat rays, northern anchovy, Pacific 
herring, brown rockfish, and staghorn sculpin. Data gaps remain for 
diamond turbot, starry flounder, and monkeyface prickleback, where 
only one sample of each species was analyzed, and other species 
of interest that were not analyzed (Pacific sardine, cabezon, Pacific 
sanddab, and petrale sole). 

The RMP performs an extensive survey of 
contaminants in Bay sport fish once every five years
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MERCURY

The fish advisory for the Bay is primarily driven by human health risks due to 
exposure to mercury and PCBs. The 2019 data show that mercury and PCB 
concentrations remain above thresholds and are widespread, indicating  these 
contaminants continue to pose the greatest human and wildlife health risks. 

Mercury concentrations continue to exceed thresholds of concern in Bay 
sport fish. The average mercury concentrations in bat rays (0.83 ppm) and 
striped bass (0.46 ppm) exceeded the no consumption ATL (for the sensitive 
population) of >0.44 ppm, and a few white croaker composites and individual 
largemouth bass exceeded this threshold as well, as did one individual white 

sturgeon and one sample of shiner surfperch. Lower concentrations were 
measured in other popularly consumed sport fish species. White croaker, white 
sturgeon, and diamond turbot had average concentrations that fell within the 
one serving/week ATL range (>0.15-0.44 ppm) for the sensitive population; 
shiner surfperch, California halibut, brown rockfish, starry flounder, and 
jacksmelt averages were in the two serving/week range (range = >0.07- 0.15 
ppm); northern anchovy were in the three serving/week range (>0.055-0.07 
ppm); Pacific herring, staghorn sculpin, white surfperch, and monkeyface 
prickleback averages fell below the three serving/week range (<0.055 ppm). 

footnote: Bars indicate average concentrations. Points 
represent individual samples (either composites or individual 
fish). Concentrations in striped bass and largemouth bass 
are not length-adjusted. The colored lines indicating ATL 
thresholds show the lower end of the advisory tissue level 
ranges for the sensitive population. 

Mercury concentrations 
continue to exceed thresholds 

of concern in Bay sport fish

Mercury in San Francisco Bay Fish Species, 2019

14  •  RMP UPDATE 2021 •  PROGRAM HIGHLIGHTS

Page 5



MERCURY

Mercury concentrations in Bay fish are not showing signs of long-term 
decline. Striped bass is the most important indicator species for mercury in 
the Bay, due to its popularity for consumption and the high concentrations 
of mercury that it accumulates. Striped bass from the Bay have the highest 
average mercury concentration measured for this species in US estuaries. 

A relatively extensive historical dataset exists for Bay striped bass, allowing 
for the evaluation of trends over 44 years, from 1971 to 2019. In 2019, the 
average mercury concentration was not significantly different from the 
average in 1971. Furthermore, the overall long-term trend line does not 
indicate a change over the 44-year period.

footnote: Bars indicate average concentrations. Points represent individual fish, with the exception of six composite samples (3 
fish each) analyzed in 2014. All plotted points are 60 cm length-adjusted. The 2014 data do not include fish collected in Artesian 
Slough, and the 2019 data do not include fish collected in South Bay (Coyote Creek); these areas reflect unique mercury sources 
and were collected only in those years. Data were obtained from CDFW historical records (1971-1972), the Bay Protection and 
Toxic Cleanup Program (1994), a CalFed-funded collaborative study (1999 and 2000), and the Regional Monitoring Program 
(1997, 2000, 2003, 2006, 2009, 2014, and 2019). The colored lines indicating ATL thresholds show the lower end of ATL ranges 
for the sensitive population.

Fisherman at Municipal Pier in Aquatic Park in San Francisco. 
Photograph by Nicole David.

Mercury in Striped Bass, 1971-2019
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PCBs

PCBs, along with mercury, are a main driver of the consumption advisory for 
the Bay. 

PCB concentrations in Bay sport fish remain high and continue to exceed 
thresholds of concern, including both human consumption thresholds 
and water quality regulatory thresholds. The highest species average PCB 
concentration was for shiner surfperch (220 ppb), exceeding all thresholds, 
with concentrations of some composites over two times greater than the no 
consumption ATL (>120 ppb), and a maximum concentration of 400 ppb.

 Northern anchovy, an indicator species for wildlife exposure, had the second 
highest average concentration (110 ppb).

More moderate concentrations were measured in other species, ranging from 
81 ppb in largemouth bass to 0.5 ppb in monkeyface prickleback. Ten of the 16 
species measured had average concentrations in exceedance of the numeric 
target from the TMDL (10 ppb). The other six species below the numeric 
target included one commonly-consumed species (California halibut), and 
five other less commonly consumed species (brown rockfish, diamond turbot, 
monkeyface prickleback, Pacific herring, starry flounder).

footnote: Bars indicate average concentrations. Points represent individual samples (either composites or individual fish). The 
colored lines indicating ATL thresholds show the lower end of the advisory tissue level ranges. 

PCB concentrations in Bay sport 
fish remain high and continue to 

exceed thresholds of concern 

PCBs in San Francisco Bay Fish Species, 2019

Sum of 208 PCBs concentration (ppb ww)

Shiner Surfperch

Northern Anchovy

White Surfperch

Staghorn Sculpin

Largemouth Bass

White Croaker

White Sturgeon

Striped Bass

Bat Ray

Jacksmelt

California Halibut

Diamond Turbot

Pacific Herring

Brown Rockfish

Starry Flounder

Monkeyface Prickleback

0 100 200 300 400

ATL - no consumption

ATL - 2 servings/week

Numeric Target

16  •  RMP UPDATE 2021 •  PROGRAM HIGHLIGHTS

Page 7



PCBs

PCB concentrations vary significantly across the four long-term monitoring 
stations (Berkeley, Oakland Harbor, San Francisco Waterfront, and South Bay). 
Oakland Harbor remains the region of highest concern, although San Francisco 
Waterfront and South Bay also had average concentrations above the no 
consumption ATL of 120 ppb in this round of sampling.

Shiner surfperch are excellent indicators of spatial variability in PCB 
concentrations in the Bay. The spatial distribution of PCB contamination observed 
in shiner surfperch at the long-term stations was consistent with patterns 
observed in earlier rounds of sampling. One difference from prior rounds was 
that shiner surfperch were not collected from the San Pablo Bay station, which 
historically has consistently had the lowest average PCB concentrations. As in 
prior rounds, PCB concentrations were higher in Oakland Harbor (280 ppb) than 
at the other S&T stations, with a statistically significant difference between 
Oakland Harbor and the lowest average concentration at Berkeley (94 ppb). 
Average concentrations were intermediate at South Bay (Redwood Creek) (180 

ppb) and at the San Francisco Waterfront (180 ppb) and were not significantly 
different from any of the other stations.  

Two additional areas sampled as part of the PMU special study (Richmond Harbor 
and San Leandro Bay) had relatively high average concentrations that, like Oakland 
Harbor, were significantly different from Berkeley (the station with the lowest 
average concentration). The average concentration at San Leandro Bay (350 
ppb) was even higher than the average at Oakland Harbor, while the average at 
Richmond Harbor (230 ppb) was the third highest overall behind San Leandro Bay 
and Oakland Harbor.

Significant spatial variation was observed within Richmond Harbor between 
stations that were only 0.9 km apart. Mean concentrations for the Santa Fe 
Channel (269 ppb) and Lauritzen Channel (306 ppb) were significantly higher 
than the mean for the Main Channel (113 ppb). This dataset provides a clearer 
understanding of the high site fidelity of shiner surfperch.

footnote (both graphs):   Bars indicate average concentrations. Points represent composite samples. Colored lines indicating ATL thresholds show the lower end of the ATL ranges. Locations labeled with the same 
letter did not have significantly different means.

PCBs in Shiner Surfperch in Richmond Harbor, 2019
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PCBs

Although PCB concentrations in shiner surfperch (the 
primary indicator species) were generally higher in 2019 
than in the prior round of sampling, there are some 
possible signs of long-term decline. Overall, the rate of 
PCB decline in the Bay is slow at best, and continued 
monitoring is needed for a more definitive assessment.

Although the long-term wet weight time series at individual 
stations through 2014 suggested possible declining trends, 
higher concentrations were observed across the stations in 
2019 that weakened these patterns. At each of the long-
term stations sampled in 2019, concentrations were higher 
than in 2014, and the differences were substantial for 
Berkeley, San Francisco Waterfront, and South Bay. For San 
Francisco Waterfront and South Bay, the concentrations 
went from being well below the 120 ppb no consumption 
ATL in 2014 to above this threshold in 2019. While the larger 
number of congeners analyzed in 2019 contributed to the 
higher values, the differences at Berkeley, San Francisco 
Waterfront, and South Bay were larger than the approximate 
15% increase the added congeners would cause. 

Another driver of the higher concentrations in 2019 was 
relatively high lipid (fat) content of the tissue in 2019. 
PCBs accumulate primarily in lipid. Taking lipid content of 
the samples into account (data not shown), there appear 
to be indications of long-term declines, most clearly 
at the Berkeley station. Overall, the wet weight and 
lipid weight PCB data for shiner surfperch suggest that 
ambient PCB concentrations in the Bay have not declined 
substantially Bay-wide between 1994 and 2019. footnote: Bars indicate average concentrations. Points represent composite samples with 20 fish in each composite. Data shown are 

the sum of PCBs for all congeners analyzed; the number analyzed varied from 47 in 1994 to 52 in 2014, and then increased to 209 in 
2019. The colored lines indicating ATL thresholds show the lower end of the advisory tissue level ranges.

Overall, the rate of PCB decline in the Bay is slow at best, and continued 
monitoring is needed for a more definitive assessment

PCBs in Shiner Surfperch by Location, 1994-2019
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PCBs

footnote:  Bars indicate average 
concentrations. Points represent 
composite samples with five fish 
in each composite. 

The PCB concentrations observed in white croaker in 2019, on the other hand, 
were the lowest yet observed, suggestive of a possible long-term decline. RMP 
assessment of long-term trends in PCBs has historically relied on both shiner 
surfperch and white croaker data. While shiner surfperch, due to their high 
site fidelity, represent exposure in specific locations, white croaker range more 
widely and provide a more spatially integrated index of regional contaminant 
exposure in the Bay food web. The Bay-wide average sum of 40 PCBs 
concentration for white croaker on a wet weight basis in 2019 was 45 ppb, less 
than half of the concentration measured in 2009, and far below the average 
concentrations measured for skin-on fillets in the rounds before 2009. 

As for shiner surfperch, much of the variation across the years is due to 
variation in the lipid content of the tissues. The lipid variation in white croaker 
over the years was further heightened by a switch from analysis of fillets with 
skin (which has high lipid content) from 1997-2006 to fillets without skin 
from 2009 to the present. However, even on a lipid-normalized basis the 2019 
average concentration was also distinctly lower than those observed in previous 
years. Continued monitoring is needed, however, to establish whether the white 
croaker data are indeed signaling a trend rather than merely high year-to-year 
variation. 

The PCB 
concentrations 

observed in white 
croaker in 2019 
were the lowest 
yet observed, 

suggestive of a 
possible long-term 

decline 

PCBs in White Croaker, 1997-2019
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DIOXINS

Dioxins are at concentrations of potential concern in the Bay, but neither a Water 
Board regulatory target nor OEHHA advisory tissue levels have been established. 
As part of the PCB TMDL, because some PCBs have the same mechanism of 
toxicity as dioxins, the Water Board calculated a fish tissue screening level for 
dioxins of 0.14 pptr (parts per trillion) for the assessment of risk to human health.

Dioxin concentrations in Bay fish remain above the Water Board screening 
level, and are still particularly high in Oakland Harbor. However, there are 

signs of possible decline in both of the key indicator species: shiner surfperch 
and white croaker. 

In shiner surfperch, concentrations appear to be progressively decreasing 
across all of the monitoring stations except Oakland Harbor, although the 
decline is not statistically significant at any of the monitoring stations. 

footnote: Bars indicate average 
concentrations. Points represent 
composite samples with 20 fish in 
each composite. 

Dioxins in Shiner Surfperch By Location, 1994-2019
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DIOXINS

In white croaker, the concentrations in 2019 were sharply lower than the last 
year of comparable data in 2009, and only slightly above the screening level. 

Continued monitoring of shiner surfperch and white croaker is needed to 
establish whether these possible trends reach a point of statistical significance 
and are signs of actual long-term declines.

footnote: Dioxin TEQsPCDD/PCDF 
(pptr ww) in white croaker in San 
Francisco Bay, 1994-2019. Bars 
indicate average concentrations. Points 
represent composite samples with 
5 fish in each composite. The Water 
Board screening level (0.14 pptr) is 
non-regulatory. Years labeled with the 
same letter did not have significantly 
different means. 

In white croaker, PCB concentrations in 2019 were sharply 
lower than the last year of comparable data in 2009, and 

only slightly above the screening level 

Dioxins in White Croaker, 1994-2019
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PBDEs

The 2019 PBDE data provide further evidence of the decline of PBDEs in Bay 
sport fish following the PBDE bans and phase-outs in the mid-2000s. The rate 
of decline has levelled off in recent years, but the current concentrations are 
well below the lowest OEHHA advisory tissue level for the protection of human 
health (45 ppb). 

Statistically significant declines were observed for the Bay as a whole and 
consistently across nearly all of the individual monitoring stations; the decline 
was not significant at Oakland (data not shown).

The RMP Emerging Contaminant Workgroup’s monitoring plan calls for one 
more round of PBDE measurement in 2024 for further confirmation of the long-
term decline.

footnote: Bars indicate average 
concentrations. Points represent composite 
samples with 20 fish in each composite. 
Years labeled with the same letter did not 
have significantly different means. 

PBDEs in Shiner Surfperch, 2003-2019
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PFAS

No regulatory or human health thresholds have been established for PFAS in 
San Francisco Bay fish. Concentrations in Bay fish, however, particularly in the 
South Bay region, are persisting over time at levels that exceed consumption 
advisory thresholds that have been established by other states. The monitoring 
conducted to date for PFAS in fish has been inconsistent and limited in scope, 
hindering evaluation of spatial patterns and long-term trends. More intensive 

monitoring is warranted to track long-term trends, understand spatial variation 
across Bay regions, and more firmly characterize concentrations for comparison 
to thresholds. The Lower South Bay appears to be a region of particular 
concern, especially Artesian Slough, which is in close proximity to the outfall for 
the San Jose-Santa Clara Regional Wastewater Facility. 

footnote: Bars indicate average 
concentrations. Points represent 
composite samples of indicated fish 
species. The number of PFAS analytes 
and MDLs varied across years. 

PFAS Concentrations in Regions of San Francisco Bay, 2009-2019
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WHAT’S NEXT?

Tribal and Subsistence Beneficial Use Designations: Interest has increased 
recently in the impacts of fish contamination on groups with high consumption 
rates, including subsistence fishers and tribes. In 2017 the State Water 
Board established three new beneficial use definitions for use by the State 
and Regional Water Boards in designating Tribal Traditional Culture, Tribal 
Subsistence Fishing, and Subsistence Fishing beneficial uses to inland surface 
waters, enclosed bays, or estuaries. The nine regional water boards are at 
various stages of considering whether to designate these uses for water bodies 
in their regions. 

Survey of Subsistence Fishers: Related to this process, the San Francisco 
Bay Regional Water Board plans to fund a pilot consumption study to obtain 
updated and expanded information on fish consumption to assess whether 
existing objectives and thresholds for mercury and PCBs are protective of 
subsistence fishers. The pilot study will characterize consumption of Bay-
caught fish by subsistence fishers in the Carquinez Strait region. 

Community-Guided Statewide Monitoring: In another related effort, the State 
Water Board’s Surface Water Ambient Monitoring Program has launched a 
statewide initiative to engage with communities with high consumption rates 
to help direct monitoring effort toward the locations and species that those 
communities target most. The initiative is starting in the San Diego region, then 
successively working through the other eight regions. 

Enhanced Assessment of PFAS: Another development on the horizon is an 
enhanced assessment of PFAS in Bay fish. The next round of RMP monitoring 
in 2024 will include more thorough monitoring of PFAS to provide better 

information on spatial patterns and long-term trends. In addition, OEHHA is 
currently evaluating the toxicity of PFAS and may be able to develop advisory 
tissue levels for one or more PFAS chemicals as they complete the evaluations. 
A first step may involve interim consumption advice for hotspots like Artesian 
Slough.

Continued Tracking of Contaminants in Bay Fish: The next round of monitoring 
in 2024 will also include continued monitoring of mercury, PCBs, and other 
contaminants to track trends, and will again attempt to target additional 
species to support enhanced consumption advice for the Bay. In cooperation 
with SWAMP, this may include additional monitoring to characterize the 
locations and species that subsistence fishers depend upon most. 

Fishing on the eastern shoreline of Central Bay.  
Photograph by Shira Bezalel.

The next round of RMP monitoring in 2024 will include 
more thorough monitoring of PFAS to provide better 

information on spatial patterns and long-term trends 
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Non-targeted Analysis of SF Bay Fish – ECWG 2023

Special Study Proposal: Non-targeted Analysis of San
Francisco Bay Fish
Summary: Contaminants in sport fish may have both human health and ecological
implications. The RMP has been monitoring selected contaminants in sport fish for
many years but has never done any non-targeted analysis of this matrix. This two-year
study would leverage 2024 Status and Trends sport fish monitoring to collect sport fish
samples for non-targeted analysis. This type of analysis will provide a means to identify
unanticipated contaminants that may merit follow-up targeted monitoring and compare
San Francisco Bay fish contaminant profiles with those of fish from other locations such
as the Great Lakes. Anticipated study outcomes would include priorities and
recommendations for future investigations of newly identified CECs of potential concern
observed in sport fish.

Estimated Cost: $85,000 for two-year study ($23,000 for Year 1)
Oversight Group: ECWG
Proposed by: Ezra Miller & Rebecca Sutton (SFEI), Bernard Crimmins (AEACS,

Clarkson University)
Time Sensitive: Yes, leverages S&T sport fish monitoring (2024)

PROPOSED DELIVERABLES AND TIMELINE
Deliverable Due Date
Task 1. Work with S&T Sport Fish Strategy Team to develop

sampling plan January 2024

Task 2. Sample collection Summer 2024
Task 3. Lab and data analysis Fall 2024 - Spring 2026
Task 4. Presentation to ECWG and TRC April 2026
Task 5. Draft manuscript June 2026
Task 6. Final manuscript September 2026

Background

Sport fish in San Francisco Bay are an important matrix in which to understand the
contaminant profile, as they are consumed by both people, particularly in low-income
and immigrant communities practicing subsistence fishing, as well as by apex predators
like cormorants and harbor seals. The RMP began sport fish monitoring in 1997, and
Status and Trends samples are collected every five years (most recently in 2019) during
the summer season. Data collected through this monitoring program not only provide
updates on the status and long-term trends of contaminants in Bay sport fish, but are
also used to update human health consumption advisories and evaluate the

50
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Non-targeted Analysis of SF Bay Fish – ECWG 2023

effectiveness of regulatory and management efforts to reduce the impacts of
contaminants of concern in the Bay (Buzby et al. 2019).

Status and Trends sport fish contaminant monitoring by the RMP is focused on a limited
list of contaminants: mercury, polychlorinated biphenyls (PCBs), dioxins, selenium,
polybrominated diphenyl ethers (PBDEs), and select per- and polyfluoroalkylated
substances (PFAS). However, investigations of sport fish and other wildlife collected
from other highly urbanized coastal sites indicate that these regularly monitored
contaminants represent only a small fraction of the total number of bioaccumulative
contaminants present in aquatic life. While the RMP has been monitoring sport fish for
many years, to date there has never been any non-targeted analysis of Bay sport fish.

Non-targeted analysis, a key element of the RMP’s CEC strategy, 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. This type of non-targeted study can lay the foundation for
future targeted CECs monitoring by helping to identify new potential contaminants of
concern without a priori knowledge of their occurrence. The RMP has conducted
successful non-targeted analysis of nonpolar, fat-soluble compounds in bivalve tissue
and seal blubber (Sutton and Kucklick 2015), and polar, more water-soluble compounds
in Bay water and wastewater effluent (Sun et al. 2020; Overdahl et al. 2021), as well as
in fire-impacted stormwater (Miller et al. 2021). Non-targeted analysis of marine
mammal tissues is also currently underway as part of a pilot study to inform the RMP’s
Status and Trends program design.

The proposed study will employ a non-targeted analytical approach to examine samples
of Bay sport fish to assess the contaminant profiles in the food chain and identify
potential additional contaminants for future monitoring.

Results may indicate the presence of contaminants accumulating in Bay food chains
that are not typically analyzed in targeted monitoring studies. Alternatively, should
results reveal that most compounds of concern for wildlife and human health are
already included in targeted monitoring, this study will help confirm that current Bay
monitoring sufficiently captures priority contaminants.

51
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Non-targeted Analysis of SF Bay Fish – ECWG 2023

Study Objectives and Applicable RMP Management Questions

Table 1. Study objectives and questions relevant to the RMP ECWG management
questions.

Management Question Study Objective Example Information
Application

1) Which CECs have the
potential to adversely impact
beneficial uses in San
Francisco Bay?

Screen CECs identified via
non-targeted analysis for
potential toxicity concerns,
future monitoring needs,
and data gaps.

Do any newly identified
CECs merit follow-up
targeted monitoring?

2) What are the sources,
pathways and loadings leading
to the presence of individual
CECs or groups of CECs in the
Bay?

Evaluate chemical profiles
for evidence of source
types.

Do variations in site profiles
suggest influence of any
specific sources?

3) What are the physical,
chemical, and biological
processes that may affect the
transport and fate of individual
CECs or groups of CECs in the
Bay?

Assess results of
non-targeted analysis for
the presence of
unanticipated
transformation products.

Do the results of
non-targeted analysis
indicate transformation of
parent compounds into
unanticipated contaminants
with potential concerns for
Bay wildlife or human
health?

4) Have the concentrations of
individual CECs or groups of
CECs increased or decreased
in the Bay?

N/A N/A

5) Are the concentrations of
individual CECs or groups of
CECs predicted to increase or
decrease in the future?

N/A N/A

6) What are the effects of
management actions? N/A N/A

Approach

Bay Fish Sampling

Although the RMP Status and Trends (S&T) biota monitoring design was updated in
2022, the design for sport fish remains largely the same, with samples collected every
five years. This project will involve collection of additional fish samples in conjunction
with the planned 2024 S&T sport fish monitoring, using an "opportunistic" sampling
approach planned with the help of the sport fish S&T team as they develop their
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sampling and analysis plan this fall (fall 2023). Approximately 12 samples will be
targeted, more if S&T budget allows.

Core RMP sport fish species include white croaker, shiner surfperch, white sturgeon,
striped bass, halibut, northern anchovy, and jacksmelt. Other species are targeted
primarily based on information needed to update Bay fish advisories. Species that have
been sampled include Pacific herring, Pacific sardine, staghorn sculpin, brown rockfish,
blue rockfish, barred surfperch, bat ray, rubberlip perch, black perch, cabezon, Pacific
sanddab, diamond turbot, petrale sole, starry flounder, and monkeyface prickleback.
Largemouth bass and common carp, which are only found in freshwater in the extreme
Lower South Bay, have also been sampled near the San Jose wastewater outfall to
track CECs and mercury.

The five existing core S&T stations that have always been sampled as part of S&T
monitoring will continue to be monitored, including San Pablo Bay, Berkeley, Oakland,
San Francisco Waterfront, and South Bay (may include Redwood Creek, Artesian
Slough, and/or Coyote Creek) (Figure 1 green dots). This project would likely sample
both expected relatively less contaminated sites such as San Pablo Bay and Berkeley,
as well as sites with expected higher contaminant loads such as San Leandro Bay and
the South Bay. Shiner surfperch are a good species for spatial comparisons, as they will
also be collected from the Priority Margin Unit locations to track PCB trends (Figure 1
orange dots).

Fish are collected using a variety of techniques, including gill nets, otter trawls, and
hook and line depending on location and species sought. For most analytes, multiple
fish are used to make composite samples. Mercury and selenium in white sturgeon and
mercury in striped bass, however, are analyzed in tissue from individual fish, so this
project could also potentially take that approach depending on the target species.
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Figure 1. RMP S&T sport fish sampling locations. The green circles with bold names
represent the five core stations included in the S&T Program (South Bay includes three
locations – Redwood Creek, Artesian Slough, and Coyote Creek). Shiner surfperch will
be collected from the Priority Margin Unit locations to track PCB trends (orange circles).

Analytical Methods

Most fish will be dissected skin-off, and only the fillet muscle tissue will be used for
analysis. Species that are too small to be filleted (e.g., shiner surfperch, jacksmelt,
northern anchovy) will be processed whole but with head, tail, and viscera removed.
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For non-targeted screening (Crimmins lab; AEACS, Clarkson University), fish tissue
samples will be processed and analyzed using two non-targeted methods: one to look
for non-polar compounds, and another to look for polar compounds, especially
fluorinated polar compounds such as PFAS. In addition to non-target analyses, ancillary
data such as % lipid will be collected.

For non-polar compounds, DCM will be eluted through desiccated fish tissue
homogenates followed by size exclusion chromatography for lipid removal (Fernando et
al., 2018). Extracts will then be analyzed using a 2-dimensional gas chromatography
equipped with a high-resolution time of flight mass spectrometer (GC×GC-HRT, LECO)
in accordance with Fernando et al. (2018) and Renaguli et al. (2020). The GC×GC
resolves the extract mixture into 1000’s of individual components. The exact mass
spectra of these components will be compared against a reference library containing
over 500,000 chemicals to identify components in the tissues. Previously, this analysis
has only been performed using electron impact ionization. The new system also has
electron capture negative chemical ionization capabilities (ECNI). This mode selects for
compounds that generate negative ions (halogenated components) and is traditionally
used by low resolution instruments to quantify legacy halogenated chemicals (e.g.,
polybrominated diphenyl ethers). The new system is one of few available in the world
that provides enhanced sensitivity of ECNI and 2-D chromatographic (GC×GC) and
exact mass (30,000) resolution. The result will be a list of halogenated species for each
tissue and concentration estimates using one or more representative reference
standards. Compound identifications will be qualified by retention time, library matching,
and spectral interpretation with exact mass accuracy (< 5 ppm).

Polar compound non-targeted analysis will be performed in accordance with Crimmins
et al. (2014) and Fakouri Baygi et al. (2021). Tissue homogenates will be extracted
using methods described in Point et al. (2019) and then analyzed by ultra-high
performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UPLC-QToF) in electrospray ionization (ESI) mode. The instrument will be configured
to operate in a data-independent MS/MS mode, alternating between low and
high-energy channels to capture precursor and product ions for identification and
confirmation of detected species. The data files will be analyzed using an algorithm
developed in-house to screen for halogenated acids including polyfluorinated acids
(Fakouri Baygi et al., 2016; Fakouri Baygi et al., 2021). The data reduction will consist of
isolating species containing halogenated acid, ether, and sulfonate moieties.

The contaminant profiles for San Francisco Bay sport fish will be compared to profiles
acquired previously from Great Lakes sport fish using the same sample preparation and
analytical methods.
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Budget

Table 2. Budget
Expense Estimated

Hours
Estimated Total

Cost Year 1 Request

Labor

Study Design and Coordination 60 10,000 8,000

Data Technical Services 0 0

Analysis and Reporting 120 20,000 0

Subcontracts
AEACS, LLC 50,000 10,000

Direct Costs

Equipment 2,000 2,000

Shipping 3,000 3,000

Grand Total 85,000 23,000

Budget Justification

This proposal describes a two-year study with a total budget of $85,000 (split between
the two years). Year one will be primarily focused on study design and sample
collection.

SFEI Labor
Labor hours are estimated for SFEI staff to manage the project, develop the study
design in collaboration with partners, support sample collection, analyze data, review
toxicological risks, present findings, and assist with manuscript development.

Data Technical Services
Standard RMP data management procedures have not been developed for
non-targeted data. These data will not be uploaded to CEDEN.
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Sample Collection
The estimated cost for collecting extra fish samples during the S&T collection efforts is
$25,000. Each fish sample cost is estimated at $2,000 - $3,000 per sample (2019 costs
were $1,873 for the usual species and $2,810 for hard-to-sample species). The budget
of $25,000 therefore covers up to 12 samples, depending on species. These costs are
not included in this project budget because they will be funded through S&T; these extra
fish samples will be archived if this study is not funded for 2024.

Laboratory Costs
The Crimmins Laboratory (AEACS, Clarkson University) can provide non-targeted
analysis using two different methods on up to 12 fish tissues for a total cost of $50,000
(including 25% indirect rate). This budget includes both analysis and manuscript
preparation. The majority of the analysis and reporting would take place during year 2 of
the study.

Reporting

Results will be presented to the ECWG at the spring 2025 meeting, and may also be
presented at a TRC meeting; a draft manuscript led by the Crimmins lab will serve as
the RMP technical report for this project (draft for RMP review due September 2025,
submission-ready draft due December 2025).1
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