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It takes a village…

Presenter Notes
Presentation Notes
I also want to acknowledge all entities that help TBiOS do our work.  We have been fortunate to receive guidance on research priorities as well as financial, logistical and programmatic support from Tribes, city and county governments, state agencies, federal agencies, NGOs and the WA State Legislature. You all make our work our easier and whole lot of fun!  Thank you.
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Toxics Biological 
Observation System (TBiOS)

Initiated in 1989, we track 
contaminant levels and their harmful 
effects in Puget Sound marine and 
anadromous species. 
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TBiOS Goals

Document where and to what chemicals 
species are exposed

Identify potential adverse impacts
Guide efforts to prevent, reduce, and 
remediate to advance ecosystem recovery

Presenter Notes
Presentation Notes
To document where and to what chemicals Puget Sound species are exposed
To identify potential adverse impacts – both to aquatic species themselves, and to their consumers including humans. 
And to guide and inform efforts to prevent, reduce and remediate chemical contamination to advance ecosystem recovery and ultimately improve Puget Sound health
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TBiOS monitors contaminants 
in 4 main habitats: 

PelagicPelagicNearshore
Riverine/
Estuarine

Juvenile 
Chinook

Herring

English sole

Mussels

Adult salmon

Presenter Notes
Presentation Notes
To achieve these goals, we monitor contaminants in indicator species to characterize exposure in 4 different habitats of the Puget Sound region. (list indicator species in each habitat). Each of indicator species and habitats is monitored every two years. 

The level of exposure and resulting health impact are related to its proximity to the contaminant source in both space and time: That is, how close is the fish to the contaminant and for how long it is exposed? 
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Assessing Contaminant Exposure

Legacy Contaminants 
(known toxic effects to biota)
• PCBs, PBDEs, DDTs
• PAHs
• Metals: copper, mercury, etc.

Contaminants of Emerging 
Concern (CECs) 
(emerging toxic effects to biota)

WDFW staff beach seining for juvenile Chinook in the 
Duwamish River (credit: WDFW)

Presenter Notes
Presentation Notes
Historically, much of our  work was geared at monitoring the status and trends of what we refer to as legacy contaminants. The toxics effect of the legacy contaminants on biota are well-documented and consequently many of these contaminants have been banned and/or regulated to reduce environmental exposure, although they continue to persistent in the environment. 

The suite of legacy contaminants we monitor includes an alphabet soup of chemicals I don’t have to review during this presentation but your you learn more about trends in these contaminant in English sole and Pacific herring from posters led by Dwight Causey and Natasha Winnacott. 

More recently, with generous support from the WA State Legislature, we have expanded our monitoring to cover Contaminants of Emerging Concern (CECs ).  CECs is a loose umbrella term for the thousands of man-made chemicals that are not regulated but may find their way into the environment where their toxic effects on biota are not well characterized. 
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Contaminants of Emerging Concern (CECs)
Pharmaceuticals & Personal Care 
Products (PPCPs)
Per & Polyfluoroalkyl Substances 
(PFAS)
Tire-related compounds: 6PPD-Q
Microplastics/Nanoparticles 
Other: Caffeine, Cocaine 

Presenter Notes
Presentation Notes
CECs  include a wide array of compounds used in our daily activities, such as pharmaceuticals, personal care products, industrial compounds, tire-related compounds, caffeine, and illicit drugs like cocaine.

We monitor up to 250 CECs, but that is just a fraction of the number of CECs  that could potentially harm biota.  For some context of the scale of the problem there are currently 86,000 unregulated chemicals on EPA’s chemical substance inventory list.

And the scale of the problem of chemical pollution may be comparable to climate change in terms of the negative impacts to our environment and human health. 
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Which Puget Sound species are 
most exposed to CECs? 
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CECs are present in every species we monitor
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Presenter Notes
Presentation Notes
These are data on concentration of PPCP in each of our indicator species collected between 2013 and 2020. In total this dataset includes 214 unique samples analyses for the presence of 141 PPCPs.  The y-axis is the list of 141 PPCP, but I have hidden the names. The average log concentration of each chemical is shown by a color scale – the deeper the red color, the higher the concentration. If there is no color the chemical was not detected. 

PPCPs are detected in every species we monitored, although juvenile salmon, representing out river/estuary habitat CLICK and mussel CLICK representing our nearshore species are more exposed than our other species and habitats we monitor.   Overall, PPCPs ( and other CECs) are detected more frequently and at higher averaged concentrations in riverine/estuary and nearshore species, which make sense given their close association wastewater and stormwater sources.

For the rest of the presentation, I will focus on contaminants highlighting contaminant of emerging concern in juvenile Chinook salmon.




Department of Fish and Wildlife

CEC in Puget Sound Chinook salmon
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• Prioritize CEC for future research or actions based on 
potential impacts to fish health 

• Identify regions in the two urbanized watersheds where 
contaminants may be entering the waterways 

Presenter Notes
Presentation Notes
Last year, along with Dr. Jim Meador, completed a CEC in juvenile Chinook salmon, we published a paper with three major objectives. 





Department of Fish and Wildlife

CEC in Puget Sound Chinook salmon
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Study Objectives:
• Characterize exposure to emerging contaminants 

throughout Puget Sound

• Prioritize CEC for future research or actions based on 
potential impacts to fish health 

• Identify regions in the two urbanized watersheds where 
contaminants may be entering the waterways 

Presenter Notes
Presentation Notes
Last year, along with Dr. Jim Meador, completed a CEC in juvenile Chinook salmon, we published a paper with three major objectives. 





Part III: Green/Duwamish
Part II: Puyallup/White

Part I: 5 Watershed Comparison
Characterize exposure to emerging 

contaminants throughout Puget Sound

Identify regions where contaminants 
may be entering the waterways 

Prioritize CECs for future work based 
on potential impacts to fish health

Presenter Notes
Presentation Notes
The paper broken into three parts….

In total we collected 772 individual sub yearling Chinook salmon which went into 141 composite samples of whole-body fish. The team used composite samples to meet tissue mass requirement for chemical analyses, and because of that it's important to point out chemistry results represent mean values across multiple whole-body fish. 
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• 45 of 192 CECs detected
• 6 CECs detected in all watersheds

• 4 –nonyl phenols; nonylphenol diethoxylate 
• iopamidol
• Perfluoro-octane sulfonic acid (PFOS)
• oxolinic acid 
• DEET

• Developed watersheds had:
• Higher percentages of CECs detected
• Highest average and maximum 

concentrations

Part I:  Five Watershed Comparison

Presenter Notes
Presentation Notes
Comparison across 5 watersheds (2013); 
Three composite samples per watershed for a total of 15 composite
15 composite samples (2013)
  - 141 PPCPs, 13 PFAS, 4 APs, 34 pesticides 





PFAS
12 of 40 detected
Three hotspots

Concentrations lower in 
hatchery than wild fish

Concentrations lower in 
Puyallup/White than 
Green/Duwamish

Puyallup/White

Presenter Notes
Presentation Notes
Fish were collected from Hatcheries, White River, Puyallup River, Waterways. And Commencement Bay;.

In the Puyallup/White watershed, the highest numbers of distinct PFAS chemicals were detected in samples collected from the screw trap at station RW02 (13 distinct chemicals), and in the Hylebos waterway and Commencement Bay at stations WHY02 and CBC01 (10 distinct chemicals).




Pharmaceuticals and personal 
care products, alkyl phenols,  

PFAS

Detected 56 of 185 chemicals

 Most often detected: 
alkylphenols, 

hydrocortisone, 
oxytetracycline & metabolites, 

diazepam,
PFOS, PFOSA and PFNA

Green/Duwamish

Presenter Notes
Presentation Notes
37 composite samples 
141 PPCPs (2018)
4 alkyl phenols (2018)
67 composite samples
 40 PFAS (2018 and 2023)
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Diazepam
Metformin OTC

Are CECs detected in salmon at potentially 
harmful concentrations?

Is the “dose” too high?

Presenter Notes
Presentation Notes
Building on the work of others, to determine if Puget Sound Chinook salmon are exposed to harmful concentrations of CECs, we compared tissue concentrations of CECs in our salmon samples to published biological effects thresholds. 

The biological effects thresholds we compiled were derived from multiple lines of evidence including screening values derived from experimental data and predictions of potential behavioral and physiological effects of pharmaceuticals  derived using a model called the fish plasma model.  

If the measured concentration was above the biological effects threshold, the dose was considered too high and potentially harmful.
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Detected 36 of 145

11 exceeded biological 
effects thresholds

15 below biological 
effects threshold

Potential impact of 10 
other detected PPCPs 
unknown

PPCPs in Green/Duwamish Juvenile Chinook

Tetracycline, Oxytetracycline, 
Erythromycin-H2O 

DEET

Citalopram, Norfluoxetine
Metformin

Valsartan

Hydrocortisone Ibuprofen Caffeine

Presenter Notes
Presentation Notes
Cautionary tale as this is only a limited number of PFAS compounds, we only tested 40 out of hundreds listed as active by EPA. 

11 PPCPs exceeded the biological effects thresholds:
1 Insect repellant = DEET; 3 Antibiotics = tetracycline, oxytetracycline, erythromycin
Remaining 7 were Pharmaceuticals  including antidepressants (citalopram, norfluoxetine), metformin, diabetes medications, valsartan used to treat hypertension, ibuprofen (OTC pain med), hydrocortisone + hydrocortisone*
*hydrocortisone – might be conflated in these analyses with endogenously produced cortisol

These CECs have been documented to affect behavior (norfluoxetine, citalopram, caffeine), development (ibuprofen), and metabolic function (DEET, metformin) in other fish species and so could similarly affect juvenile Chinook salmon and potentially reduce their likelihood of survival.

ALSO, these are composite samples made up of multiple fish. There is a good chance that some of these samples with concentrations near the biological effects threshold could contain individual fish with levels above the biological effects threshold that are being dampened by other, cleaner, fish in the composite. In short, when you analyze composite samples, you lose some of the variation, or minimums and maximums, that you would see if you analyzed contaminants in individual fish.
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CECs in Puget Sound Chinook salmon

18

New 2024 Data: PPCPs & PFAS 
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Current CEC exposure 
Juvenile Chinook salmon
Analyzed salmon collected from 9 
estuaries for 141 PPCPs & 40 PFAS 

• Mean number of CEC detected in 
samples varied by estuary

Mean # CECs detected (+/- SE)

Disclaimer: Preliminary information – subject to revision. Not for citation or distribution.

• Fewer CECs observed in Skagit, 
Elwha, Dungeness & Nisqually

• Most CECs observed in Puyallup

Presenter Notes
Presentation Notes
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10 PPCPs Detected in Nisqually juvenile Chinook
Above biological effects thresholds:
• DEET, Simvastatin, Ibuprofen, and 

Hydrocortisone

Below Thresholds:
• Amphetamine, Doxycycline, 

Ofloxacin, Oxytetracycline, and              
2-Hydroxy-ibuprofen 

No effects data available:
• Bisphenol A

Disclaimer: Preliminary information – subject to revision. Not for citation or distribution.

Presenter Notes
Presentation Notes
Four PPCPs detected above biological effects thresholds
DEET and Iburprofen exceeded Screening Values from Gefell et al. 2019
Hydrocortisone and simvastatin exceeded Cmax from Fish Plasma Model (Meador et al., 2024, Meador et al 2017, Berninger et al., 2015)
DEET - 7/7 samples (6H, 1W)
Ibuprofen - 1/7 samples (1H)
Hydrocortisone 7/7 samples
Simvastatin – 4/7 (4H) – 
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CECs in Puget Sound Chinook salmon
Tire-Related Compounds
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Emerging Contaminants – 6PPDQ

• Detected 6PPD-Q in 30% of juvenile 
Chinook and 49% of mussel samples

• Detected concentration < 1 ng/g ww

6PPD-Q
     < LOQ
     < 1ng/g 

Presenter Notes
Presentation Notes
6PPDQ was measured in 49% of bay mussels and 30% of out-migrating juvenile Chinook samples. 

On the right is a map showing the locations of juvenile Chinook samples that were analyzed for 6PPDQ. Each pie chart shows the percentage of samples with measurable levels of 6PPDQ in blue and yellow representing samples that were below the detection limit. You can see that the majority of samples with detectable 6PPDQ were adjacent to the cities of Tacoma and Seattle or nearby central Puget Sound. 

Across the board, 6PPDQ concentrations in both salmon and mussel tissues were all extremely low, likely due to rapid metabolism and biotransformation -> suggesting that 6PPDQ is unlikely to accumulate in fish or shellfish tissues. 
Note: we only collect/test for 6PPDQ in living fish. 




Emerging Contaminants – 6PPDQ

Detections correlated with: 
• > 35% impervious surface (hot spots)
• Recent rainfall events (hot moments) 

Presenter Notes
Presentation Notes
Moreover, samples with detected 6PPDQ levels were correlated with areas of greater than 35% impervious surface AND with recent rainfall events, emphasizing the importance of both location and timing in 6PPDQ exposure. In other words, fish or shellfish need to be present in a particular location at a particular time (during a rain event) to be exposed to harmful levels. 

Going forward, TBiOS is working to measure other TRCs in juvenile Chinook salmon and our other indicator species. 
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Future Work with Tire-Related Compounds (TRCs)

• Apply new NOAA methods for 
measuring 18 TRCs in bile and 
plasma to solid tissue samples

• Contract with USGS to measure 
6PPD in salmon, mussels and 
other indictor species.

da Silva et al. 2026. ES&T 

Presenter Notes
Presentation Notes
NOAA and some Apply new NOAA methods for measuring 18 TRCs in bile and plasma for solid tissue samples in juvenile Chinook  and other TBiOS indicator species? 
Contracting  with USGS to measure 6PPD in solid tissue samples of salmon, mussels and possible other indictors species.
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Puget Sound CEC Take Home 
• Aquatic species are exposed to complex mixtures of CECs, including 

in South Sound, especially in river/estuarine and nearshore habitats

• Concentrations and detections are often higher in urban areas

• To date: 12 priority CECs identified for future research and action

• Synergistic effects from exposure to multiple contaminants likely 
increase threat of CEC to our aquatic resources.

• Locations with highest concentrations and distinct contaminant 
mixtures could be targeted for source tracing efforts (e.g., PFAS)

Presenter Notes
Presentation Notes
Due to time constraints, my presentation mostly focused on exposure and potential threats of CEC to juvenile Chinook salmon, our river/estuary indicators species.  However, I want to leave you with some take home message based on all the species we monitor.

We know that aquatic species throughout Puget Sound are exposed to complex mixtures of CECs, including in South Sound; river/estuarine and nearshore most exposed. 
The maximum concentrations measured and the % of samples with detections are often higher in urban areas, but there are exceptions.  For examples, some of the highest concentrations of PPCPs in mussel were detected in South Sound, suggesting a localized input.
Based on our work on juvenile salmonids, to date,  12 priority CECs identified for future research and action  This number will likely grow as more research on the effects of CECs becomes available. 

The potential threats of CECs I presented today are based on exceedances of biological thresholds for individual chemicals however, our fish and shellfish are exposed to many chemicals all at one. Synergistic effects from exposure to multiple contaminants likely increase threat of CEC to our aquatic resources.
Locations with highest concentrations and distinct profiles could be targeted for source tracing efforts 




Department of Fish and Wildlife

Questions?

: 

Photo by Richard Bell, University of Washington
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