A Toxics-focused Biological
., Observing System (T-BiOS)

FISH ond WILDLIFE
Mission Statement:

Evaluate the effects of toxic contaminants on marine and
anadromous species to:

» guide efforts to protect fish and shellfish health,
e ensure seafood safety (supply data to DOH), and
* promote ecosystem recovery.
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Talk Outline

* Background — review results of previous studies
* 2016 Snohomish Survey Design

e Results- data types to investigate PBDE “source”

* PBDE concentrations — where exposure occurs
* Contaminant Fingerprints — wastewater vs. stormwater source
 Stable Isotopes — altered nitrogen source — wastewater?

e Conclusions
* Next Steps
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Background

PBDEs in Snohomish Chinook at levels high enough to increase
their susceptibility to disease and alter thyroid function

Sloan et a. 2010 O’Neill et al. 2015

e 2006 study e 2013

* Snohomish plus Skagit, * Snohomish plus Skagit,
Duwamish, Elliott Bay, Duwamish, Comm. Bay,
Columbia River Nisqually

* PBDEs highest in salmon * PBDEs highest in fish from
from Snohomish and 3 of 6 Snohomish

sites in Columbia River

Sloan et al. 2010. Arch Environ Contam Toxicol 58:403-414 O’Neill et al. 2015. WDFW Report No FTP 16-02, 116 pages



Chinook Salmon

High PBDEs in Shohomish
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Snohomish River A
2016 Study = o

Where are juvenile Chinook salmon Possession
exposed to and accumulating PBDEs?

* Upper Mainstem

* Lower Mainstem

* Distributary Channels

Lower
\E =y

What is the “source” of PBDE inputs?
» wastewater (WWTP effluent, CSOs?)
* stormwater (storm drains, CSO, etc.?)




Snohomish River 2016 Study

Types of information collected for juvenile Chinook salmon

177 salmon

Fish length, weight, origin, age, life history
Concentrations of PBDEs, PCBs, DDTs

v’ indicates where exposure occurs
Contaminant fingerprints

v’ indicates changes in contaminant source
Stable isotopes of nitrogen

v’ Indicates changes in nitrogen source 1 -8 salmon
per sample

30 natural- + 18 hatchery-
origin samples
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PBDE Concentrations by Region

PBDEs were elevated in natural-origin
Chinook salmon from the Lower Mainstem
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PBDE Concentrations by Site

PBDE concentrations are elevated in natural-origin | Marysville

WWTP

Chinook from Langus Pier and Deadwater sites
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Sampling locations
of fish with elevated
PBDEs and WWTP
outfall and CSOs




Sampling locations

of fish with elevated et & SaE |
PBDEs and WWTP =g & | S Fish
outfalland CSOs [ S RSl e
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Adverse Effects of PBDEs:

Juvenile Salmon Health

In dietary-exposure studies,
juvenile Chinook with
elevated PBDE
concentrations had increased
susceptibility to disease

% (Arkoosh et al. 2010, 2018)

In Snohomish River only natural-origin
fish had PBDE concentration high
enough to increase their susceptibility
to disease!
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Distributary
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What about other
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Source Identification
Using Contaminant Fingerprints

Aguatic environments have distinct patterns of persistent organic
pollutants (POPSs) based on inputs & environmental attributes

N
R TR

PCBs

Biota foraging in regions with distinct POPs patterns accumulate specific
POPs in proportion to their availability

% PCBs

' % PBDEs
% DDTs

% HCB % HCB

% DDTs % PCBs

% PBDEs



PC2 (Explains 18% of Variation)
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POP Fingerprints in Chinook salmon

Higher proportion of PBDEs compared to PCBs and DDTs
suggests a wastewater input (“source”).
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PC2 (Explains 18% of Variation)
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POP Fingerprints in Chinook salmon

Higher proportion of PBDEs compared to PCBs and DDTs
suggests a wastewater input (“source”).

Region and Origin Groups
A Upper Mainstem Natural
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Stable Isotopes: Tools to infer food
sources, habitat use & migrations

nitrogen

N

15
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14

[14.006 43, 14.007 28]

sulfur

S

16

3336

3%//

!!llliill'

[32.059, 32.076]

 Elements occur in various forms
(isotopes).

 Stable isotopes of predators reflect
characteristics and habitats of their

prey.
* Heavier nitrogen isotopes enriched
with trophic position but also varies

with nitrogen source (fertilizers &
wastewater).

* Heavier sulfur isotopes only slightly
enriched with trophic levels but
vary lots with types of producers.



Typical Stable Isotope Signatures
in Migrating Juvenile Chinook

freshwater =——————— marine

& ® 534S becomes greatly
e ©0 © ® enriched in salmon as the
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Adapted from Moore et al. 2016 MEPS 559:201-215



Altered Nitrogen Isotopes
in natural-origin Chinook from Lower Mainstem
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Is the nitrogen source related to
contaminant fingerprint?
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Sample with higher proportions of PBDES (PC1)
have lower 61°N (more altered nitrogen source)

5

Increasing , |
proportion Contaminant fingerprint and
PBDES L2 nitrogen isotope ratios are
(‘,,?3 , | correlated, suggesting
- similar sources for PBDEs
. and nitrogen.
0 -
-1 4
-2 T
6 8 10 12 14 16




Possible Wastewater Sources

* WWTP effluent * CSOs
* Frequent discharge * sporadic discharge
(avg 6.2 — 14.4 MGD) (range 0.013 — 1.1 MGD)

* nitrogen released as
mostly as ammonium
compared to nitrate and
nitrite

e other studies with
similar release also
show depleted 61°N

* nitrogen released as?



English Sole in
Port Gardner

Time Trends of Persistent Organic Pollutants in Benthic
and Pelagic Indicator Fishes from Puget Sound, Washington, USA

James E. West' &+ Sandra M. O°'Neill' - Gina M. Ylitalo

English sole from
Port Gardner have
elevated PBDE levels .
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Snohomish River is a PBDE hotspot for juvenile Chinook salmon.

Highest PBDE exposure occurs in Lower Mainstem, in vicinity of
WWTP outfall and CSOs.

Natural-origin have higher PBDE levels than hatchery-origin
Chinook, likely due to longer residence time of natural-origin fish.

PBDE concentration in juvenile Chinook salmon are high enough
to increase their susceptibility to disease, and possibly their
marine survival.
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* Wastewater in the Lower Mainstem is likely source (pathway)
of PBDEs to salmon:

* Natural-origin Chinook from the Lower Mainstem have distinct
contaminant fingerprints characterized by higher proportions of PBDEs
than other POPs, consistent with input from wastewater source.

* Natural-origin Chinook from the Lower Mainstem also have a distinct
isotopic nitrogen ratio, suggesting of a different nitrogen source
relative to other locations.

e Contaminant fingerprint and nitrogen isotope ratios are correlated,
suggesting similar sources for PBDEs and nitrogen.

* Loads from WWTP xx to xx times greater than CSOs but
additional study needed to confirm which is a greater sources
of PBDEs



Next Steps...

Proposed NTA - basin-wide
evaluation of PBDE in water
(SPMDs) and biofilms/sediment
to further define PBDE inputs:

* sample during the first low-flow
period (while WWTPs would be
discharging),

* follow-up sampling during high flow
period with SPMDs and possibly
other media.

Measure PBDEs, other POPs,
and nitrogen stable isotopes in
WWTP effluent and CSO
discharges??







