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Suspect ongoing sources

A

at certain locations within the Blair Waterway

Despite ongoing management efforts, there continues to
be elevated levels of PCBs and PBDEs in water, fish, and
mussels in the Hylebos, Blair, and Sitcum Waterways

Dioxin furans have been detected above screening levels
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Opportunity to implement/augment source identification programs

A Recent award of two National Estuary Program grants to
advance source tracking and characterize mass loadings
through different pathways.

A Plan to coordinate closely between these two projects,
and ongoing monitoring work.

A Work will be guided by new and existing monitoring
information.

A Primary goals of this symposium is to share existing
information to develop a common understanding on
condition, potential sources, and information gaps.



Setting the Stage

A Significant Port investments to

Port of
Tacoma

cleanup and restore - e e -
Commencement Bay |_~SST P I B
A The latest monitoring indicates a s b=y <F A ‘
continued source oblioaccumulative ] .t
compounds from unknown and o SR T
likely disperse sources. cor NG| i
A The plan is to develop a source tarien I’
tracing and monitoring system _
throughout theSitcum Blair, and Y *
Hylebos watershed. R S AN
A The purpose is to identify s e =
contaminant sources, allowing for Thea Foss Waterway. 4.
appropriate and efficient regulatory N Wieslarosgood waskfy g/ S|t
responses to eliminate those source ... = -
of contamination. o A

Miles




GENERAL APPROACH

A Monitoring to be performed based on conceptual
model of potential loading
A Focus on potential pathways (e.g., air
deposition), sites, and mobilization events

A Use existing information to guide first deployments
A Surface water monitoring (Gipe, 2024)
A Sediment monitoring (Port of Tacoma and
others)
A Land use assessment and watershed
characterization (Anchor QEA)

A Update locations based on new results

A Locations finalized with input from
Technical Advisory Committee
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GENERAL APPROACH

University of Washington Tacoma and Ecology
A Air deposition sampling
A Surface water monitoring z within waterways and working up selected
watersheds
A Sediment flux monitoring

Port of Tacoma
A Land use assessment
A Surface water monitoring 7 selected watersheds
A Sediment deposition



SYMPOSIUM

A Establish a common understanding of remediation and
monitoring activities in Commencement Bay.

A Establish a common understanding of condition .

A Based on this:

A Refine the conceptual model of contaminant loading
A Refine the potential location of sources (and monitoring)
A Develop and implement a better monitoring program




Commencement Bay Remedy Overview

A7 Operable Units

AOU1 Sediments/OUS5 Sour

A 8 Problem areag Tideflats
area

A First Superfund sediment
omegasit€ O My o U

A 800 acres

A Over 100 responsible partie
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Caledonia
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CB/NT Superfund Site




Objectives of Remediation

AControl sources early g

.-
-; D -
- ‘v

AAchieve specified sediment = =
concentrations o

AReduce fish tissue => St Biat iy I
reference area

AMaintain functional habitat
and enhance fisheries




Refinements to Remedy

A5 E>E§)Ianations of Significant Differences
(ESDs)
A Specified:
A Dredging areas and volumes
A Disposal locations

A Capping areas
A Natural recovery areas

AAdded enhanced natural recovery 5 / WV
AChanged PCB cleanup goal -
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Cleanup Remedy Components

N

Fish advisory

DEPARTMENT Ol

=l ECOLOGY Source control
)

State of Washingtor

Dredge and cap
above remedial action levels

Monitored natural recovery

10 years post -construction




Additional Removal Actions

APuyallup Land Claim
AGeneral Metals ‘

AOlympic View
Resource Area
(OVRA)

ABlair TBT
AOccidental (OCC)




Timeline of Remedial Actlons

aaaaaaaaaaaaaaaa

A 1985: Fish and shellfish advisory D e

A 1988: St. Paul cap and habitat

A 1989: ROD

A 1990c¢ 2001: Source controls

A 1994¢ 2006: Dredging and capping
A 1996: Partial Superfund deletions
A 1997¢ 2004: 5 ESDs

A Ongoing: Longerm monitoring and
maintenance




Upland and Nearshore Source Controls

AMore work than anticipated
AStarted preROD

AMilestone report; completed in 200
A2 major sources still not controlled

APostconstruction recontamination
A Additional source/response actions
A Anticipated localized recontaminatierphthalates

A Superfsmd cannot deal with widespread contamination (no identified
source




Summary of Remedy - .
A Greater than $600 million 5 DL N

A 500 acres dredged = DL NRE > ¢ ﬁfg
A 2,400,000 cubic yards fcy) to e I R
three confined disposal facilities 5| I \/

A 400,000 cy to ofkite landfills = ] Tk

A 200,000 cy to opemwater e
disposal s rad oo TRy (P

= e St Paul 7

A 40 acres capped NG
A 60 acres monitored or Thea Foss Watemiay

Upland‘ 3

e n h a_n Ce d n atu ral re Cove ry '. : \"J__\\..‘ Wh:eler-Osgood Water’@é&y / o — Z:’;::;:and Remeciation Sites
A Coordinated with restoration, = # |

Natural Racovery

- Water

navigation, and urban renewal ——. NSy

Source: Port of Tacoma 2019




Significant Remedy Schedule and Scope
Deviations

A Source control took longey delayed - .
construction |

A PCB cancer slope changed

A Problem areas increased to entire
waterways

A Dredge prism expansion (area &
depﬂ% p p (

A Habitat mitigation requirements
changed

A Cost (3x greater than préesign
estlmates%

A Additional removal actions




COMMENCEMENT BAY PCB, PBDE, & DIOXIN/FURAN MONITORING SYMPOSIUM

Commencement Bay Sediment Cleanup
Remedy Effectiveness Monitoring

Presented by: Clay Patmont, Anchor QEA ANCHOR

Collaborator: Rob Healy, Port of Tacoma QEA
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Cleanup Remedy Summary
A > $700 million

A Early source controls

A 500 acres dredged

- 2,400,000 cubic yards (cy) to three
confined disposal facilities (CDFs)
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navigation, and urban renewal

Source: Port of Tacoma (2019)



Hylebos Waterway Remedy

A 1990 - 1999 source co ntrols 1994- 1998 Surface Sediment Total PCB Concentrations in Hylebos Waterway

— Wastewater/stormwater controls l
and upland remediation

- Sediment Management Area (SMA) 421
APCB dhpott 6

A 1999 shoreline PCB source control

A 2004 - 2006 remediation

— 1.2 million cubic yards sediment dredged
(24 acres)

Head of Hylebos

$ T 10% 100 Meters
Source: McLaren and Beveridge (2006)

— 11 acres capped or 10 year natural recovery



Remedy Effectiveness Monitoring

A Surface sediment
— Chemical concentrations

— Confirmatory toxicity bioassays

A Fish tissue
— English sole muscle tissue PCB levels

— Reference area comparison (Carr Inlet)

. Commencement Bay Nearshore
T Tide Flat Study Trawl Tracks

I 1984 _Historic_Traw!l_Polygon_RJF_7.20 2/
NowTrawTracks

WUl s

Source: Washington State Department of Fish and Wildlife (2019)



Surface Sediment Cleanup Levels Achieved

A Concentrations reduced below
Superfund sediment cleanup levels

— Benthic toxicity < cleanup level

A Bioassay confirmation
— Total PCBs < 300 ppb cleanup level
— Localized exceedances:

A Stormwater outfalls

A Under-pier embankments




Hylebos Waterway Surface Sediment PCB Trends

A PCB source controls since 1990

— Recovery halttime: 15 £ 5 yrs

— Source controls continuing

A Sediment equilibrium after
source controls and dredging

- Rapid SMA 421 recovery after
1999 source control of eroding
shorel i nes pPcCtBoO 0

- Recontamination from ongoing
lower-level PCB sources after
2006 Head of Hylebos dredging

Surface WeighfeJ Avg. Sediment Total PCB Conc. (pg/kg dw; mean # std. err.)
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Temporal Changes in Avg. Hylebos Wtwy. Surface Sediment PCB Conc.

Hylebos Waterway-Wide
Dredging (1.2 million cy)

~\ Source Control Recovery
\. Half-Time: 15t 5 years
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Source: Anchor QEA (2022)



Head of Hylebos 2021 Surface Sediment PCB Levels

A All concentrations < Superfund sediment cleanup level (300 pg/kg)

A Concentration distributions consistent with lower -level ongoing PCB
source within Morningside Ditch watershed

b b mall . = P

Total PCBs, ug/kg, Composite Sediment
Sample

Total PCBs, ug/kg, Discrete Sediment Sample

Source: DOF (2021)



PCB Bioaccumulation Objectives Achieved

Total PCBs from Aroclors

A Pre-remedy sampling - 1984 oor [ — 7
Hylebos F 315
A Post-remedy sampling - 2019 o ——
. . . St. paul NN 37
A 2019 site-wide English sole muscle
. . Sitcum F 172
tissue Total PCB concentrationno p— 100
different than Carr Inlet Thea Fos: | ————————————— 55
— 80% lower than 1984 levels o IR
Site-wide F 205
Carr Inlet - %89

Total PCBs ug/kg wet

m 1984 m 2019

Source: Washington State Department of Fish and Wildlife (2019)



Tissue PCB Trends: Thea Foss Waterway Mouth

A Changes in analytical methods 3
& 400
A No long-term trends over last 30 yrs ¢ wo-
— Initial source control reduction % o) Y | ‘% _
- Peaks during dredging g mz w7 —v¢Q%o% .O oﬁ [eets .
— Uncertain sediment contribution to PCB o 10 w0 [ 2020
bioaccumulation e e acimen

(EPA, 2020)

Source: Washington State Department of Fish and Wildlife (2022)



Hylebos Waterway Dioxin/Furan Evaluation

A Composite sampling (2019 - 2021)

COMMENCMENT

Surface Sediment English Sole
Sediment Porewater | Muscle Tissue
Sampling Dioxin/Furan | Dioxin/Furan| Dioxin/Furan
Area TEQ (ng/kg) | TEQ (pg/L) | TEQ (ng/kg)
Carr Inlet 1 » 0.14
Reference
Sfp(pEy IL0Tlig 176 0.43 0.48
Basin
Segments 2/3
(Hylebos Head) 124 0.31 0.91
Segment 4 65 0.33 --
S 69 0.08 0.25

(Hylebos Mouth)

Source: Anchor QEA (2024)



Hylebos Waterway Dioxin/Furan Evaluation

A English sole muscle tissue
dioxin/furan concentrations
correlated with lipid levels

— No difference between lipid -
normalized concentrations in
Carr Inlet and Hylebos Witwy.

A Dioxins/furans sequestered
In Hylebos Wtwy. sediment

— Black (soot) carbon matrix

— Biota-sediment accumulation
factor 100 times lower than
other areas (e.g., Budd Inlet)
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Two Surface Sediment Recovery/Equilibrium Processes

1. Sedimentation/mixing (replacement) I 5 sccumuaanon
- ; INTERFACE
— Net sediment accumulation i : 4 EXCHANGE
C—>K:C 0 L‘:?e%
— Surface sediment mixed layer O% .............. I
- Measured with 21%Lead and 13’Cesium radioisotopes s o
A\

- Typical replacement rates of 5- 10%/year

2. Interface exchange
- Porewater and sediment transfer across interface
— Driven by benthic biological processes (e.g., feeding)

- Measured with ??°Radon radioisotope and full-scale
source control/sediment remedy monitoring




Full Scale Sediment Monitoring Case Study Data

A Measured Puget Sound
surface sediment recovery
rates of 30 - 60%/year

— Faster than sedimentation/
mixing (replacement) rates

A Interface exchange rate
correlated with benthic
Invertebrate biomass

— Feeding, bioirrigation, and
bioresuspension processes

— Corroborated with 2%?Radon
radioisotope measurements

Surface Sediment Recovery Rate {yr' + std. err.)

0.8
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0.0

Surface Sediment Recovery Rate: Benthic Invertebrate Biomass Relationship

A Sedimentation/Mixing (Replacment) Rate

@ Interface Exchange Rate

W Total Measured Recovery Rate

Duwamish Waterway (WA)

Grasse-Ri
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Palos Verdes Shelf (CA) -~
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OnondagaLake (NY) __ =~ A *
Green Bay (W) x 4
Hudson River( -
B A

Sheltpn Harbor (WA)

Bellingham Bay (\WA) =

Hylebos Waterway (WA)
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./'

-
“[ Interface Exchange Rate Correlation with Biomass
e g
7 R2= 0.89
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Benthic Invertebrate Biomass (gm wet wt./m? = std. err.)

Source: Patmont et al. (2025)



Summary

A Rapid equilibration (30 - 60%/year) of Puget Sound surface sediments

— Revealed by timely/robust monitoring of full -scale source control/cleanup actions

— Equilibration rates average 5- 6 times faster than sedimentation/mixing rates

— Attributable to benthos interface exchange (e.g., bioirrigation, bioresuspension)

A Source controls in an adaptive management framework can effectively

reduce bioaccumulation exposures

— Paradigm shift needed from
broad-scale sediment cleanup?

OLEM Directive Number 9200.1-166

< EPA Office of Superfund Remedlation and Technology

:.:;(’;.‘T.'.an Protection Innovation, and Office of Research and
Development

Sediment Assessment and Monitoring Sheet (SAMS)

Adaptive Site Management - A Framework for
Implementing Adaptive Management at Contaminated
Sediment Superfund Sites



Q&A



Break



PCBs and PBDEs in Biota from Commencement Bay and the

Waterways
Andrea Carey, Mariko Langness , Louisa Harding, Molly ShumanGoodier, Wes Flynn, Dwight
k"odx! " h"A"dC" JGII "I zAK" Tzbxi1 A 1G4F” {"I| GxWWzx Hh
Toxics Biological Observation System (TBIiOS)
=

Washington
Department of

. FISH and




ATBIOS Overview
AJuvenile Chinook
ACaged Mussels
AOther Species

Talk Outline
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TBIOS works to understand:

- Where are fish and shellfish at greatest risk?

- What species and life stages are at most
risk?

- Which chemicals are causing harm?

- What are the health impacts?

Whatisthetrend 2 "1 £ | 21 |

Improving or worsening?




A Nearshore habitat

| - Transplanted g
caged mussels =
- Juvenile Chinook ™4
salmon

Pelagic (open water) habitat
- Pacific herring
- ReS|dent Chinook salmon




Juvenile Chinook salmon




Department of Fish and Wildlife
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PCBs and
PBDEs are
Impacting
the health
of juvenile
Chinook
salmon

Lake Washington

LB

Nisqually

Sum BDE-47 + -99
calculated at
1% lipid (ng/g lipid)
M Below thresholds
< 470

© Disease susceptibility
470 - 2,500

A Disease susceptibility
& thyroid function

1,500 - 2,500

(Arkoash et al. 2010; Arkoost
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