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Overview

• Data on Tissue Residues
– PSAMP Monitoring (2003 PCB data)
– ENVVEST (2003 and 2005)

As, Cd, Cu, Cr, Hg, Ni, Pb, Zn, PCBs, & (PAHs mussels)
growth (mussels)

– Puget Sound Mussel Watch (2000, 2002, 2004)
• Tissue Residue Benchmarks
• Bioaccumulation and Trophic Transfer
• Summary



Biota Sampling
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Bottom Fish Sampling Caged Mussel Study

Bottom fish trawl in 
Sinclair Inlet. 

Mussel cage configuration.



Fish Sampling Sinclair Inlet



Fish Sampling Sinclair InletContents of Net Trawl from Sinclair Inlet



Fish Sampling Sinclair InletContents of Net Trawl from Sinclair Inlet



Obtaining Mussels for 
Caged Mussel Study

Obtaining Mussels for 
Caged Mussel Study

Taylor United Mussel Farm
Shelton, WA



Weighing, Measuring, DistributingWeighing, Measuring, Distributing
USEPA Manchester LabUSEPA Manchester Lab



Attaching Bags to CagesAttaching Bags to Cages



Cages & AnchorCages & Anchor
Prior to DeploymentPrior to Deployment



Mussel Cage Retrieval



Tissue Residue Benchmarks
• Screening Values Based on Water 

Quality Criteria
• Critical Body Residues
• Dietary Benchmarks
• Seafood Benchmarks



Tissue Residue Benchmarks (Cont.)

• Screening Values Based on Water Quality Criteria
– Tissue Screening Value (TSV) 
– Bioaccumulation Critical Value (Bcv) 

• Critical Body Residues
• Dietary Benchmarks
• Seafood Benchmarks (WDOH 2006)



US EPA Water Quality Criteria



Tissue Residue Benchmarks (Cont.)

• Screening Values Based on Water Quality Criteria
• Critical Body Residues

– No Observed Effects Dose (NOED) (ERED 
Database)

– Lowest Observed Effects Dose (LOED) (ERED 
Database)

• Dietary Benchmarks
• Seafood Benchmarks



US Army Corps of Engineers
Environmental Residue Effects Database



Tissue Residue Benchmarks (Cont.)

• Screening Values Based on Water Quality Criteria
• Critical Body Residues
• Dietary Benchmarks

– Exposure to a Predator based on No Observed Adverse 
Effects Level (NOAEL), 100% of diet, dose scaled to 
body weight and consumption rate

Omnivore – Black Duck
Piscivore – Osprey
Marine Mammal – Harbor Seal Pup

• Seafood Benchmarks (WDOH 2006)



Tissue Residue Benchmarks (Cont.)

• Screening Values Based on Water Quality Criteria
• Critical Body Residues
• Dietary Benchmarks
• Seafood Benchmarks (WDOH 2006)

– NonCancer (Recreational and Tribal Fishers)
– Cancer (Recreational and Tribal Fishers)



Washington State Department of Health

http://www5.doh.wa.gov/ehp/oehas/fish/psampreport-10-06.pdf



Comparison of Contaminant Levels 
in Biota

• Species
• Regions of the Sound



PCB Tissue Residues
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PCB Tissue Residues 
and Ecological Benchmarks
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PCB Tissue Residues 
and Seafood Benchmarks
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Caged Mussels
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Critical Body Residues (CBRs) for Mussels
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Mussel Growth at End of Test
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Food Web Magnification Factor

FWMF = eb

Ln(Concentration) = a + b(TrophicLevel)

FWMF > 1  Biomagnification
FWMF < 1  Trophic Dilution

(Fisk et al. 2001, Mackintosh et al. 2004)



Trophic Level Assignment
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PCB138 Accumulation FWMF = 3.0
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PCB138 Accumulation FWMF = 5.3
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Mercury Accumulation
All Puget Sound: FWMF=2.65

0.001

0.01

0.1

1

2 2.5 3 3.5 4 4.5

Trophic Level

H
g 

ug
/g

 w
ho

le
 b

od
y 

(w
et

)

Sinclair Inlet
Strait of Georgia
Vendovi
Hood Canal
Port Gardner
Elliot Bay
Comm. Bay
Nisqually

FWMF = 2.4

FWMF = 2.6

FWMF = 2.0

FWMF = 3.0

FWMF = 7.1



Conclusions
• Monitoring framework needed to provide context 

for interpreting data results
• Tissue Residue Benchmarks provide a means of 

evaluating exposure levels
• Data on contaminant levels across the food web 

are needed to evaluate bioaccumulation 
• What are the Biota Telling Us?

– Gradients of exposure across Puget Sound Region
– Some of the more conservative benchmarks were 

exceeded
– Some contaminants are biomagnifying



ENVVEST Technical Working Group Clambake featuring Manila clams 
harvested from Dyes Inlet provided courtesy of the Suquamish Tribe



Current Schedule

Calender Year
Quarter 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Public Involvement
Model Development
Ecological Research
Bacteria TMDL Study (Inlets & Streams)
          Technical Study
          Modeling Study
          Ecology TMDL Plan
Sediment TMDL Studies
          Metals Verification Study
          Organics Verification Study
          Modeling Study (Cu)
Ambient Monitoring
   Biological Monitoring
   Water Quality Monitoring
   Sediment Quality Monitoring

Phase II Alternative
  Develop Proposal
  Implementation

Completed Plan Ongoing

Project ENVVEST Overall Schedule
2004 2005 2008 2009

Final Project Agreement Signed, Sept. 2000

2000 2001 2002 2003 2006 2007
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