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Presentation Notes
In this talk I’ll cover
 Overview of PSAMP’s toxics monitoring in Puget Sound
 How do toxics get into and move about in the food web
 Case study of three POPs
 Solutions



• An extensive network of regional scientists 
who monitor key indicators of ecosystem 
health. 
 

• Formed in 1988 to assess status and 
trends of Puget Sound health. 
 

• State funds, coordinated by the Puget 
Sound Partnership 
 

• Science linked to Management 
 
 

PSAMP In a Nutshell 



Puget Sound 
Partnership’s 
Dashboard of 

Indicators 
 

Status and 
trends in Puget 
Sound’s Vital 

Signs 
 
 
 
 
 
 
 
 
 

Source: http://www.psp.wa.gov/ 



This morning I will… 
• Describe contaminant monitoring in 

Puget Sound 
• Discuss factors that determine how fish 

accumulate PCBs 
• Summarize extent of PCB contamination 

in PS fish 
• Compare actual tissue levels with tissue 

standards 



 

     
   

     
 

 

PSAMP monitors toxics in sentinel species: 

Coho,  
chinook 

herring 

3 spp of 
rockfish 

English  
sole 

PSAMP Toxics in  
Biota Component 

Presenter
Presentation Notes
PSAMP can’t monitor the whole food web so we select “Indicators” or sentinels or species that may represent different pathways for the toxics.




PSAMP has also assessed: 

•Plankton 
•Mussels 
•Pacific cod 
•Lingcod 
•Sixgill shark 
•Herring eggs 
•Dungeness crab 
 

James E. West, Puget Sound Assessment and Monitoring Program, April 18th, 2008 



Factors related to accumulation 
of PBTs 

• proximity to PBT sources 
• migration patterns/mobility 
• trophic level/food source 
• gender 
• lifespan (duration of exposure) 
• tissue lipid levels 



Pacific 
   Ocean 

Seattle 

Vancouver 

Tacoma 

Oceanographic 
factors to consider 

 
•restricted  
circulation 
 

•wide range of 
conditions 
 

•proximity to 
urban sources 

Presenter
Presentation Notes
Puget Sound is particularly susceptible to human-stressors such as eutrophication and pollution because of its physiography including:
Restricted circulation increases residence time
Proximity to burgeoning human populations in watersheds that drain to PS
Many marine species, including the marine phase of anadromous species remain in Puget Sound because it contains a wide range of conditions from fully marine to freshwater.





 
   

                                         

 
 

 
 

  
 

 

   

   

Simplified pathway 
for PCBs entering 

and biomagnifying in  
the benthic food web  

 

 
 

  
 

  
  

 

PSAMP Toxics in  
Biota Component 

Presenter
Presentation Notes
Simplified pathway for PCBs entering the  benthic food web.  Illustration of sediments as a sink or reservoir of toxics.
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Source: adapted from  
Puget Sound  
Update ’98  
Figure 25. 

PCBs (ng/g 
wet wt., 
muscle 
tissue) 

PCBs in English sole 
occur where sediments 
are contaminated 

Presenter
Presentation Notes
The urban harbors and bays with contaminated English sole are all located in the central Puget Sound Basin, where the majority of the people live.   Bellingham Bay (1991-93)  Vendovi Is. (ca. ’95 to present) and Strait of Georgia (1992 to present) show v. low PCBs.  Yellow bars indicate “urban” or “near urban” locations, and blue bars indicate non-urban, or deep stations. 44 locations.
Mean PCBs in English sole muscle, from 44 PSAMP locations (ppb, wet wt.,± s.e.)
Bars are color-coded for human health endpoints, based on advice from WADOH
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PCBs 
in English sole reflect 

conditions in the 
sediments where they 

live 
Source: S.M. O’Neill and J.E. West  
Puget Sound Update ’98 Figure 25. 

Presenter
Presentation Notes
Benthic fish that reside and feed in our urban harbors and bays are exposed to contaminated sediment and accumulate high levels of contaminants in their bodies.  This slide shows PCB levels in muscle tissue of  English sole collected from urban, near-urban and non-urban locations throughout Puget Sound.  English sole from urban locations have higher levels of contaminants than fish from non-urban locations and the degree of contamination is positively correlated the degree of sediment contamination.  Note that these fish are quite good at extracting fish PCB from the environment … PCBs are detectable in fish even when we are unable to  detect them in the sediments. PCBs ln-transformed, ng/g wet wt (muscle), ng/g dry wt (sediments)

 



Quillback rockfish  
(Sebastes maliger) 

- demersal 
- carnivorous 
- long-lived (80+ yrs) 
- small home range 

James E. West, Puget Sound Assessment and Monitoring Program, April 18th, 2008 
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PSAMP indicator species
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James E. West, Puget Sound Assessment and Monitoring Program, April 18th, 2008 

Presenter
Presentation Notes
Maternal transfer of PCBs.
N=32 from EB2, Fuller and EB3



Simplified pathway 
for PCBs entering 
and biomagnifying in  
the pelagic food web  

Source: Seattle  
Post-Intelligencer 
“The Zone” 
thezone@seattlepi.com 
 

Presenter
Presentation Notes
How do lipophilic (fat loving) toxics like PCBs enter the pelagic food web.  What is bioaccumulation and biomagnification?  Excerpt from a Seattle-PI article on Puget Sound ecosystem health published in their series “The Zone”.  Target audience is middle-to-high schoolers

mailto:thezone@seattlepi.com


PCBs in the Pelagic Food web 

PCB levels in Puget Sound 
salmon may impair the 
health of killer whales 

 Hickie et al. 2007 

Puget Sound herring are as  
contaminated as Baltic Sea herring 

West, et al. 2008 
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Puget Sound Chinook 3 to 5x 
more contaminated than 
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(O’Neill and West 2009) 
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Presenter
Presentation Notes
PBT monitoring in herring shows us unexpectedly high concentrations
These are clear in the rest of the pelagic food chain up through humans and KWs.  
Exposures exceed thresholds so we can infer effects

From Hickie et al. : In the year of peak tissue
concentrations (1968), all members exceeded the threshold
by factors of 2.6-31.0 times. For 2006, all members are
projected to exceed the threshold by factors of 1.1-11.6. A
substantial proportion of the population is projected to
exceed the threshold in 2020 under both the steady state
(96% of population >17 mg/kg) and the 30 yr PCB t1/2 (79%
of population >17 mg/kg) exposure scenarios. Using a 30-yr
environmental t1/2 for PCBs, the model suggests that 95% of
the southern resident population will drop below the
threshold only after 2089. Since killer whales can live up
to 90 years, many individuals alive today have passed
through the era of peak PCB contamination, and/or have
inherited its legacy from maternal transfer. Even assuming
a 20-year t1/2 for PCBs, we estimate that it will take at least
14 (2020) and 57 (2063) years for 95% of the northern and
southern resident populations, respectively, to fall below the
effects threshold.



Summary of PCB Standards 

Regulation or Guidance 

Aquatic Life - Water Human Health bc Fish Tissue 
Consumption 

Rate  
(g/day) 

chronic 
(pg/l) 

Acute 
(pg/l) 

Water 
(pg/l) 

Tissue 
(ng/g) 

Washington Water Quality 
Standards (Ch. 173-201A WAC) 14,000 2,000,000 

National Toxics Rule (40 CFR 131) -- -- 170 5.3 6.5 

Spokane Tribe Water Quality 
Standards (Resolution 2003-259) 14,000 2,000,000 3.37 0.1 86.3 

Slide courtesy of Dale Norton, WA Dept. of Ecology 
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PCB Levels in Freshwater Fish from 
Washington 2001 to 2008 

Slide courtesy of Dale Norton, WA Dept. of Ecology 

Presenter
Presentation Notes
An Assessment of the PCB and Dioxin 
Background in Washington Freshwater Fish, with Recommendations for 
Prioritizing 303(d) Listings 
by 
Art Johnson, Keith Seiders, and Dale Norton 
Toxics Studies Unit 
Statewide Coordination Section 
Environmental Assessment Program 
Washington State Department of Ecology 
Olympia, Washington 98504-7710 
http://www.ecy.wa.gov/biblio/1003007.html
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Nat’l toxics rule criterion 
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Presentation Notes
Whole body herring from PO and SQ, 2007-2010
English sole muscle 05-09, plus a few from 98
Coho muscle 2008
Chinook muscle 92-98



Are PCBs going away? 
...not very quickly 
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Presenter
Presentation Notes
At all urban bays except Sinclair Inlet, English sole showed no declining trend in PCBs, while at most non-urban locations they showed no increasing trend (West et al. 2011; poster and submitted paper to 2011 Salish Sea Ecosystem conference).  We present results for two urban bays, Elliott bay and Sinclair Inlet.

This slides depicts measured PCB levels in muscle tissue for Elliott Bay, an urban site along the Seattle waterfront, versus predicted PCB levels for English sole in Elliott Bay in 2020 assuming various loadings estimates (red dots; values taken from Table 18 in Pelletier and Mohamedali 2009; http://www.ecy.wa.gov/biblio/0903015.html).  Observed PCB levels are increasing, despite some remedial actions that have taken place in the bay. Moreover, the observed observations  are not on track to reach the 2020 predicted concentration assuming a loading of 10 kg/yr.  The current median PCB loading estimate to Puget Sound from all major pathways is 7.7 kg/yr (Norton et al. 2011; see Table 13;  http://www.ecy.wa.gov/biblio/1103055.html).  Thus, the 10 kg/yr  loading approximates the current loading estimates (without additional strategies to reduce PCB loadings) and roughly represents the predicted “natural attenuation” strategy.
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PCB Time Trends 
Sinclair Inlet English sole 

Presenter
Presentation Notes
Measured PCB levels in muscle tissue for Sinclair Inlet are already lower than the predicted PCB levels for English sole in Sinclair Inlet in 2020 assuming a load of that is approximately 10 times higher than the currently estimated median PCB loading.  Predicted loadings are represented by red dots (values taken from Table 18 in Pelletier and Mohamedali 2009; http://www.ecy.wa.gov/biblio/0903015.html).  Current loading is approximated by the 10 kg/yr value.

This underscores the urban-focal nature of PCB contamination in Puget Sound. PCBs have remained low in English sole from non-urban areas over the past 20 years, suggesting that PCB loads are not increasing in sediments in those areas. 
Toxics control strategies (e.g. enhancements to wastewater treatment, stormwater retrofits, removal of contaminated sediments can result in reduction of PCB exposure in these organisms.  


 




West and O’Neill, Puget Sound Assessment and Monitoring Program 

PCBs in English Sole Muscle  (wet  wt.)
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Presenter
Presentation Notes
Greatest concentration of PCBs in English sole muscle from the Duwamish were observed prior to 1990, and exposures appear to have declined since then.  However, high variability in the early data precluded fitting a regression model that was significant.  Note the almost 1500 ppb range in samples prior to 1980.  The dotted line indicates simply a trend fitted by eye, which seems similar to the trend in PCBs observed by Calambokidis et al. (2003) in archived harbor seal blubber from Puget Sound.



West and O’Neill, Puget Sound Assessment and Monitoring Program 

PCBs in English Sole Muscle  (wet  wt.)
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This increase in PCBs 



West and O’Neill, Puget Sound Assessment and Monitoring Program 

PCBs in Coho Salmon from
Central Puget Sound
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In Summary 
• Biota in Puget Sound are still substantially 

exposed to PCBs 
• Levels have declined from the 1970s but have 

remained stable over the past 20 years 
• 72-100% of marine fish and salmon sampled 

by PSAMP exceeded the NTR PCB criterion 
• 53% of FW fish sampled by Ecology 

exceeded the NTR criterion  
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