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MEMORANDUM 
 
TO: Committee Members 
 
FROM: Leslie Bach  
 
SUBJECT: Presentation on effects of Toxic contaminants on fish 
 
 
BACKGROUND: 
 
Presenter: Nat Scholz and Jessica Lundin, NOAA Fisheries  
 
Summary: Toxic chemical contaminants are a form of habitat degradation, and thus a 

limiting factor for salmon recovery in many areas of the Columbia River 
Basin.  This presentation will briefly discuss major threats to salmon health 
and survival, ongoing efforts to improve water and sediment quality, likely 
benefits for threatened and endangered populations, and key information 
gaps.  The discussion will also identify situations in which toxics, if 
unaddressed, can undermine the recovery goals of conventional physical 
habitat restoration efforts.    

 
Relevance: The Fish and Wildlife Program Water Quality sub-strategy includes a 

provision for the Council to “…assist regional parties in advancing public 
education and information on toxics issues” (page 55, Water Quality 
Strategy). The emerging program priorities section calls for the Council to 
preserve program effectiveness by supporting “mapping and determining 
hotspots for toxic contaminants” (page 116, Investment Strategy – Emerging 
Program Priorities). 

 
Background:Council staff have been hosting a regional workgroup consisting of staff from 

NOAA, CRITFC, Washington Ecology, ODEQ, LCEP, UCUTs, Yakama 
Nation, USGS, EPA and others. The basis for the group is to raise 

http://www.nwcouncil.org/


awareness of the issue of toxic contaminant impacts on native fish and 
wildlife. This presentation is part of that effort, along with a pilot mapping 
exercise to demonstrate tools for identifying and displaying toxic 
contaminant issues in the Columbia River Basin.  

 
 



NWPCC, Portland - August 15th, 2017

Toxics and Pacific salmon conservation
Nat Scholz

NOAA Fisheries, Northwest Fisheries Science Center, Seattle



Ecotoxicology Program: Core Competencies

Research

ReconnaissanceSynthesis and 
Communication

Research

Reconnaissance

Synthesis and Communication

Injury thresholds
Toxic mechanisms/pathways
Controlled experimental field studies
Mixtures and multiple stressors
Next generation biomarkers

Habitat restoration effectiveness
Seafood safety/surveillance
Environmental status and trends
Chemicals of emerging concern
Sentinels for ecological/human health

Risk characterization and assessment 

Resiliency forecasting
Science communication
Science-to-NOAA decisionmaking

Ecological modeling



A focus on Pacific salmon, degraded habitats, and the 
conservation of threatened and endangered species



Critical uncertainties

1.5. How do food web transfer, sediment transport, and biological effects of 
emerging and legacy organic contaminants under current management regimes 
affect key Columbia River species, the success of restoration projects within the 
basin, and human health (i.e., the success of harvest mitigation)? 

1.6. What levels of chemicals of emerging concern (CECs) impact the health of 
focal species including Pacific Lamprey, White Sturgeon, and salmonids? 

1.3. How do toxic substances, alone and in 
combination, affect fish and wildlife distribution 
and abundance, survival and fitness, and 
productivity in the Columbia River Basin? 

1.4. What are the cumulative and/or synergistic 
effects of multiple toxic contaminants, 
particularly pesticides, on [food webs], as well 
as interactions between these chemicals and 
non-chemical stressors? 



Surface water quality in the Yakima River Basin, 1990s
Urban
Agriculture
Rangeland
Forest
Water and Wetlands
Other
Main stem Yakima River

Subbasin boundary

Subbasin name

Study area boundary

Land use and land cover for subbasins in the Yakima River Basin (from Rinella et al., 1999).

(Modified from Rinella et al., 1999)

= pesticides with EPA Aquatic Life Criteria

USGS surface water pesticide detections

Exposures to pesticide mixtures is the norm and not the exception



Representative headlines, early 2000s



Indirect impacts on salmon prey species



Independent Scientific Advisory Board

Indirect impacts on salmon prey species

wastewater = hundreds 
of pharmaceuticals and 
personal care products

pesticides = hundreds of 
insecticides, herbicides, 
fungicides, etc.



Independent Scientific Advisory Board

Indirect impacts on salmon prey species

“There is an urgent need to quantify and map the 
spatial patterns of these chemicals, assess their 
transfer and accumulation rates, and document the 
vulnerabilities of food webs to them.”

“If the basal layers of food webs are being depleted 
by the rapidly expanding presence of contaminants, 
it could negate many ongoing restoration efforts.”



Indirect effects
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C. dubia
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Pesticide mixture toxicity
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Hypothetical behavioral effect threshold

exposure to single pesticides exposure to a mixture

Simple baseline assumption: additivity.  This assumption is testable…

AChE is an enzyme in the salmon brain that is inhibited by 
neurotoxic insecticides commonly used in the CRB



Some combinations are highly synergistic



Sublethal toxicity becomes lethal

Disrupted brain function 
extends to the behavioral 
level (reduced swimming)

and…



Source: U.S. Geological Survey

A focus on elevated surface water temperatures in freshwater habitats

Interactions between pesticide 
mixtures and non-chemical stressors

Implications for 
current habitat 
conditions as 
well as future 
climate change



(Experimental temperatures ranged from 12-21 oC)

Mixture toxicity increases in warmer waters

Interpretation: higher surface water temperatures increase the rate 
of uptake and metabolic transformation to more toxic compounds 



Biological scaling – population-level responses

Take home: environmentally-realistic seasonal pesticide exposures 
have the potential to limit juvenile growth, survival during migration, 
and population productivity and abundance over time.



Measurable wastewater contaminants in salmon

Hormones, neuroactive drugs, antibiotics, plasticizers, etc.

Meador et al., 2016, Environmental Pollution, 213:254



Monitoring persistent contaminants in salmon

Polychlorinated biphenyls (PCBs)

Persistent organic pollutants (POPs) bioaccumulate in aquatic 
food webs – juvenile salmon exposed primarily via diet

Lower Columbia River Estuary Partnership

Polybrominated diphenyl ethers (PBDEs)

Dichlorodiphenyltrichloroethanes (DDTs)

restricted

banned (for most uses)

banned

Focus on outmigrating
juvenile Chinook salmon



Industrial versus legacy agricultural contaminants

Fall Chinook stocks that rear and feed in the lower river and estuary 
have higher levels of industrial contaminants (PCBs and PBDEs).
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Spring Chinook stocks that rear and feed more in the interior Basin 
have higher levels of legacy agricultural contaminants (DDTs).

(modern industrial)
(legacy industrial)
(legacy agricultural)

20-80% of POP detections 
exceed toxicity threshold 
for adverse health effects 
in salmon, depending on 
the stock.



Mosier, Oregon – June 3rd, 2016 

Source: US NewsSource: OPB Source: OPB

Petroleum-derived hydrocarbons

Petroleum-derived polycyclic aromatic hydrocarbons (PAHs) are common; 
oil spills, urban runoff, and industrial discharges are major sources.

reduced growth

increased disease 
susceptibility

Juvenile salmon:

Unexposed Crude oil-exposed

edema



Delayed-in-time PAH cardiotoxicity

“Treadmill assays”
Ucrit = swimming performance

BL/s = body lengths per second

Oil-exposed juvenile pink salmon

Pink 
salmon

Herring



Toxics can create ecological traps
Basin-scale hotspot mapping

Feist et al., 2017, 

Ecological Applications, in press



Incorporating toxics into life cycle models

The goal is to create a framework wherein efforts to improve water and 
sediment quality can be evaluated alongside other restoration actions in 

terms of increasing salmon population growth and abundance.



Solutions-oriented clean water research

Rain GardensPermeable Pavement

Mesocosms



Inexpensive pollutant removal methods 
can protect salmon and their prey

Straight Runoff
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Moving the science towards mitigation effectiveness



Much of the progress on toxics will be local
Ongoing science is informing local, landowner-led efforts to reduce 

pollution and improve salmon habitats in the Basin and beyond



Closing considerations for toxics and Pacific 
salmon conservation

Toxic chemical contamination is a form of salmon 
habitat degradation

Monitoring studies, while limited, suggest that water 
and sediment quality are degraded in many habitats

Toxics pose a threat to salmon and their food webs

Most effects on salmon health are sublethal and 
delayed in time



Closing considerations for toxics and Pacific 
salmon conservation

Toxics can interact with other habitat stressors

Individual-based effects on growth, reproduction, 
and survival have consequences for wild populations

Clean water and sediment mitigation strategies to 
reduce pollution exposure can be very effective

The extent to which these efforts can improve the 
recovery trajectory for ESA-listed species is not 
currently known
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