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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
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Portland, Oregon 97204-1348

www.nwcouncil.org

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



Toxms and Pacific salmon conservation

Nat Scholz
NOAA Fisheries, Northwest Fisheries Science Center, Seattle




[ Ecotoxicology Program: Core Competencies }

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

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

e Synthesis and Communication

» Risk characterization and assessment
» Ecological modeling

» Resiliency forecasting

» Science communication

» Science-to-NOAA decisionmaking

Synthesis and Reconnaissance
Communication



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

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?

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?



Surface water quality in the Yakima River Basin, 1990s
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Land use and land cover for subbasins in the Yakima River Basin (from Rinella et al., 1999).

Exposures to pesticide mixtures is the norm and not the exception
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Representative headlines, early 2000s
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Indirect impacts on salmon prey species
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Indirect impacts on salmon prey species

Developing a broader scientific foundation for river
restoration: Columbia River food webs

Robert J. Naiman®®", J. Richard Alldredge®, David A. Beauchamp®, Peter A. Bisson®, James Congleton’, Charles J. Henny?,
Nancy Huntly", Roland Lamberson', Colin Levings"¥, Erik N. Merrill', William G. Pearcy™, Bruce E. Rieman™?,
Gregory T. Ruggerone®, Dennis Scarnecchia®, Peter E. Smouse®, and Chris C. Wood"

PNAS | December 26,2012 | vol. 109 | no.52 | 21201-21207
Independent Scientific Advisory Board

Pesticide Application and Wastewater Treatment Plants

——1| pesticides = hundreds of

Pesticide applications

L insecticides, herbicides,

01 - .05

L 4
k3es | Il o5- .20

5 fungicides, etc.
=|3‘a_-3:.1

wastewater = hundreds
of pharmaceuticals and
personal care products

Wastewater treatment plants
) <1 milion gallons per day

@ 1-5 million

@ 5-15 million

@ 15 milien
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Indirect impacts on salmon prey species

Developing a broader scientific foundation for river
restoration: Columbia River food webs

Robert J. Naiman®®"’, J. Richard Alldredge®, David A. Beauchamp?, Peter A. Bisson®, James Congleton®, Charles J. Henny?,
Nancy Huntly", Roland Lamberson', Colin Levings**, Erik N. Merrill', William G. Pearcy™, Bruce E. Rieman™?,
Gregory T. Ruggerone®, Dennis Scarnecchia®, Peter E. Smouse“, and Chris C. Wood"

PNAS | December 26,2012 | vol. 109 | no.52 | 21201-21207

Independent Scientific Advisory Board

“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

REVIEWS REVIEWS

\_ Pesticides, aquatic food webs, and the
conservation of Pacific salmon mayfly nymph

Kate H Macneale, Peter M Kiffney, and Nathaniel L Scholz"

Pesticides pose complex threats to the biological integrity of aquatic ecosystems. In the western US, pesticides
have contaminated many surface waters that provide habitat for endangered salmon. These iconic species
depend on the productivity of rivers, lakes, and estuaries to provide food for juvenile growth, a key determi-
nant of subsequent marine survival. Despite extensive societal investments in salmon habitat restoration in
recent years, the role of pesticides as a limiting factor for salmon recovery has received little attention.
Pesticides can be toxic to primary producers and macroinvertebrates, thereby limiting salmon population
recovery through adverse, bottom-up impacts on aquatic food webs. The integration of toxicology, environ-
mental chemistry, population biology, community ecology, landscape ecology, conservation biology, and envi- .
ronmental policy is needed to better understand these indirect effects of pesticides on endangered species. We B ae t/ SS p .
highlight key information gaps and discuss how future research on pesticides and food webs can most effec-
tively guide the long-term conservation of imperiled fish species.

Front Ecol Environ 2010; 8(9): 475-482, doi:10.1890/090142 (published online 4 Jun 2010) Biﬂscif_‘:ncf - Apﬂ-f Eﬂ}g I."I -1'._::'1' If:l-.;l J"‘rﬂ' 4

cladoceran

A Perspective on Modern Pesticides,
Pelagic Fish Declines, and Unknown
Ecological Resilience in Highly
Managed Ecosystems

C. dubia

NATHANIEL L. SCHOLZ, ERICA FLEISHMAN, LARRY BROWN, INGE WERNER, MICHAEL L. JOHNSON,
MARJORIE L. BROOKS, CARYS L. MITCHELMORE, AND DANIEL SCHLENK



Pesticide mixture toxicity

Simple baseline assumption: additivity. This assumption is testable...

Cn carbofuran
Ma malathion
Ca carbaryl
Co chlorpyrifos
Da diazinon

Hypothetical behavioral effect threshold

AChE Inhibition

Cn Ma Ca Co Da
exposure to single pesticides exposure to a mixture

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




Some combinations are highly synergistic
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The Synergistic Toxicity of Pesticide Mixtures: Implications for Risk
Assessment and the Conservation of Endangered Pacific Salmon

Cathy A. Laetz," David H. Baldwin,! Tracy K. Collier,! Vincent Hebert,? John D. Stark,? and Nathaniel L. Scholz’

'"MOAA (National Oceanic and Atmospheric Administration) Fisheries, Northwest Fisheries Science Center, Seattle, Washington, USA;
2Food and Environmental Quality Laboratory, Washington State University, Richland, Washington, USA; *Department of Entomology,
Ecotoxicology Program, Washington State University, Puyallup, Washington, USA

voLusmE 117 I numeer 3 | March 2009 - Environmental Health Perspectives




AChE activity (% control) AChE activity (% control )

AChE activity (% control)
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Sublethal toxicity becomes lethal

IEI 0.1 ECg, (10% inhibition predicted)

o AAntagonism
I -
r Addition
0 ! I!! !! uITI #Synnrgism
60 * . =
49
20
0 ||
"
&0 0.4 EC, (29% inhibition predicted) p oo e
— + Addition
60 -}Svnnrgism
= *
4] *
"
20
M
0 r s
Iﬂ 1.0 ECg (50% inhibition predicted)  AAntagonism
t Addition
#Svnnrgism

B E2s28

—_

| erl + chn
crl + cfs
chn + cfs
crl + dzn
crl + min
chn + dzn
In + cfs

o | chn 4+ min

=

o= | dzn+cfs

-
4= | m

=}
=2}
4=

ea
=2}
ea
=2}
4=

[=1] =

E ]
=

& H
= | dzn+min #aq:

and... pjsrupted brain function

extends to the behavioral
level (reduced swimming)
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Interactive Neurobehavioral Toxicity of Diazinon, Malathion, and

Ethoprop to Juvenile Coho Salmon

Cathy A. Laelz,*’* David H. Ba]dwin,* Vincent Hel:ert,.;t John D. Smrk,§ and Nathaniel L. Scholz'
"Northwest Fisheries Science Center, Mational Marine Fisheries Service, National Oceanic and Atmospheric Administration, 2725
Monthke Boulevard E, Seattle, Washington 98112, United States

*Food and Environmental Quality Laboratory, Washington State University- TriCities, 2710 Crimson Way, Richland, Washington
99354, United States

il:)zl;partrn:l:it of Entomology, Ecotoxicology Program, Puyallup Research and Extension Center, Washington State University, 7612
Pioneer Way E, Puyallup, Washington 98371, United States

© Supporting Information

ABSTRACT: In western North America, mixtures of current use pesticides have been widely |
detected in streams and other aquatic habitats for threatened and endangered Pacific salmon and . |
steelhead ( Oncorhynchus sp.). These include mgmnphuspl\ate insecticides that inhibit Harve
acetylcholinesterase (AChE) enzyme activity in the salmon nervous system, thereby disrupting S |
swimming and feadi.ng behaviors. Several mgannphnsphate.s have been shown to interact as /
mixtures to produce synergistic AChE inhibition at concentrations near or above the upper __/kg) =N
range of surface water detections in freshwater systems. To evaluate potential synzrg'smatluwzr / G.’,' N
concentrations (near or below 1 part per billion ), juvenile coho (Oncorhynchus kisutch) were
exposed to a range of mixtures of diszinon-malathion and ethoprop-malathion below a
cumulative 0.05 of the predicted EC, for AChE inhibition, as determined from single chemical
concentrabion—response curves, Brain enzyme inhibition was concentration-dependent, with a
0% reduction and a sig\iﬁcant decrease in spontan eous swirnmins spzad at the l'ns’n&t hmary 2[@0!\!# A
mixture concentrations evabated (diszinon-malathion at 2.6 and L1 pg/L, respectively;
ethoprop-malathion at 2.8 and 12 ug/L, respectively). Brain enzyme activity gradually recovered over six weeks. Our findings
extend earlier observations of organophosphate synergism in salmon and reveal an unusually steep concentration—response
relationship across a mere 2fold increase in mixture concentration.
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Interactions between pesticide

mixtures and non-chemical stressors

A focus on elevated surface water temperatures in freshwater habitats

1

e —

Source: U.S.

------

Geological Survey

Implications for
current habitat
conditions as
well as future
climate change



Mixture toxicity increases in warmer waters

Aquatic Toxicology 146 (2014) 38-44

Contents lists available at ScienceDirect

Aquatic Toxicology

journal homepage: www.elsevier.com/locate/agquatox

Elevated temperatures increase the toxicity of pesticide mixtures to
juvenile coho salmon

Cathy A. Laetz?, David H. Baldwin?, Vincent R. Hebert?,
John D. Stark®, Nathaniel L. Scholz **

2 Northwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric Administration, 2725 Montlake Blvd. E., Seattle,
WA 98112, United States

® Food and Environmental Laboratory, Washington State University-TriCities, 2710 Crimson Way, Richland, WA 99354, United States

¢ Department of Entomology, Ecotoxicology Program, Puyallup Research and Extension Center, Washington State University, 7612 Pioneer Way E.,
Puyallup, WA 98371, United States

(Experimental temperatures ranged from 12-21 °C)

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



Biological scaling — population-level responses

molecular biology

”.
E Ecological Applications, 19(8), 2009, pp. 2004-2015
g- © 2009 by the Ecological Society of America
= biochemist . ..
O ry A fish of many scales: extrapolatmg sublethal pesticide exposures
(la . ) .
- to the productivity of wild salmon populations
CE-| Iu Iar ph}fSlcFlchy Davib H. BALbwiN,! JULANN A. SPrOMBERG, TrACY K. CoLLIER, AND NATHANIEL L. ScHOLZ

NOAA Fisheries Service, Northwest Fisheries Science Center, 2725 Montlake Boulevard East, Seattle, Washington 98112 USA

Abstract. For more than a decade, numerous pesticides have been detected in river
1 systems of the western United States that support anadromous species of Pacific salmon and

Eystems phy5|ﬂ'|ﬂ'gy steelhead. Over the same interval, several declining wild salmon populations have been listed
as either threatened or endangered under the U.S. Endangered Species Act (ESA). Because
pesticides occur in surface waters that provide critical habitat for ESA-listed stocks, they are
an ongoing concern for salmon conservation and recovery throughout California and the
behau.":'r Pacific Northwest. Because pesticide exposures are typically sublethal, a key question is
whether toxicological effects at (or below) the scale of the individual animal ultimately reduce

the productivity and recovery potential of wild populations. In this study we evaluate how the

individual animals

population

species
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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
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Hormones, neuroactive drugs, antibiotics, plasticizers, etc.



Monitoring persistent contaminants in salmon

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

Polybrominated diphenyl ethers (PBDEs)
restricted

Polychlorinated biphenyls (PCBs)
banned (for most uses)

Dichlorodiphenyltrichloroethanes (DDTs)
banned

Focus on outmigrating
juvenile Chinook salmon

™

Lower Columbia River Estuary Partnership




Industrial versus legacy agricultural contaminants

12000 -

10000

8000

6000

ng/g lipid

4000

2000 A

0 T T

MW PBDEs (modern industrial)
M PCBs (legacy industrial)
DDTs (legacy agricultural)

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

Snake River  Upper West Spring
fall (n=4) Columbia Cascades

fall (n=20) Fall (n=37) (n=22)

Upper
Creek Fall Willamette Columbia Spring (n=5)
Spring (n=6) Spring (n=2)

Upper  Snake River

Fall Chinook stocks that rear and feed in the lower river and estuary
have higher levels of industrial contaminants (PCBs and PBDEs).

Spring Chinook stocks that rear and feed more in the interior Basin
- have higher levels of legacy agricultural contaminants (DDTs).
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Petroleum-derived hydrocarboh

Mosier, Oregon — June 39, 2016

¥ A

Source: OPB

Source: US News

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

Unexposed Crude oil-exposed

Juvenile salmon:

e reduced growth

e increased disease
susceptibility



Delayed-in-time PAH cardiotoxicity

SCIENTIFIC REPg}RTS

L OPEN Very low embryonic crude oil
'——.. ueni|e pink salmon ~exposures cause lasting cardiac

O|I eXp

: » .
~defects in salmon and herring
Received: 03 March 2015
Accepted: 28 July 2015 John P. Incardona®, Mark G. Carls?, Larry Holland?, Tiffany L. Linbo*, David H. Baldwin®,

Published: 08 September 2015 Mark S. Myers®, Karen A. Peck?, Mark Tagal®, Stanley D. Rice* & Nathaniel L. Scholz*
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Toxics can create ecological traps

-
-‘

]

“pLos ene

OPEN a ACCESS Freely availabla online

Recurrent Die-Offs of Adult Coho Salmon Returning to
Spawn in Puget Sound Lowland Urban Streams

Nathaniel L. Scholz™, Mark S. Myers’, Sarah G. McCarthy?, Jana S. Labenia’, Jenifer K. Mcintyre', Gina M.
Ylitalo?, Linda D. Rhodes', Cathy A_ Laetz?, Carla M. Stehr', Barbara L. French’, Bill McMillan®, Dean
Wilson?, Laura Reed ?, Katherine D. Lynch?, Steve Damm®, Jay W. Davis®, Tracy K. Collier’

1 Norihwes Fisheries Siience Center, NOAA Fisheries, Sealtle, Washi United Sdesof America, 2 Dep of Naturd Respurces and Paks King Gounly, Satle,
Werhington, United Sates of Amesica, 3Wild Fish Consvancy, Duvall, Weshington, United Sales of Amesica, 4 Sedltle Fublic Ulilities; Gty of Sedifle, Sealtle,
Werhington, United Sales of Amevica, 5 Yashington Fish and Widie Office, US Fish and Widife Savice, Lacey, Washington, United Sales of America
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Feist et al., 2017,

Ecological Applications, in press



Incorporating toxics into life cycle models

Pre-spawn
mortality

Juvenile Production

" Adultsto
Basin
Reaches

Upstream Passage,
Harvest

Columbia
River mouth

subvearlings | subyearlings.

"----

Survival in Reservoir,
Dam, & Downstream

survival 1st ¥¢

ocean m Estuary survival
entry

survival
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.

ath Yr
ocean
survival §

3rd Yr
ocean
survival

Ocean harvest




Solutions-oriented clean water research
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Inexpensive pollutant removal methods
can protect salmon and their prey

*\'/eni/e coho salmen

100% \ 35% \ 100% \

0% 4% 0%

Result: lethality largely eliminated




Moving the science towards mitigation effectiveness

a— wwe sewen Ehe New Pork TimesThe New Pork Times Science of the Total Environment 500-501 (2014) 173-180

Contents lists available at ScienceDirect

SCIENCE

Cleaning Up Water by Running It Through Dirt Science of the Total Environment

JARN 26 1S

journal homepage: www.elsevier.com/locate/scitotenv

Zebrafish and clean water technology: Assessing soil bioretention as a
protective treatment for toxic urban runoff

JK. McIntyre **, J.W. Davis °, J.P. Incardona , ].D. Stark ®, B.F. Anulacion €, N.L. Scholz ©

* Washington State University Puyallup Research & Extension Center, 2606 W Pioneer Ave, Puyallup, WA 98371, USA
" US. Fish & Wildlife Service Washington Fish & Wildlife Office, 510 Desmond Dr. SE, Lacey, WA 98503, USA
< NOAA-NMFS Northwest Science Center, 2725 Montlake Blvd E, Seattle, WA 98112, USA

Chemosphere 0o (2015) xoo-00¢

. §

MNew Study Suggests Rain Gardens Can Save
Salmon

Contents lists available at ScienceDirect
Chemosphere

Chemosphere

il

journal homepage: www.elsevier.com/locate/chemosphere

Soil bioretention protects juvenile salmon and their prey from the toxic
impacts of urban stormwater runoff
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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
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Closing considerations for toxics and Pacific
salmon conservation

e Toxic chemical contamination is a form of salmon
habitat degradation

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

e Toxics pose a threat to salmon and their food webs

e Most effects on salmon health are sublethal and
delayed in time P




Closing considerations for toxics and Pacific
salmon conservation

e Toxics can interact with other habitat stressors

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

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

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