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2010 Deepwater Horizon disaster
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Deepwater Horizon:
Tracking the Crude

The explosion last year of the
Deepwater Horizon rig in the
Gulf of Mexico triggered a major
oil spill and closures of fishing
areas and shoreline,

Renée Rigdon/The Wall Street Journal
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Deepwater Horizon crude oil impacts the developing
hearts of large predatory pelagic fish
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The Decpwarter Horizon disaster released more than 636 miillion L
of crude oil into the northem Gulf of Mexico. The spill oiled upper
surface water spawning habitats for many commerdally and eco-
logically important pelagic fish species. Consequently, the devel
oping spawn (embryos and larvae) of tunas, swordfish, and other
large predators were potentislly exposed to cude dilderived
polycyclic aromatic hydracarbans (PAHs). Fish embryos are gener-
ally very sensitive to PAM-induced cardictonxicity, and adverse
changes in heart physiology and morphology @n cuse bathacute
and delayed mortality. Cardiac function is particulary important
for fastswimming pelagic predators with high aerobic demand.
Offspring for these spedes develop rapidy at relatively high tem-
peratures, and their winerability to crude oil toxicty is unknown.
We mssessed the impacts of fikd-ollected Deepwater Horizon
0MC252) oil samples an embryos of three pelagic fish: bluefin tuna,
yellowfin tuna, and an amberjack. We show that environmentally
realistic exposures (1-15 pg/L total PAH) cause specific dose-
dependent defects in cardisc fundtion in all three spedes, with
Graulatory disruption culminating in pericardial edema and other
secondary malformations. Each species displayed an irregular
strial arrhythmia following oil exposure, indicating a highly con-
served response to oil toxicity. A considerable portion of Gulf wa-
ter samples collected during the spill had PAH concentrations
exceeding toxicity threshokds observed here, indicating the poten-
tial for lasses of pelagic fish larvae. Vulnerability assessments in
other ocean habitats, induding the Arctic. should foass on the
developing heart of resident fish speces as an exceptionally sen-
sitive and consistent indicator of crude ol impadts.
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he Deepwater Horizon dissster resulted in the relesse of more
than 4 million barrels (636 million L) of oil into th

waters of the northem G ull of Mexico b

14, 2010 (1). Although

the wellhead resulted in|

shown to be especially
The northem Gulf pro
itats for a range of o
pelagic fish species, an
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Deepwater Horizon surface oil, May 6, 2010 (photo by Daniel Beltré)

respectively) (14, 15). The Adantic bluefin tuna (Thunnus thynmus)
population from the Gulf of Mexico & currently ata hisworically
low level (16), and wis recently petitioned for listing under the
ct. For these and other pelagis, the

loss from oiled spawning habitats & an

important outstanding question for fsheries management and

ish heart 8 known 8 a sensitive target organ

ects of crude oil-derived |\-l\u\h\ aromatic
hydrocarbons (PAHSs) Of the multipl 1o siv-ringed
PAH families contained in crude oil, the most sbundant three-
ringed compounds are sufficient to drive the cardiotoxicity
petroleum-derived PAH mixtures.
dibenzothiophenes, and phenanthn
ardiac function (17, -
dependent processes of circulation and hul! chamber rux ma-
tion. Exposure of fish embryos to PAH mixtures derived from
crude oil slows the heartbeat (bradycardia) and reduces con-
tractility (17, 19-21). The underlying mechanism was recently
shown 1o be blackade of key potassium and calium ion nels
involved in cardisc excitation-contraction coupling (22). These

Significance

The 2010 Deepwater Horizon (MC252) disaster in the northem
Gulf of Mexico released more than 4 million barrels of crude oil
Oil rose from the ocean floor to the surface where many large
pelagic fish spawn. Here we describe the impacts of field-
collected oil samples on the rapidly developing embryos of
warm-water predators, including bluefin and yellowfin tunas
and an amberjack. For each species, environmentally relevant
MC252 oil exposures cused serious defects in heart develop-
ment. Moreover, abnormalities in cardiac function were hithy




Polycyclic aromatic hydrocarbons (PAHs):
common patterns from oil spills and stormwater

14

fish embryos exposed to fuel oil

12 Oil spill
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The environmental health impacts of toxic runo

How development harms the Sound [ W h a t are t h ey ?

One house has little impact on stormwater. But grouped together they add up, blocking rainwater from soaking into the
ground, polluting stormwater and damaging streams. Every year around Puget Sound, we level as much as 10,000 acres of
forest as we gradually make way for the 4 million people who could move here this century.

UNDEVELOPED LAND i THE EFFECT OF DEVELOPMENT

STORMWATER ABSORBED g IMPERVIOUS SURFACES

Only about 1 percent VA (] Streets, roofs, sidewalks and driveways prevent water .
of rain reaches ) K, % A from being absorbed, creating stormwater runoff.

streams and the Sound . RUNOFF

as surface runoff; the
Surface runoff flows into creeks and streams, causing
ABSORBED WATER

rest is absorbed by soil
flooding and erosion. Streams are more prone to drying up O o) S Q ?
during a drought. Higher water temperatures harm salmon. e e c ve y m I n I m I Ze H
RECHARGES

and vegetation.
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&>~ : | CHEMICALS AND W re ongoing errorts 1o
streams, keeping ' o Runoff picks up
them cooler. | chemicals, including oil

and gas from cars; L4 L

copper from brakes;

household chemicals °

including flame

retardants, pesticides

and weed killers; animal

waste; and sewage.

STREAM —\

Source: Environmental Protection Agency Stormw oL c;rri;:s

chemicals into Sound

AMANDA RAYMOND / THE SEATTLE TIMES

Seattle Times, 5/11/08




Underwater video of an urban stormwater outfall
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West Seattle diving footage by Laura James (www.tox-ick.org)



Montlake Cut, Seattle, November 19t" 2012

Photo by Blake Feist, NOAA Fisheries




Montlake Cut, Seattle, November 19t" 2012

Photo by Blake Feist, NOAA Fisheries




Last month

Photo by Blake Feist, NOAA Fisheries




A focus on freshwater coho salmon life stages
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sketches from Alaska Seafood Marketing Institute




Symptomatic adult coho spawner

Wl T A YL

Pipers Creek, Seattle, Fall 2000



Coho spawner mortality is widespread and
recurrent (60-90% of total fall runs)

Longfellow Creek 2005 Longfellow Creek 2012



A common suite of symptoms across years

Longfellow Creek 2002 Longfellow Creek 2005
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Coho prespawn mortality study #1:
forensic investigation

Major findings:

e Adult spawners are consistently dying each fall

e The phenomenon is widespread in urban watersheds
 Mortality rates are typically high (60-90% of total run)
e Toxic urban runoff appears to be causal

OPEN 8 ACCESS Freely available online (201 1, 6(8) .'62801 3) ?; PLOS one

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 Northwest Fisheries Science Center, NOAA Fisheries, Seattle, Washington, United States of America, 2 Department of Natural Resources and Parks, King County, Seattle,
Washington, United States of America, 3Wild Fish Conservancy, Duvall, Washington, United States of America, 4 Seattle Public Utilities, City of Seattle, Seattle, [§

Washington, United States of America, 5 Washington Fish and Wildlife Office, U.S. Fish and Wildlife Service, Lacey, Washington, United States of America




Coho prespawn mortality study #2:
population-scale implications

Major findings:
e Models predict rapid local extinctions at spawner
mortality rates observed in Seattle-area streams

 Mortality may drag down coho abundance in non-urban
watersheds as a consequence of straying

Integrated Environmental Assessment and Management — Volume 7, Number 4—pp. 648-656
© 2011 SETAC

648

Estimating the Future Decline of Wild Coho Salmon
Populations Resulting from Early Spawner Die-Offs in

Urbanizing Watersheds of the Pacific Northwest, USA

Julann A Spromberg{* and Nathaniel L Scholzt

tNational Oceanic and Atmospheric Administration (NOAA) Fisheries, Northwest Fisheries Science Center,
2725 Montlake Boulevard East, Seattle, Washington 98112, USA ( . )
g 2011, 7:648




S~
=
©
)
.
@)
S
o
i -
o
(&
L
(@
(P
Q
=
©
>
Q
>
i )
—
©
Q
P
(a1

Model output summary

Impervious

Roadways

Impervious surfaces

Local roads

16.8425

-15.6199

14.5376

68.3331

Property type
Land cover
Property type
Roadways
Land cover
Land cover
Land cover
Property type
Property type

Property type

Commercial

Dense urban

Apartments & condominiums
Heavily used roads

Forest

Light to medium urban
Grass, shrubs & crops
Residential

Industrial

Parks & open space

7.9375

-7.7776

-9.5330

5.3445

-0.7793

0.3250

0.1664

0.0738

-0.2475

0.0000

8.2616

16.1614

31.1917

31.5073

6.2249

2.9751

5.4517

16.8920

4.7008

0.0000




Coho prespawn mortality study #3:
predictive modeling based on land use

Major findings:

 Spawner mortality rates correlate
closely with land cover

(% impervious, roads, etc.)

Coho are likely to be impacted
across large geographic areas

OPEN 8 ACCESS Freely available online (201 1/ 6(8) .623424) PLOS one

Landscape Ecotoxicology of Coho Salmon Spawner

Mortality in Urban Streams

Blake E. Feist'*, Eric R. Buhle', Paul Arnold? Jay W. Davis?, Nathaniel L. Scholz’

1 Northwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric Administration, Seattle, Washington, United States of America,
2 Washington Fish and Wildlife Office, United States Fish and Wildlife Service, Lacey, Washington, United States of America



Pre-spawn mortality

<10%

N o N

51 sites

2000 - 2011
NWFSC

Tribes

Local agencies

Wild Fish
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Spavyne Mortahty@a’f% € ar Landscape Data

Model
Overview

Bxen ot \nN\uence

Spatial
Analyses
 Correlated
Variables
* Predictive
Model of
Spawner
Statistical Mortality
Analyses




Fall 2011-14: Key Question

Is exposure to urban runoff
sufficient to cause coho
pre-spawn mortality?
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Metal and PAH exposures (2011)

Spawners exposed to environmentally-relevant mixtures...

PAHS:
Water accommodated fraction (crude oil)

e.g., Phenanthrene (0.240 pg/L)
Pyrene (0.365 ug/L)
Fluoranthene (0.365 pg/L)

Cadmium (0.3 ug/L)
Copper (7.0 yg/L)
Lead (1.0 ug/L)
Nickel (2.0 ug/L)
Zinc (9.0 ug/L)

... Showed no significant increase in mortality!



Runoff from a high-density urban arterial
(highway, downtown Seattle)

SR 520, Seattle



Collect runoff, characterize baseline toxicity

Project lead: Jenifer Mcintyre, postdoc, Washington State University
|
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First flush runoff



Stormwater runoff collections (fall, 2012)

Cumulative rainfall (KSEW) and runoff collection days

KSEW cum

B collection days
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Exposing adult coho spawners to stormwater
under controlled experimental conditions

Exposures following sequential rainfall events in 2012-14

clean well water collected stormwater
-4 3T, e




Exposure to urban runoff is sufficient to cause
adult coho pre-spawner mortality

stormwater-exposed
unexposed (3.5 hrs) (3.5 hr)

November 11th, 2012



C = unexposed controls
E = stormwater-exposed
£ = asymtomatic
& = symptomatic or dead
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PSM: coho but not chum spawners?




Multiple symptoms of toxicity in fish and invertebrates

Acute lethality, reproductive impairment, cardiovascular toxicity




Evolving science, from...

“What’s the problem?”
to
“What’s the solution?”
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Bioretention
Green roof

Emerging technologies for the built landscape may be
less harmful to salmon and other aguatic animals
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Bioretention Filtration System

Washington State Department of Ecology
Low Impact Development Technical Guidance Manual 2012

< 2" mulch Treatment Rate = 3 mm/min

“[<— 24" bioretention soil media
(60% sand : 40% compost)

12" drainage layer
(gravel aggregate)

cap slotted 2” PVC bulkhead 2” ball valve

N7

underdrain



Biological Effectiveness of Bioretention

1 » 4 treatments
' e Untreated
e Soll column
e Soil + Plants
-+ Lab control

~ » Daphnid survival &
~ reproduction
o Zfish embryo
survival & sublethal

e Mayfly survival
e Coho survival







Test with Target Organisms

Juvenile coho salmon

O. kisutch

Did bioretention filtration prevent toxicity?



Survival of salmon and their prey before and
after soil mesocosm treatment

Fall 2012

"'\t‘§ -

S’Eraight Runoff

juvenile coho salmon

water flea

100%

.y 0%

Result: toxicity largely eliminated

85%

4%

100%

0%



Science of the Total Environment 500-501 (2014) 173-180

Contents lists available at ScienceDirect

Science -
ofal Environment

Science of the Total Environment

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

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

J.K. McIntyre **, .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

b US. Fsh & 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

. ’ . ' =
Contents lists available at ScienceDirect

Chemosphere

PO N Chemosphere -
| SEVIER journal homepage: www.elsevier.com/locate/chemosphere _

Soil bioretention protects juvenile salmon and their prey from the toxic
impacts of urban stormwater runoff

J.K. McIntyre **, J.W. Davis °, C. Hinman?, K.H. Macneale ¢, B.F. Anulacion®, N.L. Scholz, ].D. Stark®

* Washington State University, Puyallup Research and Extension Center, Puyallup, WA, USA
PU.S. Fish & Wildlife Service, Washington Fish and Wildlife Office, Lacey, WA, USA
“National Ocean and Atmospheric Administration, National Marine Fisheries Service, Northwest Fisheries Science Center, Seattle, WA, USA




Can bioretention prevent impacts to coho embryos
and spawners?




Constructing portable bioretention

55-ga
drum

s . 4 \ :.;‘;;-' P

.

24" bioretention medium




Exposures and treatment at Suquamish
Hatchery on Grover’s Creek




Can bioretention prevent coho PSM?

Clean well water Untreated runoff Treated runoff

100% Normal 100% Symptomatic



Stormwater Runoff Exposures 2013/14

Test Exposure Control Untreated Runoff Treated
Date (hours) Water Runoff

Nov 8 4 100 % Live 50% Dead; 100% Live
50% Symptomatic

Nov 18 24 100% Live 100% Dead 100% Live

Oct20 24 100% Live 100% Dead 100% Live

Oct22 24 100% Live 100% Dead 100% Live

Oct27 24 100% Live 100% Dead 100% Live

« All fish exposed to Untreated Runoff were symptomatic or
dead at <24 h

« All Control and Treated fish alive & asymptomatic at 24 h



Stormwater runoff exposures, 2013-14

l clean well water (4 hr)

PPsurvival (24 hr)"

filtered stormwater (4 hr)
. satii e it ’l

3

Seven distinct storm events.
In all cases:

Vs.
100% survival



Toxic road runoff kills adult coho salmon in hours, study

finds
-

A new study shows that stormwater runoff
from urban roadways is so poisonous to
coho salmon that it can kill adult fish in as
little as 272 hours.

Seattle Times
10/8/15

Journal of Applied Ecology

Journal of Applied Ecology 2015 doi: 10.1111/1365-2664.12534

Coho salmon spawner mortality in western US urban
watersheds: bioinfiltration prevents lethal storm water
impacts

Julann A. Spromberg’, David H. Baldwin?, Steven E. Damm?®, Jenifer K. Mcintyre*,
Michael Huff’, Catherine A. Sloan?, Bernadita F. Anulacion?, Jay W. Davis® and

Nathaniel L. Scholz**

'Ocean Associates, Under Contract to Northwest Fisheries Science Center, National Marine Fisheries Service,
NOAA, 2725 Montlake Bivd. E., Seattle, WA 98112, USA; Environmental and Fisheries Science Division, Northwest
Fisheries Science Center, National Marine Fisheries Service, NOAA, 2725 Montlake Bivd. E., Seattle, WA 98112,
USA; 3U.S. Fish and Wildlife Service, Washington Fish and Wildlife Office, 510 Desmond Dr. S.E., Lacey, WA 98503,
USA; “Puyallup Research and Extension Center, Washington State University, 2606 W. Pioneer Ave., Puyallup, WA
98371, USA; and 5Suquamish Tribe, PO Box 498, 18490, Suquamish Way, Suquamish, WA 98392, USA



Coho embryolarval studies — Fall 2014 & 2015




Episodic exposure of coho embryos

1 stack / treatment 5 treatments

7 trays / stack Background: Flowing clean water
9 cups / tray Exposures: 24 h recirculated runoff
130 eggs / cup

K
|




Episodic exposure of coho embryos

DEVAS




Bioinfiltration reverses larval lethality
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Unpublished data as of January...



Green Stormwater Effectiveness Summary

« Soll bioretention can prevent acute toxicity of
highway runoff
e Invertebrates
* Developing fish
e Juvenile and adult salmon

e Qutstanding research questions:
e Performance longevity
« Effective sizing
 Optimal media
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