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Abstract
Myriad efforts are underway to reduce the ecological impacts of polluted stormwater runoff throughout Puget Sound with Low Impact Development methods (LID) being just one example. While these activities represent an unprecedented societal investment, there is still little known about their effectiveness – specifically, whether toxic loadings are reduced to the extent that the biological integrity of “receiving waters” (aquatic habitats) is ensured. Common metrics for evaluating LID effectiveness have either been physical (e.g., % surface flow reduction) or chemical (e.g., % reduction in mass loading for specific metals or nutrients). Comparatively little research has focused on biological metrics. This is important because a LID approach might be successful from the standpoint of physical and chemical indicators, and yet fail to protect salmonids and other aquatic species from the harmful effects of toxics. In recent years, research by NOAA Fisheries , the U.S. Fish and Wildlife Service (USFWS), and Washington State University (WSU-Puyallup) has shown that degraded stormwater quality can significantly impact the health of fish and the biological communities that support productive aquatic ecosystems. Major findings include mortality in coho adults returning to restored urban streams (pre-spawn mortality; PSM) and mortality and developmental abnormalities in coho embyros rearing in restored urban streams.
For the proposed work, stormwater will be collected from an urban site and transported to a salmon hatchery. The water will be treated on-site using bioretention columns and both adult and embryonic coho exposed to either well water, untreated stormwater or treated stormwater. The objective will be to test the biological effectiveness of bioretention for preventing PSM in coho spawners and developmental toxicity in coho embryos exposed to urban runoff. This project will combine research expertise on the toxic impacts of stormwater (NOAA and USFWS), expertise in the design and implementation of LID methods at Washington State University’s Stormwater Center, and ongoing salmon management activity at the Suquamish Tribe’s Grovers Creek Salmon Hatchery. The objective is to demonstrate the effectiveness of a specific LID strategy (bioretention using rain barrels) at preventing toxic effects to two life stages of coho salmon. New information on bioretention effectiveness will inform a broad diversity of Puget Sound stakeholders as they adaptively manage stormwater runoff in urbanizing watersheds.
[bookmark: sec-3][bookmark: OrgXref.sec-3]Work Plan
[bookmark: sec-3-1][bookmark: OrgXref.sec-3-1]1.  Purpose of the project
[bookmark: sec-3-2][bookmark: OrgXref.sec-3-2]The literature on bioretention shows it to be a highly effective means of reducing many pollutants in stormwater runoff, especially contaminants associated with particulate matter (Taylor et al. 2013; Section 2.4.2).  Our pilot work filtering highway stormwater runoff through bioretention columns at WSU showed reductions in metals, PAHs, and conventional water quality parameters such as TSS and DOC on par with values summarized in Taylor et al.  What is unknown is whether these reductions in pollutants are sufficient to protect aquatic wildlife in receiving waters. Review of the literature on LID notes a clear lack of ecological effectiveness studies for any LID techniques employed to control stormwater quantity and quality.  Biological effectiveness adds a layer of assessment above and beyond performance metrics of flow control and contaminant reduction that is directly relevant to the ultimate goal of LID – to protect the resiliency of aquatic ecosystems.  
	Assessing the biological benefits of LID to receiving waters is mentioned only at the basin scale in the recent review by Taylor et al. (Section 3.1.3.1).  In contrast, we believe it is imperative to incorporate biological impacts at smaller scales (e.g. as part of ‘internal scale effectiveness studies’: Section 3.1.1) in order to increase the likelihood of ecological success as we move towards larger and more comprehensive installations. 

2.  Project Description
[bookmark: sec-3-2-1][bookmark: OrgXref.sec-3-2-1]2.1.  Project Objectives
Coho salmon are important ecologically, culturally, and economically to the Puget Sound basin.  They are vulnerable to urban stormwater runoff in Puget Sound because they spend a year rearing in lowland streams before migrating to the ocean, and return to these same streams as adults to spawn.  The Puget Sound lowlands are also home to most of the human development in the Puget Sound basin. Coho embryos rearing in urban creek water suffer higher rates of mortality and cardiac abnormalities compared to coho embryos rearing in urban creek water that has been pre-filtered (J. Incardona, NOAA-NWFSC, unpublished results).  Adult coho returning to urban streams to spawn suffer from high rates of prespawn mortality (PSM), which has been linked to land development and urban or urbanizing land uses (Feist et al. 2011).  The high mortality rates (up to 90%) observed in basins with PSM are a serious threat to the resilience of coho populations in developing areas like the Puget Sound basin (Spromberg & Scholz 2011).   In 2012 we experimentally determined that exposure to unfiltered highway runoff was sufficient to trigger PSM in adult coho returning to the Suquamish Tribe’s Grovers Creek Salmon Hatchery in Poulsbo, WA.  
Our more than decade of research into coho pre-spawn mortality has linked mortality events with stormwater runoff from highly developed watersheds (Scholz et al. 2011, Feist et al. 2011),.  In clear agreement with the white paper on Traditional BMPs Retrofitting (Section 3.0), existing developments do not contain sufficient stormwater treatment measures to protect sensitive aquatic biota in receiving waters.  We propose testing whether bioretention treatment of highway runoff can prevent mortality in exposed coho embryos and spawning adults. 

[bookmark: sec-3-2-2][bookmark: OrgXref.sec-3-2-2]2.2.  Project Activities and Tasks
Task 1: Build & condition bioretention cells 
Task 2: Baseline Water Quality Testing 
Task 3: Coho Exposures & Chemistry
Task 4: Data Analysis & Communications
[bookmark: sec-3-2-3][bookmark: OrgXref.sec-3-2-3]2.3.  Project Outcomes
The primary outcome of the proposed study will be knowledge about the effectiveness of LID methods at reducing the biological impact of stormwater runoff. Importantly, this will be measured through direct effects on fish. In this case, by testing the effectiveness of bioretention treatment to prevent PSM in adult salmon and mortality and development defects in salmon embryos. By identifying ecologically effective LID methodologies the results will directly target the desired outcome of adaptive design and implementation of LID technologies to reduce toxic loadings to Puget Sound and its surrounding watersheds. Finally, the project is expected to produce highly visible results from the standpoint of public education and engagement. Salmon declines have a direct bearing on the “why do we care?” questions that are at the core of ongoing societal efforts to reverse ongoing ecological decline in Puget Sound.
Secondarily, we will expand the regional knowledge base of contaminants present in untreated runoff as well as the effectiveness of bioretention to remove these contaminants. This will help permittees better understand how bioretention can help them meet their goals and demonstrate that bioretention can be an effective means of protecting the health of aquatic wildlife in receiving waters.
2.4.  Project Deliverables
Task 1: Bioretention cells conditioned and installed at Suquamish Tribal Hatchery
Task 2: Report on baseline testing of bioretention cells
Task 3-4: Final report and/or published peer-reviewed paper(s)
[bookmark: sec-3-2-4][bookmark: OrgXref.sec-3-2-4]2.5.  Project Schedule
Table 1. Timeline for task completion on a quarterly basis.
	 Calendar Year
	2014
	2015

	Task
	3
	4
	1
	2

	1. Build & condition bioretention cells
	 
	 
	 
	 

	2. Baseline water quality testing
	 
	 
	 
	 

	3. Coho exposures & chemistry
	 
	 
	 
	 

	4. Data analysis and communications
	 
	 
	 
	 



[bookmark: sec-3-3][bookmark: OrgXref.sec-3-3]3.  Detailed Scope of Work
[bookmark: sec-3-3-1][bookmark: OrgXref.sec-3-3-1]Task 1: Build and condition bioretention cells
Task 1.1.  Build bioretention cells
We will construct four 200-L (55-gallon) bioretention cells at Grovers Creek Salmon Hatchery plumbed with underdrains following guidelines outlined in the Western Washington State Stormwater Manual.  Bioretention cells will be filled with a drainage layer of gravel aggregate overlain by a mixture of 60% sand: 40% compost, although another mixture could be used if recommended.  Bioretention cells from 2013 pilot testing could be used instead if desired.

[image: Macintosh HD:Users:Jen:Dropbox:Photos:PSM 2013:Photo Oct 15, 1 29 23 PM.jpg]
Figure. Bioretention cells constructed for pilot testing in 2013


Task 1.2.  Condition bioretention cells
Clean water will be run through the bioretention cells to ‘age’ them to 20 pore volumes, equivalent to one month of rainfall on an appropriate contributing area (treatment area = 2.5% of contributing area). 

Costs: labor and new barrels
Deliverables: Four bioretention cells for treatment of runoff
[bookmark: sec-3-3-2][bookmark: OrgXref.sec-3-3-2]Task 2: Baseline water chemistry testing
Water chemistry of effluent following conditioning will be tested for the analytes in Tables 2 and 3 including several metals, conventionals including nutrients, bacteria, and a suite of PAHs.  

Table 2. List of metals, conventionals, and bacteria to be analysed
	Analytes to be measured

		Total and dissolved Cd, Cu, Ni, Pb, Zn

	Total suspended solids

	Suspended sediment concentration

	Dissolved organic carbon

	Chemical oxygen demand

	Hardness

	Alkalinity

	pH

	Ammonia

	Total nitrogen and nitrates

	Total Phosphorus and ortho-P

	E. coli, fecal coliform






Table 3. List of PAHs to be analyzed
	Abbreviation
	Rings
	PAH Name

	NPH
	2
	Naphthalene

	C1-C3NPH
	3
	Alkylated naphthalenes

	ACY
	3
	Acenaphthylene

	ACE
	3
	Acenaphthene

	FLU
	3
	Fluorene

	C1-C4FLU
	3
	Alkylated fluorenes

	DBT
	3
	Dibenzothiophene

	C1-C4DBT
	3
	Alkylated dibenzothiophenes

	PHN
	3
	Phenanthrene

	C1-C4PHN
	3
	Alkylated phenanthrenes

	ANT
	3
	Anthracene

	PYR
	4
	Pyrene

	FLA
	4
	Fluoranthene

	C1-C4FLA
	4
	Alkylated fluoranthenes

	CHR
	4
	Chrysene

	C1-C4CHR
	4
	Alkylated chrysenes

	BAA
	4
	Benzo[a]anthracene

	BBF
	5
	Benzo[b]fluoranthene

	BKF
	5
	Benzo[k]fluoranthene

	BEP
	5
	Benzo[e]pyrene

	BAP
	5
	Benzo[a]pyrene

	PER
	5
	Perylene

	IDP
	5
	Indeno[1,2,3-cd]pyrene

	DBA
	5
	Dibenz[a,h]anthracene (and [a,c])

	BZP
	6
	Benzo[ghi]perylene




Costs: labor, water chemistry
Deliverables: brief report on baseline conditions
[bookmark: sec-3-3-3][bookmark: OrgXref.sec-3-3-3]Task 3: Coho exposures and chemistry
Highway runoff transported to the Suquamish Tribal Hatchery at Grovers Creek will be filtered on-site where adult coho spawners and coho embryos will be exposed to one of three treatments; unfiltered runoff, filtered runoff, or well water. 

Task 3.1.  Adult coho exposures
Healthy female adult coho returning to the Suquamish Tribal Hatchery on Grovers Creek will be placed in PVC holding tubes in experimental waters as described above.  Each holding tube will be equipped with a hose to pump water flow across the fish gills and each treatment tank will be aerated to maintain dissolved oxygen at optimum levels for adult coho health during exposures.  
After 4 hours of exposure, each coho will be removed from the holding tube and released into a tank of clean water for observation.  Adults exposed to untreated runoff typically show overt symptoms of pre-spawn mortality (disorientation, unresponsiveness, loss of equilibrium, or death) after 4 h.  Exposures will be extended for 24-48 h to compare mortality rates among treatments and to note if there are delayed effects from exposure to treated runoff compared with controls. 

[image: Macintosh HD:Users:Jen:Documents:LID PostDoc:Effectiveness Research:PSM 2013:TreatmentsPic.jpg]
Figure 2. Experimental setup for adult coho exposures during Oct 2013 pilot test.

Task 3.2.  Coho embryo exposures
Coho eggs spawned and fertilized at the Suquamish Tribal Hatchery on Grovers Creek will be reared on-site by hatchery personnel.  Eggs will be divided into three treatment groups episodically exposed to untreated runoff, bioretention-treated runoff, or clean well water (no episodic exposures).  Between episodic runoff exposures, eggs will be reared in clean well water.  The experiment will run for up to six months – covering the developmental period of coho salmon eggs.  Replicate exposures will allow for destructive sampling of coho eggs during the experiment (e.g., 1-mo sampling intervals). 
	Endpoints will include coho egg survival and development including morphometrics previously shown to be affected by stormwater runoff including length, eye size, and pericardial area.  Developing fish are particularly susceptible to cardiotoxic contaminants in stormwater runoff, thus special attention will be paid to cardiovascular abnormalities in coho embryos. Stereomicroscopic digital images will be taken of each embryo sampled for later analysis.  
This experiment will make use of the expertise of our multiple partners including GSI treatment (WSU), salmon rearing (Suquamish Tribe), fish developmental toxicity (NOAA), and fish health (USFWS).

Task 3.3.  Monitoring Chemistry
For each exposure, water samples will be taken from each treatment. Analytes to be measured include metals (Cd, Cu, Ni, Pb, Zn), a suite of conventional water chemistry parameters (including nutrients), bacteria, and a suite of parent and alkylated homologue polycyclic aromatic hydrocarbons (PAHs) (Table 2, 3).  PAH analyses will be performed by the Environmental Chemistry Program at NOAA Fisheries’ Northwest Fisheries Science Center. Additional analyses will be performed by AmTest Laboratory (Kirkland, WA). Dissolved oxygen, pH, temperature and conductivity will be measured on-site.
[bookmark: sec-3-3-7][bookmark: OrgXref.sec-3-3-7]Costs: Labor, tanks, pumps, water chemistry, travel
Deliverables: Results will be summarized for inclusion in final report and/or peer-reviewed published paper
Task 4: Data Analysis & Communications
Analysis for effect of treatment on water chemistry, adult coho, and coho embryos will culminate in a final report.  Results will also be directly presented to public, regulatory, and scientific audiences.  
Costs: labor
Deliverables: Final report/published paper 
[bookmark: sec-3-4][bookmark: OrgXref.sec-3-4][bookmark: sec-3-5][bookmark: OrgXref.sec-3-5]4.  Project Management
[bookmark: sec-3-5-1][bookmark: OrgXref.sec-3-5-1]4.1.  Project Team Structure and Internal Controls
· [bookmark: sec-3-5-1-1]Jay Davis (USFWS) will manage the project, interfacing with Dept. Ecology to ensure project goals and reporting requirements are met.
United States Fish and Wildlife Service, Washington Fish and Wildlife Office, 510 Desmond Drive SE, Lacey, WA 98503

· Jenifer McIntyre will be the lead for bioretention treatment and the embryo portion of the study
Washington State University, Puyallup Research and Extension Center, 7612 Pioneer Way E, Puyallup, WA, 98371
· Several researchers at NOAA-NWFSC will lead the adult coho portion of the study, provide technical assistance, and help analyze data
NOAA Fisheries, Northwest Fisheries Science Center, Environmental Conservation Division, 2725 Montlake Blvd. E, Seattle, WA 98112
· Mike Huff will provide fish, equipment, and personnel support at the hatchery
Suquamish Indian Tribe, Grovers Creek Salmon Hatchery, 23175 Indianola Rd NE, Poulsbo, WA 98370
[bookmark: sec-3-5-2][bookmark: OrgXref.sec-3-5-2]4.2.  Staff Qualifications and Experience
· [bookmark: sec-3-5-2-1][bookmark: sec-3-5-2-4][bookmark: OrgXref.sec-3-5-2-4]Steve Damm
Technician at U.S. Fish & Wildlife Service with 20 years experience in fisheries.  Will be in charge of runoff collection, transportation, disposal and coordinating activities with the Grovers Creek Hatchery.
· David Baldwin, Ph.D.
Research Zoologist at NOAA-Northwest Fisheries Science Center with 15 years experience in ecotoxicology. Will assist with adult and embryo exposures and analyse adult coho behavioural data.
· Julann Spromberg, Ph.D.
Toxicologist at NOAA-NWFSC with 20 years experience with ecotoxicology.  Will lead the adult coho exposures, will analyse adult coho data, and will assist with the embryo experiment and imaging.
· Jenifer McIntyre, Ph.D.
Postdoctoral researcher at WSU with 15 years experience in ecotoxicology.  Will lead bioretention treatment effort. Will assist with adult exposures, will lead the embryo experiment and imaging, and analyse embryo data. 
· Mike Huff
Tribal Fisheries Manager at the Suquamish Indian Tribe.  Will lead the operation of the Grovers Creek Hatchery that will provide coho adults and embryos and the facilities to perform the experiments.

[bookmark: sec-3-6][bookmark: OrgXref.sec-3-6]5.0.  Data Management
Data will be stored electronically as data files (e.g. spreadsheets and images) and in a database that will be shared with the SWG and the permittees.  
[bookmark: sec-4][bookmark: OrgXref.sec-4]Budget
[bookmark: sec-4-1][bookmark: OrgXref.sec-4-1]Budget Table
	Salaries
	Monthly
	Months
	Total

	Jay Davis
	 $9600 
	0.5
	 $4800 

	Steve Damm
	 $5,200.00 
	6
	 $31,200 

	Fishery Biologist I
	 $5,116.67 
	6
	 $30,700 

	David Baldwin
	 $-   
	-
	 $-   

	Julann Spromberg
	 $-   
	-
	 $-   

	Jen McIntyre
	 $-   
	4
	 $-   

	Mike Huff
	 $-   
	3
	 $-   

	
	
	
	

	Contracts
	
	
	

	Water chemistry
	
	
	 $24,000 

	
	
	
	

	Equipment
	
	
	

	Image acquisition system
	
	
	 $5,000 

	Stainless steel collection tank, transfer pump, hosing
	
	 $3,000 

	Recirculating systems for embryo exposures (pumps, tanks, tubing)
	 $5,000 

	
	
	
	

	Supplies
	
	
	

	Miscellaneous equipment and supplies (e.g. air stones, glassware, lights)
	 $3,000 

	
	
	
	

	Other
	
	
	

	GSA truck lease (1-ton pickup, 4 months)
	
	
	 $1,600 

	Travel costs (ferry fees & lodging)
	
	
	 $3,500 

	
	
	
	

	Direct Costs Summary
	
	
	 $111,800 

	
	
	
	

	Indirect costs (22%)
	
	
	 $24,596 

	
	
	
	

	Total Project Costs
	
	
	 $136,396 



[bookmark: sec-4-2][bookmark: OrgXref.sec-4-2]Budget Narrative
Importantly, the partners listed above will contribute significant resources to the project not reflected in the budget request by leveraging other funding sources. Primarily, this will take the form of labor (particularly McIntyre, Spromberg, Baldwin, and Huff) that will be involved in all phases of the project. Additionally, the Grovers Creek Hatchery (Huff) will provide the facilities, water, tanks, coho adults and embryos needed for the project, as well as the labor necessary for maintaining the fish.
[bookmark: _GoBack]The budget above lists the additional resources needed for the partners to accomplish the project. Two full time personnel (Damm and the contract Fisheries Biologist) devoted to the project will be needed during the setup and exposures. Water chemistry will be performed to assess the composition of the different exposure waters. This will include analysis for PAHs by the Environmental Chemistry Program at NOAA-Fisheries NWFSC and metals by AmTest Laboratories (Kirkland, WA). Image acquisition equipment (e,g, microscope and camera) will be needed to acquire images and video of the adults and embryos to assess behavioural and developmental effects. Equipment such as tanks and pumps will needed to collect and treat the stormwater and to perform the exposures. Regular use of a heavy-duty truck will be needed for moving water from collection sites in Seattle, WA to the hatchery near Kingston, WA. Travel to the hatchery will require recurrent ferry trips as well as occasional overnight lodging.
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