Study title:
[bookmark: _GoBack]Testing LID for preventing toxicity to ecosystems from episodic exposures to stormwater runoff 

Topic & Question:
Topic: Low Impact Development	
Sub-topic: Pollutant reduction benefits to receiving waters
Question addressed: Conduct soil amendment and bioretention soil mix leaching studies combined with plant selection studies for optimum removal of nutrients, bacteria, and metals.

Lead Entity:
Washington State University (WSU), Puyallup Research and Extension Center, 2606 W Pioneer Ave, Puyallup, WA, 98371

Partners:
NOAA Fisheries (NMFS), Northwest Fisheries Science Center, 2725 Montlake Blvd. E, Seattle, WA 98112

United States Fish and Wildlife Service (USFWS), Washington Fish and Wildlife Office, 510 Desmond Drive SE, Lacey, WA 98503

King County Department of Natural Resources & Parks, Water and Land Resources Division, 201 S Jackson St, Suite 600, Seattle, WA 98104

Abstract:
Bioretention is an LID technique able to intercept and retain a wide variety of contaminants in stormwater runoff (e.g., metals, PAHs, TSS).  Bioretention can also leach contaminants into treated runoff, including nutrients and dissolved copper.  The combined effect of bioretention on aquatic animals in receiving waters is unknown.  Our pilot work with the biological effectiveness of bioretention has shown considerable promise in terms of preventing toxicity in fish and invertebrates exposed to stormwater runoff.  The current project proposes studying the effect of stormwater runoff in episodic, long-term exposures to fish and invertebrates concurrent with runoff treated by bioretention.  Replicated artificial stream channels would be colonized with assemblages of wild native invertebrates and coho salmon eggs.  Channels would receive untreated runoff, bioretention-treated runoff, or clean water over a period up to 6 months. Endpoints of biological effectiveness would include the abundance and diversity of aquatic invertebrates, the survival of coho embryos, and sublethal indicators of fish toxicity.  This would be the first replicated assessment of LID effectiveness at this scale.  

Approach:
	For this project we will construct artificial stream channels alongside experimental bioretention treatment systems at the WSU Puyallup Research & Extension Center.  Stream channels will be inoculated with native invertebrate communities from a pristine watershed (e.g., Cedar River) and incubated with coho salmon eggs.  Coho typically spawn between October and December.  After channel establishment, the experiment will run for up to six months – covering the developmental period of coho salmon eggs.  Replicate channels will allow for destructive sampling of invertebrate communities and coho eggs during the experiment (e.g., 1-mo sampling events).  
	Treatments will include untreated runoff, bioretention-treated runoff, and clean water controls.  Exposures to stormwater runoff (real or synthetic) will be episodic and will interrupt re-circulating clean background control water. Endpoints will include invertebrate density and diversity as well as coho egg survival and development.  Developing fish are particularly susceptible to cardiotoxic contaminants in stormwater runoff, thus special attention will be paid to cardiovascular abnormalities.  This experiment will make use of the expertise of our multiple partners including LID treatment (WSU), fish developmental toxicity (NOAA), fish health (USFWS), and stream ecology (King County).

Time frame:	< 5 years

Location: WSU Research & Extension Center in Puyallup, WA

Intended outcome(s) of the study:
	Knowledge about the integrated impacts of stormwater runoff on ecosystem health and the ability of bioretention to prevent harm in receiving waters.

What is known about the effectiveness of this stormwater management practice?
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 (Section 2.4.2).  Properties of bioretention that enable high adsorption capacity (e.g., the use of compost) may be sources of additional contaminants to effluent waters (e.g., nutrients and dissolved copper) that may pose problems for ecosystems chronically exposed to treated stormwater runoff.  For example, recent bioretention installations (City Redmond, WSU) have shown bioretention media leaching dissolved copper at concentrations that raise concern about effects on receiving waters (Section 2.4.2.4).
Our pilot work filtering highway stormwater runoff through the 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 the white paper on LID techniques (Table 5).   What is unknown is whether these reductions in pollutants are sufficient to protect aquatic wildlife in receiving waters.  Our work is a first step towards assessing the biological effectiveness of low impact development.  The white paper on LID Techniques clearly notes a lack of ecological effectiveness studies for any LID techniques employed to control stormwater quantity and quality (Sections 2.1.5 and 2.1.7).  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.  
In the LID white paper, assessing the biological benefits of LID to receiving waters is mentioned only at the basin scale (Executive Summary, 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.

Duration: 1-2 years

Approximate Cost: $150,000

How to share with stormwater practitioners:
	In addition to publishing the results in a peer-reviewed scientific journal, we would present the findings at the Annual Review of the WSU LID Research Center and other local stormwater events, and aim to incorporate these findings into LID educational materials distributed by the WA Department of Ecology.

Name, address, phone number:
	Jenifer McIntyre
	Washington State University 
	Puyallup Research & Extension Center
2606 W Pioneer Ave
	Puyallup, WA 98371
jen.mcintyre@wsu.edu
	2056-369-1832
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