Pre-Proposal for Regional Stormwater Monitoring Program Effectiveness Studies
1. Title: Incorporating Fungal Cultivation into Biofiltration Media for Water Quality Improvements
2. Topic & Question: Low Impact Development (LID); Conduct soil amendment and bioretention soil mix leaching studies combined with plant selection studies for optimum removal of nutrients, bacteria, and metals. 
3. Lead Entity and Partners Expected to be Involved: 
	Alex Taylor, Fungi Perfecti, LLC (Fungal Cultivation Lead)
Andy Rheaume, City of Redmond (Tentative Primary Collaborator)
Mark Mauer, Washington State Department of Transporation (Tentative Secondary Collaborator)
Chris May, Kitsap County (Tentative Secondary Collaborator)

4. Abstract: 
There is a growing consensus in the Pacific Northwest regional stormwater management community that the “intrinsic” effluent profile of bioretention soils needs further characterization. The SWMP LID effectiveness literature review clearly identified instances of phosphorus, nitrogen, and metals exports from bioretention soils, including notably high exports from a site in Redmond, WA. While regional efforts to evaluate bioretention soil baseline leachate profiles are currently underway, it is likely that some soil compositions with desirable soil properties will also exhibit unwanted leachate profiles. 
Contemporaneously, a regional innovative small business, Fungi Perfecti, LLC, has been pioneering research on the use of fungal cultivation in biofiltration systems. A 2012 research effort between Fungi Perfecti and Washington State University demonstrated that select species of native fungi can be cost-effectively grown on regionally available mulch substrates and can improve the E. coli removal capacity of wood mulch even after exposure to the harsh environmental conditions such as freezing and dehydration. 
The intentional incorporation of fungi in environmental engineering design is currently positioned to become a viable and environmentally rational approach for altering the biological profile of bioretention soils to help reduce unwanted leachate exports while improving bacteria removal of LID installations. 
5. Approach: 
This study will leverage the data of existing regional experiments on bioretention soil leachate profiles and experimental rain garden mesocosms to cost effectively achieve meaningful results about a novel LID management practice—fungal “planting.” Leachate profile data on compost and bioretention soil mixes are currently underway at Washington State Department of Transportation and Kitsap County, respectively. These ongoing studies will be used as a baseline framework for cost-effectively studying a new variable. Namely, the present study on the effect of fungal cultivation in bioretention media will be designed to match the experimental conditions and monitoring parameters of the WSDOT and Kitsap County studies, with the addition of a single experimental variable. 
Specifically, each soil/compost substrate in the WSDOT and Kitsap County studies will be evaluated again in this study under two new experimental conditions. Each soil type will be mulched with a 4 inch layer of either municipal debris chips or municipal debris chips that have been inoculated with Fungi Perfecti’s Stropharia rugoso-annulata mushroom spawn. Each experimental treatment will be stored under ambient conditions for a 12 week period to allow for fungal growth and establishment of biological functions of the fungal inoculum within the soil matrix. Each experimental or control treatment will then be evaluated according to the procedures previously used in the WSDOT and Kitsap County studies. Pending positive results as evaluated by decreased BOD, nutrient, and/or metal exports, an analogous testing scheme will be implemented at full-scale at the City of Redmond’s experimental bioretention mesocosms. These will be analyzed according to the parameters outlined in the City of Redmond’s existing experiment QAPP. 
This design will evaluate the benefits of incorporating soil-interfacing fungi into bioretention planting media for improved removal of nutrients, metals, and bacteria while avoiding duplication of control data by leveraging existing studies and experimental designs.
6.  Timeline: This question can be answered in less than 5 years.
7. Sites, Locations, and Data:
This study will take place at the WSDOT, Kitsap County, and City of Redmond experimental bioretention media study facilities. The existing data from ongoing experiments at these sites will be used as the baseline control data for the proposed study.
8. Intended Outcomes:
This study will leverage a significant body of existing experimental data from public and private sector experiments to help introduce a new paradigm in environmental engineering. Since the inception of engineered ecosystems, plants have naturally been incorporated into bioretention/biofiltration facilities. This study stands to dramatically expand acceptance of that common practice by expanding the scope of research to include an entirely distinct kingdom of life in engineered ecosystems—the fungi. A number of water quality improvements can reasonably be expected, ranging from decreased BOD and turbidity exports (wood decaying fungi degrade tannins), to improved removal of bacteria, to experimental improvements in phosphorous immobilization via increased microbial activity in the soil.
9. State-of-the-art:
Mushroom-forming fungi are primarily terrestrial, aerobic organisms whose vegetative growth takes the form of an intricate and dynamic three-dimensional web of tube-like cells called mycelium. The incorporation of these organisms into engineered water treatment ecosystems and biofiltration media have demonstrated improvements in bacteria reductions both in the laboratory and at scale. 

In 2009 a study conducted by Pacific Northwest National Laboratory under contract to the Jamestown S’Klallam Tribe evaluated the performance differences in rain gardens (planted bioretention basins) in an agricultural region of the Dungeness watershed of Washington State. Two mirror-image rain gardens were constructed to compare the performance differences between a garden inoculated with Pleurotus ostreatus and Stropharia rugoso-annulata mycelium and a rain garden without fungal inoculum in the wood mulch layer. The mycelium-enhanced rain garden (Figure 2) removed 24% more fecal coliform from runoff at the low influent concentration of 30 colony forming units (CFU)/100 ml  than the control rain garden without mycelium (Thomas and others 2009).

In 2012, a study conducted by Fungi Perfecti, LLC and Washington State University (WSU) confirmed the potential of mycofiltration media to remove E. coli from synthetic stormwater under laboratory conditions. Removal of E. coli by mycofiltration biofilters was evaluated using media that had been exposed to simulated field conditions such as -15 to 40 °C (5 to 140°F) temperature extremes as well as mycofiltration biofilters that had been grown and stored under moderate environmental conditions and  un-inoculated wood chips. Stropharia rugoso-annulata grown on wood chips yielded a 20% improvement in E. coli removal relative to the wood chip control filters at the hydraulic loading rate of 0.5 L/min (0.43 m3/m2·d). The removal of E. coli was similar between Vigor-Tested and Non-Vigor-Tested media, although the Non-Vigor-Tested media had lower variability (p<0.05). Additional testing suggested that E. coli removal improved when sediment was incorporated into the synthetic stormwater.

While these studies have not comprehensively evaluated the effects of fungal cultivation on bioretention parameters of particular interest as identified in the SWMP LID Effectiveness Literature review, there are significant reasons to consider these applications. Phosphorus leaching from the mulch layer of bioretention cells has been identified as an area of significant concern. While “decomposition” of the mulch layer is implicated in these exports, the review by Roy-Poirier referenced in the review clearly indicates that the cycling processes are not completely understood. To quote Roy-Poirier, “Immobilization is the reverse of mineralization, which occurs as soil microorganisms convert soluble orthophosphate to microbial biomass (Stevenson and Cole 1999). Microbial tissue generally contains a greater concentration of phosphorus than plants.” Additional improvements to turbidity caused by tannins leaching from wood mulch or compost is also indicated by research at Fungi Perfecti (Figure 1). Fungi Perfecti has demonstrated cost-effective techniques for incorporating fungi into engineered landscapes. It is reasonable to consider the possibility of water quality improvements by nutrient sequestration by fungi as a timely approach to address the RSMP’s goal to “conduct soil amendment studies combined with plants for optimum removal of nutrients, bacteria, and metals.” Figure 1: Effluent from Alder wood chips water vs. Alder wood chips growing Stropharia rugoso-annulata mycelium.


10. Expected Duration: 2 years
11. Approximate Cost: $60,000
12. Distribution of Results: Fungi Perfecti has a long collaborative history in the region, including work with WSU stormwater center and other county extension offices. Results would be distributed through WSU extension workshops as a non-propriety technology, and through presentations at conferences such as the Salish Sea Ecosystem Conference, and the Managing Stormwater in the Northwest Conference. 
13. [bookmark: _GoBack]Other Information: This proposal is submitted by Fungi Perfecti, however we understand that these funds are not eligible for small businesses. We are in interested in working on this type of project as a public-private partnership and are in collaborative communication with the collaborators listed on this proposal, however as this is a pre-proposal, not formal agreements are yet in place.
14. Contact Information: Alex Taylor, alex.t@fungi.com, 360-426-9292 ext. 134
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