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Field Testing Eastern Washington's High and Medium 

Priority BMPs for 6PPD-q Removal (LOI #20) 

1. APPLICANT INFORMATION 

Lead Organization: University of Idaho, Department of Natural Resources and Society 

Principal Investigator: Dr. Mary Engels, Assistant Professor 

• Email: engels@uidaho.edu 

• Phone: 208-884-5804 

Fiscal Agent: University of Idaho Office of Sponsored Programs 

Project Duration: 24 months (July 1, 2026 - June 30, 2028) 

Total Project Budget: $268,176 

2. PROJECT PURPOSE 

2.1 Priority Topic Addressed 

This project directly addresses SAM Round 5 Priority Topic #19: "Study existing gray or green 

BMPs to verify capture or treatment of 6PPDQ. Consider both solids and dissolved forms of the 

pollutant" and Topic #1 regarding identifying correct BMPs for intercepting road-derived toxics 

to protect salmonid populations. 

Project purpose summary: This project will field-test high- and medium-priority stormwater 

BMPs across Eastern Washington to quantify 6PPD-q removal effectiveness under semi-arid 

climate conditions and provide directly transferable guidance to all 19 Eastern Washington 

permitted jurisdictions. 

2.2 Specific NPDES Permit Requirements Addressed 

This project supports implementation of the Eastern Washington Phase II Municipal 

Stormwater Permit (2024-2029) by addressing: 

S8.B - SWMP Effectiveness Studies (Primary Requirement): Permittees must participate in 

effectiveness studies (S8.B.2). This SAM-funded project fulfills the requirement for permittees 

choosing option S8.B.3.b (SAM collective fund payments). 

S5.B.5 - Post-Construction Stormwater Management: Evaluates whether BMPs meet permit 

requirements to "protect water quality, reduce pollutants to the MEP, and satisfy state AKART 

requirements." 
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S4.C-D - MEP and AKART Standards: Provides data on whether installed BMPs achieve 

Maximum Extent Practicable and All Known, Available, and Reasonable Treatment for 6PPD-q 

removal. 

Results will inform BMP selection, maintenance optimization, and future updates to technical 

standards (Appendix 1, SWMMEW), directly benefiting all 19 permitted jurisdictions and 

protecting ESA-listed salmon habitat. 

2.3 Project Significance 

This study advances regional implementation of stormwater management programs by filling a 

critical knowledge gap which is that existing research on 6PPD-q removal comes primarily from 

Western Washington's wet climate, leaving Eastern Washington permittees with limited 

performance data for their semi-arid conditions. By evaluating operational BMPs across three 

municipalities spanning the jurisdiction size range (Asotin County ~15,000, Pullman ~33,000, 

Spokane Valley ~100,000), this project provides directly transferable findings for all 19 Eastern 

Washington permitted jurisdictions and other semi-arid regions. The dataset from 8 storm 

events from 6 distinct BMPs will establish climate-appropriate BMP selection criteria, enable 

cost-effective infrastructure planning, inform maintenance optimization, and support future 

updates to the Stormwater Management Manual for Eastern Washington and Appendix 1 

technical standards. All three participating permittees will be actively engaged in project 

development and delivery through help with BMP selection, site access coordination, and 

review of findings. Results will be disseminated through the International Stormwater BMP 

Database, a SAM Fact Sheet, and presentations to regional forums, providing durable 

deliverables that support long-term water quality protection and preservation of ESA-listed 

salmon habitat in Eastern Washington's rivers and streams. 

3. PROJECT DESCRIPTION/SCOPE OF WORK 

3.1 Background and Knowledge Gaps 

N-(1,3-Dimethylbutyl)-N'-phenyl-p-Phenylenediamine-quinone (6PPD-q) is a highly toxic by-

product of an antioxidant ubiquitously used in rubber tire manufacturing. It has demonstrated 

lethal and sub-lethal effects on aquatic organisms, including coho salmon (Johannessen et al., 

2021; Tian et al., 2021; Varshney et al., 2021). This contaminant enters aquatic systems 

primarily through urban stormwater runoff, transported by leachates or tire wear particulates 

(TWP) (Capolupo et al., 2020; Halle et al., 2020; Hiki et al., 2021). TWP are identified as 

contaminants of concern by the Columbia River Basin Restoration Working Group and the Puget 

Sound Stormwater Group (Columbia River COC Framework, 2020; Stormwater Work Group 

Work Plan, 2021-2022). The recent discovery of 6PPD-q creates significant knowledge gaps 

regarding its impact on aquatic ecosystems (Hiki et al., 2021; McIntyre et al., 2021). 
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Existing stormwater best management practices (BMPs) may effectively prevent 6PPD-q from 

entering aquatic systems. In 2022, the Washington Department of Ecology (Ecology) analyzed 

BMPs with potential to reduce these contaminants based on design specifications. However, 

existing research comes primarily from wet climates during wet seasons, leaving gaps in 

understanding BMP performance under semi-arid conditions or following extended dry periods. 

3.2 Study Questions 

This two-year study of installed high- and medium-treatment BMPs across Eastern Washington 

will answer: 

1. Are installed BMPs effectively removing 6PPD-q from stormwater in Eastern 

Washington? 

2. Does removal effectiveness vary with preceding dry period length and storm 

characteristics? 

3. Which BMP types demonstrate the most reliable performance across different 

conditions? 

3.3 Study Design Overview 

Field testing will evaluate operational BMPs categorized as high and medium priority as 

identified in the Washington Department of Ecology's 2022 analysis. Testing sites will span 

municipalities of varying sizes (15,000–100,000) across Eastern Washington, characterizing BMP 

performance under semi-arid conditions (wet winters, dry summers, 16-21 inches annual 

precipitation). Paired influent and effluent sampling and sediment sampling will quantify 

removal efficiency for both dissolved and particulate-bound 6PPD-q across different hydrologic 

regimes. 

The study will evaluate six BMPs total (two per municipality) across eight storm events per BMP, 

resulting in 48 paired sampling events. In addition to 6PPD-q analysis, all water samples will be 

analyzed for total suspended solids (TSS), total phosphorus (TP), and dissolved copper (Cu) and 

zinc (Zn) to ensure selected BMPs are meeting Ecology's removal criteria for known pollutants. 

Sediment samples will be collected from infiltration-type BMPs to determine the amount of 

6PPD-q bound to sediments under both wet and dry conditions. 

3.4 Detailed Task Descriptions 

Task 1: Project Management and Coordination (Duration: Months 1-24) 

Dr. Engels will manage the project budget, schedule, and deliverables, and coordinate with 

permittees, the Technical Advisory Committee (TAC), analytical laboratories, and Ecology. She 

will organize TAC formation with assistance from the SWG and participating permittees. Semi-

annual project reports will be submitted to Ecology documenting project status. 
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Deliverables: 

• D1.1 TAC membership list (Month 2)  

• D1.2 Semi-annual Progress Report #1 (Month 6)  

• D1.3 Semi-annual Progress Report #2 (Month 12)  

• D1.4 Semi-annual Progress Report #3 (Month 18)  

• D1.5 Semi-annual Progress Report #4 (Month 24)  

Task 2: BMP Selection and Site Characterization (Duration: Months 1-3) 

Dr. Engels will meet with each partner permittee to review the inventory of installed and 

accessible BMPs within their stormwater management system. Together they will select two 

BMPs to sample for this study along with a list of alternatives. They will target a maximum of 

three different types of BMPs across all study locations with moderate or high 6PPD-q removal 

potential. Selected BMPs will be shared with the TAC committee for review and feedback. 

Data Requested from Permittees includes BMP inventory, design specifications (media 

composition, hydraulic residence time, infiltration rates, drainage areas), maintenance history, 

as-built drawings, and access permissions. Site identification is already underway. In Spokane 

Valley, the permittee has provided a candidate site list; potential study sites are stormwater 

bioinfiltration swales built between 2003 and 2011, representative of Eastern Washington 

design standards, with varying contributing drainage areas and discrete inflows. Three 

candidate sites (SW5, SW3411, SW352) have been previously sampled and meet soil suitability 

criteria for both the Stormwater Management Manual for Eastern Washington (SWMMEW) and 

the Spokane Regional Stormwater Manual (SRSM) based on confirmed CEC and organic matter 

content. A fourth site (SW283, built 2011) will undergo soil testing during Task 2; it was 

constructed with 2” topsoil over Springdale/Garrison native soils verified at construction to 

meet minimum bioinfiltration suitability requirements. Finalization of all sites will occur during 

permittee meetings in Task 2, with backup alternatives identified at each municipality. 

Deliverables: 

• D2.1 Meeting notes - Asotin County (Month 2)  

• D2.2 Meeting notes - Pullman (Month 2)  

• D2.3 Meeting notes - Spokane Valley (Month 3)  

Task 3: Quality Assurance Project Plan Development (Duration: Months 2-6) 

A Quality Assurance Project Plan (QAPP) will be developed for approval by the Washington 

Department of Ecology using Ecology's QAPP Templates and Checklists. The QAPP will use 

information from Task 2 to describe the field sampling techniques for each type of BMP to be 

sampled and the controls to be put in place to ensure data quality. The draft QAPP will follow 

Ecology's Guidelines for Preparing Quality Assurance Project Plans for Environmental Studies, 
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July 2004 (Ecology Publication No. 04-03-030) and will be reviewed by the TAC and the 

stormwater permittee partners before submission to Ecology for review. Because the 

bioinfiltration BMPs evaluated in this study are already permitted under the SWMMEW and are 

not emerging or proprietary technologies seeking use level designation, formal TAPE 

certification is not required. However, TAPE field evaluation standards represent best practice 

for stormwater monitoring in Washington, and the QAPP will explicitly align with those 

elements. The QAPP will also document BMP design specifications (media composition, 

hydraulic residence time, infiltration rates, drainage area) as part of site characterization, 

consistent with TAPE evaluation criteria. 

Deliverables: 

• D3.1 Draft QAPP  

• D3.2 Final QAPP  

Task 4: Field Sampling and Laboratory Analysis (Duration: Months 7-22) 

Field Sampling: The project team will collect paired influent and effluent grab samples from 

selected BMPs during storm events between spring 2027 and spring 2028. The team will target 

eight qualifying storm events at each BMP location and deliver samples to accredited 

laboratories within designated holding times. For infiltration-type BMPs, the team will also 

collect infiltration media samples during both dry and wet periods to assess 6PPD-q retention in 

soils. Sampling procedures will follow Washington Department of Ecology (SOP V1.2Collecting 

Grab Samples from Stormwater Discharges, SOPv1.2) and relevant EPA protocols (e.g., EPA Draft 

Method 1634 for 6PPD-q). Qualifying storm event criteria, including minimum runoff 

thresholds, antecedent dry period requirements, and sample hold times, will be defined 

explicitly in the QAPP and submitted for Ecology approval prior to sampling. For infiltration-type 

BMPs without existing underdrains, the team will coordinate with permittees to install 

temporary groundwater monitoring wells to enable effluent sampling. 

Quality assurance procedures will include field duplicates (10% frequency), field blanks (5% 

frequency), strict chain of custody protocols, and complete field documentation (photographs, 

weather conditions, flow observations). 

Laboratory Analyses: All influent and effluent samples will be analyzed for 6PPD-q, TSS, Zn, Cu, 

and TP using Ecology accredited AnatekAnatek laboratories in Moscow, ID. Accreditation status 

of Anatek Laboratories for 6PPD-q analysis in Washington State will be confirmed prior to QAPP 

finalization; a lab waiver will be obtained if needed, or a Washington-accredited laboratory will 

be identified as an alternative.  Soil samples will be processed by Eurofins laboratory in West 

Sacramento, CA. 

Deliverables: 

• D4.1 Field Sampling Summary Report with metadata  
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• D4.2 Complete laboratory analytical reports in Excel format  

Task 5: Data Analysis and Reporting (Duration: Months 21-24) 

Dr. Engels will compile and manage all data provided by the permittees, collected in the field, 

and provided by the analytical laboratories. All data will be stored in a secure database with 

version control and regular backups. She will conduct data review as lab reports are received 

and will conduct data validation prior to data analysis. Dr. Engels and her students will carry out 

data analysis including data exploration and visualization as well as appropriate statistics on the 

chemistry results. 

Data analysis will include calculation of removal efficiencies, statistical comparison of BMP 

performance, evaluation of antecedent dry period effects, and comparison of dissolved vs. 

particulate-bound 6PPD-q fate. 

Dr. Engels will prepare a draft report with findings and recommendations, incorporate TAC and 

Ecology feedback, and finalize the report. 

Deliverables: 

• D5.1 Draft Final Report  

• D5.2 Final Report  

Task 6: Dissemination of Findings (Duration: Months 18-24) 

All data generated from this project will be formatted for submission to the International 

Stormwater Best Management Practice Database (https://bmpdatabase.org/) and delivered 

electronically to Ecology for future submittal. Findings from this study will be presented at a 

Stormwater Work Group meeting before the final report is completed and at a conference with 

stormwater and regional focus to distribute findings to Washington municipal stormwater 

permittees. A 2-page SAM factsheet will be created following the SAM template to summarize 

findings of the study. The Fact Sheet and conference presentations will explicitly contextualize 

Eastern Washington’s semi-arid BMP performance relative to Western Washington wet-climate 

conditions, ensuring findings are accessible and interpretable to the broader Washington 

stormwater community. All data will also be submitted to the International Stormwater BMP 

Database to ensure regional and national accessibility. 

Additional presentations will be provided at the municipal stormwater meetings and the 

Spokane River Forum, as applicable, to reach local and regional stakeholders. 

Deliverables: 

• D6.1 Data formatted for BMP Database  

• D6.2 Draft SAM Fact Sheet  

• D6.3 Final SAM Fact Sheet  
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• D6.4 SWG Presentation  

• D6.5 Conference Presentation  

3.5 Communication Plan 

The project will maintain communication with all stakeholders through multiple channels. Semi-

annual progress reports will be submitted to Ecology every six months documenting project 

status, activities completed, data collected, and any challenges encountered. Dr. Engels will hold 

quarterly meetings (in-person or virtual) with partnering municipalities and provide email 

updates to permittees within one week of each sampling event, including preliminary field 

observations and photos. The Technical Advisory Committee will meet semi-annually to review 

progress, provide technical guidance, and review draft deliverables. Required dissemination 

activities include a presentation to the Stormwater Work Group before the final report is 

completed, a two-page SAM Fact Sheet following the SAM template, and a presentation at a 

regional conference such as the Spokane River Forum or Pacific Northwest Clean Water 

Association. Additional presentations will be provided to local stakeholder groups as 

appropriate to maximize the reach and impact of study findings. 

4. PROJECT TEAM AND QUALIFICATIONS 

Dr. Mary Engels, Assistant Professor at the University of Idaho's Department of Natural 

Resources and Society, will serve as Principal Investigator (15% FTE over 24 months). Dr. Engels 

brings expertise in 6PPD-q contaminant analysis, and water quality monitoring, with experience 

managing over $1 million in funding from various agencies for environmental and educational 

research including 6PPD-q contamination. She has successfully managed collaborative projects 

with municipalities and state agencies, coordinated field research teams, and managed 

analytical laboratory partnerships. She will be responsible for project management, TAC 

coordination, data analysis oversight, and report writing. The project team will include one to 

two graduate students to help leading field sampling and data collection, and 2-4 

undergraduate research assistants providing field support. Graduate students will complete 

documented training in Ecology SOPs, chain-of-custody procedures, and quality assurance 

protocols prior to any sampling event; training requirements will be specified in the QAPP. Dr. 

Engels will accompany the team for the first sampling events at each site. Undergraduate 

assistants will provide field support under graduate student and PI supervision and will not 

independently collect or handle samples for laboratory submission. The project will also 

develop a storm event monitoring protocol using weather forecast services and permittee rain 

gauge alerts to provide 12–24 hours of advance notice, with site access pre-arranged so the 

team can mobilize quickly. 
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The Technical Advisory Committee will provide technical expertise, regional perspective, and 

ensure study findings are relevant and useful to permittees. The TAC will include 6–8 members: 

representatives from each of the three permittee organizations, Ecology, and at least two 

additional regional stormwater or 6PPD-q technical experts. TAC membership will be 

established as one of the first project management tasks (Task 1 D.1).  Additional SWG 

representatives will be identified with SWG assistance during Task 1. The TAC will meet semi-

annually to review study design, sampling protocols, data interpretation, and draft deliverables. 

At least one additional TAC check-in will be scheduled during the field sampling year (Year 2) 

following the first storm sampling events, to allow for rapid protocol adjustments if needed. 

5. PROJECT MANAGEMENT STRATEGY  

Dr. Mary Engels will serve as Principal Investigator and Project Manager, overseeing all project 

activities, budget management, and coordination with permittees, the Technical Advisory 

Committee, laboratory partners, and Ecology. She will supervise graduate students and 

undergraduate assistants with weekly team meetings. The University of Idaho's Office of 

Sponsored Programs will provide administrative oversight. Dr. Engels will track expenditure 

monthly and communicate with Ecology if budget adjustments are needed. She will maintain 

quarterly meetings with the three participating municipalities (Asotin County, Pullman, Spokane 

Valley). The TAC will meet semi-annually to review progress and deliverables. 

6. PROJECT BUDGET 

6.1 Budget Narrative 

Personnel (Total: $89,444): Salary and fringe for 1 month of PI per year with a 2% annual 

increase, 1,040 hrs/year of graduate help, and 400 hrs/year of undergraduate help. 

Laboratory Analysis (Total: $68,600): ~110 water samples @ $581/sample and ~14 sediment 

samples at $323 per sample. 

Travel (Total: $6,740): Estimated milage of 2000 miles/year @ $0.725/mile, 6 nights/year of 

lodging @ $150/night, 15 days/year of per diem @ $68/day 

Supplies and Equipment (Total: $14,000): Field sampling supplies (durable and consumable), 

groundwater well materials, data collection equipment 

Indirect Costs (Total: $89,392): University of Idaho overhead (50%) 
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6.2 Budget Summary Table 

Tasks and Deliverables Cost Target Date 

1. Project Management $22,450   

D1.1 List of TAC members $1,050 Aug-26 

D1.2 Semi-annual Progress Report #1 $5,350 Dec-26 

D1.3 Semi-annual Progress Report #2 $5,350 Jun-27 

D1.4 Semi-annual Progress Report #3 $5,350 Dec-27 

D1.5 Semi-annual Progress Report #4 $5,350 Jun-28 

2. BMP Sampling Determination $7,533   

D2.1 Notes from Permittee Meeting #1 $2,511 Sep-26 

D2.2 Notes from Permittee Meeting #2 $2,511 Sep-26 

D2.3 Notes from Permittee Meeting #3 $2,511 Sep-26 

3. QAPP Development $14,917   

D3.1 Draft QAPP $7,458 Oct-26 

D3.2 Final QAPP $7,459 Dec-26 

4. Field Sampling and Laboratory Analysis $190,443   

D4.2 Field Sampling Reports $111,843 Dec-27 

D4.2 Lab reports on chemical analysis results $78,600 Dec-27 

5. Data Analysis and Final Reporting $14,917   

D5.1 Draft report on monitoring data for all analytes $7,458 Mar-28 

D5.2 Final report on monitoring data for all analytes $7,459 Jun-28 

6. Dissemination of Findings $17,917   

D6.1 Data formatted for the International Stormwater BMP Database $1,792 Jun-28 

D6.2 Draft SAM Fact Sheet $4,479 May-28 

D6.3 Final SAM Fact Sheet $4,479 Jun-26 

D6.4 Present finding at the Stormwater Work Group $2,687 May-28 

D6.5 Present finding at a local or regional conference $4,479 Apr-28 

Totals $268,176   
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7. PROJECT SCHEDULE 

Calendar Year 
202

6   2027       2028   

Tasks and Deliverables 
Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

1. Project Management                 

D1.1 List of TAC members                 

D1.2-5 Semi-annual Progress Report #1-4                 

2. BMP Sampling Determination                 

D2.1-3 Notes from Permittee Meeting #1-3                 

3. QAPP Development                 

D3.1 Draft QAPP                 

D3.2 Final QAPP                 

4. Field Sampling and Laboratory Analysis                 

D4.2 Field Sampling Reports                 

D4.2 Lab reports on chemical analysis 
results                 

5. Data Analysis and Final Reporting                 

D5.1 Draft report on monitoring data for all 
analytes                 

D5.2 Final report on monitoring data for all 
analytes                 

6. Dissemination of Findings                 

D6.1 Data formatted for the International 
Stormwater BMP Database                 

D6.2 Draft SAM Fact Sheet                 

D6.3 Final SAM Fact Sheet         

D6.4 Present finding at the Stormwater 
Work Group                 

D6.5 Present finding at a local or regional 
conference                 
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