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Study Purpose
• Improve 60/40 Bioretention Soil Media (BSM) and                                              

High-Performance Bioretention Soil Media (HPBSM) to                                 
remove toxic stormwater pollutants. 
• Biochar and compost are proven to remove pollutants, including emerging contaminants 

such as 6PPDQ.
• Compost can leach phosphorus, copper, and PAHs, creating trade-offs that complicate 

compliance.
• Commercially available biochars that will treat pollutants (including 6PPDQ) and will 

reduce costs of BSM/HPBSM are available but have not been rigorously assessed.
• Procurement-ready specifications for biochar are not available.  

Priority Topic 15: Determine a biochar specification that produces the best pollutant removal treatment. 
Consider feedstock type, pyrolysis temperature, particle size, and post-processing treatments and how they 
can influence biochar's physical and chemical properties. Determine the effectiveness of biochar in 
removing contaminants such as nutrients, metals, hydrocarbons, PFAS and 6PPDQ.

SEM image showing the water 
holding capacity of biochar. 
Figure from Gondim 2018. 

https://www.researchgate.net/publication/328421025_EXPLAINING_THE_WATER-HOLDING_CAPACITY_OF_BIOCHAR_BY_SCANNING_ELECTRON_MICROSCOPE_IMAGES
https://www.researchgate.net/publication/328421025_EXPLAINING_THE_WATER-HOLDING_CAPACITY_OF_BIOCHAR_BY_SCANNING_ELECTRON_MICROSCOPE_IMAGES


Study Objective
• Evaluate biochars to recommend a cost-

effective procurement-
ready specification from existing suppliers 
and provide practical guidance for biochar 
addition to existing BMPs.
• We will consider pollutant removal, including 

metals, nutrients, and organics (with new 
knowledge generated for 6PPDQ and PFAS).

• We will assess how adding biochar to traditional 
BSM and HPBSM affects hydraulic performance.

• We will provide a final recommendations 
that includes the best concentration of biochar 
amendments to BSM and HPBSM and the utility 
of pre-rinsing biochars for reduced 
nutrient export.

Examples of biochars. Figure from the UC 
Davis Biochar Database.

https://biochar.ucdavis.edu/
https://biochar.ucdavis.edu/


Methodology
1) Expert judgement and literature 
review to select regionally available 
biochars.

Figure: One example of what is already known – 
from the literature (Kaya et al. 2022)

2) Benchtop sorption isotherms: how 
rinsing affects biochar properties, and 
how biochar material properties and 
concentrations of biochar in 
BSM/HPBSM affect 6PPDQ removal. 
 

Figure: One example of of how different 
biochars affect sorption isotherms for 
PFOA (from Skjennum et al. 2024). 

3) Column experiments: how 
biochar affects hydraulics 
and pollutant removal. 

Stormwater

Change in 
pollutants

4: Proposed procurement ready specifications 
using

currently available biochar.

TAC

https://www.sciencedirect.com/science/article/abs/pii/S0045653522022469
https://www.sciencedirect.com/science/article/pii/S0048969724073480
https://www.sciencedirect.com/science/article/pii/S0048969724073480
https://www.sciencedirect.com/science/article/pii/S0048969724073480


Study Results
• Literature review on biochar properties and removal of stormwater 

contaminants.

• Rinsing effects on properties and effectiveness of 12 biochars.

• Kinetics and sorption isotherms of 6PPDQ (10 biochars) and PFAS (1 
biochar).

• Hydraulic properties of multiple biochars at different concentrations in 
BSM and HPBSM.

• Pollutant removal using synthetic and field-collected stormwater with 
biochar at different content ratios in BSM and HPBSM. 

• Updated biochar specification based on the above.



Expected Outcomes
• Stormwater managers can use these results to easily 

procure commercially available biochar which will 
provide maximum pollutant removal.

• We will recommend a cost-effective procurement-
ready specification that includes biochar type and 
amount to add to BSM and HPBSM.

• We will also provide practical guidance for biochar 
addition to existing BMPs.

• The recommendation will be based on:
• effectiveness at pollutant removal 
• hydraulic properties
• considering ease of sourcing 
• cost effectiveness

Examples with biochar in Oregon and 
Washington. Photo credit: Myles Gray



Timeline and Budget

• Estimated total budget is 
$811,887.00

• Timeline is estimated at 2 years 
to complete the project.



Contact Information

• Ruth Sofield; 
ruth.sofield@wwu.edu; 
360-650-2181

• We hope to be looking 
for members of the 
future Technical Advisory 
Committee (TAC). Please 
let us know if you are 
interested!

mailto:ruth.sofield@wwu.edu


Methodology
• Because much is already known about biochar in stormwater treatment, we will 

use a literature review to identify biochar material properties that matter.

• We will then obtain 10-12 biochars from regional suppliers and use a combination 
of benchtop sorption experiments and column studies to determine:
• How rinsing impacts nutrient release and other properties (benchtop work).

• What material properties of biochar (for example, feedstock, pyrolysis temperature, and 
gradation) affect 6PPDQ sorption (benchtop sorption isotherms).

• Extent to which a selected biochar will sorb PFAS (benchtop sorption isotherm)

• How different biochars affect hydraulic properties of BSM and HPBSM (column work).

• How increasing biochar content and changing the composition of BSM and HPBSM 
components affect sorption (benchtop sorption isotherms) and pollutant removal with a 
combination of synthetic and real stormwater (column work). 
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