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Overview

* Why is stormwater a problem?

* How do we manage stormwater?

* What is bioretention?

e Current challenges with bioretention

* Ways biochar might address these challenges

* Research overview: biochar as a bioretention amendment
* Challenges of incorporating biochar into bioretention
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Why is stormwater a problem?

WATER BALANCE

38% evapotranspiration

40% evapotranspiration

25% shallow 21% shallow
infiltration infiltration
; 25% deep 21% deep
~infiltration - infiltration
Natural Ground Cover 10%-20% Impervious Surface

35% evapotranspiration [ 1 | 30% evapotranspiration

20% shallow 10% shallow
infiltration infiltration
15% deep 5% deep
- infiltration - infiltration
35%-50% Impervious Surface 75%-100% Impervious Surface

Diagram inspired by a graphic produced by the Federal Interagency Stream Restoration Working Group (FISRWG)
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FORESTED LAND COVER
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GROUNDWATER INTO PUGET SOUND  GROUNDWATER
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Data Sources: Puget Sound Fact Book - Parametrix (2010) Puget Sound Stormwater Retrofit Cost Estimate Appendix A, USGS Summary of
Land Cover Trends Puget Lowland Ecoregion, WSDOT Hydraulics Manual - Runoff Coefficients for the Rational Method 10-year Frequency
All stormwater runoff volumes shown are estimates. Infographic © TNC\Erica Simek Sloniker



Impervious cover — Puget Sound
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Why is stormwater a problem?

Stormwater runoff
transports
pollutants

Stormwater is affecting our environment, economy and human health.

_ Upstream Watersheds Runoff
(Green River and Lake Washington) . _ Airborne

POPULATION GROWTH POLLUTION [ rryse o

chemicals entering
Puget Sound are
carried by

The Puget Sound region is one PETROLEUM
of the most rapidly urbanizing in
the nation and is estimated to
reach over 5.7 million by 2030.

9,200

stormwater runoff
that flows off hard
urban surfaces.
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FROM VEHICLES
As population grows, natural land covers
are converted to impervious surfaces
such as roofs, roads, and sidewalks.
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How do we manage stormwater?

Re-envisioning and re-designing cities to function more like forests so water is
absorbed back into the ground, in addition to treating stormwater through
traditional means, will solve our region-wide stormwater problem.

COOLER AIR,
ENERGY
BETTER RECREATION
INCREASED AIR QUALITY SAVINGS
PROPERTY COMMUNITY URBAN
VALUES AESTHETICS TREE COVER
RAIN GARDENS Ieteprane
catch water SWALES catch evapo;al les
from roofs water and filter o S

it slowly back
into the ground

POROUS PAVEMENT
allows water to pass
through into the
native soils

SOIL BUILDING with
mulch and compost
holds moisture

L ECOLOGICAL
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QUALITY

Credit: The Nature Conservancy
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Goal: protect ecosystems, wildlife,
human water uses
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What is bioretention?

Mulch Layer Temporary

Ponding Area Native

Plantings Optional Stone Weir
(Overflow Spillway)

Inlet from Roadway
or Parking Area
(Grass, Vegetated, or Stone-Lined Swale)

Optional
Geotextile
(Sides Only)

’eastone Separator

Optional
Underdrain

Bioretention areas are similar to rain gardens, but are more highly engineered to include an underdrain, overflow inlet, gravel bed, ang

bngineered soils to promote infiliration.

Depression in the landscape with
engineered media

Designed to capture and infiltrate
stormwater runoff

Primary use — hydrological control
Secondary use — water quality treatment
Relatively low cost

Decentralized treatment/management

https://megamanual.geosyntec.com/npsmanual/bioretentionareasandraingardens.aspx



Current challenges with bioretention media

* WA standard — 60% sand, 40% compost

e Contaminant leaching/export

ATKN (ppm)
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Taylor, A., Wetzel, J., Mudrock, E., King, K., Cameron, J., Davis, J. and Mcintyre, J., 2018.
Engineering analysis of plant and fungal contributions to bioretention performance. Water, 10(9),
p.1226.



Why use biochar in bioretention?

S.K. Mohanty et al. / Science of the Total Environment 625 (2018) 1644-1658

Physical properties
Biological properties Particle size

(depends on feedstock size)
s Increase removal

Roughness

. Increase attachment
of particulate contaminants
(e.g., pathogens, virus)

Biological community

Support biofilm growth
bacteterial an ﬁmgal communities
Enhance biodegradation

Denitrification

~~Highly Porous

Increase surface area

Increase attachment sites

(all contaminants) )
Increase water retention capauéy
(supports plant growth during drought)

Redox active sites

(depends on pyrolysis temperature)
Electron donating sites: phenolic
Electron accepting sites: quinones and
condensed aromatics

Contaminant removal

by redox manipulation

Hydrophobic surface

Increase adsorption )
(organic contaminants and bacteria)

Ash or mineral content

I(typically increasle \?/ith pyrholysis templerature)
i ncrease removal of some heavy metals

Surface functional groups |ncrease remova o y

(-COOH, -OH) Increase removal via precipitation

Increase adsorption of heavy metals

Increase cation exchange capacity

Specific interaction with organic contaminants

Chemical Properties

Fig. 1. Physical, chemical, and biological properties of biochar for removal of contaminants from stormwater.

Highly porous
High surface area

Lots of places for contaminants to
stick to

High water holding capacity

Less likely to leach nutrients and
metals than compost

Mohanty, S.K., Valenca, R., Berger, A.W., Iris, K.M., Xiong, X, Saunders, T.M. and Tsang, D.C., 2018. Plenty of room for carbon on

the ground: Potential applications of biochar for stormwater treatment. Science of the total environment, 625, pp.1644-1658.



Bioretention columns study

N7/ L Stropharia rugosoannulata &‘ k3
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sampling holes
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Piné/ﬁr
biochar

Amended 60:40
bioretention media
with fungi inoculation,
20% replacement of
compost with biochar,
or both

* Polycyclicaromatic
hydrocarbons (PAHSs)

 E.coli

* Fecal coliform

e Dissolved organic
carbon (DOC)

* Totalsuspended solids
(TSS)



Research article , ') ‘

Check for

Biochar and fungi as bioretention amendments for bacteria and PAH el
removal from stormwater

Chelsea J. Mitchell, Anand D. Jayakaran ', Jenifer K. McIntyre
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Results
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Removal is significantly higher than the BSM control — analysis by linear mixed effects model with dosing event as a random intercept
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E. coliremoval was significantly
higher in biochar-amended
columns than BSM control

Fecal coliform removal was
significantly higher in
biochar+fungi amended columns

Biochar-amended columns had
lower DOC export than the BSM
control

Nearly all effluent PAH
concentrations were below the
detection level — couldn’t
distinguish between treatments.

Removal is significantly higher than the BSM control — analysis by linear mixed effects model with dosing event as a random intercept



Evaluating biological effectiveness of stormwater bioretention
using molecular tools

Cypla expression

Influents

A Fluorescence




/ebrafish cypla expression as proxy for PAHs
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Log2 fold change cyp7a expression
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Lower cypla expressionin zebrafish exposed to biochar-amended k\
media effluents

Dose 3

Dose 4

Dose 5

Dose 6

Dose 7

Dose 8

Anova, p = 0.0028

Anova, p = 5.3e-05

Anova, p = 0.00013

Anova, p = 1.6e-05

=

Anova, p = 1.5e-07

Anova, p =0.0019

60% sand, 40% compost

60% sand, 20% compost,
20% biochar

Treatment

M Stormwater

E3 BSM

E3 BSM+BC

B BSM+Fungi

B8 BSM+BC+Fungi

Suggests biochar
amendments
reduced effluent
PAH concentrations



Challenges with using biochar in bioretention

D. Kaya et al. Chemosphere 307 (2022) 135753
Feedstock | Pyrolysis Temperature
Woody Mineral- | High Temp. Low Temp.
Characteristics P  rich Gl
Hydrophobicity

pH
Ash Content
Porosity and SSA

Nutrient and Metal
Leaching Potential

Legend
Color gradient indicates relative change in biochar characteristic due to either
feedstock or pyrolysis temperature

Decrease [ |ncrease

Favorable characteristic for metals (&) or hydrophobic organics (@) removal
Un-favorable due to leaching potential (J§) of nutrients or metals

Fig. 2. Initial screening process for selection of biochar. Effect of feedstock and pyrolysis temperature on important characteristics for adsorption of metals and
hydrophobic organics.



Biochar properties impacted by feedstock and pyrolysis
temperature

300

Douglas fir wood Douglas fir bark Hybrid poplar

Figure 2.4. Micropores in biochar vary based on feedstock type and pyrolysis temperature. Shown are electron microscopy images of biochar made from some
typical feedstocks: Douglas fir wood, Douglas fir bark, and hybrid poplar. Reprinted from Biomass and Bioenergy, Vol 84, Suliman et al., Influence of feedstock
source and pyrolysis temperature on biochar bulk and surface properties. Pages 37-48., Copyright 2016, with permission from Elsevier.

y

Biomass to Biochar: https://s3.us-west-2.amazonaws.com/wp2.cahnrs.wsu.edu/wp-content/uploads/sites/32/202 2/01/Biomass2Biochar-
Maximizing-the-Carbon-Valuel.1.pdf



Take home points

* Biochar has the potential to be an effective replacement for
bioretention, though some compost may be needed to support plants
* High water holding capacity
* Reduced nutrients and metals leaching
* Bonus: carbon sequestration

* Our research found that a 20% replacement of compost with biochar:
* Increased E.coli removal
* Reduced DOC export
* Played a role in improving fecal coliform removal.

* Biochar has its own challenges — requires careful selection

* Properties vary widely depending on feedstock and pyrolysis temperature
* Not all biochars are alike



Thank you!

Contact: chemitchell@kingcounty.gov

Thank you to our fundmg sources and supporters

Special thanks to:

Lane-Maguire

Alejandra Angarita Velasquez
Brandon Boyd

Carly Thompson

Andrew Flury
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