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Introduction

Stormwater is the leading contributor to 
water quality pollution in Washington 
State.1 For this reason, the Washington 

Department of Ecology requires businesses and 
municipalities to control stormwater pollutants, 
such as heavy metals and organics. Strict 
limits on zinc require a number of Washington 
organizations to use source control or treatment 
measures to reduce zinc in runoff. According 
to Lisa Rozmyn, the Washington Stormwater 
Center’s Business Resource Manager, “Zinc is 
difficult to control because it’s everywhere in 
industrial sites and equipment.”

With support from the Russell Family 
Foundation, the Pacific Northwest Pollution 
Prevention Resource Center (PPRC) is helping 
businesses navigate a tangle of emerging 
zinc-reduction technologies and techniques 
to achieve acceptable stormwater quality. As 
an unbiased non-profit resource, PPRC seeks 
to promote stormwater practices that are 
economically and environmentally beneficial. 

This report focuses on the efficacy of biochar 
as a filtration media for stormwater. It is one 
in a series that explores emerging techniques 
and practices to manage zinc in stormwater. 
Other report topics include: Mitigating Zinc in 
Boatyards, Street & Surface Sweeping to Reduce 
Stormwater Pollution, and Addressing Galvanized 
Roofing.
  

About Biochar

Biochar is created by heating biomass to high 
temperatures under low oxygen conditions 
in a process known as pyrolysis. Pyrolysis 

releases combustible vapors from biomass that 
can be captured to produce renewable energy. 
The biomass remaining after pyrolysis becomes a 
fine-grained, highly porous charcoal-like material, 
rich in carbon. Biochar’s pores give the material 
extraordinary 
amounts of surface 
area, often exceeding 
400 m2/g. This 
surface area makes 
biochar a highly 
adsorbent material. 
Biochar’s high 
carbon content also 
makes the product 
highly resistant 
to decomposition. 
Due to these unique 
properties, biochar can be used to achieve 
several simultaneous goals: 1) Production 
of renewable biomass energy from waste; 2) 
Carbon sequestration; and 3) Production of 
environmentally beneficial products.    

Biochar can be made from a variety of feedstock 
materials and under a variety of production 
conditions that determine end-product 
characteristics. Suitable waste feedstocks include 
crop residues (both field residues and processing 
residues such as nut shells, wood, fruit pits, and 
bagasse, etc), as well as yard, food, and forestry 
wastes, and animal manures.

Emerging Best Management Practices
in Stormwater:

Biochar as
Filtration Media

2101 Fourth Ave. Suite 1080 
Seattle, WA 98121www.pprc.org (206) 352 2050

Figure 1. Scanning Electron Microscope 
image of Douglas-fir biochar. (Image 
courtesy of Myles Gray, Oregon State 
University)
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Interest in biochar has been growing worldwide, 
with product developers, workgroups, and 
researchers working to prove and advance 
science and markets. Examples include: the 
International Biochar Initiative, the Northwest 
Biochar Workgroup, and universities, including 
Oregon State University and Washington State 
University. Interest in biochar is particularly 
strong in the Pacific Northwest, led by the 
Northwest Biochar Workgroup, with over 100 
members. 

In 2013, the NW Biochar Workgroup convened 
a conference session titled Building Northwest 
Biochar Markets, An Introduction to Biochar 
Products, Markets, and Opportunities and 
strategized on many of the potential uses.2 A few 
of these uses include: water treatment, carbon 
sequestration, soil amendment including for 
re-vegetation, growing media for horticulture, 
erosion control, green roof media, biobags, 
landfill cover, and as a component of media for 
Low Impact Development (LID) bioretention 
systems.

The Pacific Northwest serves as an ideal location 
to grow a biochar industry. The region has an 
abundance of waste biomass from agriculture and 
forestry, a focus on environmental sustainability, 
and a strong existing biochar network.

Biochar’s Use 
in Stormwater Filtration

Because businesses and municipalities face 
tightening regulatory limits on stormwater 
pollutants, especially metals, they are 

increasingly interested in alternative filtration 
media that successfully remove certain metals 
from stormwater. Biochar’s incredible porosity 
and surface area give it a high capacity to adsorb 
a wide variety of contaminants from water. 
In many ways, biochar can be thought of as a 
cheaper version of activated carbon that can be 
used in many of the same applications. Recent 
laboratory testing conducted in the PNW and 
worldwide shows that biochar can effectively 
reduce contaminants including:
• Heavy metals like lead, copper, zinc, 

cadmium, cobalt, and nickel;
• Organics such as gasoline compounds and 

other volatile organics, polychlorinated 
biphenyls (PCB), polyaromatic hydrocarbons 
(PAH), and some herbicides, pesticides and 
pharmaceuticals;

• Chemical oxygen demand (COD) and 
biological oxygen demand (BOD);

• Nutrients such as phosphorus and ammonia;
• Totals suspended solids (TSS).

In stormwater pollutant capture technologies 
or systems, biochar can be used alone or mixed 
with other components to for stormwater 
filtration applications. Some of these 
applications include:   
• Filtration media in new treatment systems, 

especially roof downspout units and above-
ground vaults;

• Supplemental or replacement media in 
existing treatment systems such as sand 
filters;

• Direct media addition to a stormwater 
storage vault ;

• Direct application in bioretention or swale 
systems;

• Filtration 
socks 
and 
slings;

• Hanging 
filters 
in catch 
basins.

Figure 3: Biochar “sock” around basin 
inlet. (Image courtesy EarthLite)

Figure 2: The Port of Port Townsend is using biochar 
to filter heavy metals in a below-grade swale. The 
galvanized fence in this photo is one of the boatyard’s 
primary sources of zinc.(Image courtesy Francesco 
Tortorici)
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In the Pacific Northwest, many proposed uses 
are in demonstration or pilot phase to evaluate 
filtration efficacy. Optimal treatment solutions 
for stormwater pollutants may require a 
customized approach design to suit the filtration 
needs and flow rates at a given site. Research 
and demonstration projects include:   
• USFS Demonstration Project Completed 

by Family Forests of Oregon: Recent tests 
conducted by Family Forests of Oregon 
showed that contaminant removal happens 
through a chemical binding process. Biochar 
and other filtration materials, such as 
compost mixtures, attract and pull pollutants 
out of the water solution. “This is one of 
the unique attributes of biochar over other 
media (i.e. sand filters) which only physically 
trap pollutants from water”.3

• Oregon State University: A number of biochar 
research projects have been completed at 
Oregon State University that investigate the 
use of biochar in stormwater. One project 
is currently working to identify which 
biochars and complete filtration mixtures 
are most effective in stormwater filtration, 
specifically for the purpose of removing 
dissolved copper and zinc from solution. This 
project is funded by OregonBEST and is being 
completed in conjunction with two Oregon 
small businesses: BioLogical Carbon LLC and 
Sunmark Environmental Services.4 

• EarthLiteTM worked with partners in Oregon 
to help a large industrial steel manufacturer 
find a cost effective solution for unfiltered, 
contaminated stormwater that was being 
flushed straight into the city sewer system.  
They constructed a large swale to filter 
the stormwater using biochar as well as 
phytoremediating native plants and grasses. 
The design and materials used in the swale 
are successfully filtering out the stormwater 
contaminants before releasing the water 
back to the stormwater system or naturally 
to groundwater.5 

• In addition to the above, biochar is being 
field tested at the Port of Port Townsend in 
a pilot project, further detailed below. Other 
studies have also proven biochar’s potential 
for metal capture as well as removal of other 
contaminants. 6, 7, 8, 9, 10

Biochar Availability

Biochar is 
available 
from several 

manufacturers in 
North America. 
Most offer smaller 
bagged quantities 
of 100% biochar, 
available for 
online purchase, 
and by special 
order. As a 
stormwater filtration media in ready-to-
purchase products, such as filtration socks or 
bags, it appears to be an emerging solution and 
not widely available. Some producers may sell 
biochar as a mixture with other material such as 
compost, depending on the end-use application. 

Examples of biochar producers include:
• Biological Carbon, LLC, Philomath Oregon   
• Earthspring Biochar, Marrietta, Georgia
• Biochar Now, Berthoud, Colorado 
• Waste to Energy Solutions Inc., Slocomb, 

Alabama
• EarthLite,  Portland, Oregon   
• JoFran, Port Townsend, WA
• Additional manufacturers can be found 

online at US Biochar Initiative (USBI) 

Examples of packaged products and 
manufacturer/distributor include:
• Filtration totes, Biochar Filtration 

Technologies
• Stormwater Bags, EarthLite

Disclaimer: PPRC does not endorse or 
guarantee any of the above biochar-based 
products. Examples are provided for 
informational purposes only.  

Figure 4: Biochar in hand. (Image 
courtesy Myles Gray, Oregon State 
University)

2101 Fourth Ave. Suite 1080 
Seattle, WA 98121www.pprc.org (206) 352 2050



4

Case Study: Biochar Use at 
Port of Port Townsend

This project supported an initial laboratory 
characterization to select the most effective 
biochar-based treatment media to remove zinc 
and copper from stormwater generated at the 
Port of Port Townsend boatyard, called the Boat 
Haven. Following completion of lab testing, a 
pilot project was installed at the site in April 
2014 with plans to complete a larger installation 
in fall 2014. The pilot project consisted of 
installing a downspout treatment tote (Figure 6) 
and rehabilitating an in-ground sand filter with a 
biochar-based media.  

For scale and reference, the boatyard covers 
more than 20 acres of land, and activities 
include marine vessel repairs, cleaning and 
maintenance, and marine vessel construction 
conducted by both boat owners and by marine 
trade industries. Activities are conducted in all 
six main boatyard stormwater drainage areas. 

Stormwater is collected in a stormwater 
system consisting of catch basins, vaults, and 
underground pipelines. The stormwater is 
treated as necessary and is then discharged to 
Port Townsend Bay. Some of the stormwater 
is treated in sand filters and in an existing 
commercial treatment system.  

The boatyard has zinc levels in some 
stormwater flows that exceed site discharge 
permit benchmarks. Some of their highest zinc 
sources are from galvanized roofs and chain 
link fencing. As is typical, zinc in runoff comes 
from many potential places and activities, 
such as: zinc anodes (used on boat hulls to 
prevent corrosion); airborne 
particulate generated during 
hull maintenance and repair 
(if the paint contains zinc as an 
antifoulant); small stockpiles of 
galvanized metal boat parts that 
tenants leave exposed; leaks or 
spills of motor oil or hydraulic 
fluid; and wear of vehicle and boat 
travel lift tires.

BioLogical Carbon LLC, in conjunction with 
Oregon State University researcher Myles Gray, 
designed a lab experiment to test different 
biochar mixtures for metals removal from the 
yard’s stormwater. Laboratory work investigated 
both flow rate and metals removal characteristics 
of ten different biochar-based filtration media 
mixtures. These test results were also compared 
with results from the existing stormwater 
treatment system at the Port of Port Townsend.   
They found high removal of zinc in a few of the 
mixtures and excellent removal of copper in all 
mixtures. Both flow rate and metals removal data 
were used to select the most 
effective mixture.

In April 2014, a field pilot 
was initiated. The boatyard 
installed a roof downspout 
tote under a galvanized roof 
and rehabilitated an in-
ground sand filter using five 
yards of the most effective 
biochar mixture identified in 
the lab testing.  

Results from the pilot 
installation were positive. 
For the downspout tote 
installation off the galvanized 
roof, zinc levels were reduced 
by over 99% for this zinc 
source. The fact that levels 
were reduced to 8 ppb suggests that this filtration 
approach should work for a broad range of 
influent zinc levels. Results from the in-ground 
application on the sand filter retrofit were also 
promising, with a 75% zinc removal rate. Based 
on these results, a significantly larger project is 
being installed in the fall 2014. 

Figure 5: Painting at Port of Port Townsend

Figure 6: Rooftop 
downspout filtration 
tote installed for Port of 
Port Townsend pilot.
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Conclusion

Biochar filtration is an emerging technology that 
is demonstrating efficacy in pollutant removal 
from contaminated stormwater, especially for 
dissolved metals.  

If you are interested in finding out more 
information for a specific scenario or 
application, or need referrals or assistance with 
metal removal in stormwater, please contact 
PPRC: 206-352-2050 or info@pprc.org.
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