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Overview

A The Problem: Bacteria in urban stormwater
A Solution: Biochar as filter media amendment
A Demonstration to Large-scale Filters

A Results: Performance of Filters and
Conclusions

A Next Steps: Upcoming Biochar Projects and
Partnerships
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Problem: Too much E. coli
IN urban stormwater

A E. coli used as an indicator_of potential
human health risks

A Basis for recreational use impairments

A Bacteria Standards:

A 126 MPN/100 mL (chronic)
A 1,260 MPN/100 mL (acute)
A Need 93.7-99.4% reduction to meet chronic/acute

Public waterways

Bactena Imparment

j Coon Creek WD

D 7-County Metro
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Impacts of E. coli in urban stormwater
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Biochar Overview

A Charcoal-like substance made via
pyrolysis of organic material

A Historically used as a soil amendment

A Potential as filtration media amendment

A Immense surface area, complex pore structure
A Proven adsorption of heavy metals
A Shown to remove E. coli from stormwater

in lab columns (>99%) & small-scale field
trials (49-93%)

Samueli
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How did we select the best biochar for the
project

A Biochar was collected from 4 vendors.

A Sieved to same size (< 2 mm)

A Characterized for properties: Surface area, carbon
content, ash content, and volatile carbon content.

.Biochar was mixed with sand (70% by volume) and packed in a
column (1 in ID x 12 in length). Stormwater contaminated with

E. coli was injected.

: Biochar

i

Agricultural" s . UCLA Samueli
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Best performing biochar was selected for

stormwater filters

99.95% E. coli removal in lab trial

AAgricul tural Carbono by Nation;l Carbon Technol oqgi es

Source Material: Wood burned >550C
Surface area: 339 m?/ ¢ $0I0/0Y

Composition:

84% Fixed Carbon
12% Volatile matter
4% Ash

Shingle Creek Watershed Pilot Studies

A Catch-basin inserts
Alnl i ne Stream 6Job
A Small stormwater pond bench retrofits

4.
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log E. coli removal
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Outcome: Model to predict
E. coli removal based on

recmest o ASCE
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Biochar Selection for Escherichia coli Removal in
Stormwater Biofilters

Renan Valenca'; Annesh Borthakur?; Yeyang Zu® Ed A. Matthiesen®;
Michael K. Stenstrom, Ph.D., F.ASCES; and Sanjay K. Mohanty, Ph.D.®

Abstract: Biochar’s capacity to remove pathogens from stormwater can vary by orders of magnitude, which makes it challenging for
stormwater managers to select specific biochar from suppliers. In this study, the removal of Escherichia coli (E. coli) in model biofilters
packed with sand and biochar from four suppliers was tested and correlation equations were developed that link short-term and long-term
bacterial removal capacities of biochar with its commonly reported properties: surface area, carbon content, ash content, and volatile organic
carbon content. The E. coli removal capacity of biochar was positively correlated with its surface area and carbon content and negatively
correlated with ash content and volatile organic matter. Despite the presence of nutrients in stormwater, E. coli in pore water in biofilter did not
grow between infiltration events, indicating biochar may continue to remove pathogens after rainfall. Overall, the results could help the

biochar properties

Biochar-augmented biofilters
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selection of biochar from for the of

and inform the suppliers to tailor biochar production conditions to enrich

specific biochar properties. DOI: 10.1061/(ASCE)EE.1943-7870.0001843. © 2020 American Society of Civil Engineers.

Introduction

Pathogens and fecal indicator bacteria (FIB) are among the most
difficult pollutants to remove from stormwater, making them the
leading cause of total maximum daily load (TMDL) violations
in many urban areas (USEPA 2002). Traditional amendments used
in stormwater treatment systems, such as biofilters, have limited
capacity to remove indicator bacteria (Hathaway et al. 2009). Bio-
char, a carbon amendment produced by pyrolysis of waste biomass,
has been shown to improve contaminant removal (Lau et al. 2017;
Mohanty et al. 2018; Sun et al. 2020). Biochar can be produced at
any location, thereby making it widely available for use by storm-
water managers (Xie et al. 2015). However, biochar properties can
vary widely based on preparation conditions and feedstock types
(Xiao et al. 2018). This makes it challenging for the stormwater
manager to select specific biochar from suppliers.
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It is generally recommended to use wood-based biochar pre-
pared at a high pyrolysis temperature (Abit et al. 2012; Bolster
and Abit 2012) without removing fine biochar (Guan et al. 2020;
Mohanty and Boehm 2014; Sasidharan et al. 2016). Despite these
constraints, bacterial removal, bacterial removal by biochar can
vary widely (Boehm et al. 2020), indicating the competing effects
of different properties, including carbon content, ash content (AC),
volatile carbon content, and surface area (SA) (Manya 2012). This
adds uncertainty in predicting the performance of biochar-amended
biofilters (Boehm et al. 2020). This study aims to develop an em-
pirical model to predict Escherichia coli (E. cali) removal capacity
of biochar based on commeonly reported bulk biochar properties.
The model can be used by stormwater managers to select biochar
from the suppliers for the treatment of stormwater.

Experimental Methods
Experimental Design and Operation

Y i was created in deionized water mixed with
the following salts: 0.75 mM CaCl,, 0.075 mM MgCl,, 0.33 mM
Na,50,, 1 mMNaHCO;, 0.072 mM NaNO;, 0.072 mM NH,CI,
and 0.016 mM Na,HPO, (Mohanty and Boehm 2014). This limits
the influence of the fluctuating composition of natural stormwater
on the measurement and comparison of the removal capacity of
four types of biochar.

The biofilter medium for each biofilter consisted of a mixture of
coarse Ottawa sand (0.6-0.85 mm) and a biochar from one of the
following suppliers: Terra Char (BioEnergy Innovations Global,
Americas Solutions LLC, Columbia, Missouri), Agricultural
Carbons (National Carbon Technologies, Oakdale, Mi ),
NAKED Char (American BioChar, Niles, Michigan), and Rogue
Biochar (Oregon Biochar Solutions, White City, Oregon). Each bi-
ochar was characterized by SA, carbon content, AC, volatile car-
bon, and elemental composition (Table 1). Prior to packing, large
biochar particles (>2.0 mm) were removed by sieving to minimize
preferential flow through the filters. Sand and biochar (30% viv)
were mixed ly and packed in polypropyl columns with
2.54 c¢m in diameter and 30 cm in height (Mohanty and Boehm
2014).

@® ASCE 060200051 J. Environ. Eng.
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Large Scale Demonstration
Biochar - & IESFs

Biochar- and Iron-Enhanced Sand Filters (BIESFs)

A Woodcrest Filter: gravity-fed pond bench filter
retrofit (dark yellow)

A Pleasure Creek Filter: pump-based filter basins
(dark red)

A Constructed October 2019 - June 2020

A Both filter BMPs comprised of 2 filter cells one iron-
sand cell and one iron-sand cell with biochar added
(30% by volume)

Al ESFO vs nBihéastEsts head

. Pleasure Cr [i
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Woodcrest
BIESF

A Treats 0.9 sqg. mi.
drainage area

A 2 cfs gravity system
A ~0.7-inch storm event

A 1/39 Football field,
In scale

A $485,000 to construct

@ Coon Rapids, MN



INSTALL SAMPLING PLATFORM
WITH 0.2' DEPTH OF PEA ROCK
(COARSE FILTER AGGREGATE)

INSTALL ADDITIONAL CLASS Il
RIPRAP AS NECESSARY .
COORDINATE LIMITS WITH ENGINEER

CUT / MITER PIPE FLUSH WITH SLOPE
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- SEED WITH 34-261 RIPARIAN SOUTH
& WEST MIX AND INSTALL EROSION

= CONTROL BLANKET (CATEGORY
3N, TYPE STRAW 28)

INSTALL EROSION
CONTROL BLANKET
(CATEGORY 3N, TYPE
STRAW 25)

DOUBLE ROW SILT
FENCE (TYP.)

INSTALL 10 WIDE BITUMINOUS TRALL,
BACKFILL TRAIL EDGE WITH TOPSOIL
AND SEED WITH 34-261 RIPARIAN SOUTH

{ & WEST MIX

[

ENSURE NO SEDIMENT ENTERS CLEANOUT (TYP.)

SEED WITH 33-262 DRY
SWALE / POND MIX AND
INSTALL COIR EROSION
CONTROL MAT

PROTECT FRISBEE GOLF TEE BOX

INSTALL 8 WIDE BERM WITH
0.2' DEPTH OF PEA ROCK
(COARSE FILTER
AGGREGATE)

SEED WITH 34-261 RIPARIAN SOUTH
& WEST MIX AND INSTALL EROSION
CONTROL BLANKET (CATEGORY
3N, TYPE STRAW 25)
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Woodcrest BIESF 0 construction
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%

Drainage Area:
0.9 sg. mi.

POWERED EY @

esr
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Pleasure Creek
North BIESF

A Treats 0.6 sg. mi. area

A 120-200 gpm pumped
system

A Treats 200-300 affyr
A 26-43 Ibs TP/yr

@ Blaine, MN
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Pleasure Creek North BIESF 0 proposed

FES-1
15" INV=E§7.5

37LF OF 15"RCP @ -27%

TOP OF ROCKy,  TOP OF SAND HEADS (TYP OF 6)
CFAN euvusn\ VA {SEE DETAIL 2831)

15" IRON ENHANCED SAND WITH BIOCHAR =

15° COARSE FILTER AGGREGATE

GATE VALVE (TYP OF 2) (SEE DETAIL BICED1)

126 LF OF 8" HOPE @ 2.0%
IRECTIONAL BORE)

EXIS

3 s ] — CONTROL PANEL AND
TRANSFORMER

CLEANOUTS {TYP OF 4) T
T
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3. Filtered effluent flows back

into Pleasure Creek.
— 1y

1. Water is pumped fro
the stormwater pond
into the pump vault

2. Water is pumped
over the filter beds,
alternating cells every
8-12 hours




