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NS 676 – Biochar Selection as Soil Amendment: Literature Search 
Thursday, June 23, 2022 

Prepared for: Marcus Bekele 

Prepared by: Jim Byerly, Electronic Resources Librarian 

Resources searched: EBSCO, Transport Database, TRID, Web, MnDOT Library Catalog 

Summary: Results are compiled from the databases named above.  Links are provided for full text, if 
applicable, or to the full record citation.  I completed my searches using the following terminology: biochar, 
storm water, stormwater, runoff.  The results are divided into most relevant and less relevant.  

Most Relevant Results 
 
EBSCO 
 
Record: 1 
Title: Adding Biochar to Soils beside Highways Could Reduce Runoff, Report Says.  
Authors: LANDERS, JAY 
Source: Civil Engineering (08857024). Jan2018, Vol. 88 Issue 1, p31-32. 2p.  
NAICS/Industry 
Codes: 

237310 Highway, Street, and Bridge Construction 

Abstract: The article discusses the benefits of adding biochar to soils beside highways in reducing runoff in 
Delaware, conducted by researchers at the University of Delaware. 

ISSN: 0885-7024 
URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=127544573&site=ehost-live 

Database:  EBSCO MegaFILE 
 

Record: 2 
Title: Biochar-based bioretention systems for removal of chemical and microbial pollutants from stormwater: A 

critical review.  
Authors: Biswal, Basanta Kumar1 (AUTHOR) 

Vijayaraghavan, Kuppusamy1 (AUTHOR) 
Tsen-Tieng, Daryl Lee2 (AUTHOR) 
Balasubramanian, Rajasekhar1 (AUTHOR) ceerbala@nus.edu.sg 

Source: Journal of Hazardous Materials. Jan2022, Vol. 422, pN.PAG-N.PAG. 1p.  
Abstract: Biochar has been increasingly used as a filter medium in engineered low impact development systems (e.g., 

bioretention systems) for decontamination of urban stormwater and management of hydrology. This review 
paper critically analyzes the performance of biochar-based biofiltration systems for removal of chemical and 
microbial pollutants present in urban runoff. Biochar-amended biofiltration systems efficiently remove 
diverse pollutants such as total nitrogen (32 – 61%), total phosphorus: (45 – 94%), heavy metals (27 – 
100%), organics (54 – 100%) and microbial pollutants (log 10 removal: 0.78 – 4.23) from urban runoff. The 
variation of biofiltration performance is due to changes in biochar characteristics, the abundance of dissolved 
organic matter and/or stormwater chemistry. The dominant mechanisms responsible for removal of chemical 
pollutants are sorption, ion exchange and/or biotransformation, whereas filtration/straining is the major 
mechanism for bacteria removal. The pseudo-second order and Langmuir isotherm are the best models that 
describe the kinetics and chemical equilibrium of pollutants, respectively. This critical review provides the 

https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=127544573&site=ehost-live
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fundamental scientific knowledge for designing highly efficient biochar-based bioretention systems for 
removal of diverse pollutants from urban stormwater. The key knowledge gaps that should be addressed in 
future research include long-term field-scale bioretention study, development of novel methods for filter media 
regeneration/reuse, and dynamics of filter media microbial communities. [Display omitted] • This review 
critically analyzed performance of biochar-based biofiltration systems. • Biochar enhances the performance 
of biofiltration systems. • Removal of pollutants depends on biochar characteristics and DOM levels. • 
Sorption data are consistent with pseudo-second order kinetic and Langmuir models. • Sorption is the key 
mechanism responsible for removal of pollutants. [ABSTRACT FROM AUTHOR]  

  Copyright of Journal of Hazardous Materials is the property of Elsevier B.V. and its content may not be copied 
or emailed to multiple sites or posted to a listserv without the copyright holder's express written permission. 
However, users may print, download, or email articles for individual use. This abstract may be abridged. No 
warranty is given about the accuracy of the copy. Users should refer to the original published version of the 
material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 0304-3894 
URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=153286485&site=ehost-live 

Database:  EBSCO MegaFILE 
 

Record: 3 
Title: Bioretention cell incorporating Fe-biochar and saturated zones for enhanced stormwater runoff treatment.  
Authors: Xiong, Jiaqing1,2 (AUTHOR) xiongjiaqing@xauat.edu.cn 

Ren, Sihui2 (AUTHOR) 
He, Yifan2 (AUTHOR) 
Wang, Xiaochang C.1,2 (AUTHOR) 
Bai, Xuechen3 (AUTHOR) 
Wang, Jiaxuan4 (AUTHOR) 
Dzakpasu, Mawuli1,2,5 (AUTHOR) 

Source: Chemosphere. Dec2019, Vol. 237, pN.PAG-N.PAG. 1p.  
Abstract: Nitrogen (N) and phosphorus (P) removal in conventional bioretention systems is highly variable. Therefore, 

five novel experimental columns with different media configurations and constituents, and incorporating a 
saturated zone were developed and assessed to optimize the removal of N, P and other nutrients. Three 
types of media composed of the conventional mixed sand and soil media (T 1), biochar-amended media (T 
2), and iron-coated biochar (ICB)-amended media (T 3) were evaluated. Two of the experimental columns 
were designed with double-layer configurations, while the other three were of a single-layer structure. 
Removal efficiencies of nutrients in the experimental columns were evaluated and compared using simulated 
runoff. Also, the effect of media depth on the retention of P and denitrifying enzyme activity (DEA) in the 
bioretention columns were evaluated. The experimental column only filled with T 3 showed the best 
performance for COD, ammonia (NH 4 +-N) and total phosphorus (TP) removal (94.6%, 98.3% and 93.70%, 
respectively), whereas columns filled with T 2 performed poorly for TP removal (57.36%). For the removal of 
nitrate (NO 3 −-N) and total nitrogen (TN), the columns using a single-layer and only filled with either T 3 or T 
2 exhibited the best performance (93% and 97% TN removal, respectively). Overall, this study demonstrates 
that our proposed single-layered bioretention cell only filled with T 3 and incorporating a saturated zone 
effectively improves the runoff quality, and can provide a new bioretention cell configuration for efficient 
stormwater treatment. • Iron-coated biochar (ICB) increased the adsorption of the media to phosphorus. • 
ICB supplied the carbon source for the denitrification reaction. • Single-layered experimental columns were 
more conducive to the removal of nitrate. • Denitrifying enzyme activity of media is higher at the media 
boundary. [ABSTRACT FROM AUTHOR]  

  Copyright of Chemosphere is the property of Pergamon Press - An Imprint of Elsevier Science and its content 
may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express 
written permission. However, users may print, download, or email articles for individual use. This abstract 
may be abridged. No warranty is given about the accuracy of the copy. Users should refer to the original 
published version of the material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 0045-6535 
URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=139240302&site=ehost-live 

https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=153286485&site=ehost-live
mailto:xiongjiaqing@xauat.edu.cn
https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=139240302&site=ehost-live
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Database:  EBSCO MegaFILE 
 

Record: 4 
Title: Compaction conditions affect the capacity of biochar-amended sand filters to treat road runoff.  
Authors: Ghavanloughajar, Maryam1 (AUTHOR) 

Valenca, Renan1 (AUTHOR) 
Le, Huong1 (AUTHOR) 
Rahman, Merrick1 (AUTHOR) 
Borthakur, Annesh1 (AUTHOR) 
Ravi, Sujith2 (AUTHOR) 
Stenstrom, Michael K.1 (AUTHOR) 
Mohanty, Sanjay K.1 (AUTHOR) mohanty@ucla.edu 

Source: Science of the Total Environment. Sep2020, Vol. 735, pN.PAG-N.PAG. 1p.  
Abstract: Amending roadside soil with adsorbents such as biochar can help remove pollutants from road runoff. To 

maintain soil stability, the roadside soil requires compaction. However, it is unknown how compaction 
conditions affect the capacity of biochar-augmented roadside biofilters to infiltrate stormwater and remove 
pollutants. This work examines the effect of compaction conditions on the release of biochar particles 
disintegrated during compaction, and the change in their capacity to infiltrate stormwater and remove E. coli. 
The net loss of biochar particles by mobilization with stormwater was insignificant compared to the biochar 
remained in the filters. The initial release of biochar particles in wet-compacted biochar columns was greater 
than that in dry-compacted biochar. The results revealed that compaction can affect the release of biochar 
particles in a series of three-step processes: generation of particles by disintegration of large biochar under 
compaction, diffusion of particles deposited near grain walls to bulk pore water, and transport and retention of 
particles in constricted pore paths based on pore water connectivity. Under similar conditions, compost 
columns released more particles than biochar columns, suggesting biochar is more stable than compost 
under compaction. E. coli removal in wet-compacted columns was greater than removal in dry-compacted 
columns, owing to greater pore path connectivity in wet-compacted columns. These results indicate that 
addition of moisture during compaction can increase contaminant removal, initial particle release, and 
infiltration capacity of biochar-augmented sand filters for road runoff treatment. The results would help 
develop design guidelines for roadside stormwater treatment systems that require compaction of filter media. 
Unlabelled Image • Wet-compacted columns released more biochar particles than dry-compacted columns. • 
Net initial loss of biochar particles due to compaction was insignificant. • Compaction decreased hydraulic 
conductivity, but the presence of water reduced the impact. • Compaction increased stormwater interaction 
with filter media. • Wet-compacted columns removed more E. coli than dry-compacted columns. [ABSTRACT 
FROM AUTHOR]  

  Copyright of Science of the Total Environment is the property of Elsevier B.V. and its content may not be 
copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written 
permission. However, users may print, download, or email articles for individual use. This abstract may be 
abridged. No warranty is given about the accuracy of the copy. Users should refer to the original published 
version of the material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 0048-9697 
URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=143860062&site=ehost-live 

Database:  EBSCO MegaFILE 
 

Record: 6 
Title: Waste-derived compost and biochar amendments for stormwater treatment in bioretention column: Co-

transport of metals and colloids.  
Authors: Sun, Yuqing1 (AUTHOR) 

Chen, Season S.1 (AUTHOR) 
Lau, Abbe Y.T.1 (AUTHOR) 
Tsang, Daniel C.W.1 (AUTHOR) dan.tsang@polyu.edu.hk 
Mohanty, Sanjay K.2 (AUTHOR) 
Bhatnagar, Amit3 (AUTHOR) 
Rinklebe, Jörg4,5 (AUTHOR) 

mailto:mohanty@ucla.edu
https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=143860062&site=ehost-live
mailto:dan.tsang@polyu.edu.hk
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Lin, Kun-Yi Andrew6 (AUTHOR) 
Ok, Yong Sik7 (AUTHOR) 

Source: Journal of Hazardous Materials. Feb2020, Vol. 383, pN.PAG-N.PAG. 1p.  
Abstract: • Food waste compost and wood waste biochar were effective bioretention filters for metal removal. • 

Breakthrough and remobilization of metals were retarded by compost/biochar under intermittent flow. • 
Biofilter properties played a significant role in the fate and transport of metals and coexisting colloids. • 
Kaolinite promoted metal removal while humic acid facilitated metal breakthrough. Bioretention systems, as 
one of the most practical management operations for low impact development of water recovery, utilize 
different soil amendments to remove contaminants from stormwater. For the sake of urban sustainability, the 
utilization of amendments derived from waste materials has a potential to reduce waste disposal at landfill 
while improving the quality of stormwater discharge. This study investigated the efficiency of food waste 
compost and wood waste biochar for metal removal from synthetic stormwater runoff under intermittent 
flow and co-presence of colloids. Throughout intermittent infiltration of 84 pore volumes of stormwater, 
columns amended with compost and biochar removed more than 50–70% of influent metals, whereas iron-
oxide coated sand was much less effective. Only a small portion of metals adsorbed on the compost (< 
0.74%) was reactivated during the drainage of urban pipelines that do not flow frequently, owing to abundant 
oxygen-containing functional groups in compost. In comparison, co-existing kaolinite enhanced metal 
removal by biochar owing to the abundance of active sites, whereas co-existing humic acid facilitated 
mobilization via metal-humate complexation. The results suggest that both waste-derived compost and 
biochar show promising potential for stormwater harvesting, while biochar is expected to be more 
recalcitrant and desirable in field-scale bioretention systems. [ABSTRACT FROM AUTHOR]  

  Copyright of Journal of Hazardous Materials is the property of Elsevier B.V. and its content may not be copied 
or emailed to multiple sites or posted to a listserv without the copyright holder's express written permission. 
However, users may print, download, or email articles for individual use. This abstract may be abridged. No 
warranty is given about the accuracy of the copy. Users should refer to the original published version of the 
material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 0304-3894 
URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=139628635&site=ehost-live 

Database:  EBSCO MegaFILE 
 
 
Selected Records from the TRID Database 
 
 
Lee, Han-Saem; Shin, Hyun-Sang. Competitive adsorption of heavy metals onto modified biochars: Comparison of 
biochar properties and modification methods. Journal of Environmental Management, Volume 299, Issue 0, 2021 
https://trid.trb.org/view/1878712 
Abstract: Various biochars (BCs) have been developed to remove heavy metals contained in road runoff; however, there 
is insufficient information regarding the competitive adsorption efficiency of modified BC with regard to heavy metals due 
to a lack of comparative evaluation based on BC properties and modification methods. In this study, three different types 
of BC (RBC: rice husk, WBC: wood chip, MBC: mixture) were modified following five different methods: acidic, alkaline, 
oxidic, and manganese oxide (MnOx) and iron oxide (FeOx) impregnation. The changes in the physicochemical and 
morphological properties of the modified BC were investigated, and the adsorption characteristics of three heavy metals 
(Cd, Pb, and Zn) under single and mixed conditions were compared and evaluated. The improvements in the BC 
properties varied for different BC types and modification methods; in particular, alkaline and manganese modification 
caused substantial the changes in the surface area and functional groups (such as aromatic ring, –OH, and Mn–O 
groups). The BC prepared by manganese oxide impregnation absorbed a high amount of heavy metals (>9.15 mg/g) even 
under mixed conditions through cation exchange and surface complexation. The distribution coefficient (Kd) of heavy 
metals was high in the order of Pb > Cd > Zn; thus, the adsorption of Pb replaced that of Zn in competitive adsorption due 
to the difference in their affinity to BC. Therefore, the results suggest that BC prepared by manganese oxide impregnation 
is suitable for removing heavy metals from road runoff, as it maintained high heavy metals adsorption regardless of the 
BC material, even under competitive conditions. 
 
 

https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=139628635&site=ehost-live
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Liu, Jiawen; Li, Hui; Harvey, John; Zhang, Hengji; Tian, Yu. Application of Biochar on the runoff purification performance 
of porous asphalt pavement. Transportation Safety and Environment, Volume 3, Issue 4, 2021, tdab026 
https://trid.trb.org/view/1903549 
Abstract: Biochar is currently applied in many low-impact development measures, such as biofilters and filter strips. 
However, its application in permeable pavement is limited. Due to the wide range of raw material sources, biochar may 
also contain nutrients and heavy metals. Whether its leachate will cause contamination during application remains 
unknown. Based on the static leachate contamination test, this study first evaluated the leachate contamination risks of 
three types of biochar and porous asphalt mixture (PA) with three biochar fillers. Through the pavement infiltration test, 
the purification performance of PA with biochar fillers and filter layers was further analysed. The results show that 
biochar contains nitrogen and phosphorus, and the leaching contamination of coconut shell is the most obvious; when 
the biochar is applied as a filler in PA, the leaching contamination decreases, while the pollutant purification performance 
is not obvious; when 3-5 mm rice straw biochar is used as a filter layer, the removal rate of total suspended solids can be 
100%, but it is accompanied by more serious nitrogen and phosphorus leaching, and the greater the thickness, the more 
serious the degree of leaching. Deionized water cleaning can remove the phosphates contained in biochar, but have little 
effect on nitrogen. Therefore, before the application of biochar, cleaning measures should be taken to minimize its 
leaching contamination. 
 
 
Reducing Stormwater Runoff and Pollutant Loading with Biochar Addition to Highway Greenways. [Project].  National 
Cooperative Highway Research Program, American Association of State Highway and Transportation Officials 
(AASHTO), Federal Highway Administration. Start date: 8 Nov. 2021. 
https://trid.trb.org/view/1599218 
Description: An entirely new &ldquo;green&rdquo; technology is proposed that has the potential to dramatically reduce 
roadways' stormwater runoff volume. The stormwater volume reduction is achieved by enhancing a roadway soil's 
hydrologic performance (i.e., water retention and infiltration) by amending it with biochar. Hence, the existing highway 
greenways can provide stormwater treatment without the requirement for adding a new infrastructure. Biochar's impact 
on soil hydrology was monitored in laboratory experiments over time for 12 roadway soils collected by DOTs in California, 
Delaware, Maryland, and North Carolina. For soils with low infiltration without biochar, biochar amendment improved 
conditions; however, for soils with initially high infiltration, biochar decreased stormwater infiltration. Because the 
beneficial effect of biochar on soil aggregates observed in pilot- and field-scale experiments was unexpectedly not 
observed in laboratory column tests, some features of the column experiments did not mimic field conditions and thus 
underestimate biochar's benefits. Comparing field tests with laboratory experiments conducted in identical soils, 
biochar's benefits for stormwater infiltration were more than double that in the lab. Therefore, laboratory experiments 
provide a conservative assessment (underestimate) of biochar's effect on increasing stormwater infiltration and thus 
reducing stormwater runoff. Future work should include demonstration projects in the field coupled with modified 
laboratory column experiments. Demonstration projects at selected DOT field sites across the US will evaluate the impact 
of climate, soil, and regional biochar sources. 
The final report is available. 
 
 
Nakhli, Seyyed Ali Akbar; Hegberg, Charles H; Imhoff, Paul T. Reducing Stormwater Runoff with Biochar Addition to 
Roadway Soils. NCHRP-IDEA Program Project Final Report, Issue 211, 2021, 51p 
https://trid.trb.org/view/1891224 
Abstract: To operate existing roadways and construct new ones, Departments of Transportation (DOTs) and other 
transportation agencies must meet increasingly stringent regulations for stormwater runoff. An entirely new “green” 
technology is proposed that has the potential to dramatically reduce roadways’ stormwater runoff volume. The 
stormwater volume reduction is achieved by enhancing a roadway soil’s hydrologic performance (i.e., water retention and 
infiltration) by amending it with biochar. Hence, the existing highway greenways can provide stormwater treatment 
without the requirement for adding a new infrastructure.  In the previous TRB IDEA Type I project, the benefits of a wood-
based biochar addition to soils were evaluated by conducting laboratory experiments for repacked soils that assessed the 
initial impact of biochar on soil hydrology. Pilot- and field-scale measurements supplemented these laboratory data but 
only assessed the impact of biochar impact for a single sandy loam roadway soil. In this TRB IDEA Type II study the 
findings are extended by investigating biochar’s impact on soil hydrology over time in 12 roadway soils collected by DOTs 
in California, Delaware, Maryland, and North Carolina. A novel and inexpensive laboratory test was developed for 
assessing biochar’s performance in these soils. By comparing results from the laboratory tests with field tests in identical 
soils at two sites, the utility of the laboratory test for particular biochar/soil combinations was assessed. Finally, a pilot-
scale experiment was also completed to assess the impact of biochar amendment to roadway soils on nitrate loading 
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from stormwater. This experiment quantified the dramatic reduction in pollutant loading, in this case nitrate, after biochar 
amendment altered soil structure causing increased stormwater infiltration. 
 
 
Development of Soil-Biochar Mixtures as a Sustainable and Multi-Functional Roadway Fill Material. [Project].  Office of 
the Assistant Secretary for Research and Technology. Start date: 1 Aug. 2021. 
https://trid.trb.org/view/1891229 
Description: The goal of this research is to develop soil-biochar mixtures as a sustainable, economical, and 
multi-functional lightweight fill material for roadway embankment applications. Many lightweight 
fill materials have limited applications due to their high costs and energy-intensive manufacturing 
processes. Biochar is an environmentally friendly and economical carbon-rich product formed by 
combusting waste biomass (e.g., forestry and agricultural residues) in an oxygen-limited 
environment through a process known as pyrolysis. Since biochar has a much lower density than 
typical soils, biochar is suitable for roadway applications as a lightweight fill material. Furthermore, 
biochar has a high surface area and porosity and excellent ability to adsorb a variety of 
contaminants, which has been amended in the soil to increase soil water retention, reduce 
potentials of soil cracking and erosion, adsorb contaminants, and enhance soil aggregation. Due 
to these favorable properties of biochar, soil-biochar mixtures have high potential to serve as a 
multi-functional lightweight fill material for roadway embankment applications to decrease the 
applied load to foundation soil, enhance the factor of safety against slope stability failure, reduce 
the soil erosion and cracking potential, and remediate the stormwater runoff. 
This research investigates the mechanical and hydraulic properties of sand-biochar mixtures as 
a sustainable and multi-functional fill material for roadway embankment applications. 1D 
consolidation tests instrumented with bender elements will be performed to investigate the 
modulus and compressibility of sand, biochar, sand-biochar mixtures, and sand-biochar mixtures 
treated by cement. Different mixing ratios between sand, biochar, and cement will be investigated. 
Next, the hydraulic conductivities of sand, biochar, sand-biochar mixtures, and sand-biochar 
mixtures treated by cement will be conducted using an automated permeameter. Based on these 
test results, an optimal mixing ratio (i.e., high mechanical strength and excellent drainage property) 
between sand, biochar, and cement will be selected for the lightweight fill applications. 
Maintaining the statewide highway embankment systems is a significant challenge with 
considerable impacts on the limited budgets of state DOTs. Also, numerous embankments on 
soft soils in Region 6 rely on pile installation and ground improvement, which requires complex 
and pricey construction. Due to increasingly stringent stormwater regulations, many DOTs are 
required to remediate stormwater for water runoff, metals, bacteria, and other pollutants. 
Therefore, the development of lightweight fill material composed of sand-biochar mixtures, which 
have potential in reducing erosion and cracking potential, retaining containments, and reducing 
stormwater runoff, is relevant to DOTs mission on sustainable design of roadway embankment. 
 
 
Evaluating Biochar as a Multi-Beneficial and Cost-Effective Soil Amendment Option for Maximal Stormwater Infiltration. 
[Project].  North Carolina Department of Transportation. Start date: 1 Jan. 2021. 
https://trid.trb.org/view/1765392 
Description: Departments of Transportation (DOTs) are challenged to meet regulations for stormwater runoff in soils 
compacted during the construction process. Compacted soils exhibit limited root growth in vegetation, reduced infiltration 
and water storage, resulting in increased stormwater runoff. Biochar amended soils are a potential remedy to this issue. 
The addition of carbon enriched amendments such as biochar can enhance soil hydraulic properties including wet 
aggregate stability, water capture and hydraulic conductivity. As well as reduce the risk of environmental pollutants 
(organic and inorganic) from soils by forming complexes well as reduce the risk of environmental pollutants (organic and 
inorganic) from soils by forming complexes or through sorption. A recent field study conducted by Delaware DOT 
demonstrates biochar amendment’s ability to be used as a cost-effective stormwater best management practices (BMP). 
Stormwater runoff and peak flow rate in biochar amended sandy loam soil was decreased by roughly 50%, for a cost 
similar to an urban grass buffer. 
Biochar’s effect on soil varies by soil type, and there are limited studies on its impact to clay soils native to North 
Carolina. Additionally, the impact of biochar on a specific soil will also vary by biochar type, making it necessary to test 
against multiple biochar variations to identify an optimal mix. The overall goal of this research is to evaluate the cost-
effective use of biochar for maximal stormwater infiltration and runoff quality in amended soils and assess its ability to 
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provide social and ecological cobenefits resulting from healthy landscapes. In doing so, the effectiveness of a suite of 
biochars will be assessed over a range of application rates and clay soils native to North Carolina. Ultimately, this 
research will determine the optimal biochar amendment rate and type for soil improvement BMPs and quantify its multi-
beneficial roles within urban watershed management. Specific objectives of this work include: 
(1) Create a NC geospatial webtool identifying NC biochar suppliers, detailing characterization and price for each 
selection. 
(2) Perform preliminary batch testing to assess biochar application rates on contaminant removal for a suite of biochar 
types. 
(3) Conduct bench-scale testing (column tests) of nutrient and metal losses in biochar amended soils. 
(4) Develop triple bottom line framework and model for assessing co-benefits of stormwater BMPs based on landscape 
improvements. 
(5) Development of recommended specifications for optimizing biochar amendment rates for soil improvement BMPs. 
Completion of this project will be a step towards the strategic implementation of biochar as a stormwater BMP with 
environmental and economic benefits to stormwater management. Anticipated research products include: (a) biochar 
vendor locator web-tool, (b) BMP embedded benefits modeling tool, (c) specifications 
for selection of biochar type based on the soil type and water quality benefits warranted, and (d) a design guide detailing 
best practices for adding biochar to NCDOT’s Stormwater BMP Toolbox. 
 
 
Yoo, Sin Yee; Kim, You Jin; Yoo, Gayoung. Understanding the role of biochar in mitigating soil water stress in simulated 
urban roadside soil. Science of the Total Environment, Volume 738, Issue 0, 2020 
https://trid.trb.org/view/1713657 
Abstract: Biochar has been proposed as a promising amendment that may improve soil structure. However, our 
understanding how it mitigates extreme soil water stress in roadside soils is limited. In this study, the authors investigated 
the effects of biochar on soil properties and plant growth under extreme water stress conditions. A greenhouse 
experiment was conducted on two-year-old Gingko biloba saplings planted in pots with sandy soil only (CON) and with 
sandy soil mixed with biochar (BC). To simulate excessive water stress conditions, the authors increased the soil water-
filled pore space up to the saturation level throughout the experimental period. They also simulated the switching water 
conditions by maintaining the saturation condition for 30 days, followed by no addition of water. The BC treatment 
significantly influenced the aggregate distribution and enhanced the proportion of macroaggregates (>250 μm). The 
biochar itself also functioned as a macroaggregate and contributed to increased aeration under the excessive water 
condition. Under the switching water condition, the micropores within the biochar might have helped maintain the 
available water for plant roots and soil microbes. Plant growth was significantly higher in the BC than CON soils for both 
the excessive and switching water sets. In the BC soils, plant growth was higher in the excessive than in the switching 
water sets, indicating that the soil water status in the authors' BC treatment for the excessive water set was not stressful 
enough to inhibit plant growth. The % optimal water condition, which is defined as the proportion of days when the soil 
water status is within the least limiting water range, had a very high explanatory power to explain the plant growth 
(r = 0.7172, p < 0.0001). The results indicate that biochar can alleviate water stresses in urban roadside soils by retaining 
plant available water under the wet and dry conditions. 
 
 
Ghavanloughajar, Maryam; Valenca, Renan; Le, Huong; Rahman, Merrick; Borthakur, Annesh; Ravi, Sujith; Stenstrom, 
Michael K; Mohanty, Sanjay K. Compaction conditions affect the capacity of biochar-amended sand filters to treat road 
runoff. Science of the Total Environment, Volume 735, Issue 0, 2020 
https://trid.trb.org/view/1708588 
Abstract: Amending roadside soil with adsorbents such as biochar can help remove pollutants from road runoff. To 
maintain soil stability, the roadside soil with biochar requires compaction. However, it is unknown how compaction 
conditions affect the capacity of biochar-augmented roadside biofilters to infiltrate stormwater and remove pollutants. 
This work examines the effect of compaction conditions on the release of biochar particles disintegrated during 
compaction, and the change in their capacity to infiltrate stormwater and remove E. coli. The net loss of biochar particles 
by mobilization with stormwater was insignificant compared to the biochar remained in the filters. The initial release of 
biochar particles in wet-compacted biochar columns was greater than that in dry-compacted biochar. The results 
revealed that compaction can affect the release of biochar particles in a series of three-step processes: generation of 
particles by disintegration of large biochar under compaction, diffusion of particles deposited near grain walls to bulk pore 
water, and transport and retention of particles in constricted pore paths based on pore water connectivity. Under similar 
conditions, compost columns released more particles than biochar columns, suggesting biochar is more stable than 
compost under compaction. E. coli removal in wet-compacted columns was greater than removal in dry-compacted 
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columns, owing to greater pore path connectivity in wet-compacted columns. These results indicate that addition of 
moisture during compaction can increase contaminant removal, initial particle release, and infiltration capacity of biochar-
augmented sand filters for road runoff treatment. The results would help develop design guidelines for roadside 
stormwater treatment system that requires compaction of filter media. 
 
 
Leszczynska, Danuta; Stefanko, Ana Uroic. Green Technology Approach for Capturing Pollution Washed from 
Transportation Infrastructures.  Jackson State University, Jackson; Maritime Transportation Research and Education 
Center (MarTREC); Office of the Assistant Secretary for Research and Technology, 2019, 26p, 
https://doi.org/10.5281/zenodo.3666777 
https://trid.trb.org/view/1688740 
Abstract: The main goal of this study was to produce and extensively examine biochar as a potential material for the in-
situ adsorption of typical pollutants carried by the stormwater runoff from the transportation infrastructures. Biochar, a 
product of controlled pyrolysis of carbon-rich waste material is the best known for its adsorption capacity as used for 
agricultural applications. The individual source of organic waste material, and parameters of pyrolysis, such as duration, 
temperature, limitation of oxygen, etc., would influence its final properties, which will dictate the overall efficiency of in situ 
adsorption. The choice of waste biomass transformed into biochar is very important when final product is to be applied on 
commercial scale. There are several conditions that must be taken under consideration. For instance, the organic waste 
should be easily available for manufacturing, and be stable after pyrolysis. Mississippi is a State with heavy agriculture 
and farming; it is also “green” state with extensive forest and green foliage. The carbon-rich waste material used for this 
study represents organic waste produced by those activities: fragments of trees (bark nuggets, pine needles, and cypress 
mulch), waste from agriculture (corn stover) and animal waste (manure). Long-term goal of this research was to 
investigate with further optimization a green technology approach for the effective, low-cost and environmentally friendly 
clean-up of contaminants spilled on the roads. To develop the foundation for reliable technology, the crucial parameters 
needed for production of biochar with designated properties had to be investigated first. 
 
 
Imhoff, Paul T; Maresca, Julia A; Nakhli, Ali; Chapman, Christine. Reducing Stormwater Runoff Volumes with Biochar 
Addition to Highway Soils.  University of Delaware, Newark; Center for Advanced Infrastructure and Transportation; Office 
of the Assistant Secretary for Research and Technology, 2019, 18p 
https://trid.trb.org/view/1674317 
Abstract: Stormwater runoff from roadways is a major source of pollution, but current stormwater treatment 
technologies, such as bioretention cells, do not efficiently remove contaminants. New technologies are needed that can 
both remove more pollutants and reduce the volume of stormwater discharge. Such technologies will not only improve 
water quality but result in significant cost savings for state departments of transportation. Biochar, made by pyrolyzing 
biological material such as wood chips, may increase water infiltration when used as an amendment in stormwater 
bioretention cells. Here, the authors examined how biochar contributes to soil aggregation, which in turn improves water 
infiltration in soil. The authors show that biochar changes production of adhesive macromolecules (proteins and 
polysaccharides), and that particles in biochar-amended soil are, on average, larger in diameter than those in un-
amended soil. These macroaggregates likely form on time scales of months to years, suggesting that biochar may be an 
amendment that increases in effectiveness over time. 
 
 
Imhoff, Paul; Culver, Teresa; Brown Sr, Joseph D; Rossetti, Maria; Johns, Paige; Chiu, Pei. Removing Nitrate from 
Stormwater with Biochar Amendment to Roadway Soils.  University of Delaware, Newark; University of Virginia, 
Charlottesville; Virginia Center for Transportation Innovation and Research; Mid-Atlantic Transportation Sustainability 
Center; Office of the Assistant Secretary for Research and Technology, 2019, 28p 
https://trid.trb.org/view/1604514 
Abstract: A combination of field and laboratory studies evaluated the impact of amending a wood-derived biochar to a 
roadway soil on stormwater runoff and water quality. At the field site, biochar amendment continued to demonstrate 
significant reductions in peak stormwater flow and cumulative runoff volume three years after construction. More limited 
water quality data indicate the biochar amendment reduced NO₃ and TN concentrations in subsurface water that 
percolates through biochar-amended soil. The primary benefit of biochar amendment on reducing stormwater pollutant 
loading, though, was the reduction in stormwater runoff volume. A companion column study was conducted using soil 
samples from the Delaware field site. A series of artificial storm events demonstrated that biochar positively affected 
volumetric moisture content, water infiltration, and total phosphorus reduction. However, both treatments leached total 
nitrogen and nitrate, with the biochar-amended columns leaching more than the native roadway soils. A separate column 
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study incorporated biochar at the same application rate as the field site into four other field soils and also tested the 
application of compost to separate soil columns. This study also found improved hydrologic function from both amended 
soils, but in this case, both biochar- and compost-amended soils transported less nitrogen than native soils. Effluent from 
both unamended and biochar-amended soils showed substantial phosphorus and phosphate reduction, while reductions 
from compost-amended soils were lower. Differences between field and column data suggest that the mechanisms by 
which biochar affects nitrogen removal are complex and may be difficult to predict without a more fundamental 
understanding of biochar’s effect on microbial processes. 
 
 
Green technology approach for capturing pollution washed from transportation infrastructures. [Project].  Department of 
Transportation, Office of the Assistant Secretary for Research and Technology. Start date: 1 Mar. 2018. 
https://trid.trb.org/view/1503856 
Description: The aim of proposed study is to produce and investigate a carbon-based substance, namely biochar, as a 
new material for the in-situ adsorption of pollutants carried by the stormwater runoff from the roads. A series of lab-scale 
experiments will be designed to optimize biochar’s microscopic structures and to determine its adsorption capacities.  
The particular source material, and applied techniques for obtaining biochar may influence its final properties; therefore, 
the initial set of experiments will be focused on testing properties of biochar manufactured by different techniques, 
temperature set-ups and oxygen-free environments.  The long-term spin-offs from proposed research are aimed toward 
(a) development of the new substance based on biochar that could be used for the emergency recovery of spills, and (b) 
exploring possibilities of using biochar as an addictive to pervious concrete or asphalt. 
 
 
Imhoff, Paul T; Nakhli, Seyyed Ali Akbar. Reducing Stormwater Runoff and Pollutant Loading with Biochar Addition to 
Highway Greenways. NCHRP-IDEA Program Project Final Report, 2017, 51p 
https://trid.trb.org/view/1491582 
Abstract: This study examines the reduction of nutrient loading and stormwater runoff volume by biochar amendment to 
the soils of highway greenways. Biochar is a charcoal-like material formed by combusting waste organic matter in an 
oxygen-limited environment and has high internal porosity and low particle density. Amending biochar to highways soils 
may increase total porosity and water retention, increase soil hydraulic conductivity, and enhance sorption and 
transformation of nitrogen compounds.  In lab experiments, biochar was amended to three representative Mid-Atlantic 
soils:  silt loam, sandy loam, and loamy sand.  Biochar amended at 2 or 6% mass fraction to these soils increased 
available water content by 20-70% depending on the soil.  Biochar amendment almost always increased unsaturated 
hydraulic conductivity; however, the impact of biochar amendment on saturated hydraulic conductivity was less 
significant. These findings suggest that biochar amendment to a roadway soil may result in reductions in stormwater 
runoff, but will depend on the roadway soil and amount of biochar added.  To evaluate if biochar-induced changes in 
soil hydraulic might reduce stormwater runoff, four greenways were constructed in the laboratory:  two filled with sandy 
loam soil and two filled with the mixture of sandy loam and 4% biochar by mass.  The biochar amendment increased 
water retention and saturated hydraulic conductivity.  These effects reduced runoff by 13% with respect to biochar -free 
soil, consistent with what was expected from laboratory experiments.  Data collected over multiple wetting and drying 
cycles showed gradually increasing soil water retention.  These data suggest time- dependent formation of soil 
aggregates will enhance the soil’s ability to retain and  treat stormwater as biochar and soil age.   In a field experiment, 
biochar was amended at 4% to a sandy loam in a roadway filter strip along a four -lane divided highway.  Over 74 storm 
events, biochar amendment reduced average stormwater runoff volume and peak flow rate by 84 and 77%, 
respectively. In comparison, tillage alone of biochar-free soil reduced average stormwater runoff volume and peak flow 
rate by 54 and 51%, respectively.  Thus,   biochar  amendment  increased  the  ability  of  the  tilled  roadway  soil  to   
reduce stormwater runoff and peak flow rate by ~ 50% . This effect was 2 to 3 times more significant than what might be  
expected  from  lab  and  pilot -scale  experiments  in  this  soil/biochar  mixture.  The reason for the greater stormwater   
treatment in the field was soil macropores, which accounted for 84% of the flow under saturated conditions. In summary, 
biochar amendment to three representative roadway soils indicated that biochar amendment will improve soil hydraulic 
properties.  Experiments demonstrate  that  these  effects  enhance  stormwater  treatment, resulting in reductions in 
stormwater runoff volume and peak flow rate. A  cost  analysis indicated  that  biochar  is  less  expensive  than most 
other best management practices. 
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Selected Resources from the Web 
 
  
Plenty of room for carbon on the ground: Potential applications of biochar for stormwater treatment 
  
Application of biochar in stormwater treatment: experimental and modeling investigation 
  
Rice husk biochar influences runoff features, soil loss, and hydrological behavior of a loamy soil in a series of 
successive simulated rainfall events 
  
Novel application of biochar in stormwater harvesting 
  
Biochar-based bioretention systems for removal of chemical and microbial pollutants from stormwater: A critical 
review 
  
Evaluation of pilot-scale biochar-amended woodchip bioreactors to remove nitrate, metals, and trace organic 
contaminants from urban stormwater runoff 
  
Biochar-augmented biofilters to improve pollutant removal from stormwater–can they improve receiving water 
quality? 
  
Analysis of the effect of green roof substrate amended with biochar on water quality and quantity of rainfall 
runoff 
  
Compaction conditions affect the capacity of biochar-amended sand filters to treat road runoff 
  
Short-term effects of biochar application on soil loss during a rainfall-runoff simulation 
  
Removal characteristics of heavy metal ions in rainwater runoff by bioretention cell modified with biochar 
  
Biochar addition changed the nutrient content and runoff water quality from the top layer of a grass field during 
simulated snowmelt 
  
Using biochar to purify runoff in road verges of urbanised watersheds: A large-scale field lysimeter study 
  
Biochar as adsorbent in purification of clear-cut forest runoff water: Adsorption rate and adsorption capacity 
  
Waste Derived Biochar for Stormwater BMP 
 

Least Relevant Results 
 
Selected Results from EBSCO 
 
Record: 5 
Title: Performance of commercially available soil amendments for enhanced Cu attenuation in bioretention media.  
Authors: Wilfong, Matthew T.1,2 (AUTHOR) 

Casey, Ryan E.1 (AUTHOR) 
Ownby, David R.1 (AUTHOR) downby@towson.edu 

Source: Journal of Environmental Management. Oct2021, Vol. 295, pN.PAG-N.PAG. 1p.  
Abstract: Bioretention structures such as planter boxes, swales and rain gardens are being increasingly utilized in built 

landscapes as a strategy to attenuate both stormwater flows and contaminant loads. Copper (Cu) roofing 
materials contribute significantly higher mass loads of dissolved Cu per unit area than other surfaces such as 
parking lots and roadways. While a recent study demonstrated that conventional bioretention media can 
remove greater than 90% of Cu from copper roof runoff, the median Cu concentrations at the point of 

https://www.sciencedirect.com/science/article/pii/S0048969718300378
https://www.mdpi.com/2227-9717/9/5/860
https://www.sciencedirect.com/science/article/pii/S0341816220301375
https://www.sciencedirect.com/science/article/pii/S0341816220301375
https://www.sciencedirect.com/science/article/pii/B9780128117293000182
https://www.sciencedirect.com/science/article/pii/S0304389421018549
https://www.sciencedirect.com/science/article/pii/S0304389421018549
https://www.sciencedirect.com/science/article/pii/S0043135419300946
https://www.sciencedirect.com/science/article/pii/S0043135419300946
https://pubs.rsc.org/en/content/articlehtml/2020/ew/d0ew00027b
https://pubs.rsc.org/en/content/articlehtml/2020/ew/d0ew00027b
https://link.springer.com/article/10.1007/s10661-019-7466-4
https://link.springer.com/article/10.1007/s10661-019-7466-4
https://www.sciencedirect.com/science/article/pii/S0048969720326978
https://journals.lww.com/soilsci/Fulltext/2019/02000/Short_term_Effects_of_Biochar_Application_on_Soil.3.aspx
https://www.tandfonline.com/doi/abs/10.1080/09593330.2021.1954697
https://www.sciencedirect.com/science/article/pii/S016788091830241X
https://www.sciencedirect.com/science/article/pii/S016788091830241X
https://www.sciencedirect.com/science/article/pii/S2589471418300159
https://link.springer.com/article/10.1007/s42773-020-00049-z
https://ascelibrary.org/doi/abs/10.1061/9780784482988.029
mailto:downby@towson.edu
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discharge from bioretention structures (66 μg L−1) still did not achieve Cu concentrations in stormwater 
discharges sought in some jurisdictions (for example, < 14 μg L−1). Consequently, commercially available 
soil amendments were assessed to improve bioretention Cu removal. The ability of biochar, greensand, and 
zeolite to improve Cu removal was evaluated in laboratory column studies. Additionally, the performance of 
zeolite as an underlayer amendment was evaluated in bioretention planter boxes treating stormwater from a 
picnic shelter with a partitioned copper roof. Cu was measured in the planter box influent and effluent. The 
field setup included 2 control planter boxes containing only standard bioretention media and 2 amended with 
the zeolite underlayer. Samples from ten storms were collected with flow-weighted composite sampling. Total 
Cu in composite samples of the influent waters ranged from 445 to 1683 μg L−1 and had a median 
concentration of 934 μg L−1. Total Cu in the effluent from the control planter boxes ranged from 10 to 64 μg 
L−1, with a mean of 29 μg L−1. Total Cu in effluent from the zeolite amended planter boxes ranged from 4 to 
44 μg L−1 with a mean of 18 μg L−1. Attenuation in the control planter boxes ranged from 90 to 99% with a 
median of 93.4% by concentration and ranged from 95 to 99% with a median of 97.5% in the zeolite 
amended planter boxes. • Zeolite as a soil amendment increased copper attenuation with bioretention 
columns. • Bioretention planter boxes removed >90% copper from copper roof runoff. • A zeolite underlayer 
resulted in higher percentage of copper attenuation. • Bioretention structures decreased the toxicological 
effects of copper roof runoff. • Zeolite is a beneficial soil amendment for use in urban stormwater 
bioretention. [ABSTRACT FROM AUTHOR]  

  Copyright of Journal of Environmental Management is the property of Academic Press Inc. and its content 
may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express 
written permission. However, users may print, download, or email articles for individual use. This abstract 
may be abridged. No warranty is given about the accuracy of the copy. Users should refer to the original 
published version of the material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 0301-4797 
URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=151633981&site=ehost-live 

Database:  EBSCO MegaFILE 
 
 
Selected Results from the TRID Database 
 
Liu, Jiawen; Li, Hui; Yang, Bing; Xie, Ning; Ning, Yihuan. Laboratory Investigation on Pollutant Removal Effect 
of Purification Materials for Porous Asphalt Pavement. Transportation Research Record: Journal of the 
Transportation Research Board, 2022 
https://trid.trb.org/view/1942070 
Abstract: Purification materials have been widely applied as filter media in best management measures 
including wetlands, bioretention systems, and so forth, whereas their application in permeable pavement is 
limited and needs further research. This paper aims to explore the feasible applications of water purification 
materials in permeable pavement materials and structures. Based on laboratory rainfall test and static 
adsorption test, the possible application of three types of water purification materials, including diatomite, 
quartz sand, and straw biochar, in porous asphalt pavement and their pollutant removal effect were 
investigated. The results show that the filter layers can effectively increase the total suspended solids removal 
rate to 60%–80%. And when the purification materials are applied as alternative fillers in porous asphalt 
mixture (PA), they can enhance the removal effect of dissolved pollutants, especially heavy metals, by their 
special chemical properties and the positive influence on microscopic pore structures of PA. The adsorption 
effect of PA on pollutants is closely related to the environment temperature. The PA adsorption of nutrients and 
copper (Cu) increases with the increase of temperature, but the adsorption effect of chromium (Cr) is better at 
lower temperatures. The pseudo-first-order model and the pseudo-second-order model can properly describe 
the adsorption process of heavy metals Cu and Cr by PA, respectively. The purification schemes that present 
purification effects under different runoff pollution characteristics are recommended as well. 
 

https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=151633981&site=ehost-live
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