




Algae blooms like this one are caused 
by excess nitrogen from fertilizer and 
manure runoff, killing fish by reducing 

the oxygen in the water.

NPS Stormwater Pollutant 
Challenges to Soil & Water 

Quality –
Areas of Increasing Concern!

• Pathogens
• Algae/HABs
• Perfluorinated Compounds
• Nutrients
• Pesticides – Arsenic, e.g.
• Lead & Heavy Metals from 

Contaminated Sites
• Manure Land Applications
• Biosolids & Landfill Leachates
• Air Deposition
• Endocrine Disruptors
• Plastics ECOLOGICAL & 

ENVIRONMENTAL 

PUBLIC HEALTH



Global cost of water contamination  - $100’s 
of Billions! The same report estimates the English 

agricultural sector as an example, the annual 
estimated cost of removing soil contaminants 
(nitrates, phosphates, pesticides and 
pathogens) to meet drinking water standards 
and ecological restoration of watercourses 
affected by eutrophication amounted to GBP 
230 million (about USD 315 million), as 
calculated in 1996 (Pretty et al., 2000). 

More recent estimates attribute a cost 
of up to USD 340 billion to the 
American population from nitrogen 
pollution alone (Sobota et al., 2015). 
The global cost of water pollution could 
be billions of USD annually (FAO and 
IWMI, 2018).    

https://www.circleofblue.org/2012/groundwater/contaminated-groundwater-sites-in-u-s-will-cost-at-least-us110-billion-to-clean-report-says/#:~:text=Contaminated%20U.S.%20Groundwater%20Sites%20Will%20Cost%20%24110%20Billion%20to%20Clean%2C%20Report%20Says,-November%209%2C%202012
https://www.circleofblue.org/2012/groundwater/contaminated-groundwater-sites-in-u-s-will-cost-at-least-us110-billion-to-clean-report-says/#:~:text=Contaminated%20U.S.%20Groundwater%20Sites%20Will%20Cost%20%24110%20Billion%20to%20Clean%2C%20Report%20Says,-November%209%2C%202012
https://www.circleofblue.org/2012/groundwater/contaminated-groundwater-sites-in-u-s-will-cost-at-least-us110-billion-to-clean-report-says/#:~:text=Contaminated%20U.S.%20Groundwater%20Sites%20Will%20Cost%20%24110%20Billion%20to%20Clean%2C%20Report%20Says,-November%209%2C%202012
https://www.circleofblue.org/2012/groundwater/contaminated-groundwater-sites-in-u-s-will-cost-at-least-us110-billion-to-clean-report-says/#:~:text=Contaminated%20U.S.%20Groundwater%20Sites%20Will%20Cost%20%24110%20Billion%20to%20Clean%2C%20Report%20Says,-November%209%2C%202012


Global cost of 
soil 

contamination 
- $100’s of 

Billions!

• The world’s soils, which provide 
95% of humanity’s food, are “under 
great pressure”, according to a UN 
report on soil pollution.

• Soils are also the largest active 
store of carbon, after the oceans, 
and therefore crucial in fighting the 
climate crisis. But the report said 
industrial pollution, mining, farming 
and poor waste management are 
poisoning soils, with the “polluter 
pays” principle absent in many 
countries.

• In China, soil pollution is 
estimated to cause annual 
agricultural economic losses worth 
USD 20 billion due to lost 
productivity and food contamination 
(Zhou et al., 2020).  Remediation of 
contaminated soil would be 100’s of 
billions of dollars (US).



BIOCHAR-BASED SOLUTIONS CAN SUPPORT THE W.E.F. 
NEXUS & REGENERATIVE ECOSYSYTEMS & 

COMMUNITIES!

SYNERGY!



What is Biochar?

• Carbon-rich solid produced by thermochemical processes - heating biomass in the 

absence of oxygen via pyrolysis or gasification. Optimum range 500-800 ºC.

• Residual product of bio-energy production

• Porous solid with a number of beneficial properties

• Properties depend upon feedstock, pyrolysis conditions and possibly modifications

• The approach is carbon-negative because carbon is sequestered in the soil in the 

form of biochar, thus releasing less carbon than do carbon-neutral technologies.

• By contrast, conventional carbon capture and storage reduces the carbon dioxide 

concentrations from exhaust fumes, therefore at best preventing atmospheric carbon 

dioxide levels from rising further.



BIOMASS WASTE

WOOD & WOOD
PROCESSING WASTES

CROPS ANIMAL MANURE

GARBAGE/LANDFILL FOOD GREEN/YARD

BIOMASS = CARBON-BASED BIOLOGICAL MATERIAL;
SOURCE OF RENEWABLE ENERGY FROM PLANTS & 
ANIMALS

FOR EVERY BIOMASS, THERE’S A CARBON 

NEGATIVE BENEFICIAL BIOCHAR

Adding                      Value

http://www.bigchar.com.au/index.htm


Biochar & 
Carbon 
Sequestration

• Cornell University estimates that 
producing biochar from biomass could 
sequester carbon equivalent to 12% of 
global CO2 emissions - on par with 
emissions from the global transport sector. 

• Biochar sequesters carbon by converting it 
into a stable element of the soil that can stay in 
the ground for millennia. 

• Land degradation is a driver of climate 
change through emission of greenhouse gases 
and reduced rates of carbon uptake. Biochar 
can restore land, helping to regenerate healthy 
soil and plant carbon sinks to reduce 
emissions and enhance carbon sequestration. 







“Valorizing what might otherwise be a 

waste product, what would otherwise 

be releasing CO₂ and other 

greenhouse gasses.”

BIOCHAR – NOW SUBSIDIZED FOR 
REGENERATIVE SOIL & CLIMATE 
BENEFITS!

• Upcycling a waste biomass while 
negatively sequestering GHGs

• Addition of negatively sequestered carbon 
to regenerate soil health

• Biochar Carbon Market!

• Regenerating Soil as a Carbon Sink!

USDA Now Paying to Add Biochar to 
Ag and Forested Lands for 

Enhanced Soil Carbon!



Biochar Vs. 
Activated 

Carbon

• Biochar - shares 
adsorption properties with 
activated carbon. 

• Biochar has a 
significant amount of ion 
exchange capacity, a 
property that is minimal or 
absent in traditional 
activated carbons.

• Biochar is low density 
– as compared to higher 
density of AC. 

• As soil amendment –
provides greater voidage, 
aeration, significant 
cation exchange 
capacity, and the ability 
to increase both nutrient 
uptake and soil fertility, 
while increasing water 
holding capacity by 20-
30+%. 



Biochar needs 90% less energy to be produced 

than Activated Carbon!  Biochar is also less 

expensive!

< $1.00/kg - $ 5.00/kg

Activated Carbon Market worth 8.12 Billion USD 
by 2021 - Exclusive Report by MarketsandMarkets™



Lu, L., Yu, W., Wang, Y. et al. Biochar 2, 1–31 (2020)

- BIOFILTER
- RETENTION/BIODEGRADATION
- BACTERIA/PATHOGEN INHIBITOR
- ENRICHMENT/RECOVERY
- FILTRATION/SEPARATION
- 2D MEMBRANE
- CHEMICAL ABSORBENT/CATALYST/REDOX



Chen, H., Gao, Y., Li, J. et al., June 2022

Biomass with a high 

content of ash has a 

lower % of fixed C and 

produces biochar with a 

higher CEC value.





Tirpak et al.,Water Research,

Volume 189, 2021

• Green Infrastructure Bioretention 
System Performance Varies by 
Design, Requirements, Bioretention 
Soil Media (BSM) and Pollutants

Biochar can be added, activated, 
blended, and/or amended as a key BSM to 
significantly improve treatment 
performance.

• Pollutant removal capacity of 
traditional BSM is low, particularly 
for dissolved pollutants, and they 
may leach pollutants into the 
stormwater.  

• There’s a growing need to add 
amendments to improve the 
contaminant removal capacity of 
traditionally designed BSM

BIOCHAR FOR HIGH-PERFORMANCE GI



TOTAL &

DISSOLVED

NITROGEN
TOTAL & 

DISSOLVED 

PHOSPHORUS

TOTAL & 

DISSOLVED 

HEAVY 

METALS

Biochar-amended biofiltration systems efficiently remove diverse pollutants such 

as total & dissolved nitrogen (32 – 61%), total & dissolved phosphorus: (45 –

94%), total & dissolved heavy metals (27 – 100%), organics (54 – 100%) and 

microbial pollutants (log10 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





Complete Green Street in Heavy Industrialized Zone (NJ) Using Higher 

Ash Biochar Amendments to Also Treat Heavy Metals in Stormwater 

Runoff

Pictures Courtesy of Hugo Neu
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Hydraulics & Kinetics Testing Results Using Various Ecochars (Biochars) to Treat 

a Range of Heavy Metal & PFAS Pollutants

Flow Rates =110-118 in/hr; Avg. Contact Time ~ 2 min.

Source: D. Lueckenhoff



Heavy Metal 

Adsorption (%)

Legend: BC: broiler manure carbon; TC: turkey manure carbon, SM: swine manure carbon

Single

Competition
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Biochar-based 
biofilter performance 
and important factors 
affecting the removal 
of chemical and 
microbial pollutants 
from stormwater.



II

IT IS KEY TO RESILIENT, REGENERATIVE HEALTH & ECONOMY IN THE CHESAPEAKE BAY & BEYOND! 
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