
Particulate Emissions from Biochar-Amended Soils: A Potential Health Hazard?

Figure 4 (a)  Average PM10 flux at 1cm height shows 
apparent increase in PM10 emissions due to biochar 
amendment in agricultural soil types

• PM10 flux related to wind shear velocity threshold of soil (Table 2)

(b) Average PM10 flux at 1cm height for biochar alone 

shows sieving reduces production of fine particulates

(c) No significant trend in PM10 flux at 1cm height 

with concentration of biochar across all three soil 

types.
• Potentially a result of soil properties (i.e. soil water retention, interparticle forces).

Fig. 1 (a) High surface 

areas and micropores allow 

biochar particles to trap 

contaminants and microbes 

within.

(b) Mechanism of saltation 

and abrasion of biochar 

leading to particulate dust 

emission

Large-scale biochar application may provide sustainable pathways to improve 

productivity and carbon storage of agricultural soils or remediate 

contaminated lands. However the environmental impacts of large-scale 

biochar application needs to be investigated to evaluate the tradeoffs and 

synergies. In this preliminary research we used wind tunnel studies to 

investigate the dust emission potential of biochar-amended soils. The increase 

in airborne dust can impact human health, particularly since biochar particles 

can sorb bioavailable contaminants.
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Table 1. Biochar Amendment Tests Performed in Wind Tunnel

-Concentrations in % biochar by volume

-Unsieved (U) or Sieved (S)

So
il 

Ty
p

e

Ritzville Silt Loam C, 5U, 10U, 10S, 20U

Warden Sandy Loam C, 5U, 10U, 10S, 20U

Ottawa Sand

C, 5U, 5S, 10U, 10S, 20U, 20S

*all Ottawa tests also subjected to shorter test 

with Quartz abrader

While no significant trend was observed with 

concentrations of biochar in the three different 

soil types, measurements of higher particulate 

emissions were typically observed with 

increasing biochar concentrations. Furthermore, 

we demonstrated that abrasion by sand grains 

can significantly contribute to biochar-amended 

soils’ particulate emission. This preliminary 

research suggests further investigation into the 

effects of wind erosion on biochar-amended soils 

in order to effectively determine the impact on 

human health. More specifically, identify soil 

properties that could influence biochar 

susceptibility to erosion (i.e. soil water retention, 

interparticle forces) with large-scale applications 

of biochar. 

Fig. 5. Examples of Ottawa 20U 

Test (a) and Ottawa 20S Test (b) 

show increase in PM10  

concentration due to quartz sand 

abrader introduction occurring at 

~7:30 minutes. First 7-minute 

PM10 flux due to threshold 

eroding loose, fine particles.
• The average PM10 concentration (320 μg/m-3) for 20% 

Unsieved Biochar over 10-minute simulation of a wind 

event exceeded the EPA 24-hour standard of 150 μg/m-3. 

Wind tunnel experiments were set-up as follows: tray of soil sample 

(100x20x1.5 cm) located downwind subjected to ~7 minutes of wind.  

Wind speed, Particulate Matter ˂ 10μm aerodynamic diameter (PM10) dust

Fig. 3. 

Photograph of 

outside wind 

tunnel set-up
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Table 2. Soil types’ shear velocity 
thresholds differ in comparison to 
that of biochar 
(Warden<Biochar<Ottawa), and 
therefore the effect of saltation 
mechanism in creating greater 
emissions can be determined by 
soil properties.a

b

Fig. 2. Set-up of wind tunnel experiment

Fig 6. Positive relationship between 
concentration of biochar and near-
surface soil moisture 
Biochar addition reduced the shear velocity thresholds for 

erosion, but no difference between treatments

Figure 4a
Soil Type Shear Velocity Threshold (ms-1)

Ritzville Silt Loam 0.18

Warden Sandy Loam 0.15

Ottawa Sand 0.35

Biochar UnSieved 0.15

Biochar Sieved 0.24
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Figure 6
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Abrader Introduction

Figure 5a

b

concentration, and Total Suspended 

Particulates (TSP) were measured 

using pitot tubes, TSI DustTrak

aerosol monitoring tubes, and E-

Sampler tubes respectively, all 

vertically positioned at 6 incremental 

heights from 0.5 to10 cm. The 

ambient air quality was also measured.

b

c
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