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Pb is the most common soil contaminant worldwide

US EPA Soil Screening levels

• Old: 400 mg/kg

• Updated: 200 mg/kg 
• (100 mg/kg*)

World Soil Day 2016
Soils and pulses, a symbiosis for life 

Hettiarachchi et al., 2023.
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Pb Bioavailability Varies with Receptor and Exposure Pathway 

• Soil Environment

• Soil pH 4 – 8.5

• Ecological receptors

• Plants and soil invertebrates

• Human stomach Environment

• Stomach pH 1.5 – 2.5 (fasting)

• Human receptors

• Through soil ingestion

The GI environment is much more caustic to treated soil than the soil environment.
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Pb is the most common soil contaminant worldwide

Soil Amendments

• Yard/Wood waste

• Compost

• Biosoilds

• Biochar, and more. 

Use soil amendments to reduce Pb:

• Transmission to plants & soil invertebrates

• Bioavailability from soil ingestion 
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Biochar

- Pyrolyzed organic material or 

biomass

• Optimum pyrolysis temperatures

500 – 800 °C

• Feedstock:

Li et al., 2017; Rajapaksha et al., 2016.
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× 100

• Studies reported reductions in %IVBA Pb from biochar 
treatments (Netherway et al., 2020; Plunkett et al., 2022).

• Specifically in P-rich biochars

• Limited research on the effect of BC reducing IVBA from 
incidental soil ingestion.



Ability of Biochar to reduce bioaccessible Pb for Plants and Soil 
Invertebrates

Hundreds of publications showing biochar 

can reduce this bioaccessibility
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Gap

• Limited research:

• Linking the potential of biochar amendments for the reduction of IVBA Pb 
in contaminated soils

• Relevant biochar properties to reduce bioavailable Pb

Objectives

• Determine the efficacy of different biochar amendments to reduce 
bioaccessible Pb to plants and soil invertebrates

• Determine the efficacy of different biochar amendments to reduce 
bioaccessible Pb from soil/dust ingestion
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Approach

1. Pb-contaminated soil and biochar amendment selection

• Four biochars (two biosolids, poultry litter, and switchgrass) pyrolyzed at 
900°C

• Five Pb-contaminated soils from smelters / mine lands and military bases.

2. Evaluated effects of treatment on lead bioavailability via key exposure 
pathways

Soil  

Contaminant

Released In

Gut
Ingestion of Soil

Food Chain

In vitro GI extraction

0.1 M CaCl2 extraction

Soil Method

Taken Up  

By Plant



Soil Property Information 

Property

Soils

Smelter / Mine Land Military

C1 C5 SS_Blend Portsmouth Travis

Soil pH, water 2.6 5.7 6.75 6.20 7.04

Total C (%) 0.36 0.61 6.9 2.57 1.22

Total Pb (mg kg-1) 10182 (519) 4756 (179) 3504  (162) 2610 (98.0) 2232 (107)

0.1 CaCl2 Pb  (mg kg-1) 1.22 (0.29) 0.23 (0.06) 5.16 (0.23) 91.6 (10.2) 21.3 (3.28)

IVBA Pb  (mg kg-1) 113 (53.3) 158 (15.5) 1591 (37.0) 1730 (79.7) 1947 (188)

IVBA Pb  (%) 1.12 (0.57) 3.33 (0.44) 45.5 (2.67) 66.3 (0.63) 88.8 (14.0)

Values are averages ± SD (n=3)



Soil Property Information 

Property

Soils

Smelter / Mine Land Military

C1 C5 SS_Blend Portsmouth Travis

Soil pH, water 2.6 5.7 6.75 6.20 7.04

Total C (%) 0.36 0.61 6.9 2.57 1.22

Total Pb (mg kg-1) 10182 (519) 4756 (179) 3504  (162) 2610 (98.0) 2232 (107)

0.1 CaCl2 Pb  (mg kg-1) 1.22 (0.29) 0.23 (0.06) 5.16 (0.23) 91.6 (10.2) 21.3 (3.28)

IVBA Pb  (mg kg-1) 113 (53.3) 158 (15.5) 1591 (37.0) 1730 (79.7) 1947 (188)

IVBA Pb  (%) 1.12 (0.57) 3.33 (0.44) 45.5 (2.67) 66.3 (0.63) 88.8 (14.0)

Values are averages ± SD (n=3)



Biochar Property Information

Property
Biochar

Biosolid 1 Biosolid 2 Poultry Litter Switchgrass

Pyrolysis Temperature (°C) 900 900 900

pH 8.06 (0.02) 7.32 (0.06) 11.3 (0.04) 11.2 (0.03)

EC (dS m-1) 1.06 (0.01) 1.11 (0.04) 8.82 (0.20) 0.87 (0.03)

Volatile Matter (%) 0.00 (0.00) 23.0 (0.35) 14.9 (4.73) 10.6 (5.80)

Ash Content (%) 94.0 (0.43) 62.2 (0.30) 62.8 (1.50) 16.2 (4.61)

Fixed Carbon (%) 6.02 (0.43) 14.8 (0.30) 22.4 (3.30) 73.2 (10.20)

Total C (%) 15.9 (0.14) 23.0 (0.59) 39.8 (5.11) 69.4 (4.67)

Total N (%) 0.40 (0.00) 3.10 (0.04) 1.72 (0.05) 0.69 (0.03)

C/N Ratio 40.3 (0.30) 7.39 (0.18) 23.2 (2.44) 100 (8.58)

NO3–N (mg kg-1) 0.00 (0.00) 104 (0.66) 4.46 (0.29) 0.00 (0.00)

NH4–N (mg kg-1) 28.3 (0.32) 44.0 (0.29) 0.00 (0.00) 0.00 (0.00)

Total Pb (mg kg-1) 23.5 (0.60) 90.0 (2.19) 0.63 (0.09) 0.47 (0.28)

Values are averages ± SD (n=3)
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Spiked Biochars
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Biosolid 1 Biosolid 2 Poultry Litter Switchgrass

d

a

c b

Almost 0% Pb was desorbed for all biochars 
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Biosolid 1 – Soil Ingestion Bioaccessible Pb
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Biosolid 1 – Soil Ingestion Bioaccessible Pb

Biosolid 1 Biochar Application Rate (% by Wt.) 
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Biosolid 2 – Soil Ingestion Bioaccessible Pb

Biosolid 2 Biochar Application Rate (% by Wt.) 
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Biosolid 2 – Soil Ingestion Bioaccessible Pb

Biosolid 2 Biochar Application Rate (% by Wt.) 
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Poultry Litter Biochar Application Rate (% by Wt.) 

Soil       Portsmouth       Travis       SS_Blend       C1       C5 

No reduction for soils
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Switchgrass – Soil Ingestion Bioaccessible Pb

Switchgrass Biochar Application Rate (% by Wt.) 

IV
B

A
 P

b
 %

a

a

a
a

a
a

a

a
a

a

a

a

a
a

a

Soil       Portsmouth       Travis       SS_Blend       C1       C5 



Switchgrass – Soil Ingestion Bioaccessible Pb

Switchgrass Biochar Application Rate (% by Wt.) 

IV
B

A
 P

b
 %

No reduction for soils

a

a

a
a

a
a

a

a
a

a

a

a

a
a

a

Soil       Portsmouth       Travis       SS_Blend       C1       C5 



Summary (Soil & Biochar Blend)

Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils



Summary (Soil & Biochar Blend)

Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils

• Portsmouth > other soils 



Summary (Soil & Biochar Blend)

Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils

• Portsmouth > other soils 

• Poultry Litter > other biochars 



Summary (Soil & Biochar Blend)

Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils

• Portsmouth > other soils 

• Poultry Litter > other biochars 

• No statistical difference between application rates

• Exceptions – Poultry Litter with SS Blend and Switchgrass with Portsmouth



Summary (Soil & Biochar Blend)

Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils

• Portsmouth > other soils 

• Poultry Litter > other biochars 

• No statistical difference between application rates

• Exceptions – Poultry Litter with SS Blend and Switchgrass with Portsmouth

• Consistent with studies showing biochars reducing available soil Pb
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Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils

• Portsmouth > other soils 

• Poultry Litter > other biochars 
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Summary (Soil & Biochar Blend)

Bioaccessible Pb for Plant and Soil Invertebrates 

• Overall, biochars    available Pb in soils

• Portsmouth > other soils 

• Poultry Litter > other biochars 

• No statistical difference between application rates

• Exceptions – Poultry Litter with SS Blend and Switchgrass with Portsmouth

• Consistent with studies showing biochars reducing available soil Pb

Soil Ingestion IVBA Pb

• Overall, biochars did not significantly affect the %IVBA Pb

• One exception – Biosolid 1 with Travis soil

• Inconsistent with studies showing BC reducing soil %IVBA specifically in P-rich 
biochars. 

• Previous studies showed statistically significant but small reductions
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Conclusion

Observation
Spiked 

Biochars

Soil & Biochar 

Blend

Biochars significantly reduced plant / 

invertebrate available Pb

Biochars significantly reduced IVBA Pb

• Biochar is effective at reducing bioaccessible Pb to plant and soil
invertebrates at environmental conditions

• Biochar is ineffective at reducing bioaccessible Pb for human soil ingestion in
the highly acidic environment of stomach conditions
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