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Heavy metal (HM) pollution in soil: causes and effects

Zhao et al. (2019) ES&T

Affect
Soil property

Soil ecosystem

Crop productivity

People health



Biochar (BC): a fascinating soil amendment? 

A low-cost, eco-friendly sorbent
- derived from agricultural wastes, including manures

A stable carbon-rich porous material 

Potential application in large scale
- to stabilize HMs in soils 

 

Gomez-Eyles et al. (2013) ES&T



Factors that strongly influence the BC properties

Wang et al. (2020) Sci Total Environ



Linear model: Cs = (fsoilKd-soilCw) + (fBCKd-BCCw)Gomez-Eyles et al. (2013) ES&T



Questions to be addressed

• How critical is the temperature on the HM adsorption (in the aqueous phase) 
and immobilization (in the soil matrix) capacity of BC? 

• Can a simple partitioning equilibrium-based linear model be developed to 
effectively and reliably predict the ultimate efficacy of BC for in situ sorbent 
amendment to remediate HM-contaminated soil?

• Can this factor be generalized to a variety of feedstock? If so, which type of 
raw materials originating from agricultural wastes is a better candidate for soil 
amendment? 



Synthetic Biochar

How to achieve the objectives?

Agro-wastes
(rice husk & camphor tree leaf)

300 or 600 oC for 1 hrPyrolysis (10 oC/min)

Application
Soil 

incubation 
experiments

Aqueous 
adsorption 

experiments

 0.27 mm sieve (50 mesh)

Biochar Characterization(SEM-EDS, FTIR, XRD) (XPS, ASAP, elemental analysis)



Rice-husk Biochar 300℃ 
(RB300)

Rice-husk Biochar 600℃ 
(RB600)

Leaf Biochar 300℃ 
(LB300)

Characteristics of 
synthetic biochar

Leaf Biochar 600℃ 
(LB600)



Levels of heavy metals in the tested soil (at ppm) and its porewater (at ppb)

Soil Levels Porewater Levels

(260)

Stop cropping when the HM level is 
higher than this regulation

Allow to grow crops but continue 
monitoring HM levels



  camphor leaf > rice huskk    Mono-metal systems: 300 ºC > 600 ºC; 



  Trio-metal systems: 300 ºC > 600 ºC; camphor leaf > rice husk
  For most BCs: Cu(II) > Cd(II) ≈ Zn(II), but for LB300: Cd(II) > Cu(II) > Zn(II)0 



 Reductions of HM concentrations in porewater of soil amended with BCs

Soil incubation

For Cd & Zn: 600𝚘C > 300𝚘C



 Probing the role of DOM in aqueous-adsorption and soil-stabilization of Cd by BC

Adsorptions conducted with porewater

LB600 > LB300

Adsorption in DI water with humic acid

LB600 > LB300



Role of DOM for immobilization of HMs by biochar in the soil matrix

Cd(II)

DOM

Biochar300
Biochar600

DOM & Cd(II) concentrations: ↓



Taking into account the competition effect of other metals in DI water matrix did not 
significantly improve the predicting power of the model, which might be due to that:

• The selected levels of metals were not low enough
• The influence of DOM was neglected
• The other unknown factors
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Modeling pore water reductions for Cd, Cu and Zn in contaminated soil

Gomez-Eyles et al. (2013) ES&T



Conclusions
• In the absence of DOM, LB300 & RB300 have higher adsorption capacity for Cd(II), 

Cu(II), and Zn(II) than that of LB600 & RB600 in the aqueous phase, presumably 
due to the higher content of acidic oxygen-containing functional groups.

• All soil samples treated with biochar showed effectiveness in reducing porewater 
Cd(II), Cu(II), and Zn(II) concentrations, as opposed to the untreated sample. 
Interestingly, unlike the pattern observed in the aqueous phase, biochar synthesized 
at higher pyrolysis temperature (i.e., LB600 & RB600) exhibited better stabilizing 
effect on Cd(II) and Zn(II) in the soil matrix.

• The modeled results for the porewater reductions of the tested metals were not in 
accord with the measured results, suggesting that the role of DOM may need to be 
taken into account. 



Thank you for your attention!



Possible adsorption mechanisms- FTIR spectra

Rice Husk Camphor tree leaf



Adsorbent Carboxylic Lactonic Phenolic Total acidity

(mmol/g) (mmol/g) (mmol/g) (mmol/g)
RB300 0.17 0.50 1.05 1.72
RB600 - - 0.27 0.27
LB300 0.24 0.76 1.08 2.08
LB600 - - 0.15 0.15
- Below detectable level.

The surface acid functional group content of various biochars

Possible adsorption mechanisms- Boehm titration & XPS analysis results


