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Effect of iron-modified biochars on soil nutrients and
bioavailability of As and Pb
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Abstract: [Objective] To investigate the effects of raw and iron-modified biochar on the nutrient content and
bioavailability of arsenic (As) and lead (Pb) in con-contaminated agricultural soil. [Method] An experiment
using rice potted in soil mixed with 2% raw Ficus microcarpa biochar (FMB) and Polyferric Sulfate (iron)-
modified biochar (Fe-FMB) was conducted, no biochar soil as control. We measured soil nutrient availability,
soil enzyme activity, rice biomass and As and Pb concentrations in various plant organs at different growth
stages. The bioavailable As and Pb in the soil were determined using the NH,H,PO, and DTPA extraction
methods, respectively. [Result] The results indicated that, compared to the control, Fe-FMB significantly

enhanced the availability of nutrients such as phosphorus (P) and silicon (Si) in the soil and significantly altered
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the distribution of Si forms in the soil, primarily increasing the content of amorphous silicon (by 25.2%) and
iron-manganese oxidized silicon (by 11%). Fe-FMB was more effective in immobilizing soil As, reducing it by
37.9% compared to the control, while original biochar (FMB) was more effective for soil Pb immobilization,
reducing it by 24.9%. Application of Fe-FMB led to a 67.2% reduction in As content in rice grains as compared
to the control. Furthermore, Fe-FMB significantly increased the activities of leucine aminopeptidase, acid
phosphatase, and catalase, with maximum increases of 121.1%, 99.1%, and 33.2%, respectively. Pearson’s
correlation analysis showed that soil enzyme activity was significantly related to pH and As availability,
indicating that biochar application can regulate soil enzyme activity by influencing soil pH and As
bioavailability. [Conclusion] While F. microcarpa biochar is effective in remediating soils contaminated with
Pb only, it is not suitable for the treatment of soils co-contaminated with As and Pb. On the other hand, iron-
modified biochar shows a better prospect for remediating soils co-contaminated with As and Pb. [Ch, 8 fig. 2
tab. 39 ref.]
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Table 1  Selected physicochemical properties of the used biochars
IR pH KM g kg™ BA(g kg ) F(g-kg!) Rhgkg) HAg ke Plg-kg) HERMEB(m -kg™) PHE T3/ (cmol-kg™)
FMB 9.5 79.3 753 5.0 275 1.50 7.89 23.4 14.45
Fe-FMB 5.3 137.8 505 7.5 13.5 7.31 49.32 132.6 30.95
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Figure 1 Morphology and structure of biochar before and after modification
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Figure 2 X-ray diffraction (A), and Fourier transform infrared spectra (B) of biochars
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Figure 3  Effect of biochar application on soil physiochemitrical properties
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Figure 4 Effect of biochar application on soil N, P and K availability
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Figure 5 Effect of biochar application on soil Si availability and the fractions of Si in soﬂ
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Figure 6 Effect of biochar application on the availability of As and Pb in soil and their accumulation in rice straw
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Table 2 Impact of biochar on rice biomass (dry weight) and grain yield
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