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Effect of iron-modified biochars on soil nutrients and
bioavailability of As and Pb
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of Environmental and Chemical Engineering, Foshan University, Foshan 528000, Guangdong, China)

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. Soil nutrient availability, soil enzyme
activity, rice biomass and As and Pb concentrations in various plant organs at different growth stages were
measured. 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 (P<<0.05), primarily increasing the content of amorphous silicon (by
25.2%) and iron-manganese oxidized silicon (by 11.1%). Fe-FMB was more effective in immobilizing soil As
(P<<0.05), 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 (P<<0.05), with maximum increases of 121.1%, 99.1%, and
33.2%, respectively. Pearson correlation analysis showed that soil enzyme activity was significantly related to
pH and As availability (P<<0.05), 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. 36 ref.]
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REEE 0.257 5 g kg BUIREK

A KA AW (154 d) R AWK ER 70, @fmZhin A LS FKkE HIEgoRER . N
WA R 2, AR IO SR FBENLIX L HES, I B 4 XA AR i . FETE I . SrBEH
VS TN S AT T BRI RS , OB KRB AN 2 A R R A, A TS S il
1.3 TEMAEYRREREBUERS

WET +3EpH, HFR . HEFAcHt . AR . Al . SO SR SEm e e e, 3
BTk K AT A e AR B b vk 2 o A R AP A R R AT 43 0 R NHGHLPO, Bl — 2 = i H L R
(DTPA) iz &L

K FH 9 S A FL AR AS: T 47 A I 52 + HE B-1,4-% 4 Bl B (B-1,4-glucosidase, BG). 4% % ik 24 & ik i
(leucine amino peptidase, LAP) A2 14 B FR i (acid phosphatase, PHOS) A HHG MM, i 484k A il (catalase,
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Table 1 Selected physicochemical properties of the used biochars
AR pH KA Ag ke BiA(g-kg!) Fl(g-kg) BAgke) g kg) Bg-kg!) HERMEBUmM kg™) PHETAH R/ (cmol- kg ™)
FMB 9.5 79.3 753 5.0 27.5 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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M D), KM FMB EAE L (K) JCEK, 1Mi7E Fe-FMB 2 [ WU 5 2 85 Z 4%k (Fe). B (S) AR (O) JC
%, Fe-FMB AL AE XG5 F0RLIR Y 5t 222 Fe AR 4R/ NIURI AL AR o 3% — 25 B FPS EL i) 7 4%
FAW R
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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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24%~49%., WHEE SB g5 R, SXFEA L, JiiH Fe-FMB J5, 3w J0 @ B RE A9 & Eb 34 8 3 18 m
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Figure 5 Effect of biochar application on soil Si availability and the fractions of Si in soil
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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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Figure 7 Effect of biochars on soil enzyme activities
2.6 MEAENRRIAREREYRRBE=ROMMN
i 2 TR BRI, 2 R S AR T KR B R A B (P<0.05), Fe-
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Table 2 Impact of biochar on rice biomass (dry weight) and grain yield

AN A K KRR A Mk (T B i)/ g

AbFELH AT ik /g
Y] SrBE] I LAY

X R 0.76:0.05 ¢ 1.56+0.21 ¢ 4.8120.86 ¢ 6.20+0.56 ¢ 6.110.11 ¢

FMB 1.68+0.15 b 2.93£0.29b 6.54£0.42 b 7.54£0.22 b 8.4240.47 b

Fe-FMB 2.3540.20 a 4.34+037 a 7.96+0.40 a 11.4140.77 a 11.0140.23 a

Uil AFEVING TR IR R — I Y A [ A B ] 22 53 2. 35 (P<<0.05)
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Sh. AT I A Y T VPR, ST TR
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F R R, K P I A T R T A, DT85 1 At 5351
BREC YA TSR0 T SRR RRBA Y G T AT HLIR ) TR R, BB T AT T
ke e 90 R B KRBT 0 RE M SR T R MR R A AT O Bk
A P S0, A K BT RCRE 8 T R AR ACT . WL B e



5 41 55 6 1) EUERESE: BRUCE AW B p R AR I LR 0 Sl . B AT R B R ) 1229

3 pH
e (e« R
HEmETR R e D
g e e
e | e e e Y
I i R ] m

R TS
- $e 2 S M il
g B A 2
R [ by
e U e
S A
A

AR --

CEL e

R lll
e on o o o

S R
R :
<> / ‘ & NBe zsz <> % %
WM%% 4@@«@,\%%&\ %\L / /
X@w@%&%{%ﬁ&& «#
B @%@&&
D% &f?

* RKIRP<0.05; ** FIRP<0.01,
B 8 RFEF54749 Pearson 484 M 547
Figure 8 Pearson correlation coefficients among different parameters
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