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Abstract: [ Objective ] The reductive release of arsenic (As) from paddy soils can be enhanced under waterlogged conditions.
This study aimed to investigate the mechanisms of Mn-modified biochar (MBC), with high oxidation and adsorption capacity, on
inhibiting As release in the waterlogged paddy soil microcosms and to reveal the potential pathways of mediating As
transformation and speciation in soil solution and soil. [ Method ] This study determined changes in the basic properties of soil
solution, soil, and biochar through mixed or separate incubation of biochar and flooded soil. [ Result ] The results showed that,
compared with the control and unmodified biochar, MBC significantly promoted the oxidation of As (IlI) to As(V) in the soil
solution, keeping a low concentration of As(Ill) (0.02-0.88 mg-L™") throughout the incubation period. The Mn released from MBC
into the soil solution was readily precipitated with As(V). Also, the MBC containing rich pore structure and oxygen-containing
functional groups would promote its adsorption for more inorganic arsenic (iAs). MBC showed greater affinity for Fe
(3.12 mg'g™" of Fe was adsorbed on MBC after 28 d), leading to a significant decrease of Fe concentrations in the soil
solution (P < 0.05) and enhanced the adsorption of iAs on the solid-phase. The reduction of Mn-oxides on MBC increased the pH
(0.08-0.22 pH units) of the soil solution, which further promoted the precipitation of Fe on the solid phase thereby strengthening
its adsorption for iAs. As a result, the concentration of iAs extracted from the MBC was 12 times higher than that of the
unmodified biochar after incubation of 28 d. The high oxidative properties of MBC inhibited the reductive dissolution of Fe
minerals, thereby significantly reducing the soil-available Fe and As concentrations (P < 0.05). This led to the transformation of
soil available As to iron-manganese bound and residual fraction As. As a result, the soil available As was stabilized under a lower
range of concentrations. [ Conclusion ] Generally, the addition of MBC to waterlogged paddy soil can inhibit the release of iAs
from the solid phase and promote the transformation of mobile iAs into more stable forms in the soil, resulting in a significant
reduction in arsenic mobility and toxicity in waterlogged paddy soil.

Key words: Mn-modified biochar; Mn-oxides; As(Ill); Speciation; Biochar-soil mix treatments; Biochar-soil separation
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F1 RAREEVRRK (BC) FERMEEMRRK (MBC) HERMR
Table 1 Basic properties of unmodified biochar (BC) and Mn-modified biochar (MBC)
Bk
W% WA R L R AR LB AR AP ML S R
pH Total Fe/
Adsorbent Spger/ (m*g!) Vi (em*>g') DOC/ (mg-g') Total As/( mg-g' )Total Mn/( mg-g") ( N
mgg
BC 10.42 +0.03 23.63 0.03 0.34 £ 0.03 0.006 + 0.005 0.04 +0.001 0.76 £ 0.03
MBC 6.87+0.01 272.90 0.21 0.38 £ 0.02 0.013 £ 0.005 127.40 £2.54 0.74 £0.15
a) I Ab PR b) IR
al) R—tIRA AL FE bl) ?Llﬁ7k7f<1¢2?f
CK1 SBC SMBC
WA
1 m
(EfEpbmERE K i
BI04k B T2
= e g m ¥
4 \D w
100 g+ 4% 100 g4+ ¢ 100 g 46+ ¢ LR
R . b J
N P
= .x.zi
Cl1 B
€2 CK2
NSy 0.5 g RBPE 0.5 gl -
IO I £tk EYTIR YR NFENA 2L 1 000H Je kM Z»

e H-HRAMHT, CKI1 AREINAY Bk AT HALEE, SBC R U8 N A BT A= 9 B B AL B, SMBC A ¥ i e v A 9 It
B AL B 5 pic-+ B AL BT, CK2 S AS VS AR ) 5 o P 83 48 114 S % RE b 3, S-BC SRy 8 in oA st 4 A 40 I ok B 5 4% 1) M ik 3, S-MIBC
RS IR R A ) AR R S AR B SMIN AL B, CK3 D AN S I A ) T A s 12 4 AL A % AR B, BC Sy S I AR 5 2 40 T A Bl 3 4 P Y
AbFE MBC R s 0 e A 40 5 o B 5 4% A R 4 B8 . R [H] - Note : Under the biochar-soil mix treatments, CK1 is the biochar-free control,
SBC is the treatment with unmodified biochar added, and SMBC is the treatment with Mn-modified biochar added; under the biochar-soil
separation treatments, CK2 is the control outside the biochar-free nylon bags, S-BC is the treatment outside the nylon bags with unmodified
biochar added, S-MBC is the treatment outside the nylon bags with Mn-modified biochar added, CK3 is the control inside the biochar-free

nylon bags, BC is the treatment inside the nylon bags with unmodified biochar added, MBC is the treatment inside the nylon bags with
Mn-modified biochar added. The same below.

K1 iRl (a) AR E (b) " E R (al - IRAAI; a2 5k— T3 BAREE; bl FLBUKCRFERS; b2.
TEFEE; b3, RERE)
Fig. 1 Illustration of the soil culture experimental treatments ( a ) and devices (b ) (al. Biochar-soil mix treatments, a2. Biochar-soil separation

treatments, bl. The porewater sampler, b2. Fixture, and b3. Isolation device )
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AR A RS ERS &, br HIER IR S e 1
B A AR ) DA A ok R DOC, B,
SRR S (- A ), BigRid R

http://pedologica.issas.ac.cn



756 + b1

62 4

=

HE IR, I AE S B A WS S RIS s 4
K, HERFRIE I LK S T EERZ S em.
1.4 MEFE
141 HHOAWEAERAWE @ fLBRACR
FELHMIEY E 38 pH A pH i1 (FE28, H4ei)—
IR ZEPRARA A, fit) Wz; DOC HLEA L
/AL (Multi N/C 3100, AnalytikJenaAG
ONwE], FEED) WA B, B4R . B R A
LB AR REAY (ICP-MS, LC 1260 MS G6420A,
Aglient A H], JEE) WZE; W As CIT) & ROK
FARE ( NexION 2000, PerkinElmer 2A#], FEHE)
DR B A B R A B E , Jrp AsC T )
FIARIIER A 0.19 ug L',
142 HHHELSBEEENNE HHEAGCSH. f
WS . ARCSPRR IR A -—C M H L
( AB-DTPA ) 12 4& I EL;  + Hem e &40 Hr % A
S A BRI P AR JR) ( BCR ) #2 Hi Y BCR i 4L
BUHREL, I ICP-MS #EAT /0 & .
1.4.3 YR BEARMERAME YRR
. EAR . ERFH HCI-HNO; &, ICP-MS il
FEUO AW R ) DOC FHRBZEK (10 50 oK i
ko) RAR—EAA LR RS A
1.5 HiE4bIE

fdi i Microsoft Excel 2019 . SPSS25.0 i
Origin2021 FEAFEIEALFE . Seitsrtrf & . kA
Jr 2250 ( ANOVA ) FIEFE ( Tukey ) ZH HE >
BEAS ) A BAE i 2Z [BI 25 5 0 7E 95% 8 A X ] T A6
Waritet wEM . R KIKAR (Person) HHICHHHT
TN A HEAR R P o A A S AT

2 4 R

21 HEHHEEYRRIT T ERRLTVNHBERLS

A

ARIEAEE T L 3Ess i amf (As (T)) F=M
(As () HeBERfRE SR R AR L AN 2 Fim o -
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28 d I AR T AL P . Wi 2¢ W, PREIAS N
SN MBC I As (T) A1 As () #e B AR A
FER /N, As (T) F1 As (TT) ¥REE/HIFE 0.028~
0.221 mg-L™' 1 0.003~0.064 mg-L ' JLFE . 4R,
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i3 BCR VA $EH A 30 20 9414y, BIVER T $2 Bt
A As (F1), WiRJEZ As (F2), AJ%& L4 As (F3)
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&l 2
we—-tiRE

TR R (As (T)) WE (al~cl) M= E (a2~c2) UURAYFAK FRmas (d) 284k (al~a2.
AbFR; bl~d. -4 EAabEE)

Fig.2 Changes in total As ( As (T )) concentration ( al-c1 ) and As ( Il ) concentration ('a2-c2 ) in soil solution, and total As content in biochar

(d) (al-a2. Biochar-soil mix treatments. b1-d. Biochar-soil separation treatments )
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Fig. 3 Available As content in soil (a) and fractionation of arsenic speciation ( b ) in soils under biochar-soil mix treatments (al, bl ) and

biochar-soil separation treatments (a2, b2)
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Fig. 4 Changes in pH (a) and dissolved organic carbon ( DOC ) concentration (b ) in soil solution and DOC content in biochar (¢ ) (al, bl.
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Fig. 5 Changes in total Mn (Mn (T )) concentration in soil solution (a), available Mn content in soil (b ), and total Mn content in biochar

(c) (al, bl. Biochar-soil mix treatments. a2-a3, b2-c. Biochar-soil separation treatments )
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Fig. 6 Changes in total Fe ( Fe ( T)) concentration in soil solution ( a), available Fe content in soil (b ), and total Fe content in biochar ( ¢ )
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Fe B F7EEAHHITVE , M HE— 25 1 8k [ R X T
iAs MW, MBC 2 (1946 S L9034 RE 10 il 51 4 2%
YR R, AR A RGN Fe Ml As it i 3
FEA (P <0.05). K, ¥ MBC RBAE i + 34 31
A As M BERGE MR 25 A S ABRIES As 55748, B
5 A e FBT A0 e B R R WOh R SCS As
AR BRI N
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