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Abstract: [ Objective ] Paddy soils are extensively polluted by heavy metals (HMs) in China and present
significant challenges for safe agricultural use. Thus, this study seeks to address the heavy metal pollution in
China's paddy soils, focusing on polluted soils from the Dabaoshan mining areas in Shaoguan, Guangdong
Province. [ Method] A flooding-drainage incubation experiment was conducted and combined with chemical
extraction, diffusive gradients in thin films (DGT) technology, and correlation analyses. Also, the impact of
phosphorus (P) and humic acid (HA) addition on soil Fe speciation and the bioavailability of related elements was
evaluated. The selection of P and HA concentrations was based on common agricultural practices to ensure the
environmental relevance of this study. [Results] The results revealed that soil pH gradually became neutralized
while redox potential (Eh) decreased during the flooding period. The concentrations of acid-soluble Fe?*,
amorphous Fe, and Fe activation degrees increased from 1.5 g-kg™ to 4.8 g-kg™?, 6.6 g-kg™ to 10.1 g-kg?, and 21%
to 29%, respectively, with a decrease in amorphous Fe content observed in treatments with added P and HA from 2
to 42 days of flooding. After soil drainage, both amorphous Fe (Fe,,) and Fe activation degree rapidly decreased to
7.4 g-kg! and 21.6%. Regarding CaCl,-extractable heavy metals, the lowest values were observed after 14 days of
flooding, whereas levels of As, Cd, Cu, and Zn rapidly increased to 0.1, 0.4, 0.3, and 7.0 mg-kg'l, respectively,
after drainage. The addition of P and HA in the early flooding stage increased the As content by 80% and 35%
compared to the control, respectively, but decreased the contents of Cu, Zn, and Cd, with HA addition, the
reduction rates of CaCly-extractable Cu, Zn and Cd were over 67%. During flooding, DGT-extracted P and Fe
content initially increased then decreased, while Zn content gradually reduced. The addition of P and HA
significantly reduced the bioavailable Zn content in the early stages of flooding while the bioavailable content of P
and As was primarily controlled by bioavailable Fe. [ Conclusion] During the soil flooding-drainage incubation,
significant changes occurred in soil physicochemical parameters including pH, Eh, and speciation of Fe. The
addition of P and HA could regulate the bioavailability of elements such as Fe, P, and HMs. These findings offer
valuable insights for the remediation of HMs-polluted soils, highlighting the potential for using P and HA in
improving soil quality and ensuring safe agricultural production.
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1.1 TIEHERRERE AR

TIERERR AT RGN (24°30' N, 113°44' E) KE I X EARELKEL GRa
8, RAMEZERERE 0 ~ 20 om LIBFES, THJEE 2 mm B RGR G M7 & M. fhidt
R BACTE R R 1 R, Hob, 3 pH A 5.0, Fe. P FIGHLR & EIKIKA 44.1, 0.97
Al 295 g-kgt. 5K HEM (GB15618-2018) AHEL, FES AR (As). il (Cu). 4%
(Pb). £ (Zn) FitH (Cd) BEE&ESEXWCBIR, RIHE™EN L ESET &5k
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Table 1 Physicochemical properties of the used soil

) _ SRS GG A
AT fr LI ﬁ—iiﬁiﬁi bz 8 Risk screening value:
Basic properties Unit Value properties Unit Value pH < 55

(GB15618-2018)

oM g-kg? 295+1.47 | pH — 5.0+0.01
Olsen-P mg-kg™* 351+094 | Asy’ mg-kg™ 1895+823 45
TP g-kg? 0.97+0.09 | Cuy” mg-kg™ 2026+9.15 80
FerV g-kg? 441046 | Pbr” mg-kg™* 281.2+1862 80
Feox g-kg? 8.7£0.01 Znt’ mg-kg™* 337.4x7.76 200
Fedi g-kg? 316+012 | Cdf’ mg-kg™ 2.88+0.13 0.3
S’ wWt.% 0.0615

FE: OM AREHHUR: Olsen-P RFA ZM: Feox Ml Feg /M ARE T ETERANFES ks VIRFMBLITR IO AR ARBRIEIT X 4F
27 6IE . Note: OM represents organic matter; Olsen-P represents available phosphorus; Feo and Fegi represent amorphous Fe and
free Fe respectively; ” represents the total amount of the corresponding element; Content of total S was determined by X-ray fluorescence.
1.2 TIEEF AR

Pk L3gTE R e, WEIVH 70 d MEK-TE TR AR (B L. BRI Eds 3 FiibH:
1) XL, 2> WIBER A8 (+P, 240 mg-kg™ HHD R 3) B (HA) (+HA, 4%
il L HEE WU A RN 50 g-kg ). FERACEIAREHNAER, —HIT A E B, JEd R
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JREALTE (ORP, HQ40d, MA75, Lifg) #rHIfES 1. 2. 3. 4. 6. 7. 9. 14, 18, 22, 28,
32 F1 42 K JEALIN 3R PL R 4 10 om Ab BRI EAL IR JFE AL (Eh) AT pH. #E/K 42 d
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g : ,;-:,'?A, e
i ) S b) i ) |
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Fig. 1 Experimental setup of soil incubation and in-situ monitoring of diffusive gradients in thin films (DGT) (a, b, ¢, d, e, and f
represent the addition of HA, addition of HA-DGT, addition of P, addition of P-DGT, control, and control-DGT, respectively)
1.3 WFREUS &

T IR, KIRAESS 2. 7. 14, 28 A1 42 K, FIFAIFHGRTE LA R 5 cm 4bisk +
AR 10 g CARVMNIFEIRZ, 40 BlE =S SR R IR G500 M5E 4k LR 40 10
g, B0 T WHEE, i 0.15 mm B RAE, WE LiER R KR Fe (LT,
I Fe. ARGSEREMP S8,

TR P T BREUR O LR BB K L HERES 4 05 g, — A 5 mL. 0.5
mol- L™ ERFRVAVRLE 25°C, 70 r-min™ Z&fF FIRGRAL 1 h, SREEIEEBD Fe®'. B—ELIR
fE 60 CFTH, ARIMES/KE, RFHEHAMRET b Fe* &, Wilih Fe Wk
ARFEMBIR L IR o VAR ST IR W R R A e R R s

TP TET Fe MIlif S Fe 0. TETE Fe A (Feo) RAMIEHME: (AAO, pH
3.2) VEMAEHL, R Fe ALY (Feq) WIAE  ERERIN-FTIEBREA-tk IR E 4 (DCB) ¥
Hy 20,221

R A ESRAN: A ES @ 0.01 mol-L™ ) CaCl, iEHHREY, FREUT-1
+HERES 1 g T 50 mL &0, I 10 mL. 0.01 mol-L™ % CaCl,, 7 25°C, 70 r-min™ 414
THRGIRAL 3 h JSTE 10 000 r-min™ B0 RSO IENS, P AR A 45 B T 1A R SR X

(ICP-OES, 5110, ZHft, ) MM & Jm H T
1.4 JR{L DGT 2B 3%

T K R AR, RIRTESS 20 7. 14, 28 F1 42 K, K ZrO-Chelex DGT (JW [ Fg 5
AR AR AT AAMFLE, I 24 h J5F DGT M 3B Hd Sk, 4
Ja M E B /KRR e s B, R B 0 R R B BE AR I 20 mm iIT0 e BEJS, A5 ANTH)
VRERIYIT e B 2 10 mL B0 rh, AKIRAE IR T AT 8 mL. 1 mol-L™ HNOs VAR EL 16 h, Bt
B4 J@PHES T (Fe. Zn%), 74 ‘CFA 8 mL. 0.2 mol-L™ NaOH F1 0.5 mol-L™ H,0, i &)
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Cper = D_Af o))
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BRERGEOMM, cm’ t N DGT HEREM A, s; M A t e B 2 Xt H s s i 2 &
(B OFRETETE) ) g,

[ i A PR R E (M) ARG A X H A2

@)

b Ve ARRBGIAAR, mL; Co NIRBORTE TIREE, mg/L; Vo NREEBAR, mL; f ik
HF o [ 52 M A S TR ARER (0.95) B9,

A A2 SR B SE IR B H 420 9 = I R AR EZE . ] SPSS 24.0 BRAFREAT B2 /K b/
BOREITEERMRDNT, BRI & BRIE RS040, RAREERTTZ 28T (ANOVA)
AN 22 5% (LSD, P < 0.05) AR R pPAhAbB (] (2 53 R k. A Origin 9.0 #4174
Kl

248

2.1 +1% pH #1 Eh T{k

s K B IR A IR B pH A Eh AR AN 2 BioR . fESS IR R, 1% pH B 5.6 1247 L
THE 7, £ 14 d EAERfREM, X EERE R T KT RSB R AR H TR
(Fe(OH)s + 3H" + & — Fe*" + 3H,0) VI, Zesssriyl, Sxtiesitt, #in HABP 5, 13 pH
B, XGHABE RN HA 5% P GBI OH A P, &5 pH AR, ERIUhE:
7 dA, 3% Eh i 100 mV iGE FRFEEZ-150 mV, fE5:9% 7~14 d N H149-150 mV 2218 K %
FL-250 mV, 1EEFE 14 d e AR RER ARG % Eh ZR BN (B2, Wil
JETR, AR IRE 7 R A

BJEATEE 59m
wanE  n PH ®)

Eh(mV) = E° — Sn—glog

A, Eh OSBRI, mV: EP9bRE RS, mV: m Rl n g3 T RE R T R A
B pH HIhn, Bk R n IS YIRS A S YA (5 B2 LB, SR R 1 Eh /s

P51, B, SRR R pH AR AR (I Fe?'. M. STE) (LU, LR ST
L3 Eh BT [,
a) ;3 O %[ Control O M +P 4 MHA +HA b) 150-@
. 100
70} @ ) >
6.8 @@ @ ¢ g ® £
<_Ile.6- u—; r
64t 2 s}
%_6.2 E-NO-
=60f =
Hegl ﬁ-lso- g %
5.6 L
88 %% 4
5.2- 1 1 1 1 1
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B 9%0 4] Incubation time/d B4 3515 18] Incubation time/d
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Bl 2 AEIABELSAE T, 42 d H/KIIN 8 pH () FIEGEJRBAL (Eh, Ag/AQCI AZHR) (b) FERT
)b td
Fig. 2 Variation of soil pH (a) and soil redox potential (Eh, Ag/AgCl electrode) (b) during 42 d flooding under different

treatments
22 T Fe AT
TERK B IR WA, FEE R TR RGN (2 ~ 42 d), HIERIREGS Fe' S8 (LEARF
B HAS) BEHN (B 3a). fEE AN T, Fe S B 15 ~ 4.8 g-kgt EEA L. HX}
TRALAHEL, W0 P EL HA LIS, AH 2 Fe?E (& 3a), XATREEH TN P 2 HA /5,
AR Fe 35 JR A0 B S0 A M R0 A KB, (Rt T B R IUE N Fe O3 SRS AL 14,

7 105
~ |3 %% [ Control c ~ b)
2 5l N i +p b 2 100f
S E—J ImHA +HA = e .
£ %E E 90}
o —
5 %E £ ss}
£ = 5
§ %E E 80 —{ % Control
£ \E el —O— T +P
i %E @H : == JIHA +HA
& \ERRERL]
+ 8 42 R 0 10 20 30 40 50 60 70
357715 1) Incubation time/d
36 2
c) 3 d)
3 20
% 82f 1 - 28 F
=, 0 T 3
¢ D o -
;g = Fe,: == 721 Control —O— I +P =/ JIHA +HA & 26k
B S 28| Fe; @ %I Control <@ MB+P & MHA+HA, B —O— % # Control
m B -
=2 R ot —O— I +P
K5 26'% g B : ks —— JIHA +HA
ﬁgm- ® @--.f.@-.--@ HZ oo |
2 2f A 20}
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
357715 1) Incubation time/d 3% 1) Incubation time/d

T ARVNG F RS AR WAL EE A 2 MR R R (P < 0.05); & ¢ PR MLk 4 HIARIEE Fe (Feg) Ml
i Fe (Feo): #mJii Fe I E &N Fe FIUCE Y Fe Z AR ZE{EH. Note: Different lowercase letters indicate significant
differences among treatments (P << 0.05) at the same incubation time; The dashed and solid lines in figure c represent the
crystalline Fe (Fec) and free Fe (Feq), respectively; The content of crystalline iron is the difference between free iron and
amorphous iron.

B 3 [l LLEE T /K -5 Tl R b R R RIS Fe™ (a). T Fe (Fe) (b). JiFES Fe AL Fe

(Feqi Fll Feo) () Bz FediALRE (d) BEIGFRI I AL 1L
Fig. 3 Variation of acid extracted Fe** (a), amorphous Fe (Fe,) (b) and free and crystalline Fe (Feq and Fe,) (c) and Feq/Feg; (d)
of soil at different incubation time

HEKEEFR IR, TERTA LB HRTEE Y Fe (Fe) SEIEFNIN (P<0.05) (K 3b),
B J5 E VAT UG R R (P<<0.05), X577 APHIGE HK 5L Feox & &I INAI L 1E0E T+ 5
Feo P B/ i — 8. 25 AN Feo & B HIVE /KW 6.65 g-kgt ETHE 10.12 g-kgts 7%
TS 7.43 g-kg™e (EHDK-VE TR, 78 Fe (Feq) & ENIKSURIIEH LTIk (K
30). Fegit5 Feo MIZEM UM ERL A Fe (Fep). =AbIE Fe, & R AEA/K-TE TR 2 5
BB BT (B 3c). fEHEKI], A IET Fe i 25.07 g-kg™t f4 = 24.51 g-kg™,
VAT EFHE 27.01 g-kgte =AMALHEF L3E Fey. Feq Ml Fe, STEMIRBSFATA. +P o
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+HA KEBRAK IR BRI, Fe WEALRE (FeodFeq) HIZRAHNEE (K] 3d) 5 Feo IS, 7EME/KERFRIAIN,
A AL BE AT Fe SEALEEY R BAHEAS, METE T IANPREPEAC; X EALEE T Fe FEALFE
20.96% - F+ % 29.35%, J5 X FRE%E 21.57%.
QITEBYSECRERAETK

CaCl, $RHUA %7 H 48 £ B KA S RE 7 Rs s, R K-75 T3 i, A ik
P, LIEARESESESEHRIEAACI R RE, I 2 d % 14 d E# T, 14 d
42 d AT IR, 42 d J50EZH ETF (& 4). Huang 251 £ 60 d v K& Tl fE ik
B, CaCly #2HUds Cd EWE/KIAAed T, T ligus Bt Fadbsd, FRES As. Zn.
Cu. Cd & &Mk 2 d J5H) 0.45. 8.06. 0.18 F1 0.32 mg-kg* 7 14 d WFF K HFRLAT,
oG R ANAS, Y85 040 5 F T4 0.09. 6.98. 0.15 #1 0.44 mg-kg™. 54 EX ML, +P 4k
HEAAEAKYIE (2 d) BHE As SEFE, BX Cu. Zn Al Cd EUmASEH &, SRHK 7 d i,
+P OB KPR TA A Cus Zny Cd 1 As B . +HA CFEHHEKFI (2 d) A As &=
Fh, AR Cus Zn, Cd & &R FEFE (P<0.05).
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1318 Incubation time/d 14 3%} 8] Incubation time/d

4 R BESRAT N K-V T I b CaClp RIS B4R & S bE I 18 21k
Fig. 4 Variation of CaCl, extracted heavy metals during 42 d flooding and the subsequent drainage under different treatments
24DGTZEZS Py As, Fef Zn S ERHEEEN
TEHKEE IR N, =F BT DGT 2 Py As. Fe. Zn & &bl LR 5
FiR. FEXIEL + P A+ HA KL, DGT #REUGE P& & (UIAFRESMET) h2d £ 14d
BFEWI (P<0.05), 4»HI3HNT 0.90. 0.86 #10.89 mg-L?, BhJE % 42 d N IR k%,
FEXTIRA+P ALER, DGT $2lds Fe 5 P & BEFIE FRI I ARAGE AL, TAE+HA LLF
DGT 2 Fe & 2 d & 14 d B3I (P<0.05), #AJE7E 28 d FFE. SxIEZAMHLL, +P
AFEXT DGT $2HUA Fe SrERMELR, M+HA WK T DGT 42HGE Fe &, XWREEHT
HA 58I TR &Y), AFT DGT 2. AT, DGT ftlid As & &
BEREFEm () (2 ~ 28 d) SE R EFEWI (P<0.05), 4> T 0.26. 0.24 £10.23 mg-L™*, #AJ5
REBWTE Y (28 ~ 42 d); I, DGT LA Zn & BN 55 IR [ HFLE FRE. BLAh,
JEH P AT HA KCBEERAR 1 HEKATH Zn KA, 5 CaCly J2HLES Zn 4R (1 4) KL
DGT 2 P &8 AE 14 d ik B H KAH, X518 pH A Eh AR E R a] (& 2) MR, Y
Fe AL 45 R (&1 5) —B. £ 0 ~ 5 om M/KIREIEHEIN, DGT #2HiE Py Fe. Asfll Zn & &
BEVR LRI, (HAEEE 5 em BRE, ERTTRIZIREZ R, XAEES Eh7E 0~5 cm %
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FEVE N BT R EA S, MEERZE (5~12cm) Eh BLE/N,
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Fig. 5 Vertical distribution of diffusive gradients in thin films technology (DGT) extracted P, Fe, As and Zn during 42 d flooding

for different treatments
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K 6 WK -v& TR P B S R
Fig. 6 Schematic diagram of Fe speciation transformation during flooding-drainage processes
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Fig. 7 The heat map of Pearson (a), Spearman (b), and Kendall (c) correlation analysis of P, Fe, As, and Zn extracted by DGT in

profiles during the flooding incubation for different treatments (n = 40)

4 45w

BT R Ge R 75 G H A MK -VE Tl R rh Rl Fe MITRHAL LT A 2t
BN FEACGTFRHE T RRVAYE Fe® . 0T Y Fe Ml Fe VEALEEMIHEIN, I F1Bi L3 pH 7t
Al Eh BOREAR. JERLAIN P A HA R 35T Fe i W L€ TR Fe &, HETTRZM 2 &8 1)
VAR BAE, WEK-E T RERT T CaCL RIS E &R S B A R EEH, Hrh P &
HA Zoniaeit — PR IA S ES RS E. 4k, TIBK-E RIS, pH. Eh fI Fe
TEA SRR B, IR P B HA AIE— @ 2 L Fe. P MIE GBS TR
I R o RIS FEAS A DXCIRAIAN [/ B 5 8 7 /KA - A HE K -V6 T REXS BURIT AL, 46
EHEBERF P RE S X SRS X B AT S B R AL S A HEEORIR A T BT e R A
B R AR R . E A H RIS P WBAA BRI IR, oA

http://pedologica.issas.ac.cn



Rt S
Acta Pedologica Sinica

R TS QAR R 2 SR 06 BN 22 4 ) R SR 04 S n A T OB 4K AR

BE 3wk (References)
[1] Wen M Y, Ma Z Q, Gingerich D B, et al. Heavy metals in agricultural soil in China: A systematic review and meta-analysis[J].
Eco-Environment & Health, 2022, 1(4): 219-228.

[2] Sun C, Liu F, Chen Z Y, et al. Effects of mercaptopalygorskite on remediation of Cd-As co-contaminated soil and its
microbial community [J]. Soils, 2024, 56(1): 128-134. [#h5, XI%F, MR, &5, SRS A R ahE &5 e LR iu iz 5
B AR 2 0], 3, 2024, 56(1): 128-134.]

[3] Xu S X, Zhao Y C, Wang M Y, et al. Comparison of multivariate methods for estimating selected soil properties from intact
soil cores of paddy fields by Vis—NIR spectroscopy[J]. Geoderma, 2018, 310: 29-43.

[4] Wang Y, Yuan J H, Chen H, et al. Small-scale interaction of iron and phosphorus in flooded soils with rice growth[J]. Science
of the Total Environment, 2019, 669: 911-919.

[5] Zhang Y T, Zhu Q H, Huang DY, et al. Effects of drying and oxidation stage on the forms and availability of Cd and As in
the soil-rice system[J]. Acta Pedologica Sinica, 2023, 60(2): 446-457. [Tk, A&7, FHE Kk, . TRt 38K 78
RGBT AS B Rk i3], 9254k, 2023, 60(2): 446-457.]

[6] Wang Z, Liu X W, Liang X F, et al. Flooding-drainage regulate the availability and mobility process of Fe, Mn, Cd, and As at
paddy soil[J]. Science of the Total Environment, 2022, 817: 152898.

[7] Maranguit D, Guillaume T, Kuzyakov Y. Effects of flooding on phosphorus and iron mobilization in highly weathered soils

under different land-use types: Short-term effects and mechanisms[J]. Catena, 2017, 158: 161-170.

[8] Yan J L, Fischel M, Chen H P, et al. Cadmium speciation and release kinetics in a paddy soil as affected by soil amendments
and flooding-draining cycle[J]. Environmental Pollution, 2021, 268: 115944.

[9] Sun L N, Chen S, Chao L, et al. Effects of flooding on changes in Eh, pH and speciation of cadmium and lead in
contaminated soil[J]. Bulletin of Environmental Contamination and Toxicology, 2007, 79(5): 514-518.

[10] Huang H, Chen H P, Kopittke P M, et al. The voltaic effect as a novel mechanism controlling the remobilization of cadmium
in paddy soils during drainage[J]. Environmental Science & Technology, 2021, 55(3): 1750-1758.

[11] Wang J, Wang P M, Gu Y, et al. Iron—-manganese (oxyhydro)oxides, rather than oxidation of sulfides, determine mobilization
of Cd during soil drainage in paddy soil systems[J]. Environmental Science & Technology, 2019, 53(5): 2500-2508.

[12] Gao L, Gao B, Xu DY, et al. Assessing remobilization characteristics of arsenic (As) in tributary sediment cores in the
largest reservoir, China[J]. Ecotoxicology and Environmental Safety, 2017, 140: 48-54.

[13] Anawar H M, Rengel Z, Damon P, et al. Arsenic-phosphorus interactions in the soil-plant-microbe system: Dynamics of
uptake, suppression and toxicity to plants[J]. Environmental Pollution, 2018, 233: 1003-1012.

[14] Huang D Y, Chen N, Lin Y, et al. Pyrogenic carbon accelerates iron cycling and hydroxyl radical production during redox
fluctuations of paddy soils[J]. Biochar, 2023, 5(1): 38.

[15] Zhao W T, Gu C H, Zhu M Q, et al. Chemical speciation of phosphorus in farmland soils and soil aggregates around mining
areas[J]. Geoderma, 2023, 433: 116465.

[16] Xu D Y, Gao B, Gao L, et al. Characteristics of cadmium remobilization in tributary sediments in Three Gorges Reservoir
using chemical sequential extraction and DGT technology[J]. Environmental Pollution, 2016, 218: 1094-1101.

[17] Gao L, Gao B, Zhou H D, et al. Assessing the remobilization of Antimony in sediments by DGT: A case study in a tributary
of the Three Gorges Reservoir[J]. Environmental Pollution, 2016, 214: 600-607.

[18] Zhang T, Li L J, Xu F, et al. Assessing the remobilization and fraction of cadmium and lead in sediment of the Jialing River
by sequential extraction and diffusive gradients in films (DGT) technique[J]. Chemosphere, 2020, 257: 127181.

[19] Ding S M, Han C, Wang Y P, et al. In situ, high-resolution imaging of labile phosphorus in sediments of a large eutrophic
lake[J]. Water Ressearch, 2015, 74: 100-109.

[20] Zhao W T, Gu C H, Ying H, et al. Fraction distribution of heavy metals and its relationship with iron in polluted farmland
soils around distinct mining areas[J]. Applied Geochemistry, 2021, 130: 104969.

[21] Yuan C L, Li F B, Cao W H, et al. Cadmium solubility in paddy soil amended with organic matter, sulfate, and iron oxide in
http://pedologica.issas.ac.cn



Rt S
Acta Pedologica Sinica

alternative watering conditions[J]. Journal of Hazardous Materials, 2019, 378: 120672.

[22] Niu B, Wang Y L. Retention capacity and release potential of soil phosphorus in paddy red soil pedogenic horizons with
different planting years [J]. Acta Pedologica Sinica, 2023, 60(6):1726-1738. [4-#, FHi¥. ANFEIRAS Mgk 4 215
Tl P i e 2 B B SLBE TR RE T AT [3]. £ 335730, 2023, 60(6):1726-1738.]

[23] Wang Y, Ding S M, Shi L, et al. Simultaneous measurements of cations and anions using diffusive gradients in thin films
with a ZrO-Chelex mixed binding layer[J]. Analytica Chimica Acta, 2017, 972: 1-11.

[24] Kim M, Kim H, Byeon S H. Layered yttrium hydroxide I-Y(OH); luminescent adsorbent for detection and recovery of
phosphate from water over a wide pH range[J]. ACS Applied Materials & Interfaces, 2017, 9(46): 40461-40470.

[25] Cornell R M, Schwertmann U. The iron oxides structure, properties, reactions, occurences and uses. Weinheim, Germany:
Wiley-VCH, 2003.

[26] Chen Q P. Study on the changes of As, Sb and iron oxide in antimony mine soil during dry-wet alternation[D].Guiyang:
Guizhou University, 2015, [FRAKT. T2 Bl A2 86n™ L3 As. Sh K SEAEAR KA 7L [D]. S1RA: STMIK 2%, 2015. ]
[27] Schérer M, de Grave E, Semalulu O, et al. Effect of redox conditions on phosphate exchangeability and iron forms in a soil

amended with ferrous iron[J]. European Journal of Soil Science, 2009, 60(3): 386-397.

[28] Yu H Y, Li F B, Liu C S, et al. Iron redox cycling coupled to transformation and immobilization of heavy metals:
Implications for paddy rice safety in the red soil of South China[J]. Advances in Agronomy, 2016, 279-317.

[29] Yao Y, Yu G H, Teng H. Soil iron oxide-ferrous interaction and its environmental effects: A review[J]. Soils, 2023, 55(4):
718-728. [Whizk, A 06HE, BEE. -3k S A0k BAH AR P S LR sEma i 5 1k JE [3]. =32, 2023, 55(4): 718-728.]
[30] Schwertmann U. Inhibitory effect of soil organic matter on the crystallization of amorphous ferric hydroxide[J]. Nature,

1966, 212: 645-646.

[31] Sheng Y Z, Dong H L, Kukkadapu R K, et al. Lignin-enhanced reduction of structural Fe(lIl) in nontronite: Dual roles of
lignin as electron shuttle and donor[J]. Geochimica et Cosmochimica Acta, 2021, 307: 1-21.

[32] Wu C, Shi L Z, Xue S G, et al. Effect of sulfur-iron modified biochar on the available cadmium and bacterial community
structure in contaminated soils[J]. Science of the Total Environment, 2019, 647: 1158-1168.

[33] Laurent C, Bravin M N, Crouzet O, et al. Increased soil pH and dissolved organic matter after a decade of organic fertilizer
application mitigates copper and zinc availability despite contamination[J]. Science of the Total Environment, 2020, 709:
135927.

[34] Zhou Y, Jin J W, Wu G, et al. Dynamic characteristics of soil phosphorus release in a flooded greenhouse soil after calcium
cyanamide and or straw addition [J]. Journal of Agro-Environment Science, 2023, 42(5): 1100-1108. [J& &, #7345, SBKI, 2.
Jite P SR A FDRG PR 7K Bt - 3l R BB A RFAE (R 5 e [J]. ROV RS 5%2 4%, 2023, 42(5): 1100-1108.]

( FATE © AT )

http://pedologica.issas.ac.cn



