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3 Pb Al Cd ALACRIG B3 25 57 BREEATBLAL BE T B A 18 As #IILAURRIN R GZ > SG > DS il MAS, -+ a4l fb sk SR = i
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Slmultaneous Immoblllzatlon off Arsemc Lead, and Ca(hmum in Paddy Soﬂsx

Using Two Iron based Materlals s - - - '

YUAN Beng'?, TANG Xian-jin®, WU Jl i ), %HAO Kedi"*" | YE Zheng ~gian'"?
( N Iﬁ"ey Laboratory of Soil.Contamination Bloremedlatlon of Zhe]lang Province, Zhejiang A&F University, Lin’an 311300, China;

o

2. College of Engironmental and Resource Seiences, Zhe]lang AKF University, Lin’an 311300, China; 3. Zhejiang Provincial Key
Laborator}f-“of Agricultural Resources and Environment, College of Environmental & Resource Sciences, Zhejiang University, Hangzhou
310058, China)

Abstract ; Two iron-based materials, Fe-Ca composite (FeCa) and Fe-Mn binary oxide (FMBO) , were applied to immobilize As, Pb,

and Cd in heavy metal contaminated paddy soils. Seven kinds of paddy soil (tidal soil) contaminated by arsenic, lead and cadmium
were collected from Shangyu, Shaoxing (SY), Foshan, Guangdong (FS), Shaoguan, Guangdong (SG), LiuYang, Hunan (LY),
Ganzhou, Jiangxi (GZ), Dushan, Guizhou (DS), and Ma’anshan, Anhui (MAS). The effects of iron-based materials on the dynamic
changes of As, Pb, and Cd concentration in soil solution, the stabilization efficacy of available As, Pb, and Cd in soil, and the effects
of soil types and properties on stabilization efficacy were studied through soil incubation experiment. The results showed that the content
of soil dissolved As, Pb, and Cd were lower in iron-based material treatments than in control throughout the incubation. The addition of
two iron-based materials significantly reduced the availability of Cd, Pb, and As. Moreover, the stabilization efficiency of FeCa for As
was higher than FMBO, but no significant difference was found in the stabilization efficiency of Pb and Cd between two materials. The
stabilization efficiency of As, Pb, and Cd in FeCa treatments could be ordered as GZ > SG > DS and MAS; FS>SY, LY, and SG >
MAS; SY, GZ, and DS > MAS, respectively. While the stabilization efficiency for As, Pb, and Cd in FMBO could be ordered as SY,
LY, and GZ>DS>FS; FS>GZ >SY; DS>LY >MAS, respectively. In addition, the statistical results showed that the stabilization
efficiencies of various soils under the treatment of iron-based materials were significantly correlated with sand content ( negatively
correlated for As) , soil pH ( positively correlated for Pb) , and clay content ( negatively correlated for Cd). In conclusion, the two
iron-based materials evaluated in this study may be effective stabilization agents for remediating different types of arsenic-, lead-, and
cadmium-contaminated soils.

Key words: heavy metals; immobilization; Fe-Ca composite (FeCa) ; Fe-Mn binary oxide (FMBO) ; contaminated paddy soil; iron-
based materials

Wi BEA; 2020-10-25; 1&1THEA: 2020-12-31
BE&WH . EZKHESPIL RS H (2017YFD0801302) ; Wil AR E AT H (LY17D010009) 5 Wil 3 S0 & XI5 H (2015€02011)
1’5%‘&%‘ B (1905 ~ ) U100/ , EBHRS0 7 160 T 4 I 15 e+ HEE 52, E-mail; 472461710@ qq. com

W {E1E# , E-mail ; kelizhao@ zafu. edu. cn



3536 EZN b}

B 42 %

2014 4F % A 1 4 T A 385 Jeopk o0 8 A A )
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TG I , NARIRZ IS I 25 5% ) B /N8 X 2 1 T A
I, BT AR P85 At 7 B H B AR
BT 2 B R IR ST RIR & RG0S
R, RS B2 B BEAZ 1R B T R R
HEE G SR TR A PR e B T
fo i, LR SIR TG Y B 2 H o — ek r
PRI, 52 ) MOk M 2 iF o 8 i e ki
BN, AT E T2 RE SRR
JUERIG YR IR B, AR S T AR
B E (B o, A 3 T AU O T A2 ™
As. Pb I Cd 5 4L AR5 43 h B SRR IR AN h K
R, FRA IR F 252 B B R A AR BLR B2, A
AR TR R AR AR 2525 0
JK AT M 25 N R T 3O 3k [ R O T A A

As, Pb. Cd., Zn Bl Cu S5 F 428 5 A6 Yeal A1, 1 T
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BTG R ALY SRR R 2R U0 | X T 4 R R e 1k
SRR A AR AR X 2 T AR T —
RISk AL, o T 4 T8 75 K s h i LA
U ) AL R RS R R VR ZH B 98 R 9, ik
FERRME SR L — K A S R R A

REXT Pb il As A5 Y HHER BB R M, YW &
ASHNECAE 7: 3HEXT As A1 Ph V5 Y H + 3R 16 5 5%
SR DRI A BT LE T 50 1 SRl 1 4
T3 T S HE H B RO 9 R AR, T
XF 2 RhiGe +3Eh As| Pb il Cd IEETLIE EBF5E.

{EL FI R XX PRIk S BPARL BOBIF5% 2 Tk
HE 4R R B, B T S — L R B T
A BT T RIS, W Qin 251 BB
RIIIEAI 5 A PDRHE A K A h T
2, AES R BB R R R -
T Ph il Cd AR, Xu O B SE R IR ) e B
B RN KR R S T C. T % R
BAR ARG Y L As | Ph AT Cd BEALRICHR A6
DR, FLI b ik e b 7 42 45 R R 2% 1
Y T 4 R O A R 2 S /D . DRI S S
DL 3 % 7 AN [ R X 04 T - ey 3 P
OISR o= SR LS SEREDORE e
As. P Al Gl ILACRIFNE 5, LU RAEAR TR 6 £
R As, Ph AT CAABE L AIUR: 22 57 RO I 128 )
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1.1.1  SRESHEH(FeCa) MY £

¥ KA (CaSO0, -2H,0) 1 20 H %, Afb ek
(Fe,0,) 1t 100 H I, SR JGH /K6 # 5 A ALk H%
WR BT ok 7: 3FRICRE i 220. 000 1), #5 HAR 5 7%
ABDET E(25 £1)°C | 180 remin ' E
ISR 1 b, T A =4 B 75 B A A1 ), 4530571
¥ ey [ 258 Ak 2= R 2w
1.1.2  EREADEH(FMBO) (1 &

T JEAE 100 mL BEAR T AIA 10 mL A= ¥ b BHE
W (0.4117 g WIVETETEN) | 5.57 g FeSO, -7TH,0 Fl
0.302 g MnSO, 35 30 mL £ & Tk SR A
SRJG M AL BEAR TR i A KMnO, (1.2640 g % T 25
mL 25 B F oK) HRE S REAL Y S+, R
A4 mol-L~" NaOH #4747 pH {HZ 1.0 ~3. 0,254 %]
iFE 1 h JSUTTE 24 h, 55 i FH AR ke & E A T [ 43
BIIE T 24 b, e WS Je 3k 100 H i, A5 [ {4 B
n(Fe)/n(Mn) =} 1.00 ~2.00 HJ2EEEF R &k
F5 H [ 24 £ A Ak 2 R B AL
1.1.3 {1

15 Y% 1 48 43 il 2R H 44 2% 1B (30°007 137N,
120°47'36"E) J~ Z5 4 111 (22°5902"N, 112°53'09"
E) J R (25°06'56"N, 113°38'28"E) I Fg
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FH (28° 10’ 25" N, 113° 13’ 29" E) . VL. 7§ & M
(25°30'25"N, 114°36'00"E) | 5 M 2t 111 (25°4816”
N, 107°33'23"E) 14 8 5 # 1l (31°40'47"N,
118°32'43"E) , ¥4 AW X & i1 As. Pb Il Cd 75447k
V) +, A R BT R AL TE 2 R

2, R4 0 ~20 em BHZE LIRS 8 ~ 10 4 IREH
SIEHE 4 SEIR G R — DR ERE G R D TIES
o HARX TG BB 10 B A1 100 B 55 61474
FH. AR A+ e A FEAR BRAL P B As . Ph Al Cd B
w1

®1 il tEEAEAERY

Table 1  Basic physicals and chemical properties of evaluated soils

S| EEt Bl P I BH M Al gl
S/ mg kg ™! 71.72 30. 01 23.48 32.47 9.81 41.27 58.98
S/ mg kg ! 0.98 2.23 2.39 0.55 0.34 0.91 0.13
M/ mg kg ™! 339.31 56. 05 296. 65 64. 86 21.55 27.27 3.15
BB g-kg ™! 19.71 27. 44 47.37 39.25 30.32 39.73 16.94
pH i 5.72 7.05 5.22 5.62 4.82 6.98 4.96
B g+ Rt Ryt Wit 2+ WL it
kL % 30. 77 16. 96 37.85 46. 64 67. 81 33.90 18.34
KL % 58.37 58.23 41.28 41.36 25. 47 51.75 69. 13
Bk % 10. 85 24.81 20. 87 11.99 6.72 14.35

12.53

1) e - HEFR BB 00 ( GB 156181995 ), Ay A Bt b2 7= FIRLD TE 45 1 < 6 - 390 0 RO, K A B BB AT 2200 08

0.01 ~0. 05 mm F1 <0.01 mm

[

1.2 RUEfsisRils _

1E 150 mlL #5 R BEHR A FECR 1 FMBO H1
% B R YT B e 20t [ e ) L
CIENSEE S RN i
25 630 mg-kgr' ST REZ 3 91 mg-Kg |, Ca Prhib
488 {ng-kg_'.) ﬂ]%@ﬁﬁjfﬂr( Fe w2 |446” mg:,lkgil ,
S 4280 mgekg ', Mn F L 219 mgrke 1) B

IEEIE %910, SIFIIAE 2 2 nifn TGO

HE 1000 0fg (Tt FRL) | 5840 B R HL 10 50 41T B
FRERAN 100 mlL 2585 7K ARIETEK 2 ~3 em, 5
HFRE IR, K+ e —3; AR, K25
FEYI A4 B 4 TR o R B 20k A T AW
BiESERE T, A B h SRS ERIRT +
B A @ NG M, I DT 52 A ) %o B 4 I B AR
20T R I, AR 56 3 A B A A TR (FLBRAK)
YERSEAE AR, B PR 5 BURE 2% (soil pore-
water Rhizon, = MOM- 19.21.21F,
Netherland ) ‘& FHAF L3 (BRI L 2 em
Ab) REFR WIS 15 C iR, AN 3 RE .
AYITESS 1.3 .5, 10, 20, 30, 40, 50 160 d #H4T
TSR B, SR 5 0. 22 um fRCFL I B ( BRURE
e FBIUEE /N 0,15 wm) FRad U8 RAE RN, JF:
FEA 60 d AT IR RIX T, e fo $ B e vp
HRAS As, Pb Fl Cd &5 R
1.3 St

+35Erh As | Pb Al Cd s 00 2 2R FH R RO
PN AR Y RRBGE 100 HAFIERES 0.1 ¢
(CK§# 2 0. 0001 ), # T 100 mL HEJEIEH, A 6
mL 3 + 1 E/KEW, i35 I =, 1 sk o

samplers,,

AP FE B AR 5 2l L T A8 0 I
(AFS-2202E , Jbeifi e )W HE it b As ) AT
HLUE RS A T R BRI (ICP-MS, Theéfmo X
Seriesll, AL ) WU RES! i P il Cd 94
ﬂ%i&@ifg SUBLAC TR 1 WCRRE 25,611
pore-water §amplers, Rhizon, MOM- 19.21.21F,
Netherland ) SR HUIS , | FH 0.22 wm FL 38 B ( BURE
DR HUE AN 0. 15 wm ) UK 3T B8 R AF T 20
mL BES A IR BT E 10 mL FIEESS (B0
B A 5 B AR B (X (1CP-MS, Thermo X
SerieslIl, 3¢ [E #HL ) I 2 759 7 Ph A1 Cd AR,
FEVEI As W BERT, B 2 mL W T IFEAE (350
B, JEMA 6 mL 4K, SRJE A 2 mL IR&H W
(5% FLIRIMIR + 5% BRIk +25% $H1R , A4 Ty B &
O30 WA AR 8 W& 0.5 h 5 i FHBUE Ji
F2EIEE T (AFS-2202E , L 506 ) Ml 8. A R3S
Cd Al Pb & EAYHRELL 0.1 mol - L~ " A LR R R iR #2
), BGE 2 mm G 5.0 ¢ BHEA 100 mL &0,
T 25 mL 32425, 75 (25 £1)°C |, 180 r-min ' 5%
PN EEIRS 2 h 5, B0 8 S A R A A
B FAR T 1Y (ICP-MS, Thermo X Seriesll, 2& [F #4
HL ) . A S B AR L 0. 5 mol - L' Y
R —EAN IR R, BUE 2 mm 0 1.0 ¢ BIERCA
100 mL .08 H, il 15 mL =247, 76 (25 +
1)C | 250 remin ' A5 FIERIRT 2 h, B0 8
Je i FHRGE TR 2¢ 606 BE 1T ( AFS-2202E, db 50
) M E . AREH As . Pb Al Cd & 3 B A AR
WEY) I UE AT L, As A bR HE B R A
N9300221 ( USA) ,Pb JIN ABRUER T A GSB-04-1742-
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2004, Cd JINAFRUEY) ST~ GSB-04-1721-2004. =4
IR ISR 32 ) £ 80% ~ 120% YA, L4 pH
TR LR 2.5:1F B ODE PR RE 2 h 5,
& H pH 1T ( SevenExcellence Cond meter S700,
Mettler Toledo, USA ) I 2. 4 H& 0] ¥ 4 A HL 5
(dissolved organic carbon, DOC) & /K 1:5
B, fE(25 £1)C, B 250 reomin - ARG 1
h, 3500 r-min "' E.0> 15 min, 15 0. 45 wm fEFLIERE
Je A HLER AT (TOC-L CPN, H A 557 ) 5 .
A - A S A T, 43 A7 7 vk 2 R OCHR
[22]. % Microsoft Excel 2013 F1 SAS 8. 0 ¥ {}-uf
TG IR

2 HR5ITR

2.1 PRIEEMBINT R As . Pb Hl Cd WE Zh A
AL R

1 R T e K IR IR 7 FCA [ i
HyE Y R As VREE S S AR M. P T LU
H,SY | LY il MAS +HER WP AR IZ W TH i

$FS | SG GZ Rl DS HHER R T AU A~ BB

IR RS TV s s L i A
v - 7t 3 SR P — i ek A€ i
TR R A S e ANV 2 K

ASCID R B A0} ) e Z R A0
Xl HET [ As AR B

J7 T % A Dy WO s A B pH 2 B TR

200 HxbHFe 1 ML 2 P4 pH A, AT L&
BRI K S F 1308 pH 251 BF TH5 , T pHL f9 b Th2xii
EHE As B ROME, B As T T I BR B9 OE 25 5
AR FS R DS H B B B, T BEJE R FS
1 DS A B pH 85 , 7E Ve KR pH b T8
L As 552, A LA Ph Al Cd (& 2 AT 3) , 452
TR As A AR R M R R Pl L
o As B LIRS N B, SRS R N EED . B
A RHE T 09 S VA T As ¥k BEE R LG 5 45 b )
TR AR T LSS 60 d - 4 VA TRk HE £y
2R BT B A A AT TR b R b B X — 7
AR R, B R 1 3 pH BT (6 2),
ifii FeCa 7£ DS Fil MAS + 1 pH 425 (140 HH B8 3%
WAES, FL A 6 35 78 b, 3 o g ol e k5
Rhes e As BB 53— Jr T 12 ],
0. 3% HH RIS it | 2K 45 64} h Fe Fil STCERAR L
BRI £ i 4 2 S A ST R /ST, o
60l o 93 e Bt 0 - W 2 A VA IR 7 b
RRAL I 58 19 G Sk HE AT RN 3 As I Bt
SRR 3 T Bk b R 5 S R R e
K T PR W, 5 4L BT R A DL R
EACI R TRIELR AT U R T AR B A
JE MR £ R A As( D) AL B
R B PRI, T AT A0 R0 4E Ca®* 5 As JL 2T
1t Ca-As ULIEVE L i Ca( AsO, ) Al CaHAsO,'>
AT A - HE T As 094 20t

R2 FMEARGEME 60 d FLE pH ERMAEEENHRIE"

Table 2 The pH and DOC concentration of soils after adding two iron-based materials for 60 days

TR

e 5 SY FS SG LY GZ DS MAS

25 A R 5.8+0.00b 7.0+0.02b 5.5+0.0l1b 5.9+0.04b 5.6+0.02b 7.4+0.00a 5.6 +0.00b
44 pH BRESFAEE 5.9+0.04b  6.8+0.06b 5.5+0.02b 6.0£0.06ab 5.5+0.04b  7.10.09b 5.5 x0.00c

BREGME 6.1+0.0la  7.2+0.08a 5.6+0.0la 6.2+0.0la 5.8+0.03a 7.1+0.09ab 5.7 £0.00a

4 w(DOC) ZEHNHE 208.0£1.7a 173.7+0.7a 192.6+2.2a 161.2+7.6a 167.5+9.1a 394.0+10.4a  96.8 +8.0a

Jmg-kg! BASHEL 197.9£0.1a 83.1+1.6c 147.3+1.5b 104.9+12.5b  80.9+0.4b 392.2:6.6a  22.5+2.0b

BRERAEE 139.8 £3.3b  134.8 £5.5b 186.2«1.1a 109.4+1.1b  79.2+6.1b 296.4 +3.8b  23.5+2.7b

1)SY FIRGIM% BEL, FS FoR) AR ML, SC FoR)AGHOE, LY FoR MR, GZ F/m VL P, DS s St a1l MAS R kil R
Bl o P XM + bR ANIR] R 30R b 3 A] 14 . 22 57 (P < 0. 05)

WE 2 s, - JERs R 0 () 4 w7 Frs
Yot R Ph R B sh AR Ak, AT I, 7E £
HER R R A IR Ph W B S 3 2R BRI
TE5F 60 d 3B T4, 7655 1 ~3 d, £ % IR 358
VU Ph VR JE SR T B, A A 3RV O Ph VR AL
BE TR, ILIA AR EHEA T Ph R IEAG BTk sh, (A
AR AN K, A HE T 45 3t 0 D As W AR
b, T30 Ph MR RS B ORI MR AY aE AR, R
N HErh Ph IR BRSNS RS N SR

TR T O B G R Hop B R T 4
o As FELBRIES R BB B O RE! i
KR FRAT pH A — BOB Wi s i R
Ho2e 1 M 2 % Henl g, WK 2 A 2 i 4 4 pH
Fhdg, 138 pH Fh i 28 - 48 5w e £, A
7T ST — ¥ B 8 1 By IR AL, ) S 52 ol - 398 H i g
T AR BRIRERTOIE R AL H PR S
N PIAREE - HER R Ph HBES TS RR ULRA PR A4
PR L3 Pb B RAFRORILRCR | X 5 2545
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Fig. 1 Dynamic changes of dissolved As concentration in different type soils after adding two iron-based materials
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Fig. 2 Dynamic changes of dissolved Pb concentration in different type soils after adding two iron-based materials
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Fig. 3 Dynamic changes of dissolved Cd concentration in different type soils after adding two iron-based materials

2.2 PHFPERIEAL BT 138 As | Pb AT Cd RS E
AR

Bl 4 57 PR A RHES N 45l - 38 v
As. Pb Fll Cd ¥eFEAE L. PN a] LU, APk S 41
BHERE IR 60 d J5 H B8 B 35 BRARA 2805 e 13
W As T Ph MR I R IE ARG Cd B R A
RAESY, FS, LY, GZ f1 DS +3Erhi hy W, H IR

MAS AMRAG R RN B + e VAT As MR BE Y B2
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Fig. 4 Concentration of dissolved As, Pb, and Cd in soil

after adding two iron-based materials for 60 days

63.8%. 25.5%. 68.7%. 59.2%. 36.4% F124.7% .
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GZ 3 As W W & i 4 W2 R BE 49.9%,
61.5%. 67.6% F187. 0% . BRI IS4 ARG SY +
Hb LA X 2 PR ER B A B RS IV T As 3
Alak #) I 2E M T K 36 B B 8 48 A (< 50
pg L' GB/T 14848-93) . BiFPEk LA RIBEXT As A
BBV E AL B RE 08 KRR E A5 4 - 45
VW Ph MR EE. R LG TN WS 0B AR R R 1 %) B

AL N INERES RS FS, SG. LY, GZ DS 1 MAS
TIEF W Ph MR o B E T 61.9%,
30.9%. 25.8%. 46.9%. 51.3% F1 20. 8% ; UN 4k
EEAPRHE FS. SG. LY. GZ.DS Fl MAS 3
Ph ¥ 43 ) B E BEAR T 71. 4%, 31.3%., 22.7%,
41.8%. 53.9% F 44. 0% . WiRp 4k JE b4 B % + 998 v
VB Cd A B AR OR oA X 2 il AR AS B RS
SY. FS. LY. GZ 1 DS e Cd ¥ B 0] 1A
PR R R 79. 2%, 55. 4% 37. 1%, 65. 6% Al
65. 0%, i ANJARFRHG SY . LY | GZ il DS + 3%
W Cd ¥k JE %t B Ah BE 2y 0 3K T % 88. 0%,
39.5%. 61.3% F165.0%.

BlS S PR A RH IS N 45 Bl - 18 350
As, Pb, Cd 78 k. PRI RIER TR 60 d J5 35
Al 5 MEAIRAS 205 e 1 3erh As I Ph A AAS i
TPTHHER RS Cd 16 ZAORAE SY 1Y 6Z 1
DS - R . BR DS L ANRAS BRI BT i1
S As I B IR T Bk bR R A D
SR A A R A3 Y, VS i R A B FSY
FS. SG. 1Y, GZ DS MAS -+ As TCZARE
ﬁ%ﬁ%ﬂﬁ%ﬂ%& A5U2% 13. 2%, 23. .9_%_\_3_5.‘; 0%< )
32.2%. 12,/8% Ml 13. 0% . YR INERARFRHT) SY . SG
LY DS A MAS 19T As T8 204200 o k23 B
T 25.6%. [14. 7% 27.3%. 6.8% F17.2%. H 54k

U BB L R B RLR B SY | SG L LY I MAS 1+

Hrh As TR AME & 8550 8 T ¥ 26.3%,
10. 7%, 10. 6% 1 6. 3% . FIERIEARIBRRT As A 554
AEEILAE AN B RE S R R EARIS Y L3 P TR
A RS T et A LG TR B B AR AR o BR AL 2
WIS ARG SY . FS. SG. LY, GZ 1 DS +3if
A Pb Fa ol W E R BT 39.9%, 53.0%,
27.7%. 37. 4%, 49. 5% F 65. 6% ; ¥ N4+ k5
SY., FS, SG. LY, GZ DS Fll MAS +3EA %045 Ph &
B BT 26.8%, 47. 7%, 37.7%. 17.7%.
31. 7%, 66.7% F133. 0% . FiFPEFET Cd AYEEALSCR:
FESY, LY, GZ I DS H3Erfie ol i 28, S H PR
JERES AR SY | LY | GZ A1 DS - H A RS Cd &
T R 47. 5%, 33. 5%, 40. 6% F1 44. 0%, i
JNERERA R SY | LY . GZ F1 DS + AR Cd &
0 B N 38. 5%, 18. 1%, 34.2% F152. 8% .
AR S A VR A S o R U R i A 4
WO ISR T PR IR E ) 4 EE I PY 7 Fhis g
T4 As | Pb Al Cd MYBEALRICR | 25 3R & B Rk
FEMPELXT As | Pb FI Cd MEEALTE S B3 X 52
AR -5 FERK N As, Pb Al Cd iX 3
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Fig. 5 Concentration of available As, Pb, and Cd in soil

after adding two iron-based materials for 60 days

SR E T ([MOH ") P50 [a]mt, kbt hin i
il 38 pH Fhi (6 2) , (o - 3 i 67 v far 34, 42
HE Cd>* 1 Ph* AW I, I REAE 2E Cd F1 Ph JE BA
AL AR R R UV, 0 PR R R Y SO; T TR K
FMF TSR S, 5 Ph* | Cd* JE K PbS
I CAS PLIE™), Ca®* A 1E i1 2x it v - 493 i 67 Pl Aoy
DL AR AT 1l , DT 25— e R FE 3 ks Ph Al Cd
IR 74 Ca® T BEESS [ 1k 396 DOC, Fr 3 2
AT, PR ER I R 35 PR IR 58 DOC Fre, IA
TR 4 B A e, Ca’t a5 As LR R
JERE Ca( AsO, ), Fil CaHAsO, TTvE™'. H ik, [ 4k
BRI BREE M BT T3 As, Pb Fll Cd AR
S SRR R AR LATRL S5 Ah, 4515
Yo -3 As TTR SRR , BRES A RHIL T 250 4

153 PS b B e i i w0 s M oA
2) 1 FeCa 7E DS Fl MAS +m pH 4825 (4 3
AL, H AR o A4, Ul R AR 208 pH
T R IEA RS As S, S — 7, AR
TR, 0.3% W0 ERES R Fe 7 i
27630 mg-kg™',S FiE ) 391 mg-kg™', Ca F Y
488 mg kg BKEER R Fe P4y 446 mg-kg ', S
2280 mg-kg ™', Mn 2 219 mg-kg ™', BBk
AR Fe B S TR ARG TE 2 (P E 2 0 HE
SOUER), WM H ALY E LR As (1) AL 2
As( V) ERENER , TARES A BHAGLEE Ca®* 5 As JT
FILM Ca-As JUIE. 1M Pb Al Cd JCE B AL R K
B, R EEIA B} 2 0] TG dnb 2 25
2.3 AREFZE LS As, Pb I Cd BYEALRUR 2
REEMAE P .
%3 WA R AT As | Pb ALEd ik fL
SORAE. PR AT 45 L AR As B AOR 2
S43 AEREATRE I T G2 Lt ACbullL
DU T SC LW 37.8%, T SG - I i A s/l
LA A5 T FSUDSURIIMAS i3 T 3971% ~
53. 9%, TERK S HPRHGEL RISY | YY M GZ Hiiuk )
As SO B 8 T, DS\ 17 38. 5% ~ 47, 0%,
T DS EF R As FEALAR B35 75 F PSR
70. 6% . 45 FEFR B, KPP L HEA T As AL R AR R

A UEEPRAN T SN GZ 5 SG > FS DS il MAS, 7

BRERATRIACFE R R0 SY . LY A1 GZ > DS > FS.
23 0, AR R T Ph BRI AR
L5 AERRES A RHE PR | FS H iAW T Ph SR
BEET SY., SG. LY Hl GZ +75W 47. 8% ~ 63. 8%,
M SY, SG. LY 1 GZ ¥+ Pb Hifb R0 %5
T MAS +I8 W 51. 7% ~ 66. 5%, 1 15 856 A1 ) ik B
TL,FS R Ph ARCR N B S T LY Ml GZ
TRk 38. 4% F141. 5%, LY F1 GZ 1AW b Pb 4lifk
RN B E T SY £ 60. 0% F1 57. 9%, 7
AT A T Ph BALSCRAE A AR T SR
9 FS >SY., SG. LY 1 GZ > MAS, 7E 2k R B R
FIH FS > LY., GZ > SY. £ Fh + e sl AL 3R B
As il Pb fF1E 2257 200 75 Cd HBAFTE B & 25 5. 1
BRASHRML BT ,SY . GZ F1 DS LW Cd Blifbak
FEEET SG i MAS +IRFK 62. 2% ~ 84. 8%, 1E2k
FEAPEE IR | SY . GZ FIl DS ¥ Cd Btk
WBEET LY LI 45. 4% ~59. 7%, 10 LY +Iw
Cd itk R BE S T MAS LW 63.9%. 45 R%
B & IR T R AL RCR A RS AR B R 3%
P SY ., GZ F1 DS > SG Hl MAS, 7E#k4G b BHE BELR
FHM SY . GZ FI DS > LY >MAS.
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Table 3 Stabilization efficiency for dissolved As, Pb, and Cd concentrations in soil after adding two iron-based materials for 60 days/%
. R
JLHK bl - - - — - -
SY FS SG LY GZ DS MAS
A As) AR 83.5£5.0ab 27.1%8.5¢  58.8+0.2b  89.6+4.4ab 94.6+1.3a  35.8x1.9¢c 30.3 £0.7¢c
BEMEL 63.8 £0.3a 10.7 £2.1c  25.5+7.3bc 68.7+0.9a  59.2+0.3a  36.4 +0.2b 25.1 4. 9bc
45(Ph) SRR 22.4£10.7be 61.9%0.2a  30.9 £5.6bc 25.8 £3.9bc¢  32.2+0.3b  51.3%2.6ab  10.8 =1.2d
i8]
BRERAEE 17.6£8.6d  71.4£0.2a  53.9+1.3ab 44.0+1.8bc 41.8+5.2bc 31.3£1.2bed 22.7 0. 8cd
B Cd) SRR 69.2+£2.5a  24.8+7.4bc  10.5%3.8¢c  37.1=%5.0abc 65.6%1.0ab 65.0+5.0ab  24.6 =1.0¢
o
BARAEE 88.0£3.5a 55.4%7.2bc  39.5£9.6bc 35.5+12.5¢  69.9+4.0ab 65.0£5.0ab  12.8 £8.3d

1)SY 7RG BT FS FoR AR ML, SC Fam ) AFH 5 LY FoR MmN, GZ F/= T g,

DS FR SN AL, MAS FORZ RIS ¥ 1L ; Kl

M + bR AR TR R R AL BRI (Y 22 5 (P <0.05) , TRl

* 4 BREF A A As, Pb Al Cd 1Y EE{L
RCRAE. AT RS AR R, GZ EARGE
As BiALRCR B EE T SG 125. 8%,SG H AR As
Blifl 5k R 4y ) 3% B T DS Al MAS -+ 46. 4% Al
45. 6%  ERERABHEEE TR ,SY | LY fil GZ AR
B As BibCR B EE T SC + 42. 6% ~ 48:6%, 1fii
SC HA A As BiALRCR L E R T FS DS Al MAS
+51.0% ~ 53. 7% . F W5 A4 S Av Bk
TR R PR R GZ > SC 1> DS L
MAS’ T%ﬁ%«’ﬁd‘ﬂ&}i?%%ﬂﬁ SY. LY, %ﬂ A >xSG
> P8 DS FI'MAS. %iﬁ%zwﬂﬁﬂi&% ﬂw‘(z
WA, 3k 4 n A, f%%%iwﬂm g
FS I DS -4 425 Pb S ACR BRI 5 T2 SYL 56 |
Fil LY 4. 4%~45 79, Tiii SY . SG RLY B

Pb %ﬂaﬂ:xﬁiﬁ%ﬁ? MAS + 57. 8% ~ 68. 7% Pz &

J]]l/ﬂi'fq:*F ,DS iﬁ)‘ilm\ Pb %@’f’t)‘&%ﬁ%%ﬂ: FS :l:
x4

31.8%,FS HA A P HlifLAR 0 B E & T GZ
HI MAS +30. 3% H128. 1%, Ifii GZ 1 MAS +H A
Ph BEALRCR A B 83 5 T SY 1 47. 0% F140. 1%
LR, P A Ph BEAE S AR
PARHAL R 3 [FS 1 DS > SY | SGAfl LY >
MAS, 7ERKEE PR3 F B DS > FS 62 . MAS
>SY. % L3EER As Rl Bb %Eﬁftxﬁz};?(??ﬁz%ﬁt&b
THEA R Cd %@4&9&1&@?%# f%%%?rﬂﬂ
KRBT, SY LYY GZn DS s A s CF ik R
g 3w F BS A MAS 1:62. 7% ~77. 1%, TE kAR AY
BT DS A Cd LR B 5 T 1
+65. 79, TPLY HEATRCA Cd B LR B3 T
FS. SG Hl MAS o 43. 6% ~71. 8%, F W14 Fh £ e 47
S Cd BEALROR , FEERES AR HE T R BLh SY |
LY. GZ F1 DS > FS I MAS, 7E4k%% A1 R Ab 3R F 30
7 SY DS >LY >FS . SG il MAS.

ARMARMEEME 60 d FHIEEHE As, Pb 1 Cd B ER/ %"

Table 4  Stabilization efficiency for available As, Pb, and Cd concentrations in soil after adding two iron-based materials for 60 days/%

. TPk
BT § st - - - - - -
SY FS SG LY GZ DS MAS
A As) AR 26.6£0.3ab 15.2£2.0bc  23.9x0.2b  35.0%0.3ab  32.2+0.9a  12.8 £0.5¢ 13.0 £0. 1c
BRERATEE 25.6 £0.2a 7.1£0. 3¢ 14.7£0.9b  27.3+0.9a  28.6 +2.4a 6.8 +0. 4c 7.2 £0.2¢
45(PD) BEEAEE 35.9+1.7b 51.0%2.8a  27.7+5.9b 37.4=%3.1b  49.5+3.8ab 60.6 5. la 11.7 £0. 2¢
i8]
BRERATEE 16.8 £4.8d  45.520.1b  37.0+3.2bec 17.7+£2.8d  31.7+0.3c  66.7 +4.5a 33.0 +3. 5¢
B Cd) BRASHEL 47.5£0.9a  10.9 +2. 3¢ 17.1£1.7bc 33.5+8.4ab 40.6+8.8ab 44.0=2. 1a 12.5 1. 3¢
o
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