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Effects of iron—silicon material and biochar on soil Cd and As speciation and vegetable uptake under simulat-
ed acid rain condition
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Abstract: A greenhouse pot experiment was conducted to study the effects of individual or combined treatments of iron—silicon material
(18), chicken manure (CM) and its biochar pyrolyzed at 350 C(B350) and 700 °C (B700) on the soil Cd and As speciation and vegetable
uptake under simulated acid rain condition. The results showed that the simulated acid rain led to a significant decrease in soil pH and in-
crease in bioavailable Cd and As content in soil. The addition of amendments increased soil pH of 0.41~1.34 unit. Combined treatments of
IS and biochar decreased soil bioavailable Cd and As contents significantly. The simulated acid rain significantly inhibited the growth of veg-
etable and promoted the accumulation of As and Cd in the edible parts of the vegetable. The simulated acid rain also caused adverse effect

on the remediation of individual IS, CM and biochar, while combined treatments of IS and biochar could effectively resist the adverse effect
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of acid rain. Chemical speciation analysis of heavy metals in soil showed that acid rain treatment significantly increased the water soluble

and exchangeable Cd, reduced the organic—bound/sulfide Cd and residual Cd. With the addition of combined treatment of IS and BC700,

the soil water soluble and exchangeable Cd decreased significantly, while the iron-manganese oxide-bound, organic sulfide~bound Cd and

the residual Cd increased, resulting in a significant decrease in Cd bioavailability. Combined treatment of IS and BC350 can significantly re-

duce the proportion of non-specifically adsorbed As in soil. The combined treatments of iron—silicon and biochar can effectively mitigate

the toxic effects of As and Cd in farmland soils under acid rain or acidified conditions.

Keywords : iron—silicon material; biochar; acid rain; cadmium and arsenic; speciation, bioavailability

T [ 4 B A X 1A% T A3 Cd | As R AR ) %8
R E AR A R bR S e s R A
SRENSCH: . A, & R R H - R AL B SR
R )R P O TR N B X R N )58 A A R A T
AT BT AR L 0 40 b DX TR A %3k #1) 1009% , pH
R REN, BTN LA M 4 R A X 1 4 R Y R b
TG PR R0 A A S5O 1 R e S 1 — 2B TR ek 1
S 7 YRR,

B R AL 2E AL B A E i A Ak 2 E B AR (6
15 Y e P T 4 R R AR UTTE I BT RS
B R AR 545 N, AR T 4 A B 1 R AE TR
AL FARE &R DA P R R WA A
FREPE, o] DUAE A& & A 38 1 8] B 0B 1 5 o ol Az 7= 3
3y, DR X 3 [0 A v B A B Vs e B 1
BIREM . BT L8 CdAs fb2f ki 5, B
Hi L AE 7] Ak A T 1938 Cd L As BB R R A 2
UL, Rk A Ak 0 A 40 e S L TG 484 0 0 1 T 2 Ak
o Forp R kAR — B T 1 B R R A T 1Y
Blifb B 4B AR, BFSE 2 BR, A r bR nT AR A £ e
As A R+ T S8R S Cd 1 i BB MR £
ey pH, X E 42 JE 0918 S ML LA AR S DT TE R
F50l, A Wi S A ) TR 8 A B A B AR O T 48
I 7 A 1 1 B T R A A B SR M), o B
HA ZEWME KRR, TR, 49
pe ket T 4 Ja A W B RS, A 0 e o 4 2, G i
RE Ao Tk R R A o 1) S 2 B 2 R R A ) e B
2,

PR N 45 1F T X B 2R AEAL R X Cd  As B AT+
B E 4R RIS S WA SO 5 e R Ak A1
TR ERE 2SRRGB, AT E T
W I8 WL Cd As S AT5 YL R TE + 358, o F kb1
RE X 28 K HAS [ b B At i A 14 A 4 i VB Ry st
AR, DA EE 4 T SRS SR 28 85 3 R MR R AR
Yy, 38 3 3 A AR K 3 Cd As TS AT R B
KAWL TCHLEEA ) S 2] SRR N 450F T % -4

HA)R Cd As WA BAERY R 22 5, DU M R R X
FIRRAEAC BT Cd As B 515 QB K 2 4t = AR
Yo

1 MBR5FE

1.1 gk

T8 A R R A TARE T XA E 4R
TGP 2 +(0~20 em) , AR KT S |, 43 315t
10 H .20 H .100 H J& Je. i 5 . Hi 11 pH 4.53,
R E -4, Cd As FraE DLER 1, /e R 1R
B i bR ME (GB 15618—1995) 4 1.4 1% F1 2.41
I~7.
Ho

BEARSR)  ASE G AR RE B RL, FRIC R 1S, M52 R
T FRic o CM o AR R S =5 i 4 0 J ok
JE 3L 60 H 1 XS 28 00 1 % A1 I 3 v A TR
B, 43 HITE 350 CR RN 2 h 1700 CF KA
15 h, $K45 350 CHI 700 CH W %A 5L Fric M
BC350.BC700, Jr A7 ik 57 34 5 4 1k 60 H Je Je i o
AL R A A R L 1

HERVEY . B4
1.2 R

i A 90 it o % 1 W < e 3% 2 T 41 A A ) AR
U L G s IR o wi RN 120 )| 7 N 1 K o ]
BEARFN A 2S AL TR At B CK . 15 RN BC A0 4 FE g i

F1 X T EMEAFERER

Table 1 Properties of the tested soil and amendments

He e miA HAs moad

PR

. Specific surface  pH Total As/  Total Cd/

Material > 1 -1 -1
area/m’-g mg-kg mg-kg
K 152 Soil tested — 4.53+0.01  96.46 0.42
CM 3.81 8.05+0.05 ND ND
B350 4.02 8.52+0.01 ND ND
B700 15.27 10.13+0.04  ND ND
IS 7.99 12.53+0.04  ND 0.27

TE:ND Rkt
Note: ND not detected.
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Table 2 pot test amendments and watering treatments

AL fii AEFOKF e X

Amendments Abbreviation  Treatments  Irrigation

%t B Control CK 4 T 4k

X Control CK G [edL

bR B} Fe-Si material 0.3%IS 4i 3g-kg! afiK

BRAE A KL Fe—Si material 0.3%IS % 3gekg! PR
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BB AR Fe=Si material 0.6%]1S I 6 g ke TR
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Fe—Si material + Biochar g-keg BC350

BERER LR W) gt IS+BCT00TR 6 g-kg' 1S+20 R
Fe—Si material + Biochar g-kg™' BC700
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Figure 1 Effects of treatments on soil pH and soil available

Cd and As contents
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Figure 2 Effects of different treatments on biomass of edible part

of Brassica chinensis L.
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Figure 3 Effect of treatments on Cd and As contents in edible part

of Brassica chinensis L.
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Figure 4 Effects of different treatments on Cd speciation in soil
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Figure 5 Effects of treatments on As speciation in soil
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Table 3 Correlation between shoot Cd content and soil pH / speciation of soil Cd

5 pH M EFECA SR ARG Cd & i AKIESSHAS Water  BRERERZS A P AW ALY

e By /t\
Soil oH Cd content in Available Cd soluble and Carbonate bound Fe—Mn oxide  Organic—sulfide }fﬁfllul
onp shoot content exchangeable form form bound form bound form esidud
+3E pH Soil pH 1
Hb 38 Cd 5 N
Cd content in shoot 0684 !
R Cd i .
—-0.966%* 8027 1
Available Cd content 0-966 0.80
KA AR
Water soluble and -0.712%* 0.770%* 0.738%* 1
exchangeable form
BRIRERZE &7
-0.04 .24 -0.1 -0. 1
Carbonate bound form 0.045 0.247 0135 0.067
B R AL
Fe—Mn oxide bound form -0.129 0.216 0.146 0.009 -0.793 1
) e
ABLRALL) Organic/ 7, -0.597* -0.816%* -0.477 0.267 -0.163 1
sulfide bound form
475 Residual form 0.687* -0.425 -0.678%* -0.439 0.424 -0.326 0.84 1% 1

1 RO BEMIDE(P<0.05) 5 #+ Fm il B3 M1 96 (P<0.01) . T

Note: *Indicates significant differences among treatments (P<0.05) ; ** Indicates great significant differences among treatments (P<0.01). The same

below.
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Table 4 Correlation between shoot As content and soil pH/speciation of soil As
e HRR e A il An/éj:A‘i& .
o WEEASE R AREAE BHRRS G oD AR E S KRG
+ 8 pH . . o » Amorphous iron—  Crystallic Fe/Al .
K As content in Available As  Non-specifically  Specifically . R . Residual
Soil pH : * aluminum oxide oxide bound
shoot content sorbed phase  sorbed phase form
bound phase phase
43 pH Soil pH 1
LA SR -0.686* 1
As content in shoot
AR As it
Available As content 0.332 0.234 !
AL A5 Non—
specifically sorbed phase 0177 ~0.168 0.054 !
B S Specifics
AR Specifically ) oo 6850 ~0.629% 0.084 1
sorbed phase
R B
Amorphous iron—aluminum —0.528 0.329 0.275 0.317 -0.447 1
oxide bound phase
SIE) thAjg\ < ic
ARBKERAT S Crystallic o G0 005 0.380 0.008 -0.367 0323 1

Fe/Al oxide bound phase

5% 45 Residual form 0.675%* -0.275 -0.442 0.226 0.659* -0.310 -0.828%%* 1
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