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Effect of Modified Biochars on Soil Cadmium Stabilization in Paddy Soil

Suffered from Original or Exogenous Contamination

YANG Lan, LI Bing", WANG Chang-quan, LIU Qing-cheng, ZHANG Qing-pei , XIAO Rui , LI Yi-ding
(College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: To investigate the passivation of different modified biochars on the speciation and availability of cadmium contaminated soil,
the modified biochars were treated by different approaches ( acid/base treatment, impregnation with manganese oxides, magnetic
modification) and biochars(BC) were used as soil passivating agents for soil culture experiments. The result indicated that the content
of available cadmium decreased significantly by BC and modified biochars in originally contaminated soil. Compared with CK, the
percentage of available cadmium in originally contaminated soil was reduced by more than 50% using impregnable biochars by KMnO,
(BC-KMnO, ) and basic biochars by NaOH ( BC-NaOH ). And the content of available cadmium decreased significantly by three
modified biochars which were BC-KMnO, , BC-NaOH and FeCl, magnetization biochars( BC-FeCl, ) in exogenously contaminated soil.
Particularly, the best performance was observed with BC-KMnO, that reduced 30% available cadmium in exogenously contaminated
soil. However, the passivation of BC was not significant, and the content of available cadmium slightly increased (3.8%-24.5% ) by
BC-HNO, in exogenously contaminated soil. Furthermore, the content of exchangeable cadmium was increased by 20. 2% with 2. 5%
BC-HNO; in exogenously contaminated soil, while significantly decreased by other modified biochars and BC, and the 10% BC-KMnO,
reduced 65. 1% exchangeable cadmium in originally contaminated soil. Meanwhile, soil pH was increased significantly by BC, BC-
KMnO, and BC-NaOH, while was reduced by BC-HNO,. The contents of organic carbon and exchangeable base cations in soil were
improved by all the treatments. The results of regression analysis showed that the content of available cadmium in originally
contaminated soil was significantly negatively correlated with soil pH, soil exchangeable Na* , while the content of available cadmium
in exogenously contaminated soil was significantly negatively correlated with soil pH, soil organic carbon, soil exchangeable Mg®* ,
Na®, K*. Accordingly, the lower available cadmium in contaminated soil may correlate with the increasing content of organic carbon,
exchangeable base cations and pH. In summary, the materials of BC-KMnO, could be used as a superior passivating agent for in situ
remediation of cadmium pollution, while the materials of BC- HNO, could slightly activate cadmium in the soil, leading to some risk in
in situ remediation.

Key words : modification ; biochar; cadmium contamination; soil; stabilization
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1.1 K5k
111 ik

T A W 5 A Bk A T R S A, T AR N AR
(450°C ,30 min) 477, T 15 21 19 FE A bR i 4 BC.
BC-HNO, 4=#7 & 2 mol- L' 1) HNO, I AE =
(100°C ,24 h) AbER £ R A A 4 e I i

WARATAE 9.0, 1 g-mL ™" A BRJS AORE ST L8 1
IRV, HB] pH EA AR AL, SR 5 1 4 i 7E LA rh
T 105°C 1L T4, Ab 35 14 A2 9 e A b A A7 A T
FEER T BC-NaOH =97k f& HH 2 mol -1~ NaOH 24
h b BP0 B R Ak B 5 R R AL B BR AR ] BC-
KMnO, A=49) #e J& FH 2% 1) KMnO,, ¥ 1% 15t A2 ) ot
ReFE 22 105 CHET e A b, a5 & T 5 3
Jrre 600°CHBERE 2 h, FH L 4 A 9 5 o 5 TR AR AR R
R 0.1 gemL™'"™""; BC-FeCl, ¥ % & 1
mol - L™ 1 FeCl, VIR BAEY AL S (R 5 4EY
FEFE N 0.56: 1), 22 105CHET /R B AH R
I BT Sk 600°CHBRE 2 W' AR S A B
FEPERT LR 1.

1.1.2 {1

i R BT T N B LN 4 A
(31.423 01°N, 104.22537°E, ¥#§4K629.6 m) , 11
IR Ik vp R R B B KRG L. R s E PR
iV, LS T o R b (CBURLZH L 2 ~ 0.02 mm
53.6% . 0.02 ~ 0.002 mm 28.6% . < 0.002 mm
17.8% ). FEABALME LR 2, A AT LUE ik
56 DX R A T 5 A o i bR
(GB 15618-1995) ,##id =R iE(E (1. 00 mg-kg ™",
pH <6.5)3 1.

1.2 RIS

JAR o 25« DA - 3 R TR TS e g Ok
ININANESR) R AR bR 2 = X, T30 3
WEERBEES 3 2 mm FLARJE IR, & H. AN TS e
T IHERIAE FRELS kg 3 2 mm FLARJE T B 9 XL T+
T4 A 100 mg-L™" Y Cd** ¥ K 500 mL
(J €dCl,-2. 5H,0 Beiil) RStk a5y i g
AME TR ISR &0 10 mg-kg ™", P45 K &y H ]
BRFKEN 65% , % T 30 d J5 X1, L4
il & 7] L.

FAS RS R T 2015 4E 6 ~9 A kT, 4
SFRIGE 2mm FLAR T ) P Fh Rk 3 75 KRS = (R
Whn A0 IR 5 15 g 0y RO RIS o AR R B 10
mg-kg ™' TS G 1 1) 100 g, ¥ 5 FP AL R B oRE
(BC. BC-HNO, , BC-NaOH , BC-KMnO, , BC-FeCl,)
PURE %02, 5% . 5% | 10% By He ) 5 + e 51 1R
G, BT 250 mL iR D, e 16 A0, 47 IR
65% 1 H (R FREZK S8 0 25 88 7K B BR F2, FH AR
it st 1 I f 8 B b [|) B A0S /L. KSR SR
BT 25C £ 1°CHEIR R /A PG 98, K R i v
KRB LA AR K T K5, 1 E 5K o de R fE
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Table 1  Basic physical and chemical properties of biochar
YE| LA BC BC-HNO, BC-NaOH BC-KMnO, BC-FeCl,
pH 1:2.5 10. 80 4. 64 10. 61 10. 22 3.23
A LB g kg 406.218 306. 879 325.099 358.776 349. 455
ZEHMEAS (L 1/2Ca * 3) cmol -kg ™! 99. 863 3.809 53.612 36. 602 31.250
AL (DL 1/2Mg? * 31) cmol -kg ™! 12. 240 0.928 5.357 8.263 0. 682
AR (KT cmol -kg ™! 22.379 4.551 7.783 48.772 16. 892
AR (Nat) emol +kg ™! 14. 191 8.454 20. 531 12.077 11.473
X mg-kg ™! 12. 601 8. 805 12.717 23.382 25.705
S mg-kg ™! 44.975 32.410 54. 141 52.374 76. 093
X mg-kg ! <0.01 <0.01 <0.01 <0.01 <0.01
ExXh mg-kg ™! 18.471 13. 628 17.035 20. 341 21.893
el mg-kg ™! <0. 001 <0. 001 <0. 001 <0. 001 <0. 001
K5y % 20.45 26. 12 28. 74 36. 31 32.04
BET ILRIHMH ~ m?-g! 19. 130 63.910 43.180 110. 680 6. 820
fLisiH SALATR Y, em? g 7! 0.034 0.076 0.048 0. 087 0.019
SEHFLED nm 7.195 4.772 4.436 3.135 10. 980
A mmol - g~ — 0.241 — — 0.479
P A mmol -g ™! 0.025 0.116 0.242 0.103 0.157
FREFEERRE BRI mmol - g ™! 0.135 0.286 0.028 0.032 0.353
B Re A mmol -g ™! 0.135 0.528 0.028 0. 032 0. 831
Bt eI mmol -g ™! 1. 151 0. 068 1.343 1.421 0.148
1) “—" R ARG H Bt
F2 TEERBAER
Table 2 Properties of tested soil
pH AL g T A AR T AR g U
(1:2.5) /gkg™! /g-kg ! /g-kg ! /mg-kg ™! /mg-kg ™! /mg-kg ™! /mg-kg ! (B
6. 48 30.2+2.3 1.8 +0.2 194 +15 33.6 £3.2 710 £5.3  1.55+0.20 3.42 +0.52 FiEL

H A RF K =1 65% o4, AL PR I 6 I, 552 A
W00 d. fEE:FE 30 d, 90 d J5 B HHERE S, H 4R
T L 45 .
1.3 FEmIE

IR BTN E 27 SCHR [ 23 ] AT, A
BRI 2 2R FH LB BR AT AN #2241 rp 4
4R HNO,-HF-HC10, (2: 2: 1, & 1) Atk i
B - BEA ROS R 5 5 R DTPA W= 42 (GB/T
23739-2009 ), FIEFILE 3 Tessier 1% 221 HL
JFEPE. AR A (Exe-Cd) R H 1.0 mol - L™
MgCl, (pH =7) B4, kiR £5 25 & 4 ( Carb-Cd ) R H
1.0 mol-L'NaOAc( il HAc J8%] pH =5) 1242, 246
AL Wy 45 4 25 (FeMnO,-Cd) & 0.04 mol-L"~!
NH,OH - HCI il A25% HOAc 122, A WL &5 & &
(Org-Cd) & ] 0. 02 mol-L~"HNO, fil A 30% H,0,
2R, 58 (Res-Cd ) K I HNO,-HF-HCIO, fil§ 1k
AP, AR A T A AR & R F ICP-MS (A
5+ Agilent 7700X) W22 , b HLZ 15 T A7 2 42 T AT

R 0. 25 wm JEME.  E 53 et A v Bifi
MLAE A B K bR fE A 5 ( GBWO07403 for soil;
GBWO07603 for plant) LR UE R 50 45 A5 B, B K As
TR R I T b E BR 14 5t 0 (National Research
Center for CRM, China).
1.4 Fdl b3 5

B Ab ¥ % A Microsoft Excel 2007, 304G 41T
IyHTR FH SPSS 17.0 v LSD J ik #hAT B & 4G 56
(P<0.05).

2 HBRESMW

2.1 CHEAEY BN AT S R S RS
2,11 RJEUIR ARG S BRI

M 1T (a) AL, 7E IR T3 b s I 5 AN [
(R R AT RE, JEIRE 35 30 d, S REA RURAR 1
B HAP R 10% BC, 5% BC-HNO,
£ Fe %1 () BC-NaOH, 10% BC-KMnO, . 10% BC-
FeCl, XA R0 5 & 1 BEARAE HI 23 00 o 37.2% |
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57.9% . 58.8% . 44.4% | 37. 5% % 4E. NaOH pir ik
(R A W e R EE S P (30d) o 3 v AT R A4
EAIHIVE R RAE. BB L (b) AT B SR 90 d, 4%
AR REA RUBEAR e A SR o a, B
7730 d MHIRCRAE T .3, BC-NaOH , BC-HNO, |
BC-KMnO, % 3 Ffele v A= 1 i b b3 38847 2508 49
Al Ak 7 FH 43, Hovb 109% BC-HNO, H1 10% BC-

b0 DCK m25% ®s5% @10% (a) B 230 d
Ly 4
T 16 b X f T abb
&q b 1
E 12t ¥ I 'J"
g L | e
,g? 08 || [ '
;E < <
B o4 . :
2 R :
0 b S N i b e
BC BC-HNO; BC-NaOH BC-KMnO; BC-FeCls

Ak

NaOH #b # % 5Ok g A RS M S mE IR T
52.6% M1 67. 1% ,5% 1 10% BC-KMnO, 4t 3 43 5]
FEAR T 73. 6% 1 71.9% . %% |-, BC-NaOH #1RHE S
HI(30 d) BLAHA (90 d) 35557 X SR 4 A 24T,
BEALRCIR 504, BC-KMnO, #1RHE K (90 d) £ 5+
HROT U A A RS AR I B AR S H A 4 ok b
REAH L AE

20} (b) H53#90 d

0.8

LA R A mg ke

b P

BB 3 W, AR FREF RS AL BRI L LSD £ A (P<0.05) ik LS, TR
E1 ARELEXFERIEEGUSESESN

Fig. 1 Effect of different treatments on available Cd content of original soil

2.1.2  XFAMIRTE G - B RS BRI

HMIE TG G - HERTE IR AN 10 mg-kg ™!
SNSRI I R s gt ME 2 (a) ATH, 7EST
PRS- e IR IS TR] H 9 1 5 o b1, e 301 85
7% 30 d,BC-HNO, BT HIEP A RCSHA 12% ~
26% WITEALAET, AT B2 B T ZM RS i i e B e
TR Cd* T £ BC-HNO, #HRHE R (%
1), Al fiEift L3 Cd** iTE 1k, BC-FeCly AR
T 10% Lo i) A 38 0 25 A T e oA BCR R
BOME N 2.5% . 5% kb 385 9135 46 T 0.375
mg-kg ™' 0.832 mg-keg M HIEARCEM T E. BC
KRR ERAN 2. 5% AL BINT + 3 b A SOSE  ERE
TR 2 T 5% 1 10% A5 Ak 3543 551 AR T
0.262 mg-kg ' F10. 814 mg-kg ' HIA S5 &,

g0 L (@ K304 OCK B25% 85% 8 10%
2 ¢,
o 64 1 va . .,.:'*
2 48 [ :
%
ﬁ 32t
=
H 16 |

0 2 L e e %
BC BC-HNO; BC-NaOH BC-KMnO; BC-FeCly
AbEE

% Ll BC-NaOH 1 BC-KMnO, #H R S5 T
T EPARES S, b 2. 5% BC-NaOH At 2 Al
10% BC-KMnO, AbFU6F MRS G 3 b A S 5 Y
A WA E 0. 622 mg-kg ™' F10.536 mg-kg ™'
et B 2 (b) A BE R R R A RE K 28
7790 d I, BC A4 RExE AN IR TG Y2 + 3G SIS 5 0
FHAL/E H, BC-HNO, # B AITE L T 3.8% ~
24. 5% WA BSAR O it FLAth 3 b A R AR IR TS
P+ A RS AL RO B B . HhEn BC-
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Fig. 2 Effect of different treatments on available Cd content of exogenous contaminated soil
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