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Phytoavailability and Chemical Speciation of Cd in Different Cd—contaminated Soils Influenced by Bio—char

Incorporation

ZHANG Jing, SU De—chun”
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Abstract : Greenhouse study was conducted to investigate the phytoavailability and chemical speciation of Cd in two Cd—contaminated soils
influenced by bio—char incorporation and to assess the possible remediation by bio—char return to soil. Resulis showed that bio—char incorpo—
ration significantly decreased shoot dry weight but it had no effect on Cd concentration and uptake of maize in Cd—contaminated soil. Bio—
char incorporation also had no effect on shoot dry weight of maize in artificial Cd—contaminated soil but it significantly increased Cd concen—
tration and uptake of maize with Cd—containing bio—char incorporation. The DTPA extractable Cd concentration increased with the incorpo—
ration of Cd—containing bio—char in Cd-contaminated soil. With bio—char incorporating, the water soluble and exchangeable Cd concentra—
tion in soil decreased significantly and concentrations of organic bound and carbonate Cd increased significantly in artificial Cd—contaminat—
ed soil. While, the water soluble and exchangeable Cd concentration in soil increased significantly with Cd—containing bio—char incorporated
into the Cd—contaminated soil. Bio—char incorporation did not decrease the phytoavailability of Cd in both of the two Cd—contaminated soils.
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BN E SRR R H 38 E5R A YA B
ARt , 0 B R RS SR H B B A AR ™
ot PR 22 A PR

1 #BREFZ

1.1 gt %

R AR LA 2 M BEER BT YR
BaTE g RIS IR R AR e 1
B R EERAWIEN, TEOAKAE L, LS
&R 2.06 mg-kg, H3E pH 2 7.72, GHLEE &R
304 g-kg™. HHEXTIiT 4 mm T

BERRE R R BT, KRS L,
TR 0.72 mg kg™, 13 pH 24 5.61, A VLKA
o 349 g-kg; X T IFAE 4 mm Fi, BhN CdSO,
VW, TSGR 3 mg kg ¥NAN CASO, ¥ 13
AR REFRTIFRE 30d,

1.2 #HK4EY
EK Zea mays (&K 437),

1.3 X5 AR EREHBUR BxERMER

BRI RS 4R T5 4 4 EIBCGRIIMSEREFT A
ESRTE YR H B FORFEFT . AT RB AR 19 il 28 5
T BT 2 mm G FTRSERS AR E KRR AR
2 10 em 5 15 em BEIFIEAGENGE S, B 40 g+2
g, RIFTHA L Fi 7 (Sx4-4-10)F , NE IR THR = 450
C, /0 2 h, BtH, 1 h, JF/5 30 min, R H B E IR, FEFT
TGS HOFEFT B AR B AR 1,

L4 REFAW

TS G AR AUGR TS e T 2 Fh R IR
0.3 gN-kg™ +,0.20 gP,05- kg™ +,0.3 gK,0 kg +,3F
53 5LA(NH,),80,, KH,PO,, K,SO, WAL o 77 13
EHRANT AP . 2 B COR il FIFS AT 2R ok, VR vt B Ak
) s Wi 2% EKFEFFBIR ; MEF 2% M5 FF R % o
FEFF RS TIEF RS . A% T 500 g, AL 3
NER ., BEMETR TR, REERHTE, A 4 B,
FRAA 60 d JFWoHR . Wi F IR R E S, 2
BEFKPEETE,90 CRE 30 min, A5 65 CTHTZE
E TR AT i AR IR 5 o
15 i

RIS AT AH RE AR FAEY) , PR EFK 53
SEMARRIAR, R 6 H B THRLM 1
W, ATt 1 mm i, W€ DTPA $RBESR & &, FHE
BFEE1IDAM6 NARLR, FABGHA) Tessier
SEPRIEN 2 PR RAAE A2,

1.6 MEMBEEFRZ*

Fokh EFRFI ERFEFE AN SEAE AR & B E
HNOs-H,0, i I f## (CEM MARS 5) , J5i 5 W il
E (TAS-990 it R IR s e e ) . FITEY)
FEE(GBWO8510 ) #EAT23#fr ot 45 il

DTPA 2B &AM %E :0.005 mol - L DTPA+
0.01 mol - L CaCl,+0.1 mol - L' TEA 28k ,pH7.3, &
T 51,885 2 h, JRFIRBGEIE

FHBHE R Tessier $1(FR 2) M € 15 7 3 1,
F 11A 6 /A HIERBAAES

® 1 ABABRFEETFRROERER

Table 1 Physico—chemical properties of crop straw and bio—char

FEFT K HRFEI% WaE/mg kg pH CEEI% N &&/% C/N
FRFEFF ek H — 457 0.378 120.9
THSRFEFT ERIT YL H 0.781 46.7 0.419 111.3

FORFEFFRR  ERREFFR 28 0.183 10.2 732 0.763 96.0
MSERFFRR  MSERFRAL 32 1.140 10.1 66.8 0.795 84.1

=B TR
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HERAE A A A AR
22 BARUEEHNAERITELEEHR DTPA 12
BARESENISEMm

DTPA 2 BUASHR 2% FISR RAE TP AV AR
SEEEHENIER, B 1 RIS HEARR

W5 P DTPA RBUSHR & B IEFEE IR

2 BUHHR] Tessier ZELERIRAZE

Table 2 An improved Tessier sequential extraction method

2H 4y 2 FR Fraction

RBUGF Extraction agent

¥AE 414 Operation condition

I .7K¥5+38 4 Exchangeable
I WA HLE S Weakly bound OM
I BRERE 454 Carbonates

WV &&EAY%55 4 Mn oxides 0.1 mol-L™* NH,OH-HCI, pH2.0
V. BB W44 Strongly bound OM 30%H,0,, 1 mol - L™ NH,Ac, pH5.0
VIERE AL 44 Fe oxides 0.2 mol - L™ HAc+ 0.2 mol- L™ NH,Ac+0.1 mol-L" L V¢,pH3.0

1 mol - L MgCL, pH7.0
0.1 mol - L™ Na,P,0;,pH9.5
1 mol-L™* NaAc-HAc,pH5.0

25 CIR# 1 h, BLAE, W/+=10/2.5
25 CIR¥% 2 h, B8, l/+=10/2.5
25 CHR% 6 h, B.Lo 4B, W/ +=20/2.5
25 CHR¥% 0.5 h, BB, i/ 1:=20/2.5
85 C/KIRIET , BHEIREL IR 2 h, B.O 4
96 CIEIR/KIA 0.5 h, B0 438, Wi/ +=20/2.5

R 3 BHRUBEEENARFESTRRE IR EERERFMRERH T

Table 3 Shoot dry weight, Cd concentration and Cd uptake of maize grown on different Cd contaminated soils with biochar incorporated

TR Qb3 i I FE/gepot™ H_E R A /mg kg™ FRfE/ng- pot™
G St ZHEGHR) 9.75a 8.06ab 75.0a
FOKFEFF % 7.34ab 7.69b 56.7a
TSEAEFF Rk 6.40b 9.13a 58.2a
PR e T 25 H () 12.5a 24.3b 301.7b
FARAEFF IR 12.8a 24.9b 320.1b
THSRREFF % 12.1a 33.0a 399.3a

R L3 FF R R T R 22 A B B M (P<0.05),



1930 ik dE SRR ARG IR FX A [R5 Jek B 33 b R A W A AR TR S R

2012410 A

) D PO L SR =M R e k- S = PR 7 Sl
o5 3 SR B EORFEFTRR A, “T5ih” hi5 Yt
b FHIMSRAS AR A, MRS LR R "
BT G A 2 E 8 H KRS A PR R A SR
FRRRA”. B 1A AE  ERE R b, 558
ALFHEA Hoad FAN 3 SRR TORAS FF R A -5 DTPA
RPSREBBAVEEN, Hif 538 Pl
AR R SRS AT MRk B TR (4 S H A
M)t DTPA REGSHR & &, 159F 6 AR X Fh
ZSEMAL AR o TE N B INK 71 58 B R AL 4R
BRI ENARRE, RAHRKNE 1A HEY
b3 E ORGSR AT RR 5 B n -
DTPA $2BGSSR & & , UG A FIAL B DTPA 2B
WERBEAEEES, HTEETGYE EBERK
BRI EAS AT R AIG I T 2 A5G 3 b DTPA
RPCSREE, W T AR R R (£
3)o MNE 1EFTIE W, B TEBURE R LS AN
BT KR, HA R DTPA 1REGSH S

301
T 2.5
4
¥ 20
3 0
&)
15t
B
® 10t e o
< N 155 A s
£ 05 o HE = HE

-O- 5 -@-
O 1 1 1 1 1
1 2 3 4 5 6

1% 326t E] Incubation time/d month
B 1 #HriEEEXARESRLIRES
DTPA $RER & BRI
Figure 1 Dynamics of DTPA extractable Cd concentration in

different Cd contaminated soils incorporated with biochar
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SEE A BN, (H 2 MRSAT R R AL B 2 [ 5
FEER K MIZHAS AW BB = B —FIE
A, HAS AL S RER B BRI A R,
SRt I B A TR R HIE S, WRTs R+
EPRARAAE SRR T UE B BT % Bl
FARSAT RN L PRI A R RIS E/EA , iR
FAAT R P S it N R AR R S &, A
AR 3 0 T KR AR A O E B T X — R
(3£ 3)o BIRHEFRSAT RAAERIHIG I T L3
PSR EMEAIGE S SIS &, EX LA
LA E BRI, X R RA A YA R
PR IRTE BN
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Table 4 Change of Cd speciation in Cd—contaminated soil with biochar incorporation(mg-kg™)

. B 14A #3641 A

Xt FRFEFT RS TSRS FFR B Xt g FARFEFT RS THERREFT RS

TR 1.147:0.115b 1.147:0.153b 1.430+0.071a 1.147:0.212a 1.047+0.153a 1.247+0.071a
WENE RS 0.027+0.058b 0.05020.018a 0.073+0.011a 0.128+0.009a 0.118+0.046a 0.130+0.022a
BRIREEE RS 0.259+0.054a 0.202+0.087a 0.254+0.003a 0.304+0.049 0.247+0.066a 0.268+0.047a
HEAEEE 0.072£0.003a 0.063+0.003a 0.0610.010a 0.063+0.005a 0.061+0.008a 0.060+0.002a
BRNEEE 0.1810.003b 0.216:0.004a 0.195+0.021ab 0.2410.020a 0.242+0.061a 0.266+0.010a
EhBEEE 0.169+0.013a 0.158+0.002a 0.179£0.030a 0.139£0.002b 0.177+0.030a 0.198+0.009a

T AR RIS SREE R T A A R TR 2 5k B B E HE (P<0.05)
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Table 5 Change of Cd speciation in artificial Cd—contaminated soil with biochar incorporation(mg-kg™)

P 1A #FE6 A

poplis FRFEFF R TSRS FF IR popiid FOKRFEFFBIR THSRRSFT R

KBRS 3.093+0.037a 2.720+0.045b 2.645+0.047b 2.752+0.064a 2.539+0.037b 2.347+0.133¢
WEVEES 0.049+0.010b 0.098+0.014a 0.118+0.032a 0.114£0.059a 0.125+0.028a 0.210£0.104a
RIREEEAS 0.039:£0.006¢ 0.059+0.011b 0.140+0.005a 0.080:0.023b 0.116+0.003b 0.243+0.030a
HEMME RS 0.027+0.003b 0.028+0.006b 0.044+0.006a 0.032+0.007¢ 0.054:£0.007b 0.068+0.001a
BEINEES 0.144+0.015¢ 0.204:+0.048b 0.245+0.021a 0.203+0.025b 0.268+0.016ab 0.306:+0.056a
ARG ES 0.032+0.001a 0.043:+0.028a 0.038+0.005a 0.043+0.007b 0.0770.006ab 0.080:£0.008a

T A RIS SR ) R4 T R Rl i on 22 5 A BB 3 1 (P<0.05)
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