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Immobilization and Its Mechanisms of Heavy Metal Contaminated Soils by Phosphate—containing Amendment
and Biochar
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Science and Engineering, Suzhou University of Science and Technology, Suzhou 215011, China; 3.College of Urban Construction and Envi—
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Abstracts: Biochar has been used to remediate soils contaminated by heavy metals. In this study we compared the immobilization of Pb, Zn
and Cd in soils by phosphorus—containing material (PT ), dairy manure—derived biochar(DM) and rice straw—derived biochar(RS) . Factors
influencing the immobilization and underlying mechanisms were explored. Applications of three amendments dramatically decreased leacha—
bility of Pb, Zn and Cd after 56 days of incubation, with order of Pb > Zn > Cd. Of three amendments, PT was the most effective in retaining
Pb, and Cd, followed by DM and RS, but they did not show difference in Zn immobilization. Compared with CK, percent reduction of Pb, Zn,
and Cd concentrations in TCLP extraction was 77.6%, 31.5%, and 27.9% for PT treatment, 56.0%, 26.1% and 10.0% for DM treatment, and
35.8%, 25.0%, and 4.4% for RS treatment, respectively. These amendments could transform Pb and Cd from soluble to stable forms. The pre—
cipitation would contribute to Pb immobilization by PT amendment, as presence of Ca,Phs(PO,)s(OH ), and Ph,,(PO, )s(OH ), was evi—
denced by XRD analysis. The Pb immobilization by DM biochar was resulted from precipitation, adsorption and cation exchange, with
Ca,Pbg(PO,)s(OH ), presence as shown by XRD. However, RS biochar stabilized heavy metals only via adsorption and cation exchange. In
conclusion, phosphate amendment and dairy manure—derived biochar could effectively immobilize Pb, Zn, and Cd in soil.
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Table 1 Physico—chemical properties of soil and

P-bearing materials

b7 ok =
THE SRR A 2B RERTE B
pH 7.30 6.90 9.13 8.72
L% 2.42
Sand+Silt(2~2000 wm)/%  69.9 — —
Clay(<2 wm)/% 18.9 — —
Total P/% 0.006 17.0 0.64 0.26
Pb/mg-kg” 2860 2.80 0.005 0.009
Cd/mg-kg 31 — 0.001 0.002
Zn/mg-kg! 957 228 523 53
TRy & k% — — 68.6 28.6
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K H TCLP™(Toxicity characteristic leaching pro—
cedure) JEPEAN LR 4 R B EACR . MERRFREX
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0.01 mol- L™ Y CaCl, IERIR R (W +=10:1),200 r-
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JinTfiid ek , DM 1 RS 4bFR[ TCLP-Pb £ 7~14 d A
{8 28 d J5 B E IR, 185 56 d 5,5 CK AL,
PT.DM F1 RS 4k B {8 TCLP-Pb 43 H|F&AK T 77.6% .
56.0% #i1 35.8%.
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Figure 1 The leachability of Pb,Zn,and Cd in the TCLP extract

from the soils with or without amendments
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Table 2 The fractionation of Pb,Zn and Cd in the unamended and

phosphate— and biochar— amended soils

WEE BRIRHUS/%  nTREES % AEARESI%  BRIERS%
Ph CK 11.93%0.63a 41.79+1.06a 27.67+0.71a 18.60+0.62a
PT  5.016+0.14b 39.92+0.27b 28.10+0.83ab 26.96+0.91b
DM 9.890+0.33b 40.18+0.50ab 29.2+0.48ab 20.80+0.38c
RS  10.83:0.31c 40.52+0.57ab 30.30£0.36b  18.36+0.37a
Zn  CK  21.61%0.33a 21.15x0.48a 28.91+0.49a 28.32+0.46a
PT  22.07+0.05a 23.31:0.48b 24.49+0.39b 30.130.15b
DM  20.35+0.09b 21.1120.39a 31.49+0.43¢ 27.05+0.09¢
RS  21.88+0.2la 21.0420.20a 35.48+0.37d 21.60+0.22d
Cd  CK  60.83xl.1a 32.83:0.36a 6.24120.08a 0.100£0.0a
PT  45.85:0.28b 42.19:0.66b 7.601=0.11b 4.353+0.16b
DM 55.02+0.23c¢ 3527+0.39c 4.859+0.18c 4.851+0.27b
RS 56.94x1.59¢ 31.900.15a 5.729+0.31d 5.424=0.21c

22.1 B&E )5 Pb LA R

BCR % £ BN 5 4 8 T 80 MR R S |
AR RS AT AL A R BR A A, X IR (5% A vk
W FBERRL AR W e KRR RS AT A e ]
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ERE, HARFMEE MR Ph ISR AR, 5
CK A, PT AbH{H Ph A iR $2 HUAS AT i b 25 43
BIFEAR T 58.0% 01 4.47% , i A 484k 25 F0 5% i 45 40
BIHEAN T 1.55%F 44.9% . Pb 3= % AR HEHUAS [ 5k s
¥ L. XRD 437 (FE 2) oK, PT A BEYE 26=30.5°47
E Caszs( PO4)6( OH )2 E’\]flfj—j“?ﬁ ﬂl% , E 26=30. 120@
TEPb (PO, )s( OH ), MR , 3R IV i —TITTE Pl g 2
PT &2 [E %€ Pb A9 EEHLHE, EEAFEH A . OR s
AR ER 4 8 (R A, T BB e P oo

DM Ah B (1) iR £ B 0 ] 38 JELAS 40 Sl R A T
17.1% F1 3.85% , 1 A] 4 Ak 25 F1 5% s 285 0 ) 38 1
5.53%M1 11.82% . Pb 3= % P\ i 45 IO ) ] A= Ab 2

26 27 28 29 30 31 32 33 34 35 36 37
20°
Q : SiOz;W: (Ca, Mg)3( PO4)2; C: C3C033 CLP: Cazpbs(P04)6( OH )2;
LHP:Pb,,(PO,)s(OH),

B2 88 56 d F&4LE XRD ST E
Figure 2 XRD patterns of the samples after incubation for 56 days
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A0, TSP A s & B A1 K, TSP A g (it PT Ab 3
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Figure 3 The TCLP-P and pH change with time in

contaminated soil with and without amendments
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W EA R S W E S BB SOR R A b SR
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FJERE & 19 Ca Mg K Na 555§ 778 #ff i i rp
SIAL LA B A R R ALY s R ER 5 L X S )
K St 5 - 45 pH E™, LA % R A B
PE I BE P 41 -COO0~(-COOH) . —~0~(-OH ) £ . 1,
TR A5 a] $i v 35 pH (P, [k, DM AT RS &b
FRA e - pH (EF 7 5] 7.80~7.92 Fil 7.65~7.88 4%
e 38 pH {EL, PTI98 K AR ) e 2 1T T AR Ha fr
08 BH 2 TR BN RE T, BRI R 4 S R AR, 34 AT A
LB UIE ™A, 4 PbCO;,CdCO;, Pby(CO5),(OH ),
S5 5 —J7 1, pH (LG 5y, WA AR ) e 3R T S 1
ZHAER B 48 R a1k,

ATCIE ] SPSS(16.0) G843 A 14 Bz IR 7R 4
M (Pearson )4 7 [R 2 AR 00T (36 3) , iE—254)
Br& AR RI S AT P & i 3 pH X £
HE SR TR
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Firp Pb 5 TCLP-P F1-1-3% pH {H YA 1 .2 A AHOC
(P<0.01),XRD 43#r 4 Pb—P JLIE 4= ,BCR 1] 48
A ASFNER A A 0 2 T (3 2), DT dE W L 2
A A L R 30T A2 W ekt Pb B E . RS
ALY pH {E H AT B 3 1 A G (P<0.01), 5 P
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B A pH (T, 380 T N Ph W R AT A8
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Pb—P JTTEXT Pb 1[4 TR/ , XRD A AT
Ph—P YLIEAFAE , H BCR okt A5 1A 25 18 i .
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Table 3 The correlations coefficient(r) of heavy mentals, P and pH
Pb Zn Cd
PT DM RS PT DM RS PT DM RS
p -0.797%* -0.960%* -0.515% -0.247 -0.050 -0.337 -0.585% —0.744%* -0.322
pH & 0.264 -0.937%%* -0.706%* 0.377 -0.160 0.201 -0.156 -0.835%%* -0.813%%*

T B A DG (P<0.01 ) 5 % S B MEAH DG (P<0.05)

PT AbFEXT Cd ([ & £ 25 P A £ (P<0.05), 7]
et TATIERE T Cd, x5 BCR ki A B3
Hngs R —3. DM 4bFRHp Cd By [H 2 5 TCLP-P Al
+ 458 pH BT I 2 71 AH G (P<0.01) , PRIIE T e (2
UUUE ) R | B Fac e SV E AL R 80 T AR 2 A Wi
XF Cd [ [E 2 . T RS AbFEH Cd 1 [E 72 {5 18 pH
2G5 (P<0.01), W B | 55 1 58 46 S5 4 i R i T
[E5E Cd [ FZHLH

3 FhabBE  Zn 5T M P ORI pH 35 JCAH 56 6
R In B—FEIERNGE  EEAEESEIER T,
by 5% BN IAFE SR 520

3 it

(S WERDRL A 284 W) D RUR RS RS AFAE M 5 Y
RENATE {5 e L Y Pb Zn \Cd, BIBCRAKIKN -
Pb>Zn>Cd. =FMERFELXT Ph Al Cd MBS RCR 2
EWE RS S Y R STEAT AR W o (X Zn BYIE R
AR BEMIER

(2) 5 Wb RME I T 4 00 s A P, (E A= P J
MM S RN, — e 220 28 d J5 B BCR A #E

(3) Wb EME L 135 Pb (Cd T2 5 itk Pl
FASR, DI R FE N E R MENLE, 24D
1852 Ph Cd 5 I L P AL pH (HAL[R] B F A,
A [ LR IO0E M 2 S e S S A A
A A A W) B A 5 32 28 55 1 3 pH (2 5 ARG, I
B | B A i m] R T < I 1 TR ML
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