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Fractions Transformation of Heavy Metals in Compound Contaminated Soil

Treated with Biochar, Montmorillonite and Mixed Addition
GAO Rui-li, TANG Mao, FU Qing-ling, GUO Guang-guang, LI Xiao, HU Hong-qing "
(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: A compound contaminated soil sampled from Lingxiang City, Hunan Province, was used to investigate the effects of biochar
(BC) and montmorillonite (MM ) addition on heavy metals fractions. The addition amounts of BC and MM were 1% , 2% , 5%,
respectively, and the mixture treatment was 1% BC +1% MM. BCR(European Community Bureau of Reference) sequential extraction
method was used to assess the fractions of heavy metals in soil after incubation. The results indicated that adding BC alone significantly
reduced the available contents of Pb, Cu and Cd. Among montmorillonite treatments, MM5% treatment decreased the weak acid
extractable content of Cu, Pb, Zn, Cd by 27.6%, 19.2% , 25.6% , 19.2% , respectively. BC + MM treatment worked well,
decreased the weak acid extractable content of Cu,Pb, Zn, Cd by 15.8% , 15.9% , 13.1% , 12. 0% , and increased the residual
content by 39.0% , 110. 1%, 9.6% , 62.5% , significantly reducing the mobility of the four elements. For the stabilization effect,
MM treatment worked better than BC treatment, and a combination of two amendments worked the best.

Key words : heavy metal; BCR continuous extraction; stabilization; bioavailability
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1.1 {5k
1.1.1 {2

M AR B0 R A4 I I T S DX BT Gk
FEH. JEAPAEYE BT pH 5.56, A AL BT 43.59
g-kg ™" PHES T2 # it 9.0 cmol kg ™", HLAR AL IR J
bk (0.02 ~2 mm) 31% ,Kiki (0.002 ~0.02 mm)
52% ,Bhki( <0.002 mm) 17% . +3EhH 4R BE
KICA AR 1 PR,

F1 MK TERE F H BRERTAEENEE /mg-kg ™'
Table 1  Fractionation of lead, zinc, copper,
cadmium in the tested soil/mg-kg ~!

R BRERE WRES TEAeS RS A

Pb 229. 39 701.01 44.91 17. 66 992. 97
Zn 179. 98 232.90 102.85  285.16 800. 88
Cu 62. 65 105. 49 26.32 22.71 217.22
Cd 3.17 1. 54 0.14 0.16 5.00

1L.1.2 ikl

FESEAE W) W A AR ke TR BRI v
L>,pH 24 7.25,BET L& M 101.2 m*-g ™', %
JRACEINSE K A3 51. 7% , R JFHIC K 53 WA <& B
FrEN 30.35% A E0.56% A 38.41%.

SeMiAT MBS J5 25 7 ( Gonzales, TX) #2431 [
FEELSE AT BRI, SR 5 FH NaCl ¥ W A, 6 s #h
B, DU 258 KOS Bk, B I AN
#Cl-,%T. FEMSB pH A 8.0, CEC A 81
cmol kg™, BET 31K 357.8 m* g™,

M E, Y, B BYI S AN
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1.2 FE kA
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5% (FE) A (MM1% . MM2% . MM5% ) ;

@A ASMAT LA 1: 1 R A Sl 719F LA 2%
(FRE ) dsns] 13 h (BC + MM) . AEASAE BRI 3
WHEH.

Bud 20 iR 8L 100 g, 5828010570 #% b
RS, RE ASBRAR . AR E WL IR i gk 2 +
HEE KR 30% . EALEEFE 45d 5 RFE, AR, B

4i1, 1 100 H i & .
1.3 e Rk
1.3.1 4 pH {HM &

MK 2. 5: 1A L BlR AT, #E 10min, H
pH .
1.3.2 4 J® BCR 444

SR IR HE A BCR i 2548 B b 3RS 10 4R
BN SRR EEIUS | PR R | AL A R A
&g, B0 R AR R R BORAE 4°C IR, A
JEF WSO GIEAY ( FASS-240) % Pb ., Cu. Zn, 1A
s pP EF IR OEE L (GTA-120) Tl 5E Cd.
1.4 Fdliba

KM Microsoft Office Excel 2013 HI SPSS 18.0
HATEARAL B | VERIFN T 2250

2 HRE5HH

2.1 BRI A JE AT g 1 HE pH AYSE IR

1558 pH (B S e - 338 b i 4 T R Y DG B ]
K. WE 1 R e iR s CK ARHY pH (HoN
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it 45 d Hi 3 5 pH AR LR B2 MY IR
5% W3 pH (A T B F R . Bz A Mk
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Fig. 1 Effect of various treatments on pH in soil

2.2 HERIXTE AiE Y H P SRR IR BUS 4R
A

W= 2 Uiz, fHH CK AL B, Bk BC19% Ab B 4],
HAR AL FRAR 25 REAR T 559 MR P2 OS2, BB %



14 PR A AW ST RIRA BRI S 5 15 e R b R I S R R 363

A 1 RIS AT (S o e 1, 553 7 4 BB A % i
RAARG IR 28 28 T 4 A, b BC5% . MMI5 % Ab 355 iR
PRSI & 2o A T 18. 6% | 27. 7% , [AlH} BC
+ MM Ab Bl B FRAIR T2 A 00 5 i, BRI N
15. 8% . XTI, U8 45 Fh i b 390 5 vl (g 2
IS R B B 1Y) 5 b, e B o 2 e 1) Ak
PHRENE N 3.2% ~ 8. 9% , PR TS 0 5% Jid A [ 1 o
14.0% ~29.2% ; BC + MM AbBib 35 (A% T % B
S BRI N 15.9% . LA, CK Ak 3% 55 iR
PRI AES R 179. 98 mg-kg ™' s ML CK 4b3H 2
TRES A= 0 1 b ¥ TG 38 25 7 Ak T 58 Aoy Ak DU 3%
BERAL T SR BUS B & 8, MM1% ., MM2%
MM %o Ab i 55 i $1 S  ) R RAK YR M 17. 9%
15.1% | 25. 6% ; WAL BC + MM 1 1 £ F#AX
TiZC SRS & REIR R 13.1% . XI5, CK

AEPER B 55 R EEIGEAR 5N 3. 17 mg-kg ™' AHLL
CK 4b 3, BC5% Ab BT 55 1R 45 B 47 19 % i
6. 6% , T BC1% 1 BC2% Ab PR T 55 R 45 U245 Wt
AR s AN O] LU SR A 4 4 b 55 R
PEIUSER & i, HL R S WA A st (35 , 55 4
P i oA TG P S R S W G R BRI R 7. 3% ~
19.2% ; BC + MM 4b#  2& BRAG XL 540 & &
FEME R 12. 0% . £FXt 4 PP & JE 1M 5, A=) e fl 52
JIR AT B T AT A R BT A R e R TR, B
WEABCRE T E Y. BeAb, 5 DL 1 1L AT R
A AL TR NN 29% It v A7 550 A ARG 55 R 42
BSHE 48 O i, ORI T BC2% i BC5% Ab 3.
H[F MM2% b BRAHOCRAH LG, Cu, Pb, Zn A 5572
PRBCS SRR FE2ZES, M Cd 3RS R
AL

®2 AEAELERS, . 7, EEBRNSEE /mg-kg ™!

Table 2 Weak acid extractable Cu, Pb, Zn, Cd contents in contaminated soils treated by different additives/mg-kg ~!

pis:! Cu Pb Zn cd
CK 62.65 +1.79a 229.39 +4. 81a 179.98 1. 74a 3.17 £0. 03ab
BC1% 59.58 0. 76ab 219.66 3. 52b 180.32 2. 14a 3.23 +£0.03a
BC2% 57.39 £1.52b 222.02 6. 76b 183.14 +7.03a 3.06 +0. 12be
BC5% 51.01 =1.20cd 209.33 2. 15¢ 187.21 +1.94a 2.96 +0. 13¢
MM1% 48.84 +£1.02d 162.32 +3. 311 147.71 £8. 36¢ 2.94 0. 10c
MM2% 52.01 0. 34cd 197.33 =1.05d 152.79 +1. 24be 2.93 0. 03¢
MMS5 % 45.28 +0. 18e 184.86 4. 0le 133.87 +3. 66d 2.56 £0.07e
BC + MM 52.77 £0.31¢c 192.93 +0. 88d 156.34 +1.13b 2.79 +0. 04d

2.3 HifkxE SRR EEAES
pgiopAl|
2.3.1 ARJEA AR BRIE A

W 2 fF s, CK b B R AT 38 J5 A5 4 & Bl
105.5 mg-kg ™" ; WINA W0 Je B 38 3 i T Al a8 J5
A B, Horp BCS% AP B3EIE K 6. 9% 5 i
MR ANZ2 Wi A7 ZEFEFD BC + MM A0 38R By Al 58 5 45
Wi, 5 CK AbBEAH L 22 SR B35, CK AbFE ] 4
A5 & BN 26,3 mg-kg ™' BCS% AbHR L CK 4b
PR AT A AL S RN T 21.7% , 1 BC1% |
BC2% 4b 5 CK Z 5 AW %E; MM1% . MM2%
MMS % Ab P AT S 25 38 fin AT 48040 A5 0 1) 5 o, 38 R
PN 11.9% . 12.9% , 34.0% ; 1 BC + MM &b F %}
AT A AL A o 2 DU G i 3 5 . X T A v A A
LU SE A R G LA i B R O 24. 9%
~30. 0% ; A=A X T AR A A & B0
M. BC + MM A3 A 5% i A8 31.7 mg-kg ™',
I CK ARFE A T 39. 0% .

SR L s A Y pe | 50 A LLRGR

H

/E\

BUSINE Ak PR 5 SRR DA 55 TR £ A 128 i 1)
RS | Al A A AR A . TSR
BEARBEAL ORI T A Yy, 3 TR G Tl P 28R
B

B 4 fbas
(] b b

I PEES 8RR

ab b

80

A Ht/mg-ke ™!

4 £ £ £ £ = =
> g 8§ 5 % & 3
= @ = S g S ;
i3
B2 FAESHCLETELERRTEREE,

RS, RESHSE
Fig. 2 Reducible, oxidizable and residual Cu contents

in contaminated soils treated by different additives
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37.0 mg-kg ™' FEAK T 21. 4% ; T 52 W A0 45 43 44
NZIE AT 0 & B, MM5 % Ak PR B4R 32. 2%
MM1% , MM2% Ab 3N TG & 2% 2% 5 5 BC + MM Ab 3
TS B A TR B IA B B 25
UEAh, 5 CK AbFEAH EL , A i A 751 Ak AR S 2 14
TERE S S =, R Y R BRI IR 22.9% ~
49. 6% , 5 T A AL LY R K 87. 7% ~107. 3% , Tfif
4R e K AU AL FJE BC + MM, 345 110. 1% .

SR ETTE AW fn S A LIRS b B8 #R
6F 553 R R LS A 52 W ) R S e A, T S A 1)
BEACSCR B T A= ¢, W8 TR it DO 02 B 4
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M 4wl CK MMH L, Bl A=) s
a1 3 n a] i R A A BNy Horh
BC5% uﬂﬂﬁiﬂm@ 7. 9% , [V, 558 i Ay Ak 2 A, S
EHN TR A RN 3.8% ~5.7%.
CK bR A AL S AR S N 102.9 mg-kg ™', A
It CK AbBH BC5S% . MM2% . MM5% 4b 3 i 2 14 fin
T RS RS &, IR 9.7% . 8.8%
68.3% ; BC + MM Ab P X 12 JE 25 B TG . 3 5% ).
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Fig. 3 Reducible, oxidizable and residual Pb contents

in contaminated soils treated by various additives
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