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Stabilization remediation of soil polluted by heavy metals using biochar prepared by co—pyrolysis with sludge
and attapulgite

TAO Ling "**, MA Ben "2, LI Zhongxing "2, ZHOU Yilei ">, REN Jun "*>>*

(1. Key Laboratory of Yellow River Water Environment in Gansu Province, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. School
of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Institute of Environmental Ecology, Lanzhou 730070, China;
3.Gansu Hanxing Environmental Protection Co., Ltd., Lanzhou 730070, China; 4. Gansu Haoyu Environment Protection Co., Ltd., Tianshui
741020, China)

Abstract: The stabilization effect of sludge and attapulgite co—pyrolytic biochar prepared by adding attapulgite with different mass ratios
(0, 5%, 10%, 15%, 20%, 25%, 30%) on heavy metals in the polluted soil of mining area was studied by stabilization experiment. The
results showed that the addition of sludge—attapulgite co—pyrolytic biochar to the soil contaminated by heavy metals in the mining area, the
soil pH value gradually increased with the increase of attapulgite content in biochar, the soil electrical conductivity and cation exchange
capacity increased as well as. After stabilization of heavy metal contaminated soil by heavy metals in the mining area with biochar prepared
by co—pyrolysis with sludge and attapulgite, the contents of heavy metals extracted by TCLP of Cd, Cu, Ni, Zn and Cr all showed a
decreasing trend. Except for the contents of heavy metals extracted by DTPA of Cu increased by 5.93%~24.97%, the contents of heavy
metals extracted by DTPA of Cd, Ni, Zn and Cr also decreased. The stabilization efficiency of Cu, Cd, Ni, Zn and Cr extracted by DTPA and
TCLP were 94.32% and 94.71%, 94.75% and 95.60%, 86.63% and 91.75%, 90.02% and 99.03%, 92.54% and 96.65%, respectively. The
acid-soluble Cd, Cu, Ni, Zn and Cr were also converted to a more stable residue state, and the repair efficiency was 42.50%, 33.87%,
57.92%, 33.74%, 42.36%, respectively. The sum of the four forms of heavy metals was in good agreement with the total amount of heavy
metals, and the percentage recovery of heavy metals was between 82% and 105%. According to the standard risk grade of soil control, after
passivation treatment of heavy metal contaminated soil, Cd, Cu, Ni, Zn and Cr were all at a low risk level. The potential risk index of Cd,
Cu, Ni and Zn decreased, although the potential risk index of Cr increased, but the pollution level of Cr under all treatments was mild
pollution. The results indicated that the addition of attapulgite enhances the stabilization function of sludge biochar and provides a new
method for the rational utilization of sludge.

Keywords : sludge; attapulgite; biochar; stabilization; heavy metal
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Table 1 Physicochemical properties and bioavailable contents of

heavy metals in sludge biochar

WiFlltem  SABO SAB5S SABIO SABIS SAB20 SAB25 SAB30
pH 798 818 823 830 835 843 840
EC/(uS-em™) 409.6 457.6 4213 661.0 487.0 3780 450.0
CEC/(cmol-kg') 713 675 621 560 492 484 397
OM/%  12.17 11.88 1142 904 892 885 899

C/ DIPA 085 057 044 037 049 044 037
(mg-ke™) pepp 074 046 034 027 039 034 027
Cw/  DIPA 3439 27.82 2568 23.54 2033 2247 21.40
(mg-ke™) pcrp 27.04 2257 2042 1827 1505 172 1612
Ni/  DTPA 566 624 683 663 702 7.02 761
(mg-ke™) perp 488 546 605 585 624 625 683
Zo/  DTPA 1951 1561 14.11 13.51 1201 1141 1291
(mg-ke™) perp 1351 9.64 813 755 604 543 694
C/  DTPA 64.82 5572 47.76 4549 42.08 40.94 36.40
(mg-ke™) TcLp 56.86 47.76 39.80 37.52 34.12 32.98 28.43
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Table 2 The pH,CEC and EC of heavy metals polluted soil
stabilized by sludge biochar

A Treatment pH EC/(pS:em™)  CEC/(cmol -kg™)

CK 7.74+0.19d 490.36+8.32¢ 5.83+0.06f
SABO 8.23+0.03¢ 549.99+4.97d 6.43+0.07e
SABS 8.31+0.03bc  584.72+15.63¢ 7.47+0.16d
SAB10 8.42+0.03b  626.29+11.26b 8.75+0.09b
SABI1S 8.49+0.01ab 668.04+9.58a 8.13+0.09¢
SAB20 8.39+0.06b 580.24+9.59¢ 8.80+0.04b
SAB25 8.61+0.17a 574.10+3.53¢ 9.88+0.18a
SAB30 8.39+0.07bc  571.64+11.43d 8.91+0.12b
FAH F-value 20.73 %% 70.83%* 418.83%**

TE B0 0 3 R E VB R /NG TR AL PR 22 55 2
# (P<0.05) 3 Ml 235 (P<0.001) , =51 {23 (P<0.01) , 51|
BR#E(P<0.05). T,

Note: The data is the average value of three repetitions; Different
lowercase letters indicate significant differences among treatments (P<
0.05); *** indicates significant influence at P<0.001, ** indicates
significant influence at P<0.01, * indicates significant influence at P<0.05.
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Figure 1 Bioavailabilities of heavy metals in soil stabilized with sludge biochar
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R3 BREVMKFEN T EPESEIEULE(SE, %)
Table 3 The stabilization efficiency (SE) of heavy metals in soil stabilized with sludge biochar(%)

48 Heavy metal I Extractant CK SABO SAB5S  SABIO  SABI5S  SAB20  SAB25  SAB30 FAH F-value
Cd DTPA 93.16 93.29 93.43 93.54 93.76 94.06 94.32 94.36 1.88%
TCLP 92.44 93.05 92.92 94.12 93.53 93.57 93.39 94.71 2.90%
Cu DTPA 94.45 94.06 94.03 94.38 94.75 93.52 94.67 94.72 1.62
TCLP 95.60 95.01 95.30 94.98 95.23 94.48 93.74 93.42 2.90%
Ni DTPA 85.17 87.41 86.63 86.27 86.31 86.47 85.95 85.55 1.98
TCLP 90.65 91.97 91.96 91.54 91.75 91.06 91.57 91.62 2.03
Zn DTPA 88.24 90.02 88.91 91.02 89.89 89.87 91.01 89.89 2.46%
TCLP 98.60 98.72 98.70 98.82 98.91 98.83 99.00 99.03 7118
Cr DTPA 91.39 92.35 92.34 92.42 92.38 92.49 92.54 92.60 43.16%%%
TCLP 93.46 95.58 95.26 95.66 95.46 95.67 96.65 96.51 43,165

NI B T B AL RCR I K, 7E SAB30 A BE R afifb Ak
FI K, N 99.03%. A=) k¥t 4z JE Cd. Cr Fl Ni Y
TCLP #2 B A AL ZCRAR T R B 4 8 Zn, {H R
Wi 111 A T S 3 T 1 K, #E SAB30 b B T 4l
TR E K, 4390 R 94.71% .96.51% .91.62% ., 1578~
(U] 1 g AL SRR AR ) 0 X Cu i TCLP 2B A9 4l Ak
S0 i 2 10T R A N T P T T R AR, SABS Ab B
TikFE R, N 95.30%.
23 TEEEEHNBCRUERE

K FH BCR Iy $2 B %) -3 3598 Y 4t
R E 4 JE Ak 2R S AT 08T L SR FH PRIF TRI
X 3G P A= W e Hh 4 e B XURS: R A T A, 45 SR
W3R 4. FEU NIRRT A P el A AL 3 i A s
PEHOhE SRS AR Z RSB, R
VSR SR AR 1 Cd 5 1 Bl 7 S B0 26 e rh I T
A1 BT R R R AR RERE S ) Cd B
, FELIBRE A Cd U7 7, Horp SAB1S AbFRAK
et , 5 CK A HE , 3R 45 Cd A B R 0 113.42% .
BRI ZS Cu MEALZS Cu Y & 5t Bl U™ B A 25 R A3
T WE R B A JR S Co & 5 CK A L B 1
24.37%~74.15% ; 5% &7 Cu &2 BT (2 b TF iR B4
N, Ho SAB20 Ab R R A Cu B B G R fe K
7 18.80% . T 4xJE Zn TESL IR AE W) bR S BRI
AR IS I 2 B AIG, SEALS FAR IS Zn 5 2 T
S CKA L, BRIE A Zn & B KK T 7.04%~
32.41%, 58I Zn i EFH T 17.35~21.64%, o
SABS Ab PR el o S ML AR AR Y eI, £
HEENPRESTEARESTERA LA
PIARAL IR SRS N & i Tk, EAAS N B R R AIG, 3R
B AE AN Bl e R b, N T2 3 2 R 5 D 25 AR AL 25

1% WHART]

ZI WAL fER LA Yk E , LI E 4R
Cr AL B IR A F ik 8] T Cr B 1Y 80% LA
b, o SAB1S Ab AR B

PRFRELEN—FOR, AR AFH,4FIEE
Z MY ES RS EEA RN —2, PRTE 82%-~
105% 22 [8] . B 43 J@ 1) TRI Fifi %5 SL 30 A= 5 v 1914y
P e B 0 s Hh S 3 ) AR Ak i e (B I IR
T CKALHE . EifbibPR5, 5 CKAHLEL , SAB15 Ab #R A
TRIFEAR i 3 2, B 55 R 48.41% , HLURJ2: SAB20),
T B I BE Sk 47.70% , SABO, SAB5 . SAB10, SAB25 I
SAB30 4b B B TRI K& W& 53 51 2 12.90% . 30.67% .
34.46% .35.24% F128.21%, 5K FH 15 8- M A
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SACHRE T X 4R TG Y R A R i A T A
FHVEB] N B, 2 B S B A= ) e X i G - B v
Cd.Zn ,Cu Ni ,Cr HA RGP i il 4 o

P12 S A (] T A 5 ) 9 e 3 A 4 e Ak
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Table 4 BCR sequential extraction, remediation ratio(RR) , percentage recovery (PR) of heavy metals and the potential risk index

of the overall contamination(TRI) in soil stabilized with sludge biochar

4 )8 Heavy metal I H Ttem CK SABO SAB5 SABI10 SABIS SAB20 SAB25 SAB30
Cu R/ (mg-keg™) 4.34 2.88 2.77 2.59 2.89 2.88 2.15 2.62
WA/ (mg-kg™) 6.73 9.72 8.53 8.37 9.78 11.72 9.97 8.94
A/ (mg-kg™) 4.05 2.45 2.35 3.28 2.15 2.75 3.02 2.78
FRIER/(mg-keg™) 6.01 6.62 6.99 6.73 6.73 7.14 6.72 6.43
RRI% 28.44 30.55 33.87 32.09 31.23 29.15 30.74 30.96
PRI% 103.83 91.67 88.09 82.59 91.43 86.57 90.48 91.62
PRI 2.52 2.27 1.95 2.12 2.20 2.43 2.25 2.23
Zn R &/ (mg-kg™) 147.53 125.81 99.72 137.14 115.05 128.44 129.27 113.38
A/ (mg-kg™") 387.45 357.34 339.15 329.77 336.34 356.34 359.73 345.23
AL/ (mg-kg™) 53.68 77.65 77.80 72.08 72.03 58.72 76.90 72.52
RS/ (mg-kg") 182.14 253.45 263.12 248.36 236.92 246.82 258.39 241.25
RR/% 23.63 31.13 33.74 31.54 31.16 31.23 31.35 31.23
PR/% 98.63 103.67 95.18 98.75 92.69 97.53 102.36 97.60
PRI 3.23 221 1.96 2.17 221 2.20 2.19 2.20
cd RS/ (mg-kg™) 4.15 3.61 3.48 3.28 3.34 321 3.36 3.35
WEE/ (mg-kg™) 2.27 2.19 2.07 2.01 1.45 1.43 1.84 2.12
A/ (mg-kg™) 1.03 1.61 2.15 2.26 1.98 1.57 2.57 2.38
it A/ (mg-kg™) 2.31 2.67 3.65 3.88 4.93 4.59 4.11 3.64
RRI% 23.67 26.49 32.16 33.95 42.14 42.50 34.60 31.68
PRI% 99.72 85.37 107.16 94.63 102.24 100.71 99.34 98.04
PRI 3.23 2.78 2.11 1.95 1.37 1.35 1.89 2.16
Cr R &/ (mg-kg ™) 54.24 28.54 28.16 31.92 17.52 3291 31.91 37.13
A/ (mg-kg™) 43.26 32.36 33.78 37.25 30.24 39.47 34.74 39.27
AE/(mg-kg™) 168.37 222.78 236.35 227.16 236.56 224.35 226.77 219.77
R/ (mg-kg") 209.65 208.66 193.27 201.34 208.94 194.47 197.12 206.57
RRI% 44.09 42.38 39.32 40.46 42.36 39.59 40.18 41.09
PRI% 97.17 83.40 92.82 82.40 86.21 91.61 82.04 95.51
PRI 1.27 1.36 1.54 1.47 1.36 1.53 1.49 1.43
Ni FRIHEZS/(mg-kg™) 1.89 1.68 1.69 1.43 1.33 1.58 1.62 1.53
WA/ (mg-kg™) 4.25 5.54 5.96 5.32 6.40 5.61 5.75 6.43
FA/ (mg-kg™) 10.13 9.92 9.82 8.92 8.68 9.23 8.34 9.67
BRI/ (mg-kg™) 21.27 21.85 21.45 21.47 21.36 21.36 21.62 21.09
RRI% 56.66 56.04 55.11 57.81 56.55 56.54 57.92 54.47
PRI% 101.19 103.18 101.15 86.70 94.23 93.79 88.09 93.88
PRI 0.76 0.78 0.81 0.73 0.77 0.77 0.73 0.84
TRI 119.69 104.26 82.99 78.45 61.75 62.60 77.51 85.93
Fb 72 SAB20 I B AT B2 45 K, hy 58.20% . & Ab P A% AN, A2 BT P8 R A ) o (T AR G5 AR AL 7 1 o)

R Cr 89 PRI CK 2345 B3 in , $4 hn i 2 4 7.09%~
21.26%, EE4:)@ Niff) PRITESAB10 1 SAB25 b
B CKF#AK T 3.95%

3 g
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Table 5 The environmental risk indexes(ERI) of heavy metals in soil stabilized with sludge biochar

VB STR RSy F41556H

4 J& Heavy metal ZEHUH Extractant CK SABO SABS5 SAB10 SAB15 SAB20 SAB25 SAB30
Cu DTPA 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
TCLP 1.41 1.50 1.37 1.39 1.28 1.33 1.46 1.34
Zn DTPA 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
TCLP 0.04 0.03 0.04 0.03 0.03 0.03 0.03 0.03
Cd DTPA 1.12 1.32 1.16 1.30 1.19 1.06 1.13 1.11
TCLP 1.23 1.37 1.25 1.18 1.23 1.15 1.32 1.03
Cr DTPA 0.17 0.18 0.16 0.18 0.17 0.16 0.18 0.16
TCLP 0.13 0.10 0.10 0.10 0.10 0.09 0.08 0.07
Ni DTPA 0.09 0.08 0.09 0.10 0.09 0.09 0.10 0.10
TCLP 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.06
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Figure 2 The potential risk indexes(PRI) of heavy metals in soil stabilized with sludge biochar
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