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Abstract;: Mining activities are recognized as one of the primary sources of heavy metal
pollution. To address the environmental impacts of heavy metal contamination, this study
employed the bacterial strain Acinetobacter sp. to induce calcium carbonate (CaCO; )
formation combined with biochar for immobilizing heavy metals (Pb, Cd) in soil. The
unconfined compressive strength of the mineralized soil samples was investigated. The
effects of biochar type and dosage on the immobilization efficiency of Pb and Cd were
evaluated through toxicity leaching tests. Soil pH, X-ray diffraction (XRD), and scanning

electron microscopy (SEM) were utilized to characterize the mineralization products with
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different biochar amendments. Results demonstrated that when the ratio of contaminated soil

to CaCO; solution was 15 g:5 mL., the unconfined compressive strength of the mineralized
soil reached 2. 96 MPa. The addition of 1% corn stalk biochar yielded the highest unconfined

compressive strength (2. 54 MPa) and optimal heavy metal immobilization. Compared to the

CaCO;- treated group, the leaching concentrations of heavy metals were significantly

reduced. The incorporation of biochar enhanced the immobilization efficiency of Pb*" and

Cd*" in CaCO;- based remediation of composite heavy metal-contaminated soil, providing a

novel approach for rehabilitating heavy metal-polluted soils in mining-affected areas.

Key words: Biochar; Calcium carbonate; Immobilization; Heavy metal

0 5IF

T SR IT Y Y 3R BRI T K HEE L V5 e
Jits FH DA 4 J@ A A B R AR AR . SRR
SRR YR EERORIEZ — . TR R,
PR 5 1 - B T 4 vk B i o e A - 4
MR ARVFIREE , Cd & AR 13 5, As & bR
24 %5, Zhung % N & BKFE - Cu, Zn 1 Cd
P25 B2 (9328 502 mg/kg 498 mg/kg F1 3. 92
mg/kg) 43 il S [ 4 58 BR BE O K b
(GB15618-1995) 1) 10 fi5.2. 5 {5 fi1 13 5, L3
HEEEISRMEE Bl E2A WAk, —FE Y
o2 O A & k5 s RS B A
FIM R E e/ FaE AR s A R k. —
o AEE S M E B R Hob, E /R
AL T 4 R T A A S — AR T R BUARIG 3R
B AT ][R B A 3 2 i e 4 1 Y AR A
HHEE SR YE S S R T

PEAESR AW HAE IS 5 K AL BRAE Jy TH )
IR R A A — Al R BRI s 2 T R
B PH B T SC e ff R 3R g 4 8. (U X
SO L 2 B ) T A R B AR 45 2 B AR W i LA
L RBEB B EIE BB RRCR™ . Rk, ey $2 5
A=y e %ok B 4 TR R R AR S € 48 B 2 SR Y A
FEMER,

Y B B N AMLE S, AR B 1Y
B SR 5 DT EL B A - S el R B AR K
UL BeA AW aT LIE A s & 1
B BRI W R0 T 1 45 6T LSRR )
AR Cd I EM . Zhang™ 2 \FE A5
SRS £ AR (MICP) T 25 o A A=W o, F 5
YR NDBE R 20, FEWIR WS 50 mg/ 1Al
100 mg/1 B}, MICP T 2243 5l [ b T 89 %6 1 66 0
1 N, HeAh A& AR 1) e 1R A 3510 3 Bk R 4

T2 TS W TS 18 555 » T S80I TR 6 25 1) 1) i 7 XU
B UK A RS MICP 3 25 A ok, Xu™ 4
R0 T A0 A W e A Sy 5 i ) 1 3 S R BT
MICP Hit, #4887 4= ¥ -4l 7 ( Biochar-bacteria,
2BVAFR Bk 1 AR T Cd BE b iy S ke
P DLROO - SR A BE RS2

BEXT A ) ¢ % B 48 i SR AN B E | 1) L |
FHAEY A ImsE MICP AR5 [ E 3 i B 4 )8 Pb-
Cd ., DTS2 P 42 s 1) &% 0 Ak [ 5 1) FH AR AR
FY YR, Acinetobacter sp. BHFES CaCO; I
[#] - FE I & 5 F 4 8 (Cd, Pb) , LA g 8 L A 1t
XHE R LI BE K 13 e e fe fe it
BRI

1 MRSk

1.1 #ERH#FH

It A= Dok kg B R ARG A e T KEs
Wy, o S50« TooK S A5 ik R B L LB 35 5%
FE SRS UK A RRAR L VKR Ak . AL
BRI Acinetobacter sp. fE R F 7.
1.2 IR

WH Acinetobacter sp. BARTEUS N LB R 5%,
ODyoo =0. 8 TSGR B 7 1045 21 5k BR 45 1)
REVER. REH &S Cd-Pd 48545 + 5,
G35 e 1 3 . CaCO; ISR B =15 g = 10
ml,15g: 9 ml.15 g 8ml.15g: 7 ml. 15 g: 6
ml,15g:5ml.15 g+ 4 ml.15g:3ml .15 g+ 2
ml.15 g 1 ml.15 g: 0 ml” N LG HIE &, -4
A58 5o e il AR TG BR AT R i B A5 e
RA A KRG A RN A A ) o FAS [) A=
YiciB At AR5 138 pH B b 3 i i w5k
R M A RSB S E A E 4R IT Y 5
Pb-Cd 19 [ 5 A 38R » LA B AR B A8 4 21 151
W (FTIR) (X 2R A7 5t (XRD) H i HE 1 1 fl BE



110 Ho I SR AR

2025 4F

(SEMD #f—28 T it CaCO, WA AWy [ 1L 1B 52
Pb-Cd & 4 8 4@ 15 Y TR L .
1.3 SWAEE

(1) TemFRAT 1504 Ak 1 TC M BR 7T 1 5 2

43 LA Pb-Cd 52 575 Y 338 IR 5 1 WRR &
¥=15g:10ml.15g: 9 ml.15g: 8 ml. 15 g: 7
ml.15g: 6 ml.15 g:5ml.15g:4ml.15g: 3
ml, 15 g: 2ml.15 g: 1 ml.15 g : 0 ml” K L%
HAR A IR b H i U8 B RIAE 3 4
RE.2 d I IRAAG B B B, F 9 3 d J AT BODLAE
il A R IR HL (WDW-50) 38 7T HE 5 2

(2) Pb-Cd BAi5He 30 fb bR pH 45

RAHERIGY T A A T KRR
ME pHAH . #5 5 g 1FERN 12,5 ml R TKIRA
i 30 min, §E 1 h 56 pH @ A0 & i
# pH {H.

(3) FEMEIR S5

K M obr ME B R B 7 i (Toxicity
Characteristic Leaching Procedure, TCLP) ] 52 %
R ESEEFUE. HEEEN+HES TCLP
FRIFILA 1 g ¢ 10 ml FLBNEA . BT 50 ml #8500
EHIRG 2% 18 h,0. 45 pm JEMEIE TR LM
e TR I 7 WO 2 DO BE I E . 2 AR
pH {H<5 I, % FHHRHGH] 1(pH 4. 93420, 05) $2HL,
pH {E>5 i, & A2 B 2 (pH: 2. 88 £0. 05) #2
B,

(4) il AR £T A1 (FTIR)

Y EY K K 5 KBr YR A 0HE 5 8 e Al
iR DRUERE 52 B B DL SON AL 5 4
A8 T NICOLET 1S-10 #U4# B A48 .41 41 3%
AGHATHHET E S K15 20 A B 5 275 STk 4k
P EFEAT O X B AT BIS 20#

(5) X HIHATH (XRD)

FIFH D8 ADVANCE # X 5 28 i1 5 43 A7 AU RF
S5 A A T g I AL R REHE TR 0. T
ZHVE Jy: HATEE 57~ 80°, A M 13. 3°/
min, RFELFE 0. 05°(20), B HL Il 40 KV, 45 HLR
40 mA, ARTFEUE 5 JADE B AR v
KR XA

(6) FIH Ha ¥ 2 g (SEMD

ARSEE A B A H SRR A B A 7 i HT770
R 7 B AGEXR 80 Pb-Cd B 5 EERTS
e 31 HAE AT IR A RAL 38 A ) ) R AR
B AFRIRE S BRTER.

2 4

&ER A5

K1 Ramaminge gy bbb

H 1 AT DAR B, 3 i AR F 4 e v e 1
genr ARG A . BEE TR A LB ASH], 25
T4 A 15 Y e Ab AR T BRPT 5 B2 2 W e
—EM G A CaCO; FERIR GW g m, o1k
A TO FRBT 548 B 5 T v e B AR 7R TR A L 1)
15 g = 5 ml B, 46 £ FF 19 BT 58 S5 8 B IR R
(2. 96 MPa) , H™ b T HEHT SR IITE 2. 19~2. 96
MPa Z [A]45fb, 25 W E 2 iR, 28 b ARSEEG DA
RAHHI=15 g+ 5 ml 4752200 CaCO; BRG A
Yyt Ph-Cd &4 5 4 i 15 YL 1 [ 2 AL L]

3.5
& 30F
w25 ] Kl
= o0l
1.5F
W10F

?g 0.5+

M

FICPR BT

15:0 15:1 1512 153 1544 155 15:6 157
WA Ll

Kl 2 ARSI et A IO R BT 55 52

2.2 CaCO; BEEEMRXT Pb-Cd ERITLRLTEY
BEEkiEE

(D pH 5 ARFEAEVIRBAREN K FR

INAA R Aok 1) 526 T 4 T Vs Y - 38 1) pH
i 3 iR, WA 5 d B A A AR 9
e CE KRR A9 ok . ERS AR, pH ¥ 1
CaCO; AbHEZH K pH . 5 CaCO; AbPZH b A (57
5 d),J-BC-5% . J-BC-10 % AL HLH ) pH (B3 3138 A0
T 0.87.1. 57 A~¥ufi; i X-BC-1% . X-BC-5% . X-
BC-10%0 40 FRAL 1 pH B 43503 T 1. 12, 1. 72,
L9 ANHf, W] LA B R —Fh AR P B A
ARSI, 3 pH (E B BT R AR A
TRV HACIEZ I, 35 pH (E T 155 i i



5536 % A1

JE A R 2R L S A R AL Acinetobacter sp. RERIRES [ Pb-Cd MRURITF 5T

111

8 8
[JCaCO; [J-BC-1% [J-BC-5% [J-BC-10% [ CaCO; [ X-BC-1% [X-BC-5% [ X-BC-10%
7t 7
T =] RS 1
o - e . e :
—H —H —H
5t nd 5 =
T 41T T 4
3t 3
2+ 2
1+ 1
0 0
5 10 15 5 10 15
5 ] /d i1l /d

(@

(b)

Kl 3 CaCO; BREAMIRER IS HH 1L L AE pH

BT IV I S S T LR S SIS R L E L a5 7 b ey
AL N5 8 TCER & 7 A ) ¢ A aod A IR RS
PEER S . A E GRS Y L, 5 R
H" 25 R W) 5k A v A0 B iR P - 88 pHL T
o TEHAR L GCE M VR T B AR DTTE R A 1 5 3 T
A R A PO - 3 vp pH (B RS kS 3 R T
A R I 28 e 45 Ph Cd B o 5 R R 1
BRERER S A A5, 2 pH (R K Cd*T . Pb?" il
FEA ) RS AE S NIRRT P Cd 1A= 4547 5%
YRR AN [F] AE Py i A FLAR RN AR AN R
Mz AR5 Rt AT 22 33 R 3 2 0 1 3 pHL(E A9 281k
RPN IR

Zi Bl DI I E51E SRS Y R E G H A
JE 15 g ) pH B A ST TORFE AT Ay i o

K HAE G HEEE TS S R pH EHS AR A
PIIRAS B A . T REAE 67 AL ) (438 s 434
ALPRLH Y 5 5 T I G e kR pHL (E L 72
Jins fEARAS AR BRZE 2 (] B pH R G 35 22 5% pH {H
FELE 6.5 /244,

(2) [ EE S5 A R A RBARIIRR

B LA GMERSEY A CaCO; B
J5 BB A A B A SR BE L CaC O, A SRZH /4 57 » 4 ]
A BRI RUA BT b R I O BR YT s 56 52 B
Y RAB AR B INZE RN HEYRB AR
[ i P 1 S 5 NTONEEE /b7 SR O e ot 2 B W 5 AW AR
JEBR L LU FRFEAT A= W M ROCR A . ELREE
WAL TR Y SE IS . CaCO, AR BRZHE A 40 - FE Y HTIE 0
e T —E .

4
[ CaCO; M J-BC-1% [EHJ-BC-5% [J-BC-10%

JC A BT 5 /M Pa
(3] v

—
T

4
[ CaCO; I X-BC-1% [ X-BC-5% [ X-BC-10%

TEAIBRTE 58 %/ MPa

—_
T

(=}

10
i [a]/d
(a)

B 4 CaCOs BEAAY B W1k AR T BR BT He 5

HE 4 UEE, Y2 GELEIG R
T 1 %6 1 T K AE FFAE ) ¢ I » 0 Ak B 14 TG 0l PR
PUESR IS 5 N 2. 54 MPa, . CaCO; AbFR4H
BT AL AR T 11 1595 GE 15 D, T4 E
KEEFF AR IIB AT A 5% 10 %00, 81k TR Y
Jo BR BT e 58 B AH % CaCO; Kb B 4H 43 51 &A% T

10
(A /d
(b)

13.57%.32.39% (55 5 d);18. 63%.31. 32% (4 10
d);14.68%.33.59% (55 15 . o EFLETE
KEEFFA W A TE A s B AR 5%
FEW A A AL R A

M 4(b) AT LAE A 126 BRI A
b B A 1% TC AN FR 0 He 8 B2 38 B o5 = ol 2. 49



112 Ho I SR AR

2025 4F

MPa, [t CaCO; Ak B2 ()0 b L AE o B 42 & 1
8. 79% (55 15 ), 1 Y E RS AEYRB A RN
5%.10% W, 4k A A 14 JC M R BT FE 5 BE AH X
CaCO3 A BRL A LR T 7. 86 %6.5. 23 % (55 5 d) s
2.52%.—2.00% (%5 10 d);0. 62% ., —3. 14 % (5
15 ), TERATAEIN, FREAEY B A RN
120 Ak = FE TT M BR Bt Fe 53 1 347 vy - HL A Ak H 2
(5%.,10%),

2 AR SRR A 100 FORFEFFA:
Wy it s Ak A 1 T R0 s 58 B e s » T AR )
2.54 MPa, {HIEKHT . B A F K EAEYHIG HIT
A AE R TCMIBR BT SR FE 1 5 T CaCO; A0 FHAH .

60

Il CaCO; [@ J-BC-1% [J-BC-5% [ J-BC-10%

wn
(=}
T

-

25

}
}

Pb> R iRk % /mg « 1]
[y} (%)
s 3

—_
S
T

(=}

5 10 15
(A /d
(a)

(3) Pb™" (iR MR SR FAE Y RAB A I 5
ER

W5 B A T A0 A 9 ¢ R T KA A=
Yim Ab FRZH L3RR b PO? T (R385 H A i
K. BTG HIE 15 A FKRFEFFAE Y 5
1) Po* R B BT . T R ORGSR P R R T
Pb*" (1 e R e e e . X Pb i ifE
ZNTEEGESRIGYEIEPIA 1200 T RFEFF
W) WAL - RE TR R B s (2. 54 MPa), H.
Ph™ i Wk 5 CaCO; ZbFRAIAH EL, BEAR T
13.00% ., FARFEFFAEDRBINET TE A HEE
JRI5 YL e PO A0 [ E A B R SOR

60

[l CaCO; [@ X-BC-1% [X-BC-5% [ X-BC-10%
L s0f I
= I
£ 40 1
E
"
¥ 30
=
iy
2 20
3
[= ™
10 b
0 |
5 10 15
A /d

(b)

K5 CaCOs BREEWIBAE R S 1) Ph” " B

(1) Cd" BRI B S AR AW 5B A B G
#

K6 Cd*' YR Mk BE S5 AR R AE Wy B A\
MR . AT BN [l A=y ok Cd* ' iR H Ik JEE
KRB . BTN A~15 . Cd*
AR MR B BT R AIR . IA FK B AR W 5 0 KA
AP R BT p e R Cd* B3R ik 2
AT RIFARRCR . W TBARR 1001 1 KT,
FHEEYIR 2355 T I R 3 5 i e (2. 54

[ CaCO; [ J-BC-1% [J-BC-5% [ J-BC-10%
5 030 +
2025 &l
~

220}

¥
=
m 0.15F
%
% 010¢
0.05
0.00 ‘ ‘
15

10
i (] /d
(a)

MPa) , H 5 CaCO; ZbBEAL# fb A L, Cd* B3R
e BERRAR T 51, 97 %, [l Cd*" B B s i 4
. HEKSAEY R E R Cd RHERTER AT 1k
JEA A5 iR sE .
2.3 CaCO; 5EEYMREBEAEENEELNEI S
2.3.1 FTIR %4z

SR FRA BRI 21 A0 S5 A SOk W b A 4 e e 1T 1Y) Y
RERIEA T 20T - G5 R A& 7 BF7R . #E 3 436 e ' ALY
W, wT DU B A e R T Y — OH i gadish ™, A=

[l CaCO; [ X-BC-1% [X-BC-5% [ X-BC-10%

10
i ] /d
(b)

Kl 6 CaCOs BREHEWRAB G0 L LA C R I E



5536 % A1

JEL Al AL RN 4 AR AR Acinetobacter sp. YRR ES [ 7E Pb-Cd IRCRATFFY 113

YpAE 1 369.1 590 1 1 700 em 4k FTIR 144351
St C=0,C— 0, —COOH™ 2 | 7£ 1 267 cm ™!
Ak 55 F I CO— R 2 — OH B 2 fry g
IMAE 750~878 em ' Z [l ML Yic i, iX 5 C—H 1y
figadRsh A . X F IR R FT-IR ot
Tk, LA AR AR RSO0 L R OR RS A AR A s HL
TR R T B F w0 E AR B A I
KOOSR ¢ AT e EAA LR 25 R A AILR TS LA S AR
B R B SRR T

T%

-OH

Il Il Il Il Il Il
4000 3500 3000 2500 2000 1500 1000 500
P H/em!

LU FORUAEYI R s RO FORFERT AW 5
K7 AREYHRE FT-IR

2.3.2 XRD &4

AT 4 4 XRD X a5 R anEl 8 frw .
M AT DU H DL KOS AE PR A5 2% R B BT
CaCO; FTHHIEEREL Y CaCO, AbPRLLFE S &, Ui
FEFEARSEYRBAT B R CaCO; fkLE K,
gEihER . B ERERE S BT PbCO; i
CACO; PFHIERT 5 0 o [7] B 38 A7 AE #R 43 CaCO;5 11
FROEAT S0, X 5B Ph™ | Cd*" W% B #E CaCO,
b AR SRR R R A i

v vCaCO; ¢PbCO; & CdCO;
X-BC-10% I “ve v *
v
X-BC-5% | sve ¥ .
v
. |X-BC-1% ¥ v e v 3
=1
< v
2 {1-BC-10% Y v v .
= v
I-BC5% v | *ve vy *
v
J-BC-1% ¥ *v e v *
4
MICP v ave ¥ .
| | I I “ I/ W TR TET|

20/°
K8 bk XRD

2.3.3 SEM 44
B & 9 AT DAE Hh FORFEFAE ) Fl E KA )

B AU B 25 211 5 B OB 1 22 FLAG A
A=W AR B PN R TR R 5 (LR BEAS () A= 3¢ 36 ThT G AL
ARG T AW 1 FLARAR LT KRR AT AR )
HRIFLAREIN (] 9a, B 90+ 3% 1] BE S T BRI
AJFEEH AN o

asb: FORFEFFLED B o0 d: TR AR
K9 AREYHE SEM

SITES AN [6) AR e Ab B A 1) SEML B[] 10
FiiR. Zeid CaCO; AbFR ) . AT LI B LA R TH A —
TR b AR 5T, 43 B S 23 Acinetobacter sp.
PR E M CaCOs ., J3 BT S IS [6] 19 A= 49 e Ak 2
J5 %) SEM [E] , AN [) A= 49y Jie 3 T 24 0 2, DU
J PR AT RE S AR W i TR g AT (i — OH,
—COOHA) X 45 & By T4 Bk W WL RE g » 2=t
R o 45 R B AR Wk AL B b s e A R
s W RS s 2= R AR 7K A S, A R PR 5 A i
DA R A R B R R IR E R
AT DA 453 JE P A B 2R 5 e A Hh 40 T R T
gy, Cd*" (Pb*" DA - 498 i s I W of A 40 1 3=
1.5 COF 454 76 40 0 J8 DR i 43 T8 -t e £k
ghE,

2.3.4 B ZALHLA

HRAE LA 145 500 38 I CaCO; B4 2E W ¢
e 1B Pb-Cd FIALHIANE 11 Fis.,

(D SEMVE R ALUTIEX L3 g Pb-Cd
B2 FZURRPRERD ML 7 AR BL . SUE Pl 1458
TS P, Cd 4 8 Fa 8 BB IR #h 45
A F C P [EE AW PR IR S5 R T AR
T Pb.Cd WAEYARPER G S . 1Ak, BTk
Py £ HL I 4 RE 45 R, 13 Cd* L P gk
Acinetobacter sp. W[},



114 Ho I SR AR

2025 4F

a. CK;b. CaCOs ;¢ J-BC-1%5d. J-BC-5% 5e. J-BC-10% 3 f. X-BC-1% 5.2, X-BC-5% 3 h. X-BC-10%% 5 [ 16, [ B8l Jg 2k Wy i FLBR 25 44
K 10 ARG LA SEM

CaCO; +Pb*" =PbCO; +Ca*"
CaCO;+Cd*" —CdCO, +Ca*"
Cell—EHA&JRE T+ CO7 —>Cell — H 4 JR KR

(2) 3 pHpm IR P ELSEOASME. 4
IR H A5 5 E 4R E T KA F R
B s AH BRI 0T 5 A= 00 WA 8 22 1 R o 2 4 s i 1
LA IMAA Y B AR T 38 pH, [R] B fifi A=
VIR A B 22 W B SR B Cd* T Ph* T,

(3) AWy R BA F 5 0 H e (in— OH,
—COOH %) ] LAXT 5 4 & 7= Az 55 5 1 W B 5
LA H G Bl AR ] A= o 1 SEML B ] DL HY L 2
HA L85 B R R AL, e — @ R AR
HET 0 T 4 S 1R IR

BRI -

Ca2

Pb*

o, T AT

Bl 11 CaCO; BRAA=M o B AL IE 52 T 4 SR AL

3 45

KN Acinetobacter sp. 55 CaCO, I [#
A IR B AN R] 18) A2 ) ¢ W B A4 RS2 B EE 46 Js Pb-
Cd W ETE AL A3 LA T 4518

(1) CaCO; AW RN E G E A BTG HIER

YRR 2R BT 520 - B CaCOs W RIR G
B, 25 E A R TG Y 40 JC N BR T 5 R 38
FHE IFTE 15 g CaCO; 5 5 ml B L 5] B 3K 5
e RAH 2. 96 MPa, MALES % )5 - 158 FE B A= ) 7k
FrE I B EREAG . EAROE A P R A FRA R R
TR 0 5 A ) S Bl 5 KRS FF A= 0 e T A 5%
Tt T 19 pH . H pH H7E0 b5 FEE 78
#56.5,

(2) E4JE PY*" A Cd™ /Y [ L8R 78
CaCO; ZbFEF , Ph*" (1912 ik B 720 b A2 bR
KAHZ T 15 d b5, kB 31. 63 mg/l %
28.80 mg/L, Ik /> T 8. 94% ., hIA 1% FEARFEFE
Yok —H PO* 1R R B R 28 25. 06 mg/1, 48
BFAL CaCO; ZEHAIFFEAC T 13. 0020, Cd™' i
HH IR B U it 25 1 RS () S AT RS R R, A 126
TR RS A AR i B, CA7 B R vk B R AR T
51..97 %, [Al B 4k = FE B FE 3 B R 3 1 i 1Y
2.54 MPa,

(3) pH {H FYAE b F H 5 4 g 181 72 A i R i
AT LTI . CaCO; ZbHRALHY pH (HIR 45
TFXF IR I H A KRS A Y e pH A $2 715
KT EKRFEFF AW 5. pH EMIE A BT +
HEXTEE 4 | Ph*T AL CAPT i [ 5 A 8
Cd™™ i [ AR B o B 3, X 3R W pH 2 5 M)
TR EE— P EERNE,

S & 30k

[1] LIZ,MAZ,KUIJP T J V D,et al. A review of soil heavy
metal pollution from mines in China: pollution and health risk
assessment, [ J ]. Science of the Total Environment, 2014.

DOI:10. 1016/j. scitotenv. 2013. 08. 090.



5536 % A1

JE A R 2R L S A R AL Acinetobacter sp. RERIRES [ Pb-Cd MRURITF 5T

115

(2]

[3]

(4]

[5]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HONGYU L, ANNE P, BOHAN L. Metal contamination of
soils and crops affected by the Chenzhou lead/zinc mine spill
(Hunan, China) [J]. The Science of the total environment,
2005,339(1-3) : 153-166.

PZ, BZ, Y LN, et al. Heavy metal contamination in soils
and food crops around Dabaoshan mine in Guangdong, China;
implication for human health[ ]J]. Environmental geochemistry
and health,2009.31(6):707-715.

TERES, 5, 5838 5 B R R X E AR5 Y R3],
F Al 241, 1990, (3) : 50-55.

R A R RIS R SRR BRG] TR T.
2018,45(9) ; 144-145.

YUFENG W, XIAO L, LU Y, et al. Review of soil heavy
in China: distribution, primary

metal pollution spatial

sources, and remediation alternatives [ J ]. Resources,
Conservation &. Recycling,2022:181.

ADRIANO D C, WENZEL W W, VANGRONSVELD ], et
al. Role of assisted natural remediation in environmental
cleanup[ J]. Geoderma, 2004,122(2);121-142.

BOHAN W. SHIHUA L. HUANYAN L. et al. Improved
phytoremediation of heavy metal contaminated soils by
Miscanthus floridulus under a varied rhizosphere ecological
characteristic[ ] ]. The Science of the total environment, 2021,
808:151995-151995.

YUE J, ZHAO L. ZHANG B, et al. Effect of glutinous rice
slurry on the reinforcement of silt in the Yellow River basin by

( MICP ).

mechanical property and microcosmic structure[ J ]. Advances

Microbially Induced Carbonate Precipitation

in Materials Science and Engineering,2021.

R R  ERR A G R AL AR S AR R K
FORT R SER AT T kR L) . ARl 9 U5 5 IR B 2441, 2022, 39(3)
435-445.

LA E e I T AR BORHE RIS R AL T2
ML RELT ] BHEHEIR 2023, 21(1) 1 126-129.

JAIA S B B AR SE A s RN A X R A AT
PeHIEMEifE )] el R4, 2023, 42(2) . 158-
166.

%L R I AW AL AL A YR B S [(D]. B B
B K2, 2022,

TR AW R PR AT o A 1 M R B T YR
AR DD JEL1T] < BT K2 . 2014,
ZHENGTAO S, YUNHUI Z,

Characteristics and mechanisms

OLIVER M, et al
of nickel adsorption on
biochars produced from wheat straw pellets and rice husk [J].
Environmental science and pollution research international,
2017,24(14) :12809-12819.

PLAZA C, GIANNETTA B, FERNAaNDEZ ] M, et al

[17]

[18]

[19]

[20]

[21]

[2z2]

[23]

[24]

[25]

[26]

[27]

Response of different soil organic matter pools to biochar and
organic fertilizers [ J .
Environment, 2016,225:150-159.

WEILA L, YIFAN Y, VARENYAM A. Biochemical

composite material using corncob powder as a carrier material

Agriculture,  Ecosystems and

for ureolytic bacteria in soil cadmium immobilization [ ] .
Science of the Total Environment,2022,802:149802-149802.
ZHANG Z-J, TONG K-W, HU L, et al. Experimental study
on solidification of tailings by MICP under the regulation of
organic matrix[ ] ]. Construction and Building Materials, 2020,
265:120303-120303.

ZHANG J. KUMARI D, FANG C, et al. Combining the
microbial calcite precipitation process with biochar in order to
improve nickel remediation[ J]. Applied Geochemistry, 2019,
103.:68-71.

XU X, CHENG K, WU H, et al. Greenhouse gas mitigation
potential in crop production with biochar soil amendment—a
carbon footprint assessment for cross-site field experiments
from Chinal J]. GCB Bioenergy, 2019,11(4):592—605.
R, HAE ORI, 45, MICP £ AR KA 2 ALk U B A4 R X 5
AT AL/ F e s 2 s L) . A %,
2022,43(2) :307-316.

FRbR, B REE, A SF. B IS Th R AE I IR B TR R G
TSR ABERE O ELT . ARACRL 224, 2023, 54 (61)
52-59.

MA Y. LIU W-J, ZHANG N, et al. Polyethylenimine modified
biochar adsorbent for hexavalent chromium removal from the
aqueous solution[ ] ]. Bioresource Technology, 2014, 169 403-
408.

SAQIB B, JUN Z, QINGLING F, et al. Comparing the
adsorption mechanism of Cd by rice straw pristine and KOH-
modified biochar [ ] ]. Environmental science and pollution
research international,2018,25(12) ;11875-11883.

PAKULA M, BINIAK S, SWIATKOWSKI A. Chemical and
electrochemical studies of interactions between iron([[[ ) ions
and an activated carbon surface[ ] ]. Langmuir, 1998, 14 (11);
3082-3089.

CAIW, WEI J, LI Z. et al

functionalized magnetic biochar with excellent adsorption

Preparation of amino-

performance for Cr (VI) by a mild one-step hydrothermal
method from peanut hull [ J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects,2018,563:102-111.
XIN Y. YALI W, LI E W, et al. Reduced cadmium (Cd)
accumulation in lettuce plants by applying KMnO, modified
water hyacinth biochar [ J]. Heliyon, 2022, 8 (11): e11304-
el1304.



