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(R4 K 0RE, B T8 B BC By 1k B, LUK Ak H X
Pb*" Zn** WL B 1 BB, 19 98 nHAP 2 BC %o X
V5% + 5 Ph Zn BYBEALALR
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2:(GB/T 17664-1999) ) ; i J1 58 115 & 5 49 4 By 7
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HBC R EJE AKX ITTHR L3 (Cu 3BT Ko 48 4RAE 1D
JE 20 kV,HLIE 10 nA) SR X S AT 5 (XRD, fif
>, Empyrean DY1411) & nHAP UKL 1) 45 5 B (R
BE 1 pm FHHTEE 20 S 10°~60°) , 135 [ Jade 6 %k
453 #Hr . BC A1 HBC (1) 5 Pb ¥J<0. 01 mg/kg, 1 # 1¥)
B Zn 439502 72,69 mg/kg Fl 55.07 mg/kg, ARG
& BC 1 HBC MY AL WL 1,
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Table 1 Basic properties of BC and HBC prepared at different temperatures

2% BC1 BC2 BC3 HBCl1 HBC2 HBC3

(300 C) (500 C) (700 C) (300 C) (500 C) (700 C)
pH 9.69 9.92 10. 40 8.78 8.48 8. 04
EC/(nS/cm) 4.68 5.50 8.31 2.46 4.11 7.02
7R/ % 34.70 29. 44 27.10 42. 80 38.50 35.70
K53/ % 11.02 12.51 15.47 29. 41 26.51 22.10

1.5 WFEHEFLEIEIT

S BIFREL 100 ¢( ) 3 40 H 6 i W+ 14,
P E 3 MR EERR{L BC 1 HBC, 780 0.3% (w/w)2
IR A B E R 3, BT 300 mL BEAR T
GRIRAT IT R Y B A ] 4K 5 70% , 0 55 O
fief 55 LA B 1F 28 i e (X SR ms B L) R PR B R PR
i, SRR FEAK A U TR AT A BC Y J5 5 Yy + 4
YE Rz FM BRZH (CK) B 35 35 S i PR AE (25 +
2) C MY TE IR % 40 T 04T, R G BRET ]S 1 12
h/d, SETiRE IR 2~3 d AR - Bt A i i ok, 3t
g% 30 d, W10, 20 0 T O (MK PRSI I 12 h B
FE) 7,14 130 d Bl R 68 LIV T i % 5
- e AL RO E 42 )@ Ph Zn fERIEAS
1.6 HELELTSRERS

I K 4 2 fdi B SPSS26. 0 #EAT 48 14 ik 5 43
Br, AN[m) b 2 4 58 pH SR B AR J7 22 93 B (One-
Way ANOVA) , #l| F] OriginPro 2021 #Hi/E K %, ABF
e R ARl A O R 3 A R A Ak P
KN bR A3 GSS-5 /E R AR fEY) , Pb  Zn [ %
A+F 97.60% ~100. 15%

2 R 500

2.1 AEMHEEYROEHFIRRAE
2.1.1 #REELEE EHK X HLH#E(SEM-EDX)
FAE

BC R GH , A — /i 7, 2 0 5 R sl i
AREEH 5 0 FL B 254 A A T 18 b2 m AR, AT
N T 4 A [ A L T 2 W R AT
BC M %] ¢.0 Mg, P S, Cl.K fil Ca 0%
(¥l 1a) . nHAP S5 FA 2 L A 2544 19 (1 &
WAk (& 1b) , EDX /R nHAP & F C.0 P,
Ca, T nHAP Uk ] 5 [ & JF 43 BT BC 2 10 5 AL
Bt 4544 A8 B HBC, R W] BT & 1 1 171 2% nHAP 1)
HBC(H 1c), @it EDX fgi% 15 £ & 2 #r, HBC
JTLEHFEBET BC Al nHAP 4043, 31T P.O Ca
SEICE MM R L A R T A U

2.1.2 X H&474H(XRD) R4

& 2a 43557~ T BC .nHAP Fl HBC 145 5 3
nHAP fi1 5 W 5 HARHERT I~ A % (JCPDS standard
no. 01-072-1243) —%""7' KCl fl CaCO, & BC Y
FENM . BC 5 nHAP fit §F K 1S X 0 b7, B &
# K HBC fE 7l — 7 f 7R HAP @4 A, & 7 2 &
CaCO,, XKW HBC e Pk, BiE nHAP & &/,
LA b v R B R A Y . 2b WoR TR Ph
Al Zn™ J5 BC 5 HBC 4 XRD 3%, i &A%, BC &
S RE Ph* 348 B PbCO, ULHE, I HBC AT [A] i 0
B PH** A1 Zn® 3E 1 JE B PHCO, A1 ZnCO, , H 1 Fff
Pb* Fll Zn™ 5 1 S A AS 6] T R M BE BC 5 HBC, AN
TFi) b Aok W R 7 i ) 0 47 8 R 6 B B B 3 AR L AE 20
=22°1 20 =26° I ) BEAS 17 58 Z1 A4 A7 55 04, 7 20
=25° 37° 43° 46°H1 50° 7 A7 &b 3 55 14
2.2 AEEYRITLES P . Zn HLEELRN

A1)
2.2.1 AR AMHRANF X T HLE pH L6 h

K32 30 d J5, %= A% IR 8 (CK) % pH fH A
7.67,BC Fl HBC 4b#f + 38 pH (A & 3% % i, HBC3
Kb (1 3) s % T E N BC &b BT B 25 6% 1k U B T
L 0 pH (W TF s, B BC3>BC2>BC1, 43 il 14
T 0.89.0.79 F 0.65 A~ F A7, X VA F F B Bk
w2 W R R R RE AT (IR 3 RN ¥R ) AE A o R
R 2 5 R T, A B PE B RE A (N o R B
5 BERVRE BOK ) O B AH G 3G, 1E A7 3 i - 4
pH " 51 HBC AbFHAL, H pH (K 0] bifi 25 Ak 1k 3 1
{9 T RE %, Bl HBC1 > HBC2 > HBC3, HBC1 |
HBC2 F1 HBC3 % CK I & MK K3 Jim 0. 65.0. 55 #i
0. 14 Al . HBC 340+ 38 pH BT nHAP %
ik PR IR R R (0 PR A RN W ) T RE S B e W
R i T
2.2.2 ARF BC #= HBC *F £33 Pb.Zn £ 4 A &

EAC]

Wi Bl AL B ] A 48 22, R R 28 5 BC Ab 38 + 1

AR Ph Zn F SN E K BRI R TR
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1 BC2(a) .nHAP(b)fl HBC2(¢) #J SEM-EDX [
Fig. 1 SEM-EDX images of tobacco stem-derived biochar (BC2) (a), nanohydroxyapatite (nHAP) (b) and
its modified biochar (HBC2) (c¢)

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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B2 BC2.nHAP Hl HBC2(a) KLU K PH* Al Zn* i J5 (b) XRD &3
Fig.2 XRD images of BC2, nHAP and HBC2 before (a) and after (b) their adsorption of Pb**and Zn**

ANRV/ING SRR R R AN [R) Ak 3 28 1) 1 & 35 M 25 57 (P<0.05)
& 3 BC M HBC X" X {5 4 -3¢ pH A 195
Fig.3  Effects of BC and HBC on pH of contaminated soil in
mining areas Different lowercase letters represent significant

differences between different treatment groups ( P<0.05)

Bl Horh Ph Zn Y TERALES 7 d W3k B A
SRR A OSSR R R R (K 4) . qEm
TOR[EEEE BC A HBC J& , A 244 Ph B IE 43 3 A
F37.95% ~51. 71%H1 31. 90% ~55. 52% 2 ] ; 7£ ]
[ Ab B 45 1 &, Zn B9 A RS & & RE IR 5y 0 A
22.56% ~26.52%H1 19.31% ~41.70% ; TE 55 3% 14~
30 d #ilE],Pb Zn FIAUE S B2 B AHEH EE R
TR,

TEREAS + 3 By 3% o R b, BE G Bl AR i (R Ry S
1, TCLP-Ph (W5 P 1 W B AR 1 I 35 R A1, B 5%
P I) A I W AR /) | [T 2 it 8K 1 TCLP-Zn UG

W ARk (B 5) o Horp fE4fk 7 d J5 , TCLP-Pb &
U fe KRR IR, 1B 2 R wefE, 5 CK A, it
BC1.,BC2 . BC3 HBC1,HBC2 HBC3 5 TCLP-Pb ¥
FEAy WIREAR T 32.91% .34.75% ,30. 02% .33.58% .
34. 02% F1 28. 23% ; MAERE 3% 14 d F1 30 d B, FE IR Y
W, FE 14 d B 535 R BE T 0% .3.08% | 14. 86% |
14.68% .7.57% 1 6.79% ; 5 fk 30 d B 73 B BEAK T
7.91% 13.29% 7. 90% 27. 56% 4. 52%F1 10. 46%
2.2.3 RF BC*F L3 ¥ Pb.Zn RANLFH &6
EAC

Big% 7 d i HA AR B AG + 5E Ph AT CK, it
FH BC3 M BEIL RO B (T PE B 3R (% BCR1 FRAK T
11% , 5 Aa 5 W) BCR4 38 I T 3% , 1 FH BC2 Ab 3 iy
PN TE SRR FEAR T 8% M4 N 2% ; BC1 &b 30U 6
W15 74k (& 6), AT HBC AbBHAHT &, £ & &
BCR1 1 BCR2 #843 [6] BCR3 Fl BCR4 %4k, M,
HBC3 Ab3 1 BCR1 F1 BCR2 43 MK T 7% 1 3% ,
BCR3 Fl1 BCR4 435381 T 6% #1 4% ;jifi ] HBC2 A
BCR1 fl BCR2 K K B A% 4% F1 2% ,BCR3 Fl BCR4
T 3%, 1 HBC1 2325 T BC1 b3, A
S Z A B, 5 H A E BC Ak B i
T Zn WIRAEAL2ETE S it BC3 il HBC3 1y 4l
AR FEA . 5 CK A H, BC3 b BE 3 Zn 1Y
BCR1 F#{% T 14% ,BCR4 ¥4/l T 4% ; i | HBC3 I}
P SRR AR T 13% MBI T 6% ; H ok 2
HBC2 4k ¥}, BCR1 #1 BCR2 43 B F&AE T 10% #i
1% ,BCR3 Hl BCR4 KN T 6% F1 4% ; i BC2
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4 N[F BC Al HBC AL 4= 3 rh Pb  Zn A 2803 & 1t BE 4 AL I [8] 14 25 4k
Fig.4 Variation of bioavailable Pb/Zn in soil with incubation time after applied with different BC and HBC

K 5 KIA BC #1 HBC Zb B+ e Ph Zn 35 M35 vk BE [l 4l £k i 18] 14 40 A

Fig.5 Variation of leachate Pb/Zn concentration with incubation time after applied with different BC and HBC

Bl 6 1i3% 7d BRI ALHE 52 Ph Zn B AL2EIE S A

Fig. 6 Distribution of geochemical forms of Pb/Zn in soils under different treatments after 7 days of incubation

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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AbFE B BCR1 [% ik 6%, BCR4 34 2% ; BC1 #il
HBC1 4 ¥ Zn B9 BCR1 &A% 4% , BCR4 43 5] 34 /i
2% 3% .

3 itie

3.1 A[E BC # HBC X # X 1% Pb.Zn T B
B % M

TCLP #PE T IPAL 4 8 15 4 L&
ORI H I E SR ENEN Y, T
Pb, A[A BC Fl HBC kb BEX} Zn (1) W BfF 3 A% JC B 2
AL (L 5) o L E AT R 2 Fh S 4 JE (A7 A S8
PEWCRE, JC R 75 G 4 3 vh i 4 B VR R B BC ORI
HBC W B GE J1 43 BRE, 5 XE L I Zn 9 [ 2 %, 48
N Zn JE— RS S AR R Y T K R S Bk Pt CdT
SMERE TS, Sha U Bt iE 5L
MELUH R AR Zn, 5 AP SER —3, W,
M XRD 43 #r & B BC fil HBC % 1 /£ AL PhCO, K&
ZnCO, f i (& 2b) , 4278 TUUE A2 Ho At 4k Pb il
Zn W) FZEHLE], SE 10 B AL B 3R TCLP-Pb ¥k
£, HBEA B SR A A SE A AN AR B BC Ab - 4
Ph [ ¥R B2 2 s/, RIS 30 d AHLL T°565 0 d,
BC1,BC2. BC3 f% TCLP-Pb ¥ B 7% % F & T
46.38% .39. 38% 1 35. 18% , & Wil £ BC 1 J6 i i
e, R PR SR | ] A5CR B 5 i BC A HBC Ak 3
[) 25 Ak 1 50 44 4 A6 S, Jiti FE HBC1,HBC2 1 HBC3
) TCLP-Pb ¥ F£ Fifi i & 14 Jn [ iK1 32.05% .
32.5%F1 43.02% . Jiti AR ) BC F1 HBC, #F
Ki3% 30 d J5 19 TCLP-Ph = Hi R 5 H pH A fb— 2L,
B BC Rt il % 65 Tt 5 , TCLP-Pb ¥R B2 T B, [ 2
BN HBC AL P (9 TCLP-Pb ¥ i 0] B #4 1% 15
FER) TG n . FE IR B R R TS BC K
Gy OGN, R R VEHE A (-COOH) #5 % i 15 Bl Pk
B ORE A 3= B A XTI, A7 B T BC 4 % pH A,
RO BH B 22 e i1 915 S Pb DL PbCO, T UUTTE,
DU 5747 AR 2 b Bashir %5 € Ph 54+
Wt B 3% 1) BC J5, TCLP-Pb ¥ B 3k 2> T
30.30% ., SR, f T PE B9 nHAP i 15 HBC 5 5%
I T £ pH {E, IR F nHAP ¥ o 2
FEIR 2 Y 7 A D 1T AR 0 BE 2 ik AR B 4
Jn,HBC /9 pH B 22 87 REAR , % 32 2202 il T v T i
R R R AT 45 R O S B0 B R, DA i D 55 e i
HBC X} Pb [ & fig
Vila 257 F1 Zhu %[38]—-ﬁ0 Yang U BC fh

R e Lago-

K nHAP M EHME R Ph I5 Y £ 58, -1 Pb (W [F &
FikF) 56.8% ., NI, BC Fll HBC #J e A %5 M [ A%
WX L3 Ph IR, B BC i HE BARE .
b e IR R R SR AR YA
3.2 A[ BC # HBC 3% X 1+ 1% Pb.Zn £¥H

e : R

BC Al HBC Ayjiti F 76 55 3= B 55 7 d B 35 B 35 %
KT Pb Zn EWAH KRS S = (K 4) IR T + 5
HIRTE ) P Zn fL22JE 2, BCR1+ BCR2 N AFEE
Moy HAY R R &, e L T A o 4 e I
T BE LA A: A RbE /N BC X Ph Zn fk2¥
AR 5w 3= 2 2 i 98 BCR1 5] BCR2,BCR3 Al
BCR4 %Ak ; 1 HBC W 2 ¥ A 24 BCR1 #1 BCR2
4k A BCR3 1 BCR4 (¥ 6), AHff5% BC 1 HBC
HRREMH Pb Zn DA AE W) R BE 45 i 2 43 % Ak R B AR
43, S0 AR S AT A 0 Rk X 5 Tu %Y BF
TR —F, §i%# 7 d J5, AR BC il HBC 4b
Pb Zn A=W RS B i B 2 R A, TS B B [ 4
NZ T (E 4), 77882 Pb . Zn 5 COY \PO; =
A UL TE T KU R, S B0 WA R B Y
Zhang % RS BAE L T X — MR W E L, B
R 7, HBC {248 28 siAs 2 i sk i & & i = T BC,
TEF nHAP 85 + 586 4 J8 5 Y i 32 221 2 AL i
BT e DM A ) B, HEEEN
Ca™ 2 LT £ Pb*  Zn™ 38 1 55 7 LA K2 7£ nHAP
Ab B3 R A2 B Pb, (PO, ), B{ Ph, (Pb,),Cl UL
PETR TR FLBR 45 A S E | bR AL K 1) BC
WA T Ph Zn"* ) 25 IR R 700 °C B AL 1
BC3 il HBC3 A5 th i fk Pb  Zn ZCR S 3 AR 1Y
WREE . Zhou %' iE R T H I (700 °C) #AS# Y BC
AR E R R R B, I I PbCO, ULUE Y 7= A4, &
A UCTE W B P B EEHLH . FIAE, Wei 1
ESE T 45 e L BE 1 4% 1 BC X E 4 1 11 52 SR
FHAR M B, IF 42 #F 4 9 o] F H 41 4 ( BCR1 +
BCR2) [u) 45 %€ 24 73 % AL (BCR3+BCR4) , & i TR
IR BT, BC R B AU E RE M & m R AR, OF &
S5 K8 R 5 9 B 43 5 B 3 0, Huang 2507 & BH
B % P I EE T 5 (350~ 750 °C ), P Zn 4= W1 A 3%
34> BCR1 Fil BCR2 73 IR T 1. 14% .30. 61%
F130.07% .21. 16% , i f % &% BCR3+BCR4 % 3
i, 38R = i BC AT RN EE T P Zn R WA RUME
FEARWEFE i BC 1 HBC J5 , il %4k Zn 5 b T
LR Zn WA TR S A LS A B N4 8 -
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GHEAGY, NI T Zn 094 WA 2,
Pb R[FT Zn, 5 58/ 8 AW 4568 UL, 3
oAl ie JE 4 BCR2 A5k & BCR4 ¥ hn, £20E 1
R ; H nHAP RE AT R0 Hb W 1 58 b sy AR W R B
Ph e Ak SR wE LBk Az 1y W W i) T 2, DA T o8 A1 1 43¢
T Ph B ARG R, LR B B 5 PD AR

4 ZHig

1) SEM-EDX %5 R /R g b | 22 L AS #0000 45+
) nHAP 357 73 A 76 R W OG W H AL 451 F & /Y
BC L ;XRD B/~ &E & # K HBC 7E [F — 17 /1 87w
BC il nHAP f4 40, H BC .HBC W fft Pb™ Fl Zn*" J5
() A A A A

2)BC Fl HBC ¥JHE A 201 fin + 4 pH {H ; TCLP

R EE LRI R [FR B A7 19 BC Al HBC #F
REA BB Ph (14 3T A% A AR WA &bk, HoaT # b
Wit 5 L 3 0 AR B G 2E /B TCLP-Zn G W & A8
1k ;28 nHAP BCPER HBC A% T % R B AL 7L B2 119 BC
XF Ph Zn Al ALRCR A UL A A 34, RIWEAS IR AR
SR I B PR 1 TR 2R [ AN ) B ] B 0 £k
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Remediation of Contaminated Soil in Pb-Zn Mining Area by Raw
and Modified Tobacco Stem-derived Biochar

HU Wei'>, CHENG Jianzhong'*, GAO Weichang’, TU Chenglong' , TANG Yuan'

(1. School of Public Health, the key laboratory of Environmental Pollution Monitoring and Disease Control, Ministry
of Education, Guizhou Medical University, Guiyang 550025, China; 2. State Key Laboratory of Environmental Geochemistry,
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China; 3. Guizhou Academy of Tobacco
Science, Guiyang 550081, China)

Abstract: Tobacco stem biochar ( BC) has been widely used in the remediation of heavy metal-contaminated soil, and its remediation
effect is closely related to the preparation conditions and raw materials. Taking tobacco stem-derived biochar ( BC) and its nano
hydroxyapatite (nHAP) modified biochar (HBC) pyrolyzed at different temperatures (300, 500 and 700 °C ) as research objects, the
microcosmic cultivation experiment was used to explore the passivation and remediation effects of tobacco stem BC and HBC on Pb and
Zn contaminated soil in mining areas at different periods (7, 14 and 30 days). The results showed that BC and HBC prepared at differ-
ent temperatures could increase soil pH to 7.81-8.56, and significantly reduce the leaching concentration of soil Pb by 30.02% —
34.75% and 28.23%-34.02% , respectively; and the soil available Pb decreased by 37.95%—-51.71% and 22.56% -26.52% , re-
spectively, while the soil available Zn decreased by 31.90% —55.52% and 19.31%-41. 70% , respectively. The bioavailability of Ph
and Zn decreased most significantly after 7 days of incubation. Different BC reduced the acid soluble state of Pb and Zn by 8% —-11%
and 6% ~-14% , respectively, and meanwhile, increased the reducible state, oxidizable state and residual state of Pb and Zn. HBC, on
the other hand, promotes the transformation of acid soluble and reducible Pb and Zn into oxidizable state and residual states. The reme-
diation effect of BC on soil Pb and Zn is equivalent to that of HBC. Therefore, tobacco stem-derived BC and HBC have significant
effects in passivating Pb and Zn contaminated soil in mining areas, which can provide scientific basis for soil pollution remediation in
mining areas.

Key words: soils in Pb-Zn mining area; tobacco stem-derived biochar; modification; mobility; geochemical forms; bioavailability



