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W E CRH 1% 2% 5% WA YR ik is Sl B i T 48, FEAF 5T LE W) e As 52 6 K AR ) A 255 . &5
SR, ARSI E KA pH (A B3 3 Ok, B B K R[] B K Hr R 2SS CulZn AN Cd ¥R B 14 . 35 AR
1% (W/W) AW i LAl B B K R RS Cu HUXS JBBEAR T 82.4% ; ZE R [RI AR It T (8] B /K VA i S Zn BEAR
&R 11.7%—62.8%.38 3 BCR H 4 JBIE -k TR Y o IR 7375 1 4 I Y78 3Rl 55 1 10 i 35 78
S% WA IR BRIAAS Cu AR T 73.08 mg- kg™, WA A BE 15 2 32.19% , 1 il 484k 25 Ph 38 it i 2 34 51
67.8%. @it A Yy Rl FIFHSE5 (PBET) 23R, S AE Wi it 5%, A= 90mT #I FAE Cu FEA% 9.8% ,Zn \Pb i Cd
PR A ] )t A S T R AT R o W I B AR, T R 1 M 10 R Ik AT 3 ( Lepidium
saziuum)%ﬁiﬂa 19.5%—25.7% 38 I, AR AR A 2 340, T B 25 4k AL T TR 4 B AE P 1
k@R =L, DR, AYse, AR HSLE (PBET) , M.

Remediation effect of biochar on sediment contaminated by heavy metals

MENG Met HUA Yumei ™" ZHU Duanwei ZHAO Jianwei WAN Xiaogiong

(College of Resources and Environment, Huazhong Agricultural University, Wuhan, 430070, China)

Abstract; Heavy metals in contaminated sediments were immobilized by biochar with application
rates of 1%, 2% and 5%, and the ecological impact of biochar remediation on aquatic environment
was evaluated. The results indicated that biochar application led to significant increase of pH but
significant decrease of dissolved Cu, Zn and Cd concentrations in the overlying water. Compared to
the control, dissolved Cu concentration in the overlying water at biochar application rate of
1% (W/W) was reduced by 82.4%. With different rates of biochar application, the reduction of
dissolved Zn concentrations in the sediment pore water ranged from 11.7% to 62.8%. BCR sequential
extraction showed that heavy metals in the sediments tended to transform from acid—soluble fraction
to residual fraction. Acid—soluble fraction of Cu decreased by 73.08 mg-kg™'(32.1%) at the biochar
application rate of 5%, while oxidizable fraction of Pb increased by 67.8%. Physiologically based
extraction test showed that, when 5% biochar was applied, bioavailable Cu was reduced by 9.8%
with simultaneous decrease in bioavailable Zn, Pb and Cd. When the phytotoxicity test was carried
out with sediments remediated by biochar, the stem length of Lepidium sativum significantly
increased by 19.5% to 25.7%, and the root length increased as well. The result suggested that

biochar application could reduce the phototoxicity of heavy metals in the sediments.
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BEHE Tl AL R IR, O H 45 Ja 5 il it TR R K HE ORI K A i S A T E A KA, ki
ZUUVE WP e BB 2 bl T AN T R ORI B AR
(7K, G B B X R P Cu 75 7 3k 2477.5 mg-kg 'k E 4G HE R AT OB 5 4 IR vk
JE T E AR, Zn (R IE TR B 3493 mg-kg ™ AATE™ K IREE AR S XU R I 4 o S e okt
IKEEAE) A 2 S5 HE 520 |, Beasley S5 AR A8 TR TG HE Sl ) 000 A0 26 2R GeA5 Hh DURR W) B 45w ) RO
TCHHES YIRETE AT 24 (5 24% ,Forh Zn R Ni B9S2 B

H1 T AT i Bk = 285 w0 T-BOl B Jm B 25 B, AR A% 16 M AR A A 2 0D 4
15 Y RS 1 T A ) iR Ak P T e DUAR D (1) T Y5 R e 70 T 0 R ) AR v 1 4
J&' A B R R B A S S 1 DG PR R I AL A S AGRA BE Ay TR PR B R I AR A
[ 44k} Ghosh 25 WF5E SR B, I TURRM P I AR PR S | REAR 1 JEAVG A= %o o8 46 JaR 45 1) R Wi i, EL
A AT A B, SRR S ] . TURR W) o 4 s A I 2852 O 3R 30 o 4 J 9 A= WA A8 i P S G
AR 2SR (4 EE AR AR AT e R A R A R AR

A=Wy e — R e BE ST A AL AR E W B, 780 RAR T IEAE BRI | Hp Rt 8 A HE AL | AR BT 4 BT U8
AT AR AR AR TR o T L e N3 F S R 25 ) ™ e 45 T4 W] R A AL
PEFIN T TR AR DRI 2L R R 2 T = ) 3% SR Rl AT 8 A 4 i o 4 i A e 1 L T 11 i
I3, FIVABRBE KRN 39 4y J s Y A T LA 3L BUK h Cd R BE R 10 i, AT Cd
XA REFAR I AR A W i Ak 4 o A A ST 2 90 4 N BT RR A 4B Josko FRLAR
500 wm (AEYTAE Z UG AR A KM HI AR XT IRFRAR T 15.4% " JRAE LY RIEE E4 R
15U L3 O A B BRI ST -5 N AER RS A ) T RS, R G D A 5 AL B I
BRI A 2% 2 AW B 2 DU R BT IR R , B A BB TSR R T2 IR P A AR R B,
Bk = XHURRY) G R A AT, 100 4 R M 2 A A S R AR ) R B AR A i LA RS

AWFFELWIAL A I T S E 5 75 G WA LRI A WF S X 4 1 AR W as T BIA DU Y = 4
JE B BAL 38 i < R A A A A LA b ORI ) B i 2 T < U 7 A B U I B AL AR T
I AR YRR R A A B m] R PSR AR IE P T AT 4, O B 5 e A A DURR e B A3 T — € p BEie
2%,

1 #BS 7 ( Materials and methods)

1.1 UUB S A 5K TR B i Al S 615

DU R T KIa T KIg ), RAE S AL E N N30°06'09.058” \E114°59'21.085", K4E J& AU UL
THYIE LI = H T -50 °C  H2SFE N 2.1 Pa Y Labconco ¥ T HRHLUEA T8 % T4 AR W ik th TS 3F
BRI ST T &, L & R DB I EI R 2 em 24T 60 C T 24 h /KR <10% 19 10 g /KA
FEFFE T GDL-1500X B4 X Akl o FH 76l 2 A FF o R M W B4 Ny 1 L min™' DAPRAIETG
SR, NG RN 5 Comin™", T 400—500 C &M FRAL2 h G, 16 N, IR B R H B =R AW mm
VRS DU R 1 A B ME TR AN 26 1 B b B 4 4 B 52 SR P 7K — 1o SRR T )5 i 1T
WA R I i 2 R 4 B0 L 3 RSB ( TriStar 1T 3020 ) I 52 A= 9 SR A i 1) B 32 1T B AR
1, A ARE S BB R 200 °C BRI R 8 b RIE K 60 C BT S R A%, 567K KBr —
LTI SR TP ORI TR A 5T, R e 5 1 T B 2D /s R AE (B 1)

BfL ST AR E 4 4 B UEE 6 AN EAE D CKOHHR , RESITA s Ak A ;@ 1%BC (LY TR
TR 1%) ;@ 2%BC (AW BN 2% ) ;@ 5%BC(HEWRF IR 5% ) AFHBUAT i 1 mm FH 9T
T 300 g SAHMN A AEPIRTE | L BB s8R 215, 500 mL 7K, 7E 25 CHEEIGFRACE 14 d,
TESE 1 R 14 KBRS 2
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Table 1 Basic physical and chemical properties of the sediment and biochar
28 Parameter YUY Sediment W% Biochar
RiAE/ mm — <2
R (m>g™) - 50.2
pH {4 7.56 11.02
Cu/(mg-kg™) 922.15 18.05
Zn/(mg-kg™!) 676.53 156.64
Pb/(mg-kg™") 101.81 7.65
Cd/(mg-kg™) 54.83 0.62
B 1100
c—0
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Fig.1 Fourier-transformed infrared spectroscopy (FTIR) spectra of the biochar
1.2 a5

HOA TR 10 ¢, A 25 mL KB} CO, 7K, EPE R 8 B 30 min, pH &> (A1 Bk 5 4

R Bk

, BICHT e TR PIAE LA 5000 remin™' HEATES.Cr 20 min , 285 7388 L3 WA A1 UK A

0.45 wm PITEMERT AT, SR AA240FS T J5T W 2 6 BEAGHA T & .

EE AV ED7

A E R A ACHE BCR 1) R P AR 30 0) 2 4 Ja U0 300G R4 7 o, PR UE S 58

pIaNS

K AT SEVE RV VR TR DU D) 100 5, MU AN [R) IR S 37, 38 i 378 20§ BOARAT T 4 J A TR
WA AR RS TS REIE S R RAR AP IR IR 2.

F2 Uk BCR IR TR
Table 2 Sequential extraction procedure of modified BCR

PR IS FEIGH PR
Procedure Fraction Extractant Extracting condition
I RIS 0.11 mol-L"! CH,COOH 22+5 CH#EZARY 16 h
I CIBZYA 0.5 mol- L' NH,OH-HCI,pH 2 22+5 CHELHRY 16 h
1)30%H,0, ,pH 2 1) FRABAE 1 h, KIBMHE 8522 C
m W EA A 2)30%H,0,,pH 2 2)85+2 CHHIRKH
3)1 mol-L™" NH,OAc,pH 2 3)22+5 CHELARY 16 h
v Rt A HNO, +HCI+HCIO, H#

TR FE e s e 4 A BVIBE 14 d J5 0% 1% 2% F1 5% W) iR i i iy,
43 ANEE BB HTIERIUBYIEES 70 ¢, A 45 mL 7K, (358 280 R4, #O7, Fm sk pe 4t , 45 b
REHCE 10 Rl 7KIZ U 24 h 558 F B E AT (Lepidium sativum ) Fi 1, 35 I 1 F, B8 TR REE #7240 . 55 57
FE RO RE R 25 °C, OEBREE S 3000 Lux, BIHIFIRE 14 R 16 h 8 h. 353750 4 RIS AR K FZE K If i+
K2R,

AN [ A 3 g XTI U R i A TR PR P 9280 20 L 16.4 mL 10% MFRERIR , A 2585 F 7K
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800 mL FIH H AW 10 g, $25], A F] 1000 mL B3 A T & B E W ARE 0.35 ¢ 4 1 mm i A998 R T4 0T
FUMIRE JNA 35 mL A TA M E W, T 37 CHY 30 remin” ' B4ER FPR 1 h, ] Whatman GF/F 0.7 um ¥
TR P s 0 3 0 P 0 00 4 TR VAR
1.3 #dlasrr

K H Excel 2003 A TEHEALFE , SPSS 19.0 B AR E G T8 114307, Origin 8.0 AX 1R

2 L5 59718 (Results and discussion)

2.1 AYRAEAEXTIURY) pH {E A5

ARSI 2 i A P A ORR A pHL (B AN TRIRR B2 A 8 in (1T 1) R A pH B 5 11.02,{H i
TN I AT IR pH A9 R A2 1 K 3800 1% 2% A1 5% =80 5% B DT 40531 He
X FRPTR Y pH (EHR 57 0.13 ,0.22 A1 0.46. HoH | 5% A= ¥y 7% T & (9 T pH (152 8.02. 8 A4
G TR pH (BB B RS A TR, 72656 14 R A AR pH (B2 (B 22 8RN , HER N 5%
MR B9TRRY) pH {8 HL X FRATS 5 0.26.
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Fig.2 Effect of biochar application on sediment pH

A=Wy B ASBIFSE HR TR pH A PR AR Bk R B T A TR B AN K, ek 8
Zidy . pH EZ DU i 4@ i Ph SR R 2R B 1 DU v 4 R T v TR AR
AIRBERE T DU K T RS B R SR A K AL R T, R KA T b S A R R A S — R
T SR, pH. 25 M AR W B 4 i i 0 R/ N B B B SR R VT 1 B PR ORI X Cu Zn P Al Cd
25 4 Fh G R T BR BT A3 R ERRE S pH (ELAY RS KIS RS OB R 4 i W B R B pH (L R TS K, —
D5 PR Ry pH B4 il OH 3§60, LA 26 i £ B B3O8 i > 55— i (R F A B B IR LA R
SR BRERER s B R R UTTE O R, A W s B R R pH (A B4R S E Bl TR U I AR A DU
Y [ 52
2.2 MBI L KRN [ B K Vs i A T 4 Y T

K A e R B AR A AT S TR T A SR RIS O AR 1 K BR TN R B B KA AR
JEVARRZS Cd Ab , H B A FEIAE TR (36 3) .14 KRt X BEUTFRYI R Cu Zn A1 Cd 2545 AN [ TR BE 1)
TR, 7 7K e 2 T i vk FRE Bt A ) i e P 348 i R AEG, 8 o 2 9 e L BRI 7K Cu Zn F1 Cd
e R 5 R AR (P<0.05) |, UEBHAE W1 WA P Cu Zn A1 Cd #GEE T — & RS/ . 2B My 5 1T
TR Zn BERCAINHIVE H A B, 5 X0 BRAR L, 1% 2% T 5% 440 5 s i i 43 il it L8 7K Zn R BEREAIR
42.1% .60.2%F1 94.9% JXE ALY ek Cd AL SR (FRARIR B0 11.8%—48.1%) A K Zn  fHH T Cd
F AT O BT E K Cd /N FE RS B e A AR X

FESR 1 KA BB A SOR (36 4) |, ST HRAH L, 5% A 5 U hin e (s Fa B 7K R % i 25 Cu
WREEBEIKT 30.5% , i A4S Cu Al Zn WV BE R 5 A= 9 < et 4 3G i B8 2 AR ( P<0.05) , ANTTI D T FR
[F1] B K T b K AR TEOXURE A2 56 14 K, A LT IR AR A R X IRIBR K Zn (R A5l B 8, VS 25 Zin
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W REFEARMRE N 11.7%—62.8%. M i A5 Cd W BEAUAE 5% B LE W) 5 U5 I ik i B0 7 R R A1, e
2 BEASANEEIE Cd e BEms A3 . B A DR 4 18] BUK A % 25 Ph ik BE IR TG FR.

&3 BT EEDK RS E SR

Table 3 Dissolved metals in the overlying water of immobilized sediments

— — AT
RAEI 1] B I Average concentration of soluble metal/ (mg-L™")
Sampling time Application rate of biochar
Cu Zn Pb Cd
0% nd. nd. nd. 0.0009
EBISS 1% nd. nd. nd. nd.
2% nd. nd. nd. nd.
5% nd. nd. nd. nd.
0% 0.0108 a 0.1737 a nd. 0.0788 a
%14 K 1% 0.0019 b 0.1006 b nd. 0.0695 b
2% nd. 0.0692 ¢ nd. 0.0681 b
5% nd. 0.0088 d nd. 0.0409 ¢

T nd FR IR TAEINE , RISV RIS 1A RN FRER R4 AR B2 A1) 22 57 251 (P<0.05) .

Notes: nd., not detected. The lower-case letters behind the data in same column means the significance of different treatments ( P<0.05).

R4 BELTIREIBK TR RS R

Table 4 Dissolved metals in the pore water of immobilized sediments

— — AT
RFEHS 1] PRSI ik Average concentration of soluble metal / (mg-L™")
Sampling time Application rate of biochar
Cu Zn Pb Cd
0% 0.1655 a 0.0499 a nd. 0.0334 ab
ERIPN 1% 0.1528 ab 0.0363 b nd. 0.0351 a
2% 0.1416 b 0.0166 ¢ nd. 0.0338 a
5% 0.1151 ¢ nd. nd. 0.0282 b
0% 0.1130 a 0.2381 a nd. 0.1577 b
$14 R 1% 0.0978 ab 0.2103 a nd. 0.1712 a
2% 0.1018 ab 0.1692 b nd. 0.1731 a
5% 0.0819 b 0.0885 ¢ nd. 0.1508 b

T nd FRRAK TR L, [R5 B8 5 A 5] /NG - RE s 25 A B 22 ) 114 2 53 B 21 ( P<0.05)
Notes: nd., not detected. The lower—case letters behind the data in same column means the significance of different treatments ( P<0.05).
FEKE S ESIE SIS RGO R RN B, YR E W E SR T E A,

I L3 T BB T 4 e AL Ui M R Ak B, 1 T S e 2K (e R 1 JEC G DL 2K e 428 £ P W 45205 3
AT 4 A A WSO BB, AN TR R Cu M 17.5 mg-kg ™', LREUK Cu WREEAUHR 0.96 pg- L7, 45 4T 15
PR Cu MRIEHNIAR 72.4 mg-kg™", ATLAT HHA Cu BB SEMEE L 75 15 S T E 48 /e K AR BE
FP AR A OBV a8 AR 7K P i Je YA B8 ) A R A T < R B KR PR 1) A 25 T R R T A
SRR B PR T L BDK R Cu Zn B Cd Y, BT Al /b < = AR O A 25 8 3 DU - DK
ST 1] ) S S A T R A AV B K R SR, I ELJRAG AR 40 09 A A BRI K HL A ) 3 P A0 0 -5 ] B
IRV SRR DE Y ARIFSRE [T BSK rh e i 25 5 43 Jm R, BR T SR AR 9 ¢ pH B I T A R 2250,
5 S TR R AT PT 5 4 B I R ) 4 B A A DG A L £D Al 1 T DL SE T R
Wy AR B R S LLAMERERAE (8] 1) IR ), B8 3430 em™ AR ARSI I —OH . 4 fifi 45
PRl s TERVH A IR B X, — A IR 1620 em™ e 47 A8 IR AT IS Xof 7 2 BE AR v 1) C =0 147 9 5
FIF e C=C B9 LIRS 1100 om™ ARIURICIERT IS C—O HOMRGHIRY , — A 17 E T 1) 2 Fn e S 28
P ep 0 G S B e AR e b W B T A B A e B AR S SEUETRE M (I € =0, —OH) ]
HAEFREEAE, W C =0 W L5 4 8 R A 45 4 RO IR, —OH 455 e TG N 1 A ) e 3% 1h 7 F
i, SR 1 A ot 4 W B RE T
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2.3 YT UURRY) E4 R A TR A AR 1R

AL 3 W RS S A B R FRIA S Cu 7658 1 RESF AL (P>0.05) HIFM 1% 2% 1 5%4:
Yo TR Cu MYBRIE A & i [ 4 LE, FER IR 0EIN T 11.0% ,18.7% 1 34.2% , ) Wk | HE W) Xf Cu
B AL R S A i 2 6] B IEAR G (r=0.992, P<0.01) .55 14 K, 5% G I i, 16 P40 5 A R VA A5 il
AL S e 2 B RRAR, 6 P A 22 1) T AR AL A RN B s 25 5 AL I 386, 3 o A 4 in 4 O L Ho b R
A Cu U3 1 REEFEINT 73.08 mg-kg ™ (FEARIR B 32.1%) , U B Bl 2 A= 4 o A FH s [va) 0 FH 2t 1 34
i, BURRY) Cu RATRE T A ) BB RE TR AL Zn M ARFALIEIR S Cu ALY 3.

Ph FYFRVE A I T B SRR, JHorh S% AW e S I B, 14 RITREE A Pb HLAS 1 BRI B = ik
79.4% . AP E TR A (AT S AL FER I A ) MR BEAC I AR 56 1 R AR LU XTI SR A8 % & A o Lo i
T 12 {52256 14 K ASRAEY 5 i (8 ] S8 A A8 5 & A 43 e in i B8 33.8%—67.8%.Cd
FEXTHT 3 A @5, 1 PR AR AL AR B /N (EATE AR 0 & MR R AR, 265 14 K7 1% 2% F1 5% A=) e s
I n RRIES S HE T MR T 1.5% 3.8% 1 9.7%. [fl i}, FRVAEZS Cd SR HE 1 REET
3.71 mg-kg™" (FEARIREE 8.8%).

ERYAAS Acid-soluble fraction O "B JHZ Reduced fraction
O A4 4k % Oxidized fraction B 75 Residual fraction

100

80

60

40

Fraction percentage/%
LI L L L L L

Fraction percentage/%

20

CK 1%BC 2%BC 5%BC CK 1%BC 2%BC 5%BC

Application rate of biochar Application rate of biochar
Pb 1d 14d - 14d
100 i M i -
= ol - i I = S E
[5) - =] . =] o L
g - == - g %
i -] [~ . =1
Q I T- T -] - . [
g 40 | [ iy i T 2 g é
FarA E HE 4 %
= | - -] - - = = é
. B2 = F A 2 Z
CK 1%BC 2%BC 5%BC CK 1%BC 2%BC 5%BC CK 1%BC 2%BC 5%BC CK 1%BC 2%BC 5%BC

Application rate of biochar Application rate of biochar

B3 AYREAEX TR Cu Zn Ph Cd JE 25434 1 R

Fig.3 Effects of biochar immobilization on the fractions of Cu,Zn,Pb,Cd in the sediments

2.4 YA TR Y 4 JE AR B BN

A BT I DU B 4 8 (A F P = e T — R VR (3R 5) K AT S8R 1 AR 2550 1
AR A B T Sy [ B Al ) s A v R b iR ) i 22— RVETE 1% F1 5% A= W) i i in
AT AT R 2R AL (BRI A B3 (P>0.05) MG A= Py o FH B R I, AT 24
KA 19.5%—25.7% W BEH N (P<0.05) X FHAERKM T, 78 19 2% 4= ) 5 s 02 1 550 T gl
6% AN, S LE Wy BRI N 5% I5F A HE X BERE K141 32.6% .

DU 4 B B A AR Ak AT S W T AL 15 vk B A S Cao A5 BIFST 2 IR EL TG P ¢, A= 9
PIE R R AR 5 3 RS 1) P YRR SR E T 2 I XEAPE Py (PO,) (OH) A2 i, T FEAR Ph 16 14,
L5 A T R R 7 R A 8 D 49 5 3 i ) B 4 R S AR A AR K, A0 Cd AE AR AR P A S i T i
JER it AT A A s A Bl O 35 1, LA R A1, DT A0 R0 9 A 7 o i AR 25 R G sz Bt 3R
FEARTTR A A B0, TCIR XK AR AR B AR K I 2 AT A W 1 A AR 25 A Y R BB MU 42 )R
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TE e I IRAFTEZS - Al A v LA R WSO P B0 98 5, DT e AU o 4 e X AL A0 Fy 7 0 R
FER B, A=W 5B IR ZEMA T3 B AR KA e VR T, 25 AR AT 8 38 19 I, 15 A A 1 o ) B A 4 T
REAR T LRI RO A T

RS AEYHEL)S DU E &80 SO AT SR MR
Table 5 Phytotoxicity effects of heavy metals in biochar—immobilized sediments on L.sativum

Pl F A 2RI Seed growth

7Pty Iy

Application rate of biochar KR ESN LSS
Germination percentage/ % Stem length/cm Root length/cm
0% 90 a 2.57b 5.83 b
1% 80 a 3.07 a 6.20 ab
2% 90 a 3.17 a 6.17 ab
5% 83 a 323 a 7.73 a

VE 713 BCHR 5 0 AS l/NS  R 4 Ab 3L27 [ 1) 2 53 8 B (P<0.05).

Notes: nd., not detected. The lower—case letters behind the data in same column means the significance of different treatments ( P<0.05).
2.5 AW sEAL T A AT R SCE (PBET) Y5200

A=Al RS (PBET ) FIVEAE R R DL A (A A1 B 1 S B R A AR P R 146 I 0 4 i i

WA= W i m] R PR AR X TE R 14 d 5 RUTEIREIEFT PBET 5250 (& 4) , R BLER A [R19€ E 1)
WG A4 JE R PBET (A4 W FEIK (P<0.05) ,PBET Cu FEARER A W] i0.3 FlvAE H o 4 I it 1 10
FRH HE IR PBET Cu 73051 B PR T 3.9% .6.4%F1 9.8% (P<0.05) ,PBET Zn A 3.6%—6.9% K4
WX F PBET Pb, AR RIS I A B35 122 5 (02, Xt IR 24T i 2 I BEAIR (P<0.05) . 7E 1%
AW HIIINE R PBET Cd 5% BRAEH 123 , 2% F1 5% AT e T 43 31 He X BB AIG 3.2% Fll 4.4%.

600 — 650
600
= ~ 550
1 1
2 2 500
5 2
< < 450
=
“ N 400
350
300
CK 1%BC 2%BC  5%BC CK 1%BC 2%BC  5%BC
Application rate of biochar Application rate of biochar
90 65 —
80 - 60
=170 =
°0 [
= 2
2 o :
> -
~ 50 8
40
30
CK 1%BC 2%BC 5%BC CK 1%BC 2%BC 5%BC
Application rate of biochar Application rate of biochar

B4 EYREATURY T PBET(Cu . Zn Pb Cd) FFEFIRCR
Fig.4 Effect of biochar immobilization on PBET( Cu,Zn,Pb,Cd) in sediments

PBET 75 - S SE4T™ 2 T PAN 3 46 J o AR R0, LATTURR ) by £ W A TR A8 R AG 2 0 1K 1N i
SRPUCE R G JE , d E Y HE MR 2 N A B, B A T SR A 2 I 32 6 A 0 I 3h
A 22 S S I R A PR, PBET Sl i (RSN SEIR HEATREANL , I 4ok B 2 M T R4l A U 30 6 s 114
LR AR PR DATRT AT B e T 4 /E XA A= 4 1 75 7 . Geebelen %52 FIBEH™ 116 52 2 15 Y4 11
LHER PBET Pb BEAIR T 15 mg-kg™ AR BRI AE Y SN FEAR PBET Cu MIRCR W, 25 5B
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OYRAER (I 3) Al RS 1 R 14 K B AR W) 5l S B Cu BRI 255 5 7 20 LU A4 it 32 g 1 L
E 3 MESE, H, Co YR B A4y n] AP SR AU . R, Bl 2R ) e T Y 9, 25
S B PBET (B4 H BURRAR, B AR Wk AR T A S T R MR B2, LA A O R 2 B 2. A )
BBl ORI LA AR o< i T JER G 3l 00 ) A 0 T A, A T sl s < s ) K AR 2R 25 AR T Y T
SO IR AR I A SRV B T B — P IR R

3 %5 ( Conclusion)

(1) A=W s s R T DU pH (A, LA KFRIBUK H A Cu Zn A1 Cd 7656 14 R H B
I, FL 4 Jm Vi J3E Bt A A 10 o R o 4 o i 2R 1K

(2) AW B AR A R ) v s 75 T 4 DB YR i S AR AT, L s 25 i o ] S LU/ [ 4 3 T 5%
YRGS IR B RRIA S Cu 7256 14 K, BRARIE L IR 2] 32.1% , BRIA A P AR 553k 79.4%.Phb (1 i Fl
FE A (W A MR A ) BH S 1 0, 2 BH A= 9y o B A A £l B 4 s 1) SRS T S 6 4.

(3) LEWIR AT Z AT R 2 23R AT B B VR (ER X G AT 2 A AT I 8 AR ks A AR W e TR
TN 5%, 254K AR 9 Hext BEE AN 25.7% F1 32.6% , U WA A= W0k RO R INFEAR T Cu  Zn Pb 1 Cd AYHE
YFEPE. PBET Cu Zn Pb Hl Cd FiE A= ¥ F e 5938 N 24545 FA% , PBET Cu RN 22 155 9.8% , e M ik
LU A Y AR BN E AT Cu A4 P n] F 4.
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