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Abstract

Through the biochar-cabbage pot experiment, the effects of fruit biochar and swine biochar on the
nutrient and remediation effect of heavy metal contaminated soil before and after planting cab-
bage at the concentration of 0%, 5% and 10% (in terms of dry soil) were studied. The results
showed that the addition of swine biochar before and after planting cabbage was beneficial to the
improvement and maintenance of soil pH, total nitrogen, available phosphorus and available po-
tassium. Compared with CK group before planting, the pH, total nitrogen and available potassium
of the soil increased with the increase of two biochar concentrations, and the available phospho-
rus content decreased slightly with the increasing concentration. After planting, the addition of
both biochars slowed down the decline of the nutrient content of the soil. In this test, the bio-
char-cabbage was not conducive to the repair of total Cr, Ni, Cu and As, but was beneficial to the
restoration of total Pb, Hg, Zn and Cd. The repair effect was total Pb > total Hg > total Zn > total Cd.
Among them, swine biochar was more beneficial to the repair of total Pb, total Zn and total Cd. The
fruit biochar was more favorable for the repair of total Hg, and the remediation effect was more
significant with the increase of concentration. In the later practice of compound heavy metal con-
taminated soil remediation, swine biochar can be preferred, and the concentration of 10% was
better.
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1. 518

BRPG 0 B T X AR BRIGHER b [ 5E R g A i, A2 TR 8, XN VEHEN
Beh[1] [2]. KEWHTER, /N RIS XA R B4 H 14 Hg, Pb, Cd, Cu, Zn&H55y™ &
[3][4], &5asthIps s aiieok T E . AN KERTFRY], EVRAIET AL, A28, Bk
LR TR 4= IR T B REM, X B o YA VR PR RE s 5] [6] [7] [8] [9],  HLMSieStamns E
JEWR A2 R AL [10] [11]0 H RTR TAREFEIR « REAT R S AT 50 L3 PAL M 57 [ B < 5 YE R e 2 [12]
[13], MioRT RARK GRIEHA X E R T5 Y 37 70 LB BRI FU b o A Y 243 A 58
Fha/ N BSONBEREY), DTSl X E R T Y R P SIS A ELB1(0%, 5%, 109%) RAK 555 35X
R R R RABERCRIEEN, DDA RAED™ X i Qe B 2 5 TR Ak o .

2. MRI57%
2.1, fikat
PR TR [V L e SR LR VA AR X I AR B 1 3%(0 om~30 om), Ja T 1, 25k
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FWE, PHX-LHEE ST XRS5 B A AR I #Z 1458(0 cm~30 cm)#% i & LL 1:2 FRCH) 3%, pH
N 8.22, Hg. Pb. Cd. Cu P& /%N 8.43 mg/kg. 757.78 mg/kg. 1.31 mg/kg A1 166.51 mg/kg, A
FRAVERAR S A5 e LI [14] . AR B BT E AR REIRRHET A B ], 2 DASE A JE R s
T, pH v 9.81. L3 I B & WUR-RERTTHEA ], pH 4 10.22. Z#i g ik /N 128,
LG HUIEIE B A% 12t )
2.2. Wt

AR R ARG 7%, W B RARRANE IR 3 N EW KT, W5 518 0% (CK), 5% (G5
A1 Z5)F1 10% (G10 A1 210, M+ L& E4rtk), &5 MEERAGE 1), KEEEIE R HIER LA, 2
B, YR ARG 5 mm 4. I8 EH 250 mm x 200 mm (L0428 x @)BRER, BIREE M.
AHUEHEA SR 1%, ¥ L38. GYUEREY R E GIR G S a4 . BA RN E 25kg, AR
JESE, HAbHIHEER, it 15 .

Table 1. Pot experiment design

1 ZHRAEIRT

a2 i
R MAEDR CK
RN 5% P AR G5
RN 100% A% G10
RN 5%8#E 3% z5
RN 10% %% 5 % Z10

TRAIE /N AR 10 6, Fivg 1 AR E, REEGHELE 5 PR. it S AT BRyt & JE B Bt it
b TAR R TE B 220 B Ah I It HOGIR = A . T 2018 4F 5 H 1 H#&F, 7 7 30 Hilsk, IwR=N
IREAR )y 25°C~35°C, AEHIERHEE, [RIFA LIS H—2,

23 HmRESHH

YR/ FEE F EAE 2 em /N BESEURZN LA, TS 4 &L, IRE S RTRE, 40 2 mm, 1 mm
F1°0.149 mm EfEM . 3% pH KA DELTA 320 pH i1l (K £tk 2.5:1); SEZERA 1 mol/L LR
Pe- KIAIC TR T AR 0.5 mol/L FREREINIZSE - e LL E0EN e A% A PR E ZAG
SE s WU RCE B SR SO0 RLE 43 BT A (Mastersizer2000)ill 5E ;. +3#H 4% Cr. Ni. Cu. Zn. Pb. Cd
KA ICP-MS Kill5g; Hg. As FJET 25 il &

K SPSS17.0 #4777 2 0 i S B AR ES, FE i BAREZ ;s SR Excel 2010 24 B 5 .

3. &R
3.1 HRIEMRBTIEX 1% pH B

1 AT H0, PRAE AT LI pH Oy 8.22, J& T-H I L. WAk 5 3% pH 4T 8.24~8.30, #H%L CK 4,
G5. G10. Z5. Z10 4H pH 43 %35 7 0.02. 0.05. 0.01 A1 0.08 ANFAAL, pH Bl P A= 4 % s ik B2 ) 4
I S8 0 e AR N 3 05 - AL B 2H 3% pH 39 BT T B, AT 8.06~8.21, B AL BRI HT 4> % T 0.104
0.05. 0.06. 0.17 1 0.19 ™¥fr. Fhief5 L3% pH tHKF|/NA G10 > G5 > CK > 710 > Z5, BiHIFET /G
R FR AN 38 pH S2mi K.
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Figure 1. The change of pH after adding biochar
B 1. RmERETI% pH B

3.2. FRMEMIRBIEX LIRS HIRNE

PR AT L3 CK A% 0.7 glkg, PRINAENIR J5 & Ak FH 4H  398 4 20 5 2 BB A< B 348 o o 62 3 34 m
G5. G10. Z5 1 710 ¥4 H 3R & & Koy CK 4411 1.34, 1.51. 1.82 M1 3.56 1%, J&HFEm XS
IR S BTN EE (A 2). FifEE BT CK 41(0.8 g/kg), G5. G10. Z5 il Z10 4b34H 115
HEEE N 0.84 g/kg. 0.93 g/kg. 1.33 g/kg 1 1.68 g/kg, 4% B E AN 0. AR AR R
B, 3 CK Ml z5 AR & EIEH b, HRSHERSEA TR, Z10 AREEE N EZ.
P AHEWT, PR E DA S R AR R EEIE nm sE n,  HE SR Z10 AbEEXT A A EAR SR
A TE

2.80 -

240 - ORI O/NE3E N

2.00 A ,
1.60 E3

1.20 - ¢

THERETE, ke

0.80 - d
0.40 -

0.00
CK G5 G10 75 Z10

W a b, ¢, d RN LB E AT IR .

Figure 2. The change of total nitrogen after adding biochar

2. RIMEIRELREREN

T T 1438 CK 4 24 5 5 28.2 mg/kg, WIIERAIRJG G5 H1 G10 4 1454 2kchh & 2 0s A T %,
435129 CK 19 0.97 A1 0.91 % AN INFE 3% J5 T 3EA 20 & 3% L, Z5 A 210 45 &4 il CK 1) 1.43
A 1.27 £, TIFA RS BB R IS IR BERS 0 S R, PR/ ESESE, AR R A
BEART T, 710 A5 B, 148 15.93 mglkg, FEMEH K E)/IMEIRCN Z5 > 710 > G5 > CK > G10 (4] 3).
AHBCFAE AT, ~F 3 Ak A o A VA P I M ok s PR FE ARASE K 2H, 398 i & s bl 2R ) R Ak
JEE ST HE K
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Figure 3. The change of effective phosphorus after adding biochar
B 3. AmEYIRETIRAYHETL

PR AT, ASINAE R I R R B B P g T, G5 G10. Z5 Fl Z10 4 s & & 4 il
J CK 1 1.20. 1.49. 1.13 Al 1.75 £, SFRiEAT AR S EAM—5, BERINKRER Inmmgn, 210
SRR, 15 736.48 mg/kg (14 4). FiEJEHIEE CK 2, 398t in & Rl vk FE B N iy 84 00, 210 #x i
678.08 mg/kg. FHERFIE AT, HACFRAH S B N, CK AMmER e, 210 Ak, Ui
ISR G IR EE T LI OSBRI, R SR I OO R S R K
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ORERT O/AK

& 700 - b —I_j;
o0 e a
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Figure 4. The change of available potassium after adding biochar

B 4. ARIEIRETE DRERR T

3.3. £ - MARMNIRES BRI EEHR

PR AT X IR E SRS AT T E . AR YE A B AR vE(GB15618-2018) Fl A1, At A
FALFH 3R Cu S EE Y 166.51 mg/kg, & Cd BB 1.31 mg/kg, 73 9 KUK e AE 1Y) 1.66 1 2.18
;& Pb EEIMEAN 757.78 mglkg, S TRILIE R 4.46 fF, & Hg S E=HME A 8.43 mglkg, NS
HIMER 1.41 £, fal13% Hg. Pb isBON™H. 70k E], CK. G5. G10. Z5 M1 710 &bF4H +3Eh
RERIE AT g%,

P 5 A, MIEBCMERT, AN A5G A RIS A8 R Cry NIy B Cu fILE As IRFEEIE
BT ETt. B AbELE Cr &8 _ETFIEE N G10 > Z5 > CK > G5 > 710, U SRAR AR I Atk 38 Cr
TRPMBR, HBRARKRERN, & Cr &M HERIBINN S Cr SRRV, HEEHIER
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Figure 5. The changesof heavy metalcontent in soil
5. TIEESEEETHK

FALFRZH M Cu BB ETHIERE Jy CK > G5 > G10 > Z5 > 710, 1t WA WA AE Mok VR INIZE T 54 Cu 1E
PR ESE, HRARRBIN B8 Cu & BRI M CK A, BALBHL As & Bk
W3 N HAE G5. G10. Z5 fil Z10 AbFER, F3em As fkig 2 F A K, ULHAR A LR s imnge 17 +
b As E £, HISIIKREERT S As & H I A K.

BRI R, SAACFRAMR AR Cdy & Hg. & Zn AL Po &894 A FF#(E 5 FE 6), M
CK 4, WIEYIRIG 4 FhE )8 & B FEIRA Frgm, WM AYR KA gl 3%t 4 M &8 iz
B —ERCR. MRS 38T s Cd BRI A Z5 (26.1%) > 210 (21.3%) > G10 (12.2%) > G5 (10.6%) > CK
(6.3%), LR LU S Cd B EBERA T RAI, (HPFR A 5 i FE 3G Inont & Cd BB BRI A
B S Hg 508N G10 (23.7%) > 210 (17.5%) > G5 (16.8%) > Z5 (16.0%) > CK (14.6%), it I FAIR (1)
IRINAT R Hy B R BORIR TR 3R, HBE MR AR IR EERG N, & Ho B EBUR E 4 .
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Figure 6. The changes of heavy metal content in soil

6. TIRETRAETIL

FhRERT G IR Zn BRI A Z10 (22.4%) > CK (15.1%) > Z5 (8.9%) > G10 (5.2%) > G5 (1.8%), i #%4
FERININAT I Zn AB RN T RAR, (FAL Z10 HBE AR T CK 4l: 4 MESES, & Pb FFiRTE
R RT S B R, 9 210 (24.2%) > Z5 (20.5%) > G10 (19.1%) > G5 (13.3%) > CK (4.3%), il 4 ME & RE
BITYGE, EYIR-/NESERTE Ph BB E SR BT, FEEER BRI S Hy BB E 8RR T AR, FLbE
VR A A TR S 18 P A8 R AR B

4. Wi
BIVEYIR G, 38 pH BEFR ALY 5 AR 0 B s i, ELAE 380t 133 pH Sk, (HiF
HER 1 pH A S EE, N 8.22, JBTMEL, 5 ARG R B R B B T [15], IRk
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PR EYD BRI 35 pH ROEEMEIE AN 25 . RS 55 3 pH BT R B, BEASINE 26 )5 pH [
R EE WY, — 7T S AN S 38 pH MIs2iia g 50, 55— 5t i AR U R R IR
T HTEA MR IR, BT HHIREERER[16] -

RBH YL KA T LA IR e e, SHaER, Ka, A8, Prilsse m 2 E[17].
ARG FERT S, AL CK A, I Feroa ik B34 . A R AR (& R, e
FRERTARES CK 4, A BATE R & BB PR AR R BE I N Tmu g i AiAE S, PIRD AR5 (s N 24 sk
2% 7 Larh IR SRR, HARFOR S A FAL R TR S R BRI R K. AT RE R T A R A
B HKEK, Na, Ca, Mg %0 FUTHRM N, PEEEIRITER, HIEFORIK D S EYRE T ARBURIIK

Ty S R[18] [19], BHES T3 #BE 3 AT A] A i 1 S AN B i [20], PR S 3 0t 43857 73 O S i B D9 (2
&

R TP i S A R JOPIARL S5 A RO B P B T P AR ) R TR EE R I WS AR T B R R SR A
SRR JG LI pH BEVRFEESG DTRG0, IR EEROR, (Al LI b B RS TUIE R, BRI R
Bk, X S5AEEMIT—[21]. LZEKE, AR TEER A BER T RAR, H 10%MH &
RO

P /NASEE, HR R Cry & NIy 8 Cu FLE As AT E 4. INIIERA R 34 Cr.
& Ni FlLE Cu IS B s ROR, B A RIR LG IR 1 L3 & Cr s 48, k4% 14 Ni FEL Cu
ELIER R ES: MR IR RN, HAE SR R R IR eE 7 L & Cry s Ni FLEL Cu 7E-
W EE. A, PIRAEYIR IR T LR As I E S, HIREERINGT S As BRI
Ko XU G PR FA KA 5 & Cr AL Ni 8 E, BIRAGE Zn FlE Cd FREEE K,
T L 52 P9 ol A 0 0 R 1 J B R A P PR 2 i [ 22] o

NSRS, AR R AL B IR Cdy A Zn. S Hg AL P SR IE T TR, REVERAE
Gt YR - NESER 4 MESEEE BRI A Pb> S Hg > & Zn> & Cd. S 3R AN
X Pby L Zn ALE Cd BB AR T RAR, HBER 3 RIREER N, R AR, AR M
XS H MBS RURIE T8 38k, ELREWAAEY iR 38N, & Hg BRI E2 .

AW RN B R TR M RO 2 AR R JE AR, IR AR . ESJEE T HEAL . W
B35 pH R R [23]. AikEed, MFEFA MR ESEE TRIBEICRR T RARKR, 5 Cao
2:(2010) [24]. #:%%(2013) [25]. £:WEZ(2015) [26155 R 745 BECN— 8. JHIRAS B BB vl fE
HTREIERAS E S K, Na, Ca, Mg S50 5 o3 Al il B 1A e sl L i e 77 20K 35 68 WP 214240
A EER P A SESEE T RAEVIESILITEEMH, BUHARM R EH TR R ML %8
KEVERIE Gig g, JIMES BRI FAEE RN R . 4 PESE T P B E B i
4, —J7milT Pb 5 PO,>, COS4i&hE ik, H— /7T Po MHEFAMESRA, KEETF¥4%E
N, 5E A E R4 A R iR [26] . 25 b, IS I 3 ot 1 4 S e IR IS AR T SR AR,
H 710 B EBUR f tE

5. &hig

ARG AR T AR N £ R 5 123 pH i1 8.22 FJHF1 8.24~8.30, Bt AR A FE G AT HG e AR )
P S A2 3 pH 394 BT FFE, AT 8.06~8.21. FIE AT & #8K (R Inxt 38 pH fmafi k. Fh
MRTfS, AREL CK 4L, Wi e il 13 A% A R A B ) & R B . R RTAHAL CK
H, AR S SR PR AR R IR EE R TG I, A R S R R IR B T g A R B A S
PR A IR KA NS 1 L3 h IR S RN B, ELUJE SR %% AL B ZH 1) 1 3 57 15 8 B AR 3 189 T i 1
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TRt &

Ko BARKE, FHERTE RIS RAINN 3 pH. &% A3 AR ek, AT RIEFR 1)
TS5 1RFE. 4 FabEF, Z10 RO

R /NAZEE, R Cr. BONiL & Cu s As fFATE 4, & Pb. & Hg. & Zn A& Cd
BHTF M. BARMIE IR T 38 Cr g4, S 148 Ni fUE Cu s 42 M 28 I kg 1
3MICEMEE. A, PIRAEY RGBSR T b8 As I E . EWR-/NASEXT Py Hg. Zn
A Cd B E RIS Pb > B Hg > & Zn > 5 Cd. RBIERMFINAE Pby 5 Zn AR Cd KB E
BB T RAIR, HBEREIERREIEM, BRI E RS, FARKBINATE Hy MEE R T 3%
w, HEEWFEYIRKERN, & Hy BESRFELEE. FNEAEESE SR REBE ks, aiisk
RS RATIE S

E&InE
B PG48 1 TR A e AR ] N SRR H DINY2018-3.

STk

[1]1 =R, TR, FhBH, % BIOE R WA KA FIHIUR M), H714, 2018, 27(2): 100-103.

[2] GkVLAE, BRI, BRIETE, . ANBIEEH X TE I KT B 4R 15 S e A S A E TN [I]. HF @R, 2008,
27(8): 1286-1288.

[31 k. &0 BN 5 LIRS E SR L BUREE 5 [D]: [+ A0 3], i iR R, 2011,

[4 tRKT, kitde, BRel, 25 DRI ST X ARG T I8 H D ELE S B0 MARER]. RIS R
1, 2008, 27(1): 200-206.

[5] Chen, Z., Fang, Y., Xu, Y., et al. (2012) Adsorption of Ph?* by Rice Straw Derived-Biochar and Its Influential Factors.
Acta Scientiae Circumstantiae, 32, 769-776.

[6] 3FE, XUBHAE. A=W I o S L AE 3B PR 5% A 37 F A Fiadt R (3], 133384k, 2013, 44(6): 1521-1525.
[7]1 %4, Bk, 2, 25 AR SRS R ENSED] Aok TR, 2011, 27(2): 1-7.

[8] #EAREE, 245007, TEES, & AVIRI IR K HESRE SN AT R R, SRR, 2014,
42(11): 159-165.

[9] Jin, H.P., Girish, K., Choppala, N., et al. (2011) Biochar Reduces the Bioavailability and Phytotoxicity of Heavy Met-
als. Plant Soil, 348, 439-451. https://doi.org/10.1007/s11104-011-0948-y

[10] #EEF0, f#iT7, Vi, 5. iG-S WM IA XS 9 LA DL AL BN P R [T, AR AR AR E AA AR, 2010, 2(5):
274-279.

2] XI55, XIS, Abeds, . A ANE b b B AR AL T DG R A K S RSO AR (K R e 9], AR E AR,
2015, 21(4): 310-314.

[12] *E2:, ERE, B55E. ANRRBFRFT R KX NG R &8 fi L% AR i e m[]. HE
Fr 5k 23R, 2013, 19(6): 1438-1444.

[13] kMM, AR EAGTE B AR R BRI R [D]: [ 26710 30]. TERH: TRRHAR LR, 2012,

[14] 3EFFHEJT &R HE[S]. GB15618-2018.

[15] Jun, M., Li, L., Wang, X, et al. (2013) Physicochemical Properties of Biochar Produced from Aerobically Composted
Swine Manure and Its Potential Use as an Environmental Amendment. Bioresource Technology, 142, 641-646.
https://doi.org/10.1016/].biortech.2013.05.086

[16] #hE, XUBLER, #Rp%, 55 M FRAEVIHR X TR SN BSRAER KW I]. ROV IABER 4R, 2016, 35(9):
756-1763.

[17] ¥ E 5%, fREW. LHEZM]. 55 =k dbat P ER L H ARAE, 2010.

[18] BR.CoAR. AEMmns L3 i EWIr= & A IR o IR B 52 [D]: [ L2248 3], Wi PHALRMBIRIR 3, 2014
[19] SEFEE. AN ek NG &N KR [D]: [ LA 5] 1 WL iilye K2, 2016.

[20] 7. WRANARmR i I M A E D A K IR MAD]: (B2 A0t 3C]. #s: PhAbRMEHSE K%, 2016.

DOI: 10.12677/hjas.2019.96060 412 Al L2


https://doi.org/10.12677/hjas.2019.96060
https://doi.org/10.1007/s11104-011-0948-y
https://doi.org/10.1016/j.biortech.2013.05.086

4,

fRit 55

[21] #hE. XSFERHSEAEDBUR A B IAERO /N A S B i BRI [D]: [t 00ie 3] s st Rl ok,
2016.

[22] Li, H.B., Xiao, L., Evandro, B., et al. (2017) Mechanisms of Metal Sorption by Biochars: Biochar Characteristics and
Modifications. Chemosphere, 178, 466-478. https://doi.org/10.1016/j.chemosphere.2017.03.072

[23] BT ANFDRIEAE R X 7Kk 1 25 Bk RE A 7€ WL IETE[D): (At 22008 3], FE A At k2, 2015.

[24] Cao, X.D. and Harris, W. (2010) Properties of Dairy-Manure-Derived Biochar Pertinent to Its Potential Use in Remed-
iation. Bioresource Technology, 101, 5222-5228. https://doi.org/10.1016/j.biortech.2010.02.052

[25] Rk, 2 KBK, W, <5 S8R AN B & E SR 15 R HIRIE E AR S EMHI]. ARWIABR 2R,
2013, 32(1): 163-167.

[26] ZEmez. BRI TN BRI AL BT E[D]: [ 28], b RiEssid ke, 2015,

L
Hans X
FIAS R BT FH 7 2
1. FTIF4AM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

TRIBIRHEESE: [ISSN], HAWIFI ISSN: 2164-5507, BIA] A

2. FTHF50ME T http://cnki.net/
B “EBRSCEREE” BEN, FIASCERRE, BRI

¥efEiE b hitp://www.hanspub.org/Submission.aspx
WTFIMEAE: hjas@hanspub.org

DOI: 10.12677/hjas.2019.96060 413 Al L2


https://doi.org/10.12677/hjas.2019.96060
https://doi.org/10.1016/j.chemosphere.2017.03.072
https://doi.org/10.1016/j.biortech.2010.02.052
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjas@hanspub.org

	The Nutrient and Remediation Effect of Biochar on Heavy Metal Contaminated Soil
	Abstract
	Keywords
	生物炭对重金属污染土壤养分的影响及修复效果研究
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 供试材料
	2.2. 试验设计
	2.3. 样品采集与分析

	3. 结果
	3.1. 添加生物炭前后对土壤pH的影响
	3.2. 添加生物炭前后对土壤养分的影响
	3.3. 生物炭–小白菜对土壤重金属的修复效果

	4. 讨论
	5. 结论
	基金项目
	参考文献

