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Effects of biochars derived from chicken manure and rape straw on soil properties and lead form transforma-—
tion in a lead—contaminated light sierozem

XU Ren-zhi, ZHAO Bao—wei", MA Feng—feng, LI Ye-wei, WANG Lu

(School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China )

Abstract: This study was to assess the impacts of biochars on soil properties and lead form transformation of lead —contaminated light
sierozem. Biochars were prepared from chicken manure (CBC) and rape straw (RBC ). Correlation between soil properties and lead form
transformation was examined using Stepwise Regression Analysis. Applications of biochars transformed lead into stable forms. At biochar
rate of 15%, acid extractable lead decreased by 17.04% for CBC and 12.3% for RBC, as compared with the control. Lead immobilization
was more obvious at RBC less than 10% or at CBC higher than 10%. The additions of biochars significantly increased soil pH values by up
to 11.36% in CBC—soil and 10.99% in RBC-soil and organic matter content by up to 419.13% in CBC—soil and 1 334.56% in RBC-soil,
which largely influenced the transformation of lead forms. In addition, elevated content of carbonates (the maximum increment of 6.7% ) by
CBC addition also influenced the lead transformation. However, too high soil pH might lead to reduction in soil quality. Therefore, it is rec—
ommended that biochar application rates should be less than 10% for RBC and less than 5% for CBC.
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A= W) J5 ¢ (Biochar, BC) & 7RI SRS T A 4 i
IR =W o AR pRa e R, 2 B R ) BEAR
P, B S R AR T T K G R N R i
TR, TMEYIE R R B R — e LR E IR,
ET A2 E AR AP A TR HAT U L
FLEERE AN K B B 2 T B, o4 6 5 B 4 Jd WL FF 7
TSR, AR, A R A B A P ARG R
£SO NG NIRRT S S (SR =
R IE R R BRI R B S S R IS Yy T &
FEERAEH . B, BT AR50 o) 26 4 T 1 Y 1 4
) i1 5 AR AR AE R AT L A SR IR AR T AR 43 i
Bk ]

I\ BT 5T A 9 5 ko - o 4 S e A AF
FEEERT LRI, AN R 28 19 A 0 it A AN [
T3S, XE SR A EE LB A A AR
TR o S A S A B B R T A 200 S5 ot i P 34
T, AR 5T oG G 38 (pHS.85) H Cd 1 Wi B i 52
[ B 38 i1 s Uchimiya 287 % BEY5 % 1= 48 (pH6.00 ) H %
TR Sy o s CA> A1 N A Atk B A s 1H Beesley
SIS S R, V5 Yk - 4 (pH5.45 ) it Jin A 9 5k I
Cu I As WU e R R M 38 B 4R T . SR, SEnT
BRI 5T 22 45 1 A 0 5 0 ol O PR A7 4 498 ( Unr 345 )
W A B R AR R, X I 3 (AR K
5 ) FR A I A ) 5k e TR 4 JE B 3 4 A AR Ak B i
U o RO X TFIR S = A 40 S e i 2 P
B FEIMETF SR

NI AR SCRIFE XS SR SRS FEA A A ) ST e it
FJG Pb 5 YR A5 + AR L 5 P B AR Ak 1y
fiE, T R S Ph TR LI (A 5656
R MR 25 AT A 4 SR TS YR K A ) S i R
AR = ST

| HREHE

1.1 YRR &

X 2 I SR FF 43 0 R B 22 M T R 2 37 38 3
FUAHEHE . B Ve (B FERTE V)  XT BFEE & 40
H 7 5 i JrbA Ak e A KB v R 552, o 4 i T A
AR 600 CHkfk 4 he fFE L3P IRER H 2=
TR A WU, A g ZE A A AR 9 5 e (BRid S CBC) Al
TSRS FFAT AR A ik (BRic A RBC) , LA
L3 1.

1.2 i1

SRAE 2 M T RBIX AR T5 YIRS £ (PRAb A ot I 2%
2), %4 ARKAT WS 2 mm i 5 750 1000 mg- kg™
) Pb( 11 )[LA Pb(NOs), JE NN AT, I di 47 oK 53
HH (] RE 7K A 60% , 7E 15 2= R Fe e 1A Ja B
FIRA I 2 mm G5 . B Pb V5 Y 3 1 kg S8R
AE (N:P,05:K,0=15:15:15) 5 g IR & )5 B T 130 mmx
116 mm {457, % CBC 5¢ RBC 43 513 i & A 47 b
1% 5% 10% 15% 5464 (1 Pb 15 YR K55 1 7843
R A EACBRYEAE 3 Wk, [ LA U i A= ) o o
(AL BRAE S VEZS FIXF IR (CK) o

WAL E T4 2GR %R 25 C 8
JE 40% SEHE 16 h-d™") (i aE R SR 2 AN G A
& EK(Zea mays L., b I8 =5, b at B F e I AL
BHEABRAR), B 6 B, k28 1 J8 )5 i 3 #,
A 30 d JE MR o R BE AR AR B X3 A AL L R
TG DAY o3k B/ R i, A R A - R P 4
i (mg-kg™) . Pb JEE i /0 4. pHH . FHE &
75 1 (CEC, cmol - kg™ ) R L & /e (g-kg™) A
BLBT & it (gekg™") | A ML 2 B A I 25 4801k 2K
Ta(gekg™)o

R 1 EYMRRIEBUMER

Table 1 Major properties of biochars

E27)iiv i A LA N K5y Efiz % 0/C
BC p Organic carbon/g-kg™ Carbonate/g-kg™ Ash content/% Functional group/mmol - g™
CBC 10.16 213.52 239.53 62.51 4.92 3322 0.03
RBC 9.98 307.02 61.35 23.34 423 6325 0.17

R 2 RIRSE L HIEBILER
Table 2 Major properties of light sierozem
u FHES oA it MU Organic N KL g IR TS Pb/
p CEC/emol -kg™ matter/g-kg”  Carbonate/g-kg™ Sand particle/% Clay particle/% Silt particle/% Free iron oxide/g-kg” mg-kg™

8.23 5.10 9.20 117.32

12.00 62.40 25.60 22.69 23.60
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1.3 MK A E5NEE

W7 J5 1% HE W 0% K 53 4% GBIT 1249.3—1999
D 5 A= 40 J 1 R 11 2R ) Boehm {7 15 Pb 4 1
$LBUR ] HC1-HNO,-HF —HC10, Y fi% 714 fi# = (GB/T
17141—1997 ) ; Pb JE A ZR FIBCR 21 5% Pb
P E P IRBOETE T s pH R L0735 5 CEC 2R
Fi Ca(OAc), B:(NY/T 1121.5—2006 ) ; 47 HLJ% 5% F
IR AL— 43 B (H) 615—2011, 055 R Eh
1.724) s iR 55 % A& 75 (NY/T 86—1988 ) ; 13411
W ZH BUR ) HEEE TR (NY/T 112.3—2006) 5 3 55 48 Ak
BRoR L R e -y i TR SR B L

TS IR (SX2 R F1, bR BT R
J7) s IR T A3 e BT T (35 [ L HL % Spectrum AA

PrikakRH, 225 &M Hr R A Duncan PO & AR 22
(P<0.05),
Ph 7 3 G925 5 9 B R RO B A RAE,

L=, (F,xi*)/16

K FASKESESBEWREA ST, %;i(i=
1.2.3.4) K T34 B IE S 5. 55T BCR 4
SLPEBOE , EA R IE A/ IR AT R UGS (ACD R4
AW 456 A (FEM) A HLES G A (ORG) B il 45
(RES),

LR T EAES LIS SN EERE  ifE—
PR Y5 W R | O 0 e w3 R =X DD
W2 P PR UGS AFEAE W I fife/ )N, JBUE R 0.062 5547 T

110/220 %1 ); pH 31 (PHS-3C %Y | |- ¥ (% Hi Bl 2= 40 2%
T3 BRANF] ) 5 5240 AT UL A6 B 31 (UV-1800 7Y,
RSB A

1.4 HiELE

e R A USRI S AR, W T {E R BUE N 1.
2 FERE5SH

2.1 AEEMRRGIEE T IEE LRI
B 0 22 6l 4 Origin 8.5, Sit 4 #rfifi %2 3 f1F2 4 BT CBC 1 RBC Jii A Pb 15 4L0%
SPSS 210 Bdi VI E AR MER 22 R LN R T 2200 R4S )5, - HERR Ak I Bt A 40 55 e b BB K ST 114 A A

R 3 TEBAMRRE CBC MK FHEN
Table 3 Physical and chemical properties of soil amended with CBC

CBC jiti A3& Amount of CBC addition

F3EPERT Soil property

0% 1% 5% 10% 15%
pH 8.0120.06e 8.1520.05d 8.48+0.03¢ 8.62+0.10b 8.92+0.04a
CEC/cmol -kg™ 5.5120.43d 5.720.20cd 6.04+0.19bc 6.35+0.24ab 6.76+0.22a
WkARER Carbonate/g kg™ 132.19£1.99hc 131.25£2.48hc 133.59£3.34¢ 137.81£4.59ab 141.05+3.42a
A HLF Organic matter/g-kg 13.28+2.59d 19.64+1.73d 31.9323.30¢ 54.47+5.31b 68.94+7.35a
KL Sand particle/% 12+0.10a 12.140.20a 12.1+0.15a 11.9+0.15a 11.9+0.27a
¥yBL Clay particle/% 62.5+0.17¢ 62.5+0.17¢ 62.8+0.20bc 63.2+0.27ab 63.5+0.44a
KkL Silt particle/% 25.5+0.27a 25.420.17a 25.1+0.27ab 24.8+0.15bc 24.6£0.17¢
i E LAk Free iron oxide/g kg™ 21.27+1.24a 21.29+1.10a 21.00+1.51a 20.47+1.24a 20.51+0.70a

T : R ING RS & AL B R 22 53 B 3 (P<0.05) . T Al

Note: Different letters in a line indicate significant differences between treatment(P<0.05 ). The same below.

+® 4 TIEEBLMEFRE RBC AMIEKFR T
Table 4 Physical and chemical properties of soil amended with RBC

N RBC Jifi A& Amount of RBC addition
A3V Soil property

0% 1% 5% 10% 15%

pH 8.01+0.06e 8.1+0.04d 8.38+0.04¢ 8.51+0.04b 8.89+0.04a

CEC/cmol kg™ 5.51+0.43d 6.56+0.45¢ 6.98+0.08¢ 7.96+0.17h 9.34+0.31a

il Lk Carbonate/g- kg™ 132.19£1.99a 129.7+1.32ab 128.39+0.95b 125.28+1.01¢ 111.9+1.48d
A HLE Organic matter/g-kg™ 13.28+2.58e 35.42+3.58d 71.49+£2.98¢ 141.33+8.15b 190.51+4.31a

kI Sand particle/% 12+0.10c 12.1+0.10c 12.7+0.27b 14.3+0.27a 14.6+0.25a

Frki Clay particle/% 62.5+0.17a 62.3+0.30a 61.4+0.10b 59.6+0.20¢ 59+0.20d

Ahkr Silt particle/% 25.5+0.27b 25.6+0.40b 25.9+0.17ab 26.1+0.10a 26.3+0.25a

Wi B Ak Free iron oxide/g kg™ 21.27+1.24a 21.25+0.74a 21.04£0.45a 19.52+0.59b 19.33+0.31b
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Ji & i 2 2 2 (P<0.05) 38/, >4 CBC #1 RBC #§in
N 15%M), A LTS24 i CK B 431
5450 14 £i%

(5)CBC Ab3rr, 3837 2 A A Ak B s A b ) 22

k2R EE, HRE RBC I8 a8 i g A ik
B R, Bl sl 10% 1 15% 5 Ha vt
HEAL T 2 (P<0.05 ) FEAK

(6) 4 HEkr 424> A Bl CBC ¥ 15 114 18 Jin 4% 1 i)
A ZE IR . Hoh bR A B AR L By
Wi bE CBC it A g MR AL & il
Z A, RBC Ab¥Erh , A 4804 5 5 RBC 7t i it
BRI R 5 R R Bl R BRI, 4 RBC it in £ K
T 1%}, % e A8 A 22 5 0 2 (P<0.05) s Rk 7
Z 3, ARG IEAR /N

3% 5 A&, 24 CBC(RBC)jitiinfa7E 5%(10% )
K UL b i R &bk e B3 (P<0.05) R#AIG, FLAE K
AW o X AT RE 5 AR BT it e L B o 1 AR Ak
FEP
2.2 Pb IS DT

WFFE M T INAE PSR JG Pb 15 YR K4S £ Hp
AFRIEA Pb W EH &2, 258K 1, CBC
(RBC)4LFE Pb y5 9% + )5 Ph JEA DL ACT 20 & 2
NERR, HRGE FEM, CBC 4bFd, 24 CBC jifin &
10%F1 15%0+ , RES H 43 83 ORG K Jifn it
1% 5% % CK 4bFidt  RES H 4> &4 ORG 7\, RBC
43R RES H 43 =345 ORG /),

Kifi CBC Jita FH &= i3 i, B FEM B & 2 0 B

x5 BEWRLEKEHNEDKRS (cm)
Table 5 Effects of different biochar additions on plant heights(cm )

H: W I it A Amount of biochar addition

A=Wyl BC
0% 1% 5% 10% 15%
CBC 30.25+3.49a 29.47+4.02a 7.27+2.98b 4.62+1.09b 5.35+1.63b
RBC 30.25+3.49a 30.68+4.12a 27.30+2.79a 6.72+2.12b 7.31x1.71b

Ph JEAH 438 i Lead fractions/%

CIREZS RES

BBV EE ORG
HYEE RIS 54 FEM
IR AT S ACI

H: Wy i AL B 7K Biochar additions/%
1 TiEd P EEEF L EEMEY RS IEKTEHNTL

Figure 1 Effects of different biochar additions on lead fractions
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A0S ,Pb 1) ACT B 43 % T Bl Z 98 /1N, T Pb 1y
ORG.RES A /r &bz K. #HEL CK 4b3, Y
CBC ik 15%0}, ACL 4> & &k /N T 17.04%;
ORG F1 RES A/ & &4 AN T 4.13% 12.9% ., iX
W CBC (i 1 = 242 i ACI [1] ORG Fil RES #%
k. 5HARL, RBC Zb 3 Ph y54% +-1Erb | i RBC jifii i
AN, ACT B 43 & piz s/, T ORG Fil RES
A REBaZ ., M CK AR, 24 RBC it il &
15%0} , ACT 4> & /N T 12.3%;0RG 1 RES [
eI T 5.64% .10.74% ., BLAh, B RBC jifs
FHE A3 IN FEM B 73 & 3980 — , {3 RBC Jiti fin &
L 10%0F FEM B 20 & B s, mihni T
RES H 4> o ARk . UiBA RS RBC i il (1) 3%
hn, 3 Ph JEAAE L 28 ACI 1] ORG 1 RES
Ak, A4 RBC iz KT 10%H, FEM H1R55 Ph
SRk m) RES #1 ORG #41k..
2.3 Pb 5L EEIMNENEGERE

Bl 2 7R T AFEIAY BRI EE P 75 3R KA 1
o, Pb 7E L IR IS5 BB R ko

040y
038+ ~E-CBC

g 0'36?: - RBC ,
e 0.34;r ab
i 0.32}
i& 0.30?:
= 0.8 ey
Y S
0.24% TD b

...............................................................................................

H W) 5 e AL B 7K SF- Biochar additions/%
AR R A b B ] 22 5 i 35 (P<0.05 )
Different letters indicate significant differences between
treatments( P<0.05)

B2 HMEERERM(L) EEYFRLEKEHNETL
Figure 2 Effects of different biochar additions on soil-lead

bonding intensity( /)

LT o A 40 S (Rt TR 2, L (ELHS 538 K
., CBC AbBRH I, fH 30 5.2 (P<0.05) , e K3 ik
| 57.15% ; RBC b P A 5 K IR I8 5] 31.06% . 7391,
CBC b3 Pb {5 4s +3rh, A=Y Bt il 2 7E0~10%
] I {E34/NF RBC AbFH, A= 4 5 it fin 24 10% 15
S AR, IR TE 10%~15%0 I {EI9 K F RBC ik
P, RH] Pb 54+ 3Erh CBC A1 RBC it i B+
Pb {17 , 3 H BB i Pb 1mfae B4k (B[R A4
Yy ALBEXT Pb [ BE AN, AP A Ab K

FAE 10%LAR IF, RBC Jifi A 138 J5 %) Ph #9154 ]
ST 5 AR W p it N AR 10% LA _E B, CBC Jii i
JE R Ph 8] E RO A b, RBC it I
10%~15% I 3§ HFAH 0.02% , HJ A AT RESE , LAk
KT, RBC Jiti 5 4 Ph i [ AR /N
24 TEURTHE Pb EESEUHEXXR

il 20080 VAR 5 3%, B2 1 PR A9 B
UG P 153K - FURES Ph IS AL
AIFHRSE R (R 6) o CBC ALBE Ph {5 4R IKES 1, £
Stk By 2205 FEM BI040 D05 HI G, RS
[ AR

1% 6 & A5 [ml 1 J5 A% #] 41, CBC(RBC) Ak B Ph
1Y, Ph ALY L3 pH . BRIRER
R AU AR R E MG, Ak, RBC AL BE Ph
Tohe L serh  Ph ISR AL S 1 CEC 224k 3%
iEESe

x6 PhESHHELEENMFERSEIFSE
Table 6 Stepwise regression equations between soil physical and

chemical properties and lead forms

Pb B B By A PE REL
Pb form Stepwise regression equation R?
ACI CBC  y=134.452-19.144x,+0.515x,-0.104x, 0.984(P<0.05)
RBC y=137.543-11.598x, 0.782(P<0.001)
FEM  CBC — —
RBC ¥=21.276+2.742x,—0.088x, 0.783(P<0.05)
ORG CBC ¥=12.652+0.66x4 0.871(P<0.01)
RBC y=13.367+0.03x,4 0.863(P<0.001)
RES  CBC y=—100.313+21.04x,—0.483x; 0.943(P<0.01)
RBC ¥=—49.158+0.405x;+0.103x, 0.912(P<0.01)

11 :x—pH; 20~ CEC; 0y R ERER B B s B WL S 5

Note: x;—pH ;x,~CEC ; x;—Carbonate ; x,~Organic matter.
3 i

3.1 AREEWFRRAIENT %R

A=y S5 it A 438 I FL T B R 4 5 ( 32 A
FETF IR rPOARPEBE R A L A 12358 pH BT IR
JRES J& T A Rk 148, H pH B SHEBCR W)
RNt A Ph {5 YR IKAS 1 5 it — 3R T T 3 pH
{B. X5 Al-Wabel S BIFTT 25 AR, FLE5 R R
% pHO.85 11 4= 9y 5 i it A Mk + 18 (pH7.98) Ji5
244 W o it FH B 5%I, + 398 pH {3 fin & 8.15.
CBC JKAF & 5K B P 0 % 148 RBC &, M IR A9
J R AL BRAK -, CBC ()it F X 398 pH (A A48 T
FE R AR, 35 pH KT 8.5 £33 il 1357 A3l
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