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Remediation of Biological Organic Fertilizer and Biochar in Paddy Soil Contaminated by Cd and Pb

MA Tie-zheng, MA You-hua’, FU Huan-huan, WANG Qiang, XU Lu-lu, NIE Jing-tu, YU Qian—qian

(School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China )

Abstract: The effect of application of biological organic fertilizer and biochar on the immobilized remediation of paddy soil contaminated by
Cd and Pb was studied under the field experiment. The results showed that biological organic fertilizer and biochar increased the soil pH and
soil nutrient contents, and reduced the soil available Cd and Pb concentrations significantly. The soil pH had significantly negative correla—
tion with the soil available Cd and Pb contents. The application of biological organic fertilizer and biochar decreased Cd and Pb concentration
in all parts of the rice plant, with Cd concentration in brown rice decrease by 22.00% and 18.34% and Pb decease in brown rice by 33.46%
and 12.31%. The concentration of Cd and Pb in brown rice had significant positive correlation with the soil available Cd and Pb concentra—
tions. It was observed that both biological organic fertilizer and biochar had a positive effect on the remediation of paddy soil contaminated by
Cd and Pb.
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PEAT . R A Cd Sl 2.03 mg-ke ™, A RIS Cd
TN 1.68 mg-kg; HHEE Pb S 16821 mg-ke,
ARAS Ph R 127.16 mg-kg™ o AR 1A IEA R
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Table 1 Physicochemical characteristics of the studied soil

AL/ AL/ AR/ AL /

pH {ﬁ ol Lol ol ol
g kg mg-kg mg-kg mg-kg

4.95 22.37 91.20 16.16 65.96

HPERILIE R IR ZE (N 46% ) IR A 44 (P05 45%,
N 17% ) FIGAL B (K0 60% ), 359 D\ 24 b vl S W8 3K 5 A=
YA LI SRy At s 22 B 4R 30y 2B W AR 4y A BR A )
Ao, BRI AT I, IR RO 3.26 127,
FHLITFr 5k 53.8% 5 A=W W) 0T e 48 T B —
REVRA FRA T, A LR & 5k 460 g-kg ',

HERKRE AN Y BIEE 15 YT S0 3K
1.2 I 4b 12

LA WA AR AR B g A A 0 464 AR K R
FA) FH ] /NG , X6 B 3 A B

(1)23 FI%f BEAL B . CK, ASHii P B A7) 5

() PLEALBE . SWYT, 45 667 m? Jiti [T A= 4
AHHLIE 100 kg;

() A=Y Ab B SWT, 4 667 m? Jifi A4 e 150
kg,

Fi JEFH (B0 R A B/ N DR, R A R
3WEL T 9 AN FBEHLIX HHES, A/ NX
T FLUR 24 m?, FL45/INX 2 8] H 35 RRE R T, B
IEAEF BN,

/NGRS T 2013 4F 6 J1 16 H i LA Fnafifbs5),
Xif AL R AA 9 e A FRL/INX FE AR R PR &R 0.37 kg,
MR 8k 0.48 kg, WALFH 0.27 kg; LE WA HLIEAL B/ )N
XEEE I N IR ER 0.24 kg, BiR 8% 0.40 kg, AL
0.21 kg, /NXIKFGT 2013 4E 6 J1 30 H##4k.,7 A
FITBENE AR = 0.23 kg, 8 J FAJIZEHENEIB R R
0.31 kg FALAH 0.27 kg, 10 JT 12 SoKFHUCER , oAtz
1 - AR i DL R SEE EA T
1.3 HERRESLE
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SRAER K RERE S B RK e, FE 4K
Ve, SRR ZERIH T 80 CHEAE LT , SR 5 BT il
FEH: Cd 1 Ph
L4 SHFE

4345305 Cd A Ph B9 2 2k A 0.005 mol - L™
DTPA-0.1 mol -L™"' TEA-0.001 mol - L' CaCl, 1232, ]
TR G BE T K R 5 K AERE K ZE R0 A
SR FARS TR A , (0 R DR IR o3 66 B T B i it
T/KRG Cd 1 Pb AINRE 5 398 HLFG B 40 52 44 AR
By vk A R AL AT ) iEA T,
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Figure 1 Variation of soil pH under different immobilization

treatments
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Table 2 Variation of amount of soil nutrients under different
immobilization treatments
AL/ AR / R/
gkg’ mg-kg™ mg-kg™
CK  2276+0.35h 76.62+223¢ 16.76+2.03a 49.96 +4.36h
SWYJ 23.08+0.69h 88.04+243a 19.79+091la 6543 £6.16a
SWT 24.67+0.54a 82.40+3.0lb 1848 +2.02a 55.21+6.18ab
T : R F)/INE FREAN ) 32R 45 b P 2 [A) 3 —J6 7 25 55 1 35 (P<
0.05). R

R /

1 o

2% 2 AT, A XX REAL PR, A= A LI b 34
T AL AR A A RO R R B 43 ) 4R
T 1.41% .14.90% ,18.08%F1 30.96% , H:H + 353 fi#
RS 5 2 e i 2 (P<0.05) s A= W) e b 38 - 58
AU, BARA . AR A A B w1
8.39% .7.54% .10.26%F1 10.51% , H: v + 554 HL % F
Tl R o S B 0 25 (P<0.05) . AT LU A=A MUK
AW 5T LASE R 485203, o TSR IE IR B . T
B 3 R R A HLTTGT 4 45 v 4 R T A
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Figure 2 Variation of amount of soil available Cd under different

immobilization treatments
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Figure 3 Variation of amount of soil available Pb under different

immobilization treatments
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Figure 4 Variation of grain rice yield under different

immobilization treatments
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2.5 L FIFTKFE Cd F1 Pb S 2T

A X K R RS K ZEFF AT i) Cd AT Pb
HATIE A AN R BRI AL PR T /K 8 4 )| o 1A
fbansk 3 pis.

F 2 3 AT LUAE A REAR B, A= A HLAE
AbFRAT DAREAR K Cd 5 &, KRR K ZEFF A
Cd & BIEAR T 22.00% .3.83%F1 1.88% , Hirh/k
FERE K Cd 2 i 5 B AL AR Fb 25 57 8 35 (P<0.05),
IKAFZEAF R Cd & SRR IRAR /)N, 55 0T B AL 3 2% 55
A E(P>0.05 ) ; A=W i ab B AT DL BA BRI K A Cd
B, K RERE K ZEFF A Cd 5 20 BRI T
18.34% .5.95%%1 10.16%, HkFgkek cd &84
X REAL R B T I 4 25 57 (P<0.05 ) , AK i 25 4T
it R Cd S EEFAEE(P>0.05),

BhiALFIXKFE P 52 5 Cd 25481, BPAEMA
HLREFNAE B o b BRI AT DAREARK AR Pb F i, (HJ2BR
T AP HUEAL R K Ph 75 5 %) R AL 322 5 2
PLAR(P<0.05) , AT WA iR 3 B 2 1 25 55 (P<0.05)
AP PUIEAL B REREK . ZEFF AT B Ph &4l
AR T 33.46% .4.83%F1 14.04% ; = 1) 5 ib FHLK Fif
K ZEFFFIN: R Pb B s R 4 1R 12.31% .8.82%F
5.60%.

25 10T LU H A0 HLIE RN A 9 0 3] DARRAR
JKAE Cd A1 Pb Y&, MAY A PUIEFN A=Y pe b 31
FEBA 2 P m KRR i, BRI, AR A HLIE RN
A=) Ak 3R] i 3 B 1o B e 3% pH A REIR L
HE Cd M P (A=A RS RE S . DA SCH & &

(A BTG 5 e X Cd A1 Ph Al W JH 11 72 2505 =X
REf ALK A R X 24 i P WA, DT R AV /K AR A P B 4 S
() Fr i, R BRI AR K B 48 1 o & .
26 tEpHE TIEEUSEECESESKBREXE
EEEEMEXENAR

X35 pH (B, HHEEZS Cd A1 Pb & 5 KR
K&K Cd Fi Ph & HEHE TAHSCHE /34T, 25 AN SR 4 P

MR ATFTLEE, TEARES Cd AP & &
Y5 -3 pH {H 2 W AR (P<0.01), i 44
A HLAEFNA: 9 1 Bl A R0 AT DASR i 398 pH {H, F#AR+-
BEE L R TR A A S, XS SR B SR
TR IR 5T AR e X T 4 T Y 41 4 B R A
2R —3

MR 48T LA 1 KRR Cd A1 Pb & 5+
BEARES Cd A Pb ()8 5 i 5 0 IE AH 5 (P<0.05),
IKAEREK Cd F1 Pb 1 & 5 5 4 pH (H 2 (R A7 7E—
E RN BIF AR B (P>0.05) . A&7 22 S5 0ESY
AR I Cd 15 Y B PR 7K R A A8 52 A 5 rp s e B
KRG B4 EB A Cd & & 5 H A RES Cd SR e
I IE XA SO E 45 R —3

3 itig

A UL A5 45 E D RE A Y1 5 A LR 2
B — S B E R ML SO0 O RE A,
AMUEHER AR, &5 KB MR,
X B i A AR 1 R AN S A D AP
452 AR AL, DRIt FH A 0 A ATLAE Rl LA D - e

x3 AEHEAFLEAKEEEERESTN

Table 3 Variation of amount of heavy metal concentrations in rice under different immobilization treatments

Cd & /mg kg
Ab T

Pb & & /mg-kg!

LB e " Bk % -

CK 0.409 + 0.031a 3.444 £ 0.561a 2.176 £ 0.323a 0.260 + 0.022a 2.630 +£0.148a 4.018 £ 0.263a
SWYJ 0.319 + 0.026b 3.312+£0.419a 2.135 £ 0.595a 0.173 £ 0.020b 2.503 £ 0.477a 3.454 £ 0.252a
SWT 0.334 +0.021b 3.239 +0.625a 1.955 +£0.161a 0.228 +0.023a 2.398 +0.364a 3.793 £ 0.422a

R4 TEpHE IHEAHTESCRQAESKBRAEEESENAXM

Table 4 Correlation among soil pH, soil available heavy metal concentrations and concentrations of heavy metal in brown rice

WiH + 4 pH TIEAHES Cd +HEA RS Ph IKFEREA Cd
FTHEHE Cd —0.956%*
{4347 Ph —0.819%* 0.876+* 1
KRR Cd -0.613 0.777* 1
IKFEREK Ph -0.559 0.701% 0.730%*

T ¥ FIRTE 0.01 /KPR RFARK ;" RIRTE 0.05 KV ERFHRK.
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2012(E 2 ARE) B P Cd BREEFE AR R Chis
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(1)t FH A= 9078 MLRE RN AR 4 0 A # AT LA$E iy £ 358
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FHE

(2)EEW A ML FAE B e vl AR &5 3 BILJTR
B SR A O TSR AL S R AR bR L s R )

(3) AW UL A ) ik AT B S R K e 4
N Cd 1 Pb (i, HAKREREK Cd FEIESR T
22.00%F1 18.34% , /K Akt K Pb & B (R IR AR E] T
33.46%#1 12.31%, H/KFFHEAK Cd 1 Pb &S+
BARES Cd M Ph o 2 B IR, HIFRE
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