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Effects of Different Organic Materials on Bio-availability of Cd, Pb in a

Contaminated Greenhouse Soil

ZHOU Gui-yu', JIANG Hui-min®>", YANG Jun-cheng’, ZHANG Jian-feng’, ZHANG Shui-qin®, LIANG Lei'"
(1. College of Environmental Sciences, Liaoning University , Shenyang 110036, China; 2. National Engineering Laboratory for
Improving Quality of Arable Land, Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural
Sciences, Beijing 100081, China)

Abstract: A two-season soil culture experiment was continually conducted to study the effects of three organic materials ,namely Danty,
Peat and Biochar,respectively,on combined forms and bio-availability of cadmium (Cd) and lead (Pb) under Cd and Pb in single and
combined pollution during 2014-2015. This study aimed to provide a theoretical basis for remediating greenhouse soil contaminated with
heavy metals Cd and Pb using organic materials. The main results were as follows: the content of DTPA-Cd decreased significantly by
11.9% (P <0.05) in the soil of Cd and Pb combined pollution with the application of danty, the total of exchangeable Cd, carbonate-
bound Cd and iron-manganese oxide bound Cd was reduced by 26.4% and 34.4% in the soil, and the accumulation of Cd in shoots
was significantly cut down by 32.0% and 28.0% (P <0.05) respectively in Cd single and Cd and Pb combined pollution after
applying danty; the content of DTPA-Pb was significantly depleted by 83.5% and 83.8% (P <0.05), the total of exchangeable Pb,
carbonate-bound Pb and iron-manganese oxide bound Pb was decreased by 34.5% and 13.9% in the soil and the accumulation of Ph
in shoots was significantly reduced by 32.0% and 30.0% (P <0.05) in Pb single and Cd and Pb combined pollution respectively as
the use of danty. The content of DTPA-Cd was significantly decreased by 18.9% (P <0.05) in the soil of Cd and Pb combined
pollution with the use of peat, the accumulation of Cd in shoots was reduced by 38. 0% and 23.4% (P <0.05) in Cd single and Cd-
Pb combined pollution respectively after the application of peat; The content of DTPA-Pb was significantly decreased by 2. 7% and
7.2% (P <0.05), the total of exchangeable Pb, carbonate-bound Pb and iron-manganese oxide bound Ph was decreased by 15. 8%
and 14. 6% in the soil and the accumulation of Ph in shoots was significantly reduced by 12. 7% and 23.4% (P <0.05) respectively
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in Pb single and Cd and Pb combined pollution due to the application of peat. The pH value of the soil was increased by the use of
biochar, the content of DTPA-Cd was reduced by 4. 7% and 15.0% respectively in the soil of Cd single and Cd and Pb combined
pollution, and the accumulation of Cd in shoots was significantly minified by 38. 0% and 23. 4% respectively in Cd single and Cd and
Pb combined pollution as the application of biochar. The content of DTPA-Pb was decreased by 6. 8% and 1.0% and the total of
exchangeable Pb, carbonate-bound Pb and iron-manganese oxide bound Pb was cut down by 11. 9% and 30. 0% in the soil of Pb single
and Cd and Pb combined pollution respectively by the application of biochar. The content of Cd in plant was most significantly
positively correlated with the content of exchangeable Cd in soil (P <0.01). The content of Pb in plant was most significantly
positively correlated with the total of exchangeable Pb, carbonate-bound Pb and iron-manganese oxide bound Pb (P <0.01). In
summary, after the application of danty, peat and biochar, the proportion of highly active content of Cd and Pb was minified through
adjusting soil pH and immobilizing Cd and Pb by means of adsorption and complexation in greenhouse soil. With the analysis of input-
output, the application of danty, peat and biochar costs 4 050 yuan-hm >, 11 250 yuan-hm > and 22 500 yuan-hm >, respectively.

Thus danty, peat and biochar could be used as effective organic agents in the remediation of Cd and Pb contaminated greenhouse soil.

Key words : biochar; peat; danty; heavy metal pollution of Cd, Pb; greenhouse soil
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Fig. 1 Effects of different organic materials on soil pH values
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Fig. 2 Effects of different organic materials on DTPA-Cd and DTPA-Pb contents in soil
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C1P1-B 1 C1P1-C Zb ¥R FE i Xt Pb iy B RBF(P<0.05) ; FIRMAYIRTE Cd, Pb B G159
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Fig. 3 Cd and Pb contents of tomato shoots and roots in soils with different contaminations
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Fig. 4 Distribution of different Pb forms in soils with different contaminations
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Fig. 5 Distribution of different Pb forms in soils with different contaminations
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Pb FEMLR

HE% 2 A, JahfE bk od &5 1 cd 4B
SOEYENEZFFEMIECR(P<0.05),5 Cd %2

P IR B B K (P <0.01) , BEB N T /b 4l
BRXF Cd A IR, ASANORT A o ik 2 - 3 4
J& Cd i, ] DLaE o FE AR 3P Cd R A

R2 TEDR CAdEEEFHEKRD CdSENXE

Table 2 Correlation between soil Cd forms and Cd content in tomato

T RIRRAEDS  BEANMEESES AISES FRE A NSy ity S s

o 1. 000 0.618* 0.783* 0.594 * 0.717* 0.987 ** 0.891 *
RIRER 2 A 1. 000 0. 959 ** 0. 879 ** -0.561 0. 604 * 0.593*
PR E DG 1. 000 0. 896 ** 0.175 0.775 ™ 0.741 ™
HHEER 1. 000 0. 000 0.598 * 0.617 "
GRS 1. 000 0.755 " 0. 608 *
e85 1. 000 0.887
TR & 1. 000

1) # * KRB 1 F A (P <0.01) , * FoR AR AL B E] W #FAHE (P <0.05) ,n =12, F[A

3 nl o, Fahima kR Ph &S b Ph 32
A | RIRER A G S PR A 45 BB =H Z
EHN L EIEA R R (P <0.01). £ LR GR
AR, 76 4 R SR AR BT , Al A i
FEAK Pb 324 | BRR L 45 & S MG Ak W 45 &
A, Wi fAE P 5 4| Ph AT

3 itig

REWFFERVA PR EEAERAT, g7

| BRI IS RA AT AR 16 5 4 4 T 4
J&,mH A MR AR RN B R A
BLTT A9 22 0 S TR R 5 AT R 3L | Rt |
RGN Cd, Ph ZEABIIIEE X e I 1]
DUHIBAE B A4 K04 B Rt T L ek AR -
pH {EL AT Eh {i, M52 10 B8 4 g 1 10 0 -4 i 1 £l
T DA AR - 438 [ AH ) 3 %) 2 1T 14, DTS ) B
G JRAE B PfEEAT o seE FE 3
Cd, Pb A=W M AR .
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Table 3  Correlation between soil Pb forms and Pb content in tomato

A BRI EGE PEEADESES AIEEE BRI A NSy ity s
A 1. 000 -0.098 0. 038 0. 092 0. 441 0. 300 0.152
RIRER 2 A 1. 000 0.935* 0. 498 0. 502 0.624 " 0. 838 **
A 1. 000 0.662* 0.741* 0. 828 ** 0. 940 **
FHEER 1. 000 0. 750 ** 0.882* 0. 854 *
GRS 1. 000 0. 964 ** 0.817 *
e85 1. 000 0.925*
THR & 1. 000
1+2 0. 854 **
14243 0.931*

)1 +2; A GRIREREE G EZM; 142 +3: S | IR & S SHRE AW & 52

A ML R AT DL 2 i e AR A ML AT CO, K
THALE AT B AE BT 7, 518 pH AYRRAIL, tnl
I o3 il A A B SR A T AT LI S T ey
CO, FKSEAERITHFE LT, &5 pH, S 45 45
BT 45 3 B2 A ARG 58 B ARS8 i T i XU Ak
SRS REAR T 135 pH, v REJE PR A WAL A3 i P A
LR FI CO, BB T F FIEH; WA Y5 + 1
pH H B[R B B4R 8, Ui RH AR Wk 5 B aE it 43
it 7= A WL T A4 S5 A B ) - 396 pHL ;R E AT LA
P T3 pH SREFRAK H 4 pH, H7ER &5 e b Xt
pH TR, 156 HH B 0% (14 19 b 43 fife A FH X5 AT et A 4
pH ZE AL 5] = B | e A4 e T A R
FHXF 5

ALY TR BRI, R B £
PG PE DI REIE I, fE 0% FI 4 @ & A 45 A e s &5
A GESESAYREME AR pH EA3 N
T3, w] LA i 98 55 58 pH A K/ Sk R A AL
SIR& AWML R, A E R e LR AT
MR Cd A5 YL Cd, Ph B AT Y A
T A A Cd AT NBEILT 4.7% A
15.0% ,7E Cd, Pb B —{5 Y fIE IG5 Y55~ , 4E
Yol Ph A RS S o PR T 3.8% | 6.8% Al
0. 9% , A=Yy il ad 4 =5 3 pH BEAR T 38 Cd |
Pb B EGH , %5 Uchimiya %W] g1 Zhang %[48]
IR FE 245 S —30 AWl Cd BA—I5 LMl Cd, Pb
EETGHRT Cd AHILE AT 101.7% A
60.7% , % Cd., Pb H—5 Y 15 475 4% -3 Ph
HHLEE G MmT 128.2% . 179.4% Fi
131. 6% , HAEHIALHI AT G A 9 ¢ 38 ek 3 e W B4
FH |, 2R 175 AT Y A2 RS 1 A8 3 VR 2 e B 4 S 7
TIPSR BRI AR A R AR
IRIRZE R R, KA 2 B AR T Ph B — 5 YL A

Cd. Pb 475 Y -3 Ph RS S (P <0.05)
Cd H.—35%%  Pb A —I54LH1 Cd, Pb EHT5 5,
WAL Cd B 28 5382 5 1 32. 0% | 27. 5% Fil
43.3% ; Cd, Pb EH/I15Y ok ERELT P A7
MR ER(P<0.05),Cd BA—I5 YLl Pb BA—J5 YL
o FORME Cd AHLAS AR S T 46. 1% F179.1% ,
AT KA B i 2 2 5 2 TR i e o
(1) 4 &8 A UL 5 ) o Ao 1 1 B 7 s ok
BT 4 B BRE ) ARG XA A 2 s
B8 A 498 BH B 58 4 e o G R X 42 A IR B, A
PEAE Cd A8 m skl A F AL, Rl 5H 4R
Cd JE MEVE TR & B A LG A, $E e 7 L3
Cd B HLEE A H .

TRIA AR S 1) 25 om R AR AR 2R M 18 % Cd
Ph 4 W I # f E AIK T X B (P <0.05) , JR R AT fig
JEREIE R T AR R, & & R 4 & B RE T
BT WA T LT A E 4R R0 b
HHE B TEAS , BRAR T A 18 v S8 400 745 R Rk PR R 45
AAEEEIH, RS T AN SSIRESES
Ja B H A, 1 — 2552 e T 4 A 1 3 b A [ FN AT
B, NI /D 17 & A bk XF F Cd F1 Ph AWM. i
FE R NN e A A 4 e B Ab B | VA TR it R AR AR &R
() Cd A1 Ph &5 i T AR (H R i B4y Cd
P [ & B AL T X R, B MR R S -3 E 4R
Cd, Pb FE WAL T # S TX B RZ A3 W%
(P<0.05). UtAAE mRAAY =M THESE Cd,
Pb MAR 2 Hh_EFFAGFE RS ik v] ik 5 4R R E 4
B SA &, EA R E T A HRR RIS,
SHBAMA L, T ESER KT TFEEY,
R EMIE T, sl S A RESS & s> T 4
JR B T 1) ML 332

R AP ARE | 5 0 A 3 1) it - AT 40
MR, R 2 F 43 0 o R 270, 750, 1 5007G, 7E
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