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Effects of different immobilization materials on heavy metal migration in contaminated soil-rape

SHEN Zhang—jun, HOU Wan—qing, XU De-cong, WU Jiang—feng, JI Tao—tao

(School of Life Science, Hefei Normal University, Hefei 230061, China )

Abstract: In rape plant(Brassica napus), to compare and analyze the influences of different immobilization materials on the migration and
accumulation of heavy metals in contaminated soil, different treatments including sepiolite, chicken manure, straw humus, quicklime,
phosphate, and diammonium phosphate were added singly or simultaneously into the cultivated compound contaminated land in a mining
area. The results showed that sepiolite effectively reduced the available content of Cu, As, Pb, Cd, and Zn in the soil, and chicken manure
effectively reduced the available content of As, Pb, Cd, and Zn in the soil. The available contents of Pb, As, Cd, Zn, and Cu in the sepiolite +
chicken manure treatment group were 56.99%, 40.84%, 43.06%, 78.33%, and 52.23% of that in the control group, respectively. The
average content of As in rape root was about 2.13, 3.33, and 12.45 times that in the stem, fruit shell, and seed, respectively. Sepiolite +
chicken manure treatment had the best effect on reducing the content of As in seeds, which was about 57.07% of that in the control group,

and the next was sepiolite + humus treatment. The content of Pb in the seeds in the sepiolite + chicken manure treatment groups was the
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lowest, which was only 13.26% of that in the control group. The content of Cd in the seeds in the sepiolite + chicken manure treatment

groups was only 44.02% of that in the control group. In addition to humus, all the other treatments could effectively reduce the content of
Zn in rape organs. The content of Cu in rape organs was also significantly reduced by all the treatments (P<0.05). There was a significant
positive correlation between the content of As in rape root and seed and the available content of As in the soil (P<0.05). The available
content of Cd in the soil significantly affected the content of Cd in the stem (P<0.01) and significantly correlated with the content of Cd in
the shuck and root(P<0.01). The available contents of Pb, Zn, and Cu in the soil had no significant effect on the content of the total heavy
metal in rape organs. In summary, the addition of immobilization material treatments has the most significant effect on limiting the
absorption, transfer, and accumulation of Zn and Cu in rape, while it has the least limiting effect on those of As. The passivation effect of

sepiolite mixed with other materials on heavy metals is more effective than that of a single treatment, among which sepiolite + chicken

manure treatment has the best passivation effect.

Keywords: heavy metals; available content; field experiment; rape; passivation
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d, K 1390 mm , 2 4F 3408 B 7E 75%~80% 5 1l
1 FE R A AR (46) PR (D)™, %R ik
Ay, AR, —TH B, AT HE R AR T A
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1.2 R FHE
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2018 4F 10 H , FLAHl bz 17 3 4 2 0™ 37 1 e 1) b
P, 29013 hm?, B R EHLAN #291.2 km, 13
AU RN 1637 g- kg, A 2B 2 S E
43959 0.87.0.72.25.35 g+ kg™, pH{H 9 7.04., Z5 &
B VR BHAL RS, R SR TR TR 5 51 e/ N e
/N2 20 m?. HEAT AN 1 r 7 00 R A4 R A B
AT o TR A R AT R A RN T, AR
A Si0, (44.75%) . ALO; (32.01%) | Fe,0; (5%) . TiO,
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Compound fertilizer is special compound fertilizer for rape of “Hongsifang” brand
| TEYRAERETR

Figure 1 Field experiment program of soil improvement

235 AN IR 8 LA, HoAth Ak 2 K475 i 26 1) &2 45 HE A A
BB T TR ER S AN AT A R

Xt A Y 4 A 5 A 79 v < i ) ek
170 H AR R 1

Rl KHIERHEUAFNDPEEREFHEE (ng-kg',n=4)
Table 1 Heavy metal average content in field soil and passivation

agent(mg-kg™',n=4)

#E Materials Pb As Cd  Zn  Cu
+-34 Soil 360.13 85.07 0.42 480.42 380.26
TEEI AT Sepiolite 78.45 1243 0.76 112.64 63.72
X2 Chicken manure 5485 16.74 031 232.17 28.76
T FFJE 5 R Straw humus 3275 17.75 0.18 187.35 25.39
H A K Quicklime 4238 10.52 0.2 7.95 4.26

W} Ground phosphate rock  35.37 17.26  0.22 73.25 65.34
AR i Diammonium phosphate 22.86 15.73 027 73.64 53.27
%4 NE Compound fertilizer  37.28 21.34 0.32 12538 67.58

1.2.2 BUREFIAE S b 2

2019 4F 5 J , i1 26 2 52 AR i B e B4 R, g ol
Ab PR BEHLE 6 BR , A 1] 52 06 2 3 KT Ve T, B+
AMRGE 238 , 4 AR 2R R RN 4 ER A, TE
70 CHEF ML 48 ho WFEE BrAE, i JE 0 (0.15 mm
iifL) W B R A A  .

R R AR YA FR L A SR AR g R
T, B = {ARIT, BB R G A4,
JE& 3 JE e (0.15 mm i FL) , 2% B4R ORAE 25 .

1.2.3 ik

158 pH (4% YA TR L Wi =1 101R &, R
J&i , Al pH i (Mettler Toledo FE20 )l & .

B8 BRI R P A SR AR 0.5 g A

i, A5 mL HNOs 11 mL H,0,; 1.0 g + 3 (4L 7))
FE A 15 mL HNOs F1 1 mL HCIO., 43 5178 3 ik
TR (Speedwave—4 , Berghof ) HEA T TH i , 1 it 5E L€
25350 mL, FH0

A RS A TR A B 0.1 mol - L A9 &R
iR, FRELS ¢ T 3EAE B T B0, B 25 mL B il
P ER IR 2 1A T FE R IR (2542 C) TR G L 15
> 10 min(3 000 r-min™") , ¥ F 3§ BT UEZE 50 mL = £
i RS 3118

3 IR G T (AA-6300 5, HA)
e SRR S 45 B TG 5 7 (ICP-AES, XSP Intrepid
1T, USA) I E A L b B 4R ou R i
1.3 gt oA E

{6 F Excel 2010 314 X £ 408 14 ~F- 34 {8 S b o 22
HEAT RN & . R SPSS 19.0 B4 %Ki dh i
1550 M, A LR 2 7 22 43 B (One—way ANOVA) Xt
AN TR) Ak B ) B 1 22 S e EA TR 56, K1) Pearson A
KAMTEEY RN ES RS HIEE SR AEZ
] 7 5 R AT 40T o

2 ZERMITIE

2.1 RNEIAIBATIEHRSH

Xt % B A 8 rh S 4 R R A T AT (e 1)
N As . Pb.Cd.Zn F Cu iX 5 Fl 5 4 Ja8 144 b 17 A HH £
HETS BHE BN 12.44 .47.79.0.09 ,85.58 ,32.15 mg -
kg1, T3 32 b B T G iR A T AR A
Ho S54RI pRss T o b 1T e XU 8 45
FrifE (%47 ) ) (GB 15618—2018) : As 30 mg- kg™ . Pb
120 mg- kg™ .Cd 0.30 mg-kg ™' .Zn 250 mg- kg™ .Cu 100
mg-kg " (6.5<pH<7.5) , iZ M B v 5 Bl 4 & 35 8 10 W



2782

VRIEIN ity F3965 12

FEBRUE(E o

A RS TE S JE v LUSAE YW, L 38 4w
SRR R B KN, BT LIS B 4 R T
YU ] TR T A AME 2, BRI A R A RS
i, T DA P % T 4 A WA L RS AL AR
FEABFFE T, 6 R G AR REXTAS W] 52 42 i A S 52
Wi DL 2. 5525 UL BRAR HL , B — bbb BE A 3 3
A X 4R As BiALROR i 8 2 (P<0.05, T [A]) , ik
RGN AT RS A 2R 28 L0 R
45.67% .48.38% F159.98% ; X% Wty M A A K FINE
WA R 3 BEAR P Bk, A RS A Ao =S
9 %] BE 2H 1Y 64.89% . 69.70% . 70.84% 1 73.88% ; 1 11
A G A AR R Y RE S R Cd YA 5K
ATHD, 7 29 R KRR 1) 56.94% . 63.89% .73.61%
H180.56% ; Wil A7 A= A7 KRNG5 BE i 34 AR Zn 1Y
T M ARG A i 2R A R R Y 69.22%
71.19% F176.24% ; M0 47 B0y Rl FF I 5 5 Ak
A7 IR I BE B35 5+ Cu A M A RS S A
2y hy a3 1% B4 1Y 63.56% . 72.28% ., 74.28% Al
74.82%.

TCAIVEE AL 738 1 5 T 4 i R AR WA L SR A T
FEHCELITVEVE T, DI R AV 2 4 0 2 0 A e
TCHLEEAL T 0 41 X As . Cd . Pb . Zn fl Cu 5 Fl &
BRI BENEAER X ST AR BEE SR
FRIFTS A R DR Ry A R ek A8 + SRR B, fifi
IR G A S ALY UIE AR T A — E RS

e 4558 R R P - 09 DL 0 T 4 B s vl A
B FEARWFTE R, A A O S Bl 4t R AR
TR BEARAE T . WA 3 X+ 3 oF 9 P As . Zn il Cu
0, R IR I 2 A B A RICR ARG, W IR R SON
RS R CdEILER B (R2).

A MBI 2% A e AR R A EY
BB FROC R, WA MR T As.Ph.Cd
MZn AMESBEHAEUS G2 TR LEES
JEEEMERCR I s AT A B 4R A AR
B S Wi A7 AE 25 S0 L Ph L Cd T Cu B9 A RS & 1 1%
fIX, Co RS & 5 MR 2 (HR As Bl Zn A RIS
TR RN, 3K AT RE 5 A T AR T 1 Y R
Fx, MR LB ENRNESRAUESSEAER
KA IE A, AT FL ) 4 8 b B 4 R B BT 3
SR B 45 B RE T . XS FE AL R A HE T A B
T, O ZE v e il i + 3 T & R B A 7
FOR AR - T 4 Jm G k.

R BIWEIE SR B, O AL A A LEE AR A TR
AEHBEE A MR EES R A RSN S
228 M — MR AR B VA S LR
Py X6 24 RS B8 3 o VR 5 Ah B 3R IR B R (I
LSRG R (£R2), SAIE G A A - rh
Pb.As.Cd.Zn Fl Cu WA RS T 43 e 25 oo R
) 56.99% . 40.84% . 43.06% . 78.33% # 52.23%; 5 J&&
FH IR A AL BREH 13 P As . Cd . Zn Fll Cu B BS
T B S O IR ALY 62.33%.43.93%,72.22%

®2 AELEBEARTEPESRAUSEE (mg-kg',n=6)

Table 2 Available contents of heavy metals in rhizosphere soil of rape under different treatments (mg-kg™',n=6)

AL B Treatments Pb As Zn Cu pH
1 58.23+12.57h 6.06+2.24d 0.04120.006d 40.32+5.24d 22.5424.23bc 7.2120.34ab
2 51.15+13.05h¢ 6.42+1.87d 0.046+0.006¢d 44.41+5.93¢ 30.63+7.48ab 6.86+0.52ab
3 65.82+11.32ab 17.21+2.37a 0.064+0.005a 66.568.73a 26.3427.47b 6.42+0.27h
4 55.84+9.56h 7.96+2.58cd 0.053+0.009be 41.47+4.23d 26.53+4.32b 7.84+0.54a
5 54.9427.94h 9.82+3.39¢ 0.06620.005ab 47.42+2.67bc 25.63%5.92h 6.92+0.32ab
6 65.23+9.05ab 10.86+2.54hc 0.058+0.008b 59.23+3.42h 35.1627.54a 6.84+0.24ab
7 74.64+10.74a 13.23+2.23h 0.078+0.003a 58.3625.45h 35.29+6.45a 6.75+0.38ab
CK 78.82+12.21a 13.27+2.98b 0.072+0.009a 58.25+7.24b 35.46%5.39a 6.78+0.42ab
1+2 44.92+8.93¢ 5.42+1.25d 0.031+0.002¢ 45.63+3.12¢ 18.52+6.46¢ 6.83+0.36ab
143 49.13+10.47bc 5.83+1.58d 0.052+0.002¢ 51.72+3.23bc 26.38+6.58h 6.71+0.46h
1+4 64.84+8.59ab 6.66+2.16d 0.05620.007b 43.83+2.63d 16.47+3.16¢ 7.62+0.47a
145 58.24+10.58b 7.72+2.47cd 0.059+0.009b 57.4627.74b 25.85+2.19h 6.87+0.39ab
1+6 58.12+9.58h 11.3122.58bc 0.061+0.004b 54.82+6.45h 28.49+3.38ab 7.17+0.45ab

B = VI AR ED 2 s B S AN NG F B OR 22 53+ .35, P<0.05. Tl

Note: Date=mean+SE. The different lowercase letters indicate the differences are significant among different treatments of the same index (P<0.05).

The same below.
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4 JE Ph SR & i i, SRR I AR
ZES WIS T T MR Ph I S R AR TR 445
AS[EBE R X 345 5 B Ph Y 1 R 25 57 4
KA B FRAE T M SE 4 Fh 3 Ph () 2 5 0
FEMR I 2 ek D T SRR Y Ph Y i B RICRAR
T A (& 3) o R BE B0 S 28 R FE FIAp
H Ph BB I S AR A K OB B R R RN
A MR RE B s T SRR 25 b P Y B, AR A K
R — et o 2 WD e Ph I & i BR T AR
TR A R, LA A e b BE 34 X6 i S Fh 7 Ph 555
WA B SR . M A A L A A FE Y

- a a a
40Fab ab ab I ab ab I ab I b
- LI elnT e

1 2 3 4 5 6 7 CK I1+2 143 144 1+5 1+6
AbFH Treatments

0971 a

0.8 ab :[
~07F b T ab ab
—;Q 06r b b be I
p c
EO05r
S04t
n
F02F

0.1+

1 2 3 4 5 6 7 CK 142 143 1+4 1+5 146
AL H Treatments

FER I BN FREA R R 225 2.3 (P<0.05) . T 1]

Different lowercase letters indicate significant differences among different treatments (P<0.05). The same below

B2 mERELE A HIER(n=6)

Figure 2 Contents of As in rape organs(n=6)
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Figure 3 Contents of Pb in rape organs(n=6)
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Table 3 Correlation between bioavailability of heavy metals in

soils and plant parameters

JG% Elements #7 Parts 2 Root  Z£Stem 5% Shuck Ffi 1 Seed

As FHESoil  0.683%  0.497 0410  0.569*
2 Root 1 0.708%%  0.576%  0.696%*
Pb FHESoil 0176 0.413 0.544 0.321
2 Root 1 0.381 0.115 0.306
Cd FHESoil 0398 0.725%%  0.190 0.490
2 Root 1 0.498 0.790%%  0.513
Zn THESoil 0234 0.077 0.030 0.282
Hi Root 1 0.811%%  0.880%*  (.687%*
Cu 1HESoil 0384 0.120 0.267 0.136
H Root 1 0.834%  0.941%%  (0.876%*

VE i A (P<0.01) , * i A G (P<0.05)
Note: ** extremely significant correlation (P<0.01) , * significant
correlation(P<0.05).

o Cd 1 TR AR S A DG OC R (P<0.01) . 1
o Zn A RGS O TR RIS AS 2 B Y Zn AR 1S N D
S (AR Zn B B S AN 3 AR T Zn 3R
e S A G (P<0.01) o [AIFE, 148 Cu A RS HBAT
X SR 2 B Cu B S MR (HAR R Cu H
fih 3/ H H Cu 93 i A S 25 AH DG G R (P<0.01) 6
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