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Evaluation of the effect of heavy metal immobilization remediation—field experiment study

HE Ying"?, DU Ping™, SHI Jing'?, QIN Xiao—peng’, XU Gang', WU Ming—hong'

(1.School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China; 2.Technical Center for Soil,
Agricultural and Rural Ecology and Environment, Ministry of Ecology and Environment, Beijing 100012, China)

Abstract: Based on field experiments, the remediation effect of several immobilization materials was studied, including calcium—magnesia
phosphate fertilizer (CMP), medical stone (MS), ferric oxide adsorbent (FA), alumina composite (AC), plant-based organic fertilizer
(POF), cow dung(CD) and bone char (BC). The dynamic weighted comprehensive model was established to assess the comprehensive
remediation effects. The results demonstrated that the pH of the soil was slightly influenced by applying these materials, increasing by 0.68
and 0.74 units under CMP and MS treatments, respectively. The application of POF, CD and BC increased the soil organic matter content
by 3.19, 2.64 ¢+ kg™ and 1.17 g+ kg™ (10.04%, 8.31% and 3.68%) compared with the control check, respectively. Under the dosage of
0.6%, almost all materials showed good immobilization effects, the immobilization efficiency of all materials except POF exceed 18%, and
the cadmium content of brown rice was significantly reduced (0.062 to 0.087 mg - kg™), which was lower than the National Food Safety
Standard of 0.2 mg-kg™'. The calculation results of the dynamic weighted comprehensive evaluation method showed that CMP was the most
applicable immobilization material in this study, BC and POF come second.

Keywords:field experiments; Cd contaminated soil; immobilization remediation; effect evaluation
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ALY 22 2R

JELASE i A1 188 52 B3R B Bl A ML T R a1 -
SerP U InEL A AR, MU B RS T
JRICRHIVTHE A-E W RIETTIRE SRR, (5w
[ RV | 181 5 A SRR AT AL, AR e - 4 o
<5 Jim POV SR A R A A A A ek A
W, FEAREREE XU o # TR AL R L 32 2800 Dy A AL
(AN RS A UL A= 505 25 ) FOCHL (42 s A Ak
Yy E R UL ARG L Tl R
SE)MRZERY AR SR B AR5 BT B
SFEA AR AT ERAE N P T ) th G P2
1] A= T35 1 2 A0V T 0 PR A AR, RE AT AU AR AR W)
X T 4 T A WA, AEL H AT B B PRAT AR B B — A AL
BRI EZHE X AR H A SFEAS B BEACHE BT A 5200 |
VR A KIS BLPE AB S RCR I35 AR SE J5 T ST 4
AN = B AR Tk . R, @S Lt
SEBEALACR A7 R S 7 R B AR S AR B
AR PG 1A 28, o H 1 B A 168 52 B AR (8 o T LA T

y= -

AT LA AL A 5 < ¥ Yok B g F 5 0
G, VEICT R HAT AU ELYE ATV % IS Hh ik B AL
SREF AL, BEA TR A AE S BAGE P S8R
PPAGIIFTE , & L IRTE O i st B 75 e 33 pd Bl
TR Bt T 25, FF R S A A R &2 & A S 1
SRS BB R BORER G A Tk

1 #MEETE

1.1 X5 i s 544

FEF 5] 3 356 1 o3 A7 F W 2 i ot 2 30 05 e AR
Mo 3 A 380 R Pk 3, pHAE -2 5.78,
AP 31.77 g-kg ™, AL BSR40 TN
1.80.0.96 g- kg f10.15 g-kg'c L HEH BT E A
0.94 mg-kg™", ML [ 5 A HEIRBE T AR I 0 BE A 0.4
mg-kg'o FIAEPARAEY) N Y L E LA MR S A, A
WFFE I LR ER A0 550 8 AR 1 S Gn 6 1 s o
1.2 iREig i+

FEIR I 1A 1T PR ALK 150 DX A - R A
H5), KA 13 (0~20 om) I FEA FRALPE R
¥ 22 R A5 5 1 X R 4k 22 /8K
FEAMRIG /N X 29 m?, /N X 22 B 15 YR I 15
HIERG % . FF Bk 7 Fhdlifk 770 2 5114 17 0.3% . 0.6% .
0.9% B s 102 it fin A 25 32 /N X 5008 X B
BRI INK I 500 3/ NKAE R AT Kl
TR KSR H AR B — S iR, %
FE 224 b oA > ISEEA 7t S TR 45 FH TR A5 3 KRR ol
JE TR IR S RURFE R AR R LI RUKFIFE S . KR
i 2 B HUBL TS T VE K REORERAE &, BET I TR AE
1.3 BE@aH

pH K JH 3% 3 B 4% 75 (FE20/FG2 , Mettler-Toledo,

&1 HUFERER

Table 1 The properties of immobilization materials

Mt TS il Ryl Hras
Materials Major components pH (mg-kg™) Specific surface area/(m’*-g™")  Price/(yuan-t™)
AEEEREAL CMP Cas(PO4),.CaSi0;  MgSiO; , 18% 5 5 8.95 0.101 2.02 810
WA MS 69%Si0,,16%A1,05 7.95 ND 8.68 1230
AL BRI B ) FA 55%Fe,05.45%CaS0, 7.38 ND 23.95 1700
FULBRE A AR AC 31%A1,05,12%Mg,CO; 7.53 ND 11.55 1550
FaP ARG HLIE POF 53.8% AT B, L B B 6.41 0.364 20.55 900
2 CD 14.5% AL, 0.4% . .0.21% W .0.13% 41 6.91 0.215 3.36 750
R BC 11% TEHLIK . 7% 1T Pk .56%Cas (PO, ), 8.61 0.09 45.26 1050

1 ND FoR AR H o

Note: ND means not detected.
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IKFERFRL A 25 B8 F 7K wgk T3, 70 “CHET 248 i it
K5 ARI0.1 g, T A A i i v SR (MR B L 3 1)
FE A B LT 160 CIY Mo &), F L ERE & 45
B FARBEIL (ICP-MS 7500c, Agilent, 26 ) K6,

BC | K |7

A || BC || MS || FA || POF |/

POF| cD || AC || MS |

=

[ RDNRDERRACRN

MS || AC || POF | CMP |¢

E
1
S

Eg CMP| BC || FA || cD |/

“
/| FA [emp|l e | Ac |7 f
7 A AT A T AT
T T T
B R ARREE
Figure 1 Experimental plot
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B AT B0 1 FH Excel 2016 F1 SPSS 25 BE4T 43 43
BT, 18 Origin 2018 2241 .
1.5 U REESTHAIE

S IMALZE A PEAG 7 19 J K B 500 P4 48 A
Al B R AR S5 HAT A O, 2548 45 AU
TG 2 AR I BRI 2 B B R R SR IR AL 320
PRI 2R X PPAL 25 S s 7S e BT AL FE AR Y
FRPE RS T— A AR A A, FEAR F 8 bR AR (1)
P A 2 AR A (i R B T 2 A1 B

O,X[ <o
Wl(x) = { 7(*’.;’&)2 (1)

l1-e JXi 2

2ot W (2 ) KA bR AR SR, i 5 i AT
i F B 0 R, o B v 19— 2 op AL, 0= = a0
W (ab) =09 (i=1,2,3,4) 85, as R 5 i IR TS
FRAS 3 K I H a5, bs) o 5 AT AL B A4S 5 AR (1
i XL B4 30 A5 A R R W (o ) ST S5 A TP AT
T2 S X R 45485 9 3 24 IR, B .

X:ZWi(xi)xi (2)

2 GRS

2.1 S FIRS HEEE AR

JUFH A6 5510 it i 0.6% Ji + 398 pH 547 HILST 5
ARG BN 2 TR o SR T AT S B AR A
A0 i) P e A 3 T o v 4 pH(E R BN ElE H
AR, M BEPE X pH S/ A FIZE AL A Sl AL b
o B2 PR SRR X 148 pH 525/, CMP
5 MS A G 155 pHAE 23 5135 711 0.68 F110.74 1~ HLA
Ho AR ACHMICHA ARk . it fin CMP XK 5 + pH {EL
SRS, R R AE T CMP S il , FLBS AR AR Ak 5 1 45
WA T 4 R Y BB R AL, 3 T 22 3 pH™, MS
T R Si AL XS v o T R R
H ) pH> 2, POF ,CD A1 BC Jiti i 5 42 5 17 3 bl
o i, S B AR LU 3 B3 N T 3.19.2.64 g- kg il
1.17 g - kg™, 34 hn b 41 43 50 S 10.04% . 8.31% F
3.68% , iX &K ik 3 Bk REAS S 1A HLAK & A
I3k E] 53.8% 14.5% F1 7%, HoAl JLFR AL RHE + 152
A BT SRR AR

8-
a a
¢ 5 I be b be be be

S —— I e I = T e
R

ol

0

CK CMP MS FA AC POF CD BC
4k 7 Immobilization materials

Tb.o 40’ [
4 a ab b
: , e S
20 ¢ 1
D = T B R =]
E e
§0 20t
ik
1 101
=
=
e 0

CK CMP MS FA AC POF CD BC
£ 4k 5] Immobilization materials

AN INE TR R AR B 7R A B R 22 5 2 3 (P<0.05)
The different lowercase letters indicate significant differences among
different immobilization materials treatments (P<0.05)

B2 0.6%EMERIFELFIT L pH /IR S EHFNT
Figure 2 Effects of 0.6% addition of immobilization materials on

soil pH and organic matter content
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2.2 HRE
Bl AR AROR X B2 A0 2 1 1 R A AU
22085 0] B4 78 4 A3 RS 0 AR, T LATEAS R 8}
HEE LRI .
Co-C,

BEfldR= =

KA CoFRXT A LIRS BA NS
ke Co RN IR HHEE SR AS8SE
kg2,

Bl A R0 1 1 4 R 00 Al AL ORI B AR
FhAT O, SRR TS I A OGS 430
0.3%.0.6% .0.9% B} T3 A RS & AR e E L
BEALRCRINE 2 EI3 AR, 0.3% WE A 338
i i A0 AT 0.14~0.30 mg - kg™ 28 Ky Jiti B S 0.13~
0.28 mg-kg,FHH 0.22 mg-kg' 2 4 0.21 mg- kg™,
0.6% it hne & , A BES 5 f it AT 0.23~0.36 mg-
kg™ 7% A Jiti 1 0.19~0.28 mg - kg™, *F- 44 1 0.31 mg -
kg 754 0.25 mg-kg o 0.9% NN, A RS S
P i IR 0.25~0.36 mg - kg™ 28 it il 0.17~0.25 mg-
kg™, S 0.29 mg - kg 547 0.20 mg - kg'o ARk
B, Bl A At i3, A S AR A
BB Jiti JinE A 0.6% 1 0.9% Bt 50 5 in B 2

& 3 s, s ndE o 0.3% i}, B POF 4, 44k,
2 5.98%~13.83% , U I 4 0.6% F110.9% B i fk. %
I3 9°H 7.84%~34.10% 1 26.06%~40.53% , 3 I U il
AT, RPN E T I  7.62% .23.07% F
30.49% , 2 B 78 & 1 0.3% 3411 5] 0.9% , i 4k &%
W42 . 76 0.6% M EEAE RIS N T, CMP . MS.
FA AC [ Elfb g m , Hor , MS gk Fedme iy, HOROZ:
Bk AC, BEAL 20 51k 34.1% F131.04%, POF,

x 100%

éi\
/é\g

R2 AEARMETTETASREET W (mg-kg")
Table 2 Effect of material additions on available

Cd content(mg-kg™")

Bk 0.3% sl 0.6% sl 0.9% #s it
Materials G 5 G 5 G 5
CMP 0.27 0.25 030 022 0.25 0.18
MS 0.25 0.23 034 022 0.28 0.17
FA 0.23 022 035 0.27 0.27 0.19
AC 030 028 036 025 036 024
POF 0.18 020 031 0.28 034 025
cD 030 026 036 028 0.28 0.20
BC 0.14 0.3 0.23 0.19 0.33 0.24
S 0.22 0.21 0.31 0.25 0.29 0.20

% addition
% addition

% addition

L_103
50 I 0.6% s
- . 0.9

5
s==
B
SO O
O N\ W

40
30[ al
20
10}
N

-10 | 1 ! I - | 1 1
CMP  MS FA AC POF CD BC
i 4k 7] ITmmobilization material

ANINE FRER R A R VR i [a) 22 55 4k 25

Different lowercase letters indicate significant differences among

lifE % Immobilization efficiency/%

different additions
3 SELFIRMEXT CdEEUL R R0
Figure 3 Effect of material additions on Cd

immobilization efficiency

CD . BC Blifb R AR XA , POF &b FRAL SR i 22 |, AL 5
TN 7.84%, POFLE03% e R, ML TAHBES
B P SO RN I 5, 3X 0T BB B T POF it s
e R R = A A BRI - 3 R ) RS
). CMP . MS MU IR 1 13 pH, A F] T -3 rh
e R A A TTTED, 15 1 39 3% 18 13 H o
B, A 2 A ) E AR Y, 55 Ak, CMP Y
MRS C T MUTVE , RERFAR CA T RE BE T , /& 1
b Cd> Bk [ 1 =ML, MS A DL R A
F14) &35 Ky R o 1k T DA 2 & £ 3 pH i R &R
W o B8 & A= B 4 T L UE BN, BRI 4 0 A
PER FA B E B N Fe0s, HE T8 ALK 23.95 m?-
g WM RE T B , AT A AR A RS R i

WF5T 285 A B, Bl Ak 700t o i () 24 o e 8 e 4
b G REAEECR (AT R N R % X,
SNt Bl A A T AR, S A Ak 0 it fin R 0.6% -
2.3 FEEFIREKBEEM M

A7 T 4 A B B R A T B R AR
HEBR AP B AR ROR () G bR 2 —  REoK R
4 4 BRAE R 0.2 mg-ke™'o HE 4 PR, RiEFT8ifL
Ab BRRTRE A 8 & 0.23 mg kg™, A BRAE
T B AR S B KRR 2 AR 0.06~0.08
mg- ke, FRAR T B 5% A B, =B LR Ak R AR BE
KB BB RCR . CMP I AC it i s K 5% o it
A, 4359124 0.068 .0.062 mg- kg™, 18 BH 53¢ 19 Ffr i £ 7]
A FRHCRARXT AT SRR | it el AR 5 mT 3
KRG = f: i A ) 1 1 T = et ok (3R
3). 0.6% jiti Nt 251F T, CMP  AC  MS 35 72 543 5] Jy
16.19% . 16.39% #il 14.58%. CD Jii fill 0.3% F10.6% 4%
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CK CMP MS FA AC POF CD
44k 5] Immobilization materials

FEL I i e AR AR UE £ bt h 15 e Y B )
(GB 2762—2017) HLE KU FR R Bk R
The dashed line is the cadmium limit indicator specified by
the national standard(GB 2762—2017)

B4 $UF0.6% M MEX K FEHE KBS ENHMN

Figure 4 Effect of 0.6% addition on Cd content in brown rice

F3 AEEMEAETKEERTE(%)

Table 3 Yield—increasing rate under different

e

=

)
T

o

=

o
T

0.05 -

RE K T it
Cadmium content in brown ri(:e/(mg . kg")

material additions(% )

AL PR Treatments CMP  MS FA AC  POF  CD BC

03% e -5.56 19.88 6.06 7.19 408 -298 6.65
0.6% s 16.19 1458 328 1639 7.66 -7.06 14.01
0.9% FhE 1978 2324 427 18.03 1560 4.57 23.05
W J5 7 5.03 t-hm™.
Note: The yield of CK was 5.03 t-hm.
17 34 S BOKAE U™ , U™ i R 5 g — 2R R i

2.4 ZEMRER

AT N - HEGRT5 YK AR KRR AR K A8 R
WAL AT 4 %, 5l AZh S
IR LR BRECEE T 25 B PSR PEAG J LA AL 1
i A

AN LA PR AR R 2 5 T ] — 48 A 8] 14 5K
TS AR AR ST B S SR v B S TR
X A RCSER S E REOKE & B A R Y
ASFEBRIEA T A2, MR B 5 Fp ) R S
P45 3 1A [ G B (HC) B A BSR4
ANSE AR £ i 2 4 [ AR RS K A B BRAE
1) 20% F1 5S0% P REK 40 % 10 N 4 - 18 5 K
A LRI 30 000 JGM R BA 50% . 75% K] 43 4
G KAF T R4 IR 5.25 t-hm > g JEUE X 77 R 9 5 )
15 10% LAN T 535598 s S Aabn 5oy 8 Lk 4.

RS SEUNREITMIEIRSA

F4 HUHRITHIERS R
Table 4 The classification of evaluation indexes of

immobilization effect

T H Ttems 75 Rar — i B

FRHEE R/ (mg-kg)  0~0.1 0.1~0.2 0.2~0.3 >0.3
BEKH S B/ (mg-kg™?)  0~0.04  0.04~0.1 0.1~0.2 >0.2
HABEE AT L 0~1.50 1.50~2.25 2.25~3.00  >3.00
(/N >6.82  5.77~6.82 4.72~577 0~4.72
P BT i v JREOKER T 1 e B BUAS v

W22 A IE HARUEAL , X 4 43 X A8 4 :[0,0.333 3) .
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o0 ) 3 W4 77 i s /N, P ) B 2 A8 A R0 ESCHRE A o
1k, % B8 43 X A0, 0.692 3) .[0.692 3,0.818 2) |
[0.818 2, 1) \[1,00) . A4k 4845 245 J1] A 384 I X3 2%
RIS, 45 RS BRE LS ML R BOM i KA T
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1=0.166 7,:=0.1, 23=0.25 , 24=0.346 2; &5
A5 01=0.329 5,02=0.263 6,0:=0.329 5,0.=0.311 1,
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TEREHE Il TR o AR B A HLAE | A 2R
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Table 5 Calculated value of comprehensive evaluation index function of immobilization materials

#4655 Immobilization materials CMP MS

FA AC POF CD BC

PEATE X 1.686 1 22166

2.902 8 2.3953 2.1302 2.178 5 1.788 7
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