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Remediation of Multi—-metals Contaminated Acidic Soil by Mixed Inorganic Amendments

GUO Rong-rong, HUANG Fan, YI Xiao—mei, LONG Xin—xian"

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China )

Abstract: The main objective of the present study was to determine the capacity of mixtures of some inorganic amendments to reduce the

bioavailability of heavy metals in multiple—metals—contaminated acidic soil. Incubation experiment with orthogonal experimental design was
conducted to study the efficiency of mixed inorganic amendments in increasing soil pH and decreasing the mobility of Cd, Pb, Cu and Zn in
a multi—metals—contaminated acid soil collected from the Dabaoshan area of Shaoguan City, Guangdong Province. Then a pot experiment
was carried out to examine the effects of six different combinations of three inorganic amendments on heavy metal bioavailability and growth
and heavy metal accumulation of red leaf lettuce ( Lactuca sativa L.). All combinations of three inorganic amendments significantly increased
soil pH and reduced the mobility and bioavailability of Cd, Pb, Cu and Zn in soil. The ability of immobilizing soil Pb, Cd, and Zn decreased
in order of limestone > hydroxyapatite > zeolite, but for soil Cu it was limestone> zeolite> hydroxyapatite. There were significant negative
correlations between soil pH and bioavailable Cd, Zn, and Cu. When soil pH was raised to 6 ~7 by supplying inorganic amendments, red leaf
lettuce grew healthy and the highest shoot biomass was obtained in soil treated with 4 g-kg™ zeolite+2 g-kg™ limestone + 6 g-kg™ hydrox—

yapatite. However, over—doses of inorganic amendments inhibited the growth of red leaf lettuce. Though all these mixed amendments signifi—
cantly reduced the bioavailability of Pb and Cd in soil, the shoot Cd concentrations were still greater than 0.2 mg kg™ (the limit for food
health standard ), while shoot Pb concentrations were close to the limit value(0.3 mg-kg™). In summary, mixed amendments of limestone,
zeolite and hydroxyapatite can improve the growth of red leaf lettuce in multi—-metals contaminated acid soil, but the safety of red leaf lettuce
is still a concern.
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Table 1 The orthogonal experimental design

—_ = = e
o

phpL] PR 55t 5 Amount of amendments/g-kg™

Treatment 7 Zeolite 7 JKA7 Limestone &HEM0E KA Hydroxy—apatite

X CK 0 0 0

1 0 2 2

2 0 4 4

3 0 6 6

4 2 0 2

5 2 2 0

6 2 4 6

7 2 6 4

8 4 0 4

9 4 2 6

10 4 4 0

4 6 2

6 0 6

6 2 4

6 4 2

6 6 0

—_
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Table 2 Application rates of amendments in pot experiment

L

gLl P K55t A Amount of amendments/g-kg™

Treatment 77 Zeolite f7 /KA Limestone 2B K77 Hydroxy—apatite
%I B CK 0 0 0

A 0 4 4

B 2 6 4

C 4 2 6

D 4 4 0

E 6 0 6

F 6 2 4

W 2190 22 32 - (b g A PR A AR 217
A ROREREN T i et 4 586 5
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TRFIAR R T8, i B A F o H3RE S FAR XL,
1120 HAN 100 HFRR4H7 -
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Data are mean + standard deviation(n=3) ; Means followed by the same letter are not significantly different(P<0.05) according to

Duncan’s multiple comparison test. The same below.

B 1 REFRE XM RS £igEEFF 20 d 1 40 d3¢ 3% pH ERIF I

Figure 1 Effect of different treatments on soil pH after 20 and 40 day incubations

£3 FRBAYURAX LEFESREELSLENZM(ng-ke)
Table 3 Effects of different treatments on available heavy metals in soil(mg-kg™)
AP Treatment 3204 it 40 d
Cd Pb Cu Cd Pb Cu Zn

X HE CK 0.27+0.03 9.26+0.83 7.68+0.45 26.15+1.21 0.31+0.02 11.75+1.10 9.29+0.89 27.03x1.58
1 0.02+0.00 0.14+0.01 0.23+0.03 0.77+0.07 0.02+0.00 0.16+0.01 0.32+0.03 1.08+0.11
2 — — 0.64+0.04 0.06+0.00 0.01+0.00 0.03+0.00 0.50+0.00 0.06+0.00
3 — — 1.06+0.13 0.03+0.00 — 0.10+0.00 1.05+0.01 0.07+0.00
4 0.10+0.00 0.95+0.05 1.17+0.09 12.09+0.36 0.14+0.00 3.15+0.13 1.65+0.04 1.28+0.07
5 0.03+0.00 0.28+0.02 0.21+0.00 2.18+0.11 0.05+0.00 0.59+0.04 0.38+0.01 3.68+0.14
6 — — 0.86+0.01 0.05+0.00 0.01+0.00 0.03+0.00 0.68+0.02 0.08+0.00
7 — — 1.14+0.23 0.02+0.00 0.01+0.00 0.06+0.00 1.07+0.03 0.06+0.00
8 0.03+0.00 0.20+0.01 0.39+0.07 3.36+0.03 0.04+0.00 0.34+0.02 0.52+0.00 3.61+0.08
9 — — 0.36+0.03 0.12+0.11 — 0.08+0.00 0.38+0.04 0.15+0.01
10 — 0.07+0.00 0.33+0.03 0.07+0.02 — 0.02+0.00 0.31+0.02 0.12+0.00
11 — 0.05+0.00 1.03+0.08 0.04+0.00 — 0.07+0.00 0.92+0.08 0.09+0.00
12 0.01+0.00 0.09+0.00 0.32+0.02 0.84+0.01 0.01+0.00 0.16+0.00 0.40+0.02 1.01£0.08
13 — 0.05+0.00 0.27+0.05 0.14+0.00 — 0.08+0.00 0.27+0.00 0.20+0.00
14 — — 0.41+0.07 0.05+0.00 — 0.04+0.00 0.29+0.00 0.05+0.00
15 — — 0.68+0.03 0.34+0.00 — 0.09+0.00 0.55+0.04 0.03+0.00

— R T, e . TR
Note: "—" indicates that metal contents were not detectable. The same below.

1) Cd 2] RAFAEERCR . Y A KA Rk
KA AR R 2 g-kg™ B, L8589 P 1 4L %
435K 91.85% 98.07%F1 92.74% ; 4 A7 it FHl 4 My
4g-kg?, BAKA .. FREBKAMHEN 2 g kg™
mf, 3R Cu 19 LR 5 5k 94.25% .96.37% .
91.42%; 4 A1 A AT IR IR Gt 2 ¢
kg™ BF, 438 Zn (4 AL R 4 RIR 95.28% 95.27% |
97.69%, AL SR R BIAH S 47 K- o

IEAR G i 8 2R E 20 d, WA A K
AL BRI AR Cd AR 2 FAE 7512 1.388
3.159.1.48; +3EEF 40 d I, WA A K AT R AL
TRAT FAESM 3R 1.606.3.592 .1.635 , 3X P A7 KA
XA 1338 Cd A RCPE P BTk K, B2 3L I A
AW TR ZEARZ, 1 HREE R & R IEE 3 ek
R A 3 Cd AR RCRARAE g . A, IS
M R3] R 20 d, WA IR FRIEREIK
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FXF Ph ALK F 4314 1.033.1.393 .1.099, %t
Cu LRI FAEA 314 0.993 .1.037 .0.725, %t Zn [
LI F A5 30 1.196 3.683.1.361; +HikEH
40 d I}, WA A KA FRIEBE IR Ph 1 FAE Bk
1.062.1.989 .1.148 , % Cu [ F (B4 31k 1.055.1.286 .
0.826, % Zn 1) F {4331k 1.087 .1.713 .1.400, %3
B TR A St A - 38 Ph Zn A1 Cu 45 280HE: 10 5 ik
oK, BRI AT AR 1 4% Pb Zn A RCERS LT
WAL (E A A 48 Cu AR AR T 5 i I
fio

AP 138 v LI Y, AR 045 Rl R A e R 75134
i35 pH {ET1ET, (HARFE 1.4.5 F1 8 -3 pH {ik
F 6, % BA G EL A = B, B R AR AT
DIHESEAE R 248 [FIR 25 je s an i ol R 9 148 pH
I m WARFREY A R, 2EH 6 b FRE
IR (% 2),
23 AEREMRFIX A EZIRE KM

ZTIHAZ e -1 A K B e, 25
MEF55 R wE, Hot IR A E A O (R 4),
HARALER A FIALFE B BB L 358 pH RIREAE £
Herp Cd\Pb Zn .Cu AR H(E 1. 2 .3 6) 0

R4 MEIM AR EME (g pot)

Table 4 Shoot biomass of red leaf lettuce

Yi'5 Treatment £ F Fresh weight T Dry weight
Xf i CK 1.70£0.17¢ 0.2720.02¢
A 0.43+0.19¢ 0.15+0.03¢
B 1.03+0.65¢ 0.22+0.53¢
C 26.58+4.21a 2.17+0.33a
D 17.59+0.98b 1.35£1.07b
E 23.39+1.50ab 1.69+0.10b
F 22.02+1.84ab 1.60+0.11b

SR Duncan Z2 5 0, HATAH R - BEA Bodh ) JC 3 22 5
(P<0.05), FIrl,
Note : Means followed by the same letter are not significantly different

(P<0.05) according to Duncan’s multiple comparison test. The same below.

MM AR IFBA BEEEN , A K8, Rk
B, ZEM R /INET AN, b b3 104 2 4 i %o B A 3 2 ]
WHRBEER(EKL), HHELMHCDEMEF KRR
Jo , LTI A SR B R, SRR A= i 43 ) Sl o R
1) 15.6.10.3 . 13.8 {5 H1 12.9 £, ForP fE A0 FE C (4 ¢
ke WA +2 g ke KA +6 g-kg! FRIEEBE KA )R
38 FAE R LTIMZZ SRl AR AE YRR
24 ARBEERFAMAHBEXRTRTINELES
=M

HARFEALEE C.D \E F MR 38 Feryhdi A K
fat R (T304 Cd Fr b RORAR il T K
FREH ISR EE 521 Cd i FFR 0.2 mg-kg™, 551
YRR C, hEE &5 Cd &
E(25), HIEEAIE D EF R A2 2
53 Ph Er i B TARE T SR B S Ph B i 1
FR 0.3 mg-kg™', (HJE HIEZL A C LR )5, AT &3R4
(1) Ph 5 S ATh 0 25 F R ARE (3R 5) o4 PR A el 1 71
i A2 SR Cu Zn S AR T R ARMER F IR
{8 3B Cu S LI BE D E /i, 40P C & i
s Zn SR LIALRR C E 5, D OF AR (% 5),
2.5 WikimERELE pH MIECRBAYSRE

ARS8 135 pH (B S T, i H
BALIR 2 8] 22 5 B % (£ 6) o AL B A3 pH i)
(pH=7.70), Hb X Bl -3 & 29 3 > By, JLyko2 b 3
AL X RE R LR 2y 3 A By . Kb E ol R 14
pH /& (pH=6.24) , {H 1 b X B8 - He s in 1724 2 4~
AT

-t ek R A, B3 RGE Cd & &2 8 R
i, 4300 Lo B SRR T 85% 91% . 70% . 79% .
529%F1 67% , Ho b FE B(2 g-kg™ Wi A1 +6 g kg™ 1K
fi+4 g-kg” BRI KA R HIEA RS Cd &
A, AL HE E(6 g-kg™ W A1+6 g kg™ FRILME KA )L
RIS Cd Sratm . [FFE, 6 PR A S R

RS AmEFRMEFESRIE(UEET, mg-kg)

Table 5 Contents of heavy metals in red leaf lettuce shoots

Kb 3 Cd Cu 7n
C 1.28+0.09a 0.34+0.02a 1.37+0.30a 6.79+0.43a
D 1.18+0.08a 0.25+0.00be 0.56x0.07¢ 3.17+1.04b
E 1.25+0.02a 0.16+0.01c 0.82+0.05bc 6.46+0.05a
F 0.98+0.02b 0.29+0.04ab 1.11£0.13ab 4.80+0.07ab
i AR UE 0.2(GB 2767—2012) 0.3(GB 2767—2012) 10(GB 15199—1994) 20(GB 13106—1991)

TE:CK ARTE A ZbTE B AYRIPIRE S R TG .

Note: For CK, treatments A and B, amount of the samples was not enough to be analyzed.
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o WikimERELEpH MESREUSSE
Table 6 pH values and available heavy metals in soil after harvest
of red leaf lettuce

Y Cd/ Zn/ Cu/ Ph/
H mg-kg

Treatment mg-kg™! mg-kg' mg-kg!
XFHE CK 4.39£0.09f 0.34:£0.05a 9.55+0.69a 25.00+£2.95a 12.40+0.75
A 7.17+0.13b 0.05+0.00de 0.13+0.01b 0.13+0.03¢ —
7.70+0.06a 0.03+0.00e 0.12+0.02b 0.06+0.01c —
6.61+0.06d 0.10+£0.0lc 0.12+0.05b 0.45+0.04¢ —
7.03+0.06¢ 0.07+0.02d 0.11+0.01b 0.12+0.02¢ —
6.24+0.09¢ 0.16+0.02b 0.29+0.07b 2.59+0.86b —

6.69+0.06d 0.11+0.01¢ 0.12+0.01b 0.53+0.03¢ —

>IN o B ww R o B e

P AR T B3 CuZn M Pb AR, H6
PR A R Z A B 255, Hdh R a 8GE
Cu 75 HE X B AR T 97%~99% , 345 3575
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BHEBIY Zn FrEbEE T3 pH T A .

4 Cu Zn A& 50 5 5 22 S B

04r
;m 03l y=—0.098 4x+0.767 3
S R?=0.985 7
i
QT 02+
=
&)
ks
o1t
&
*
0 1 1 1 1
4 5 6 7 8
13 pH {H
100 o

y=-3.036 4x+21.371
R=0.816 1

WA Zn Fri/mg ke
~

%

A
o

2L j;t’%%pﬁﬁ

PRTEIR 5
20f y=-8.101 9x+57.17
R=0.858 2

15F

10

WS Cu &im/mg kg™

ks

/QA
(=]

5L i%PH{E

B2 i pH 5T EECERAUSHXER
Figure 2 Relationship between pH and available heavy

metals in soil
Cu.Zn & 2 "W 5 R 43 51 4 0.806 8 FlI
0.762 9 {H -3 Cd AR T 5 i 3R] &3 Cd
WA 2 ) IR AR ek

R BWRBERELREpH ESRAVTAESHENEERSEXR

Table 7 Heavy metal content in plant as a function of soil pH or available heavy metal content in soil

MK 2 (x) T E )8 (y) [ = 5 A HIEES 3
Factor Heavy metal in plant Regression equation R?
pH Cd y=0.52x"-7.08x+25.05 0.216 6
Pb y=—0.712"+9.47x-31.46 0.906 2
Cu y=-3.61x"+47.59x-155.42 0.932 3
Zn y=—6.86x"+86.70x—267.22 0.840 5
THEPASEES)E Cd y=50.89x°-11.33x+1.75 0.195 5
Available heavy metal content in soil Cu y==0.77:2+2.17x+0.34 0.806 8
Zn y=—1 436.6x*+592.92x-44.67 0.762 9
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