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P AR AL T 75 G R b A SRR W E B A 5R 4>
I
EEE 1 BHIDY FEIZ TWML, KT EREL AKX

(1. FERZEGEEEDE, ] 510650; 2. FEEIERE K, JhET 100049; 3. )AL EIEEEE ARG RAF, M 510060)

WE: NS T ERAENEIFME R8I Cd 5 4R LM RO, R #R4 3¢ (Lactuca sativa)ik 3, Tttt
7R L FE 5 70 RIHE P8 77 70 3R IS T RE Y T AR . 25 R, 77 (= 660 mg Sifkg) 7y Rl 2K A7 43 5l BEAR T 123 Cd
A1 Pb fIAE %0, ST (220 mg Sifkg) i f# 138 Cd A1 Po B2k BT+, )= 660 mg Si/kg HIEEALTRIE A= 32X Cd Al Pb
PR B BEMEIN. RERAER 258 R LA Ca, iR Ca-Cd SE IR SORANHIAESE Cd BAL, i dEd it fF K 1%
Cd ARMEE/ER . Wi TR &R 3E0 Caw Mg Mn Al Zn &8, /MR Cu &8, it RS M FFRAESEM M. Zn
FrhE, /NIESEIN Cay Cu Frik. w7 (880 myg Sifkg) #4322 4 3™ B FEAIK 29%, TV I = 660 mg Sifkg e Ak A7 AT
SR 10%~12%. Fih, fERAEIF=H0 Cd #khE, 7K Cd V5 4 L3R EE g R R 5L, (HFRIEZANAS Zny Mn 38245,
KR EEBIGY: KA o0, B RMEE

doi: 10.11926/jtsh.4208

Effects of Two Amendments on Heavy Metal and Nutrient Absorption of
Lettuce Grown on Contaminated Soil

DONG Mei-liang!?, LU Shu-ji®, HUANG Rong'?, MAO Peng', ZHANG Liu-quan®, CUI Xiao-ying"?,
LI Ying-wen?, LI Yong-xing!, ZHUANG Ping?, LI Zhi-an®"
(1. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049,

China; 3. Guangdong Wanshan Soil Remediation Technology Co. Ltd., Guangzhou 510060, China)

Abstract: In order to understand remediation effect of wollastonite (WS) and 4A molecular sieve (MS) on
Cd-contaminated soils collected from northern Guangdong Province, the absorption of heavy metal and nutrient
of lettuce (Lactuca sativa) was studied by using pot experiment. The results showed that the available Cd and Pb
contents of soil significantly reduced with =660 mg Si/kg MS and WS, on the contrary, those increased with low
dose (220 mg Si/kg). Therefore, it indicated that =660 mg Si/kg MS and WS had significant inhibitory effect on
the accumulation of Cd and Pb of lettuce. WS inhibited lettuce Cd uptake through enhancing Ca-Cd competition
rather than reducing Cd availability in soil. MS reduced Ca, Mg, Mn and Zn contents and slightly increased Cu
content in lettuce. WS decreased Mn and Zn contents and slightly increased Ca and Cu contents in lettuce. The
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lettuce yield reduced by 29% with high dose of MS (880 mg Si/kg), and increased by 10%—-12% with high dose of
WS (=660 mg Si/kg). In conclusion, WS had better performance in boosting crop yield and decreasing crop Cd,
showing a potential for remediation of Cd-contaminated soils. Besides, the decreases of Zn and Mn contents in
crops should be addressed by the proper addition of Zn and Mn nutrients into soils.

Key words: Heavy metal contamination; Wollastonite; Molecular sieve; Immobilization amendment; Soil remediation

FRE A 3 4 JE 5 g R S, 2014
ERAN (AE LG GURRE AR Box, IR
FE i 4R bRRIA 19.7%, Hrh Cd Sfrheg
1K 7.0%, V54 HEHARZ)N 2.00 <107 hm2lt, 4
BESBISPIIRE LS. ARSI
AT ERIEHRS,  p oy T ) B A2
) R, A% FHEE 4 J@ i Ye v B FE AR R, T FH AR
A, HufeHmEMEE . E&EMAL. WS
Br. HENMEE ST, ZHECERABAES, FX)
ME, BeBEuE AR RS HESHE M, 4
i CAE S A3 B R o

A H R AT B A A, IRk, Bk
fEj 5 AR =B AL, (H H AT E AR
AN, RERATEE, I K& 7R EAA R ) jL
T E SR IR, TERRE SRS
[FIRT, R h b e R I HENE, I R
BRI 238 AR VB o« H RTHRIE BRI 2
R%Z, HAGT AR TIRIERA G, AR 1%
P b, &R AN R R R T St b, RE
IRAAHERM, REARANHIEYIRT ES)R Cd Mk
e, TR EY) T S el 71 AR5
(S T2 e i J R B RE 1001, 23T 1) NH4* 28 4
TR AR 34 50, B OB K I E SR,
PRI RE B PERA, (Rt 70 A Blik 1438 Cd (1R
081, BRI, 2 AL P S B S AT 7 K21
PG, BREAEIEMIR ERRBL, SHEZIR L
FRORIREIA,  DAROU 3B E TR IR

PR, A SCRIF AA 43T A A R Bk,
PLA: 3% (Lactuca sativa)iE AT @Ak 5, W LA [R5
T 2 AL T AR A RO L X S S G
TIEAE R R o R s e, AL
FULE AL X B B SR AR R

1 PRI 7

1.1 REAR
R IEEE AR AT X S VE Cd

HYRH, R 5 SEFEE, WERJZ 20 em LIk
17RFE. 135 pH Ay 5.83, TIHEPHES 132 Pk (cation
exchange capacity, CEC)A4 3.9 cmol/kg, 4% #HAL
B SR, APLREE 08 1.03, 0.5, 0.13 Al
36.17 g/kg, A Cd. HHCd. HHPb. A Zn. H
R CuH & Mn &7 4 2.97.1.87..80.44. 36.35.,
9.90 19.06 mg/kg. #iALFIA 4A 73 IR A, 4A
ST IR (AR F0m) 2 — P& R R £, B AL
£ 0.4 nm BIRFLILIT A, R DAR BRI S BN T
4A (0.4 nm)i¥15r¥-, 4> B 36.98% SiO2. 28.84%
AlO3 H1 15.84% NaxO #l, MR EAL 19 um, pH
9 11.8 (1%7K¥EHR) - FEKAE—FhRIR I BRI
W, H1 45.18% SiO,. 42.76% CaO £ 3.04% MgO
M, FEMRAT PR AR L) 14 um, pH N 8.43 (1%7K
W) o o T 0w AR A 53 0 B B3 37 53 1 0
BRAFMITAHBERMTHRAA . HHkA R
(Lactuca sativa)F -1t H = Ef 7 A TR A o

1.2 BTt

FEH E R B A r M A e AT AR e .
#A R} 75290 mm %230 mm %115 mm)3% 3.0 kg Cd 54
+3E, WE 9 MALEE: %220, 440, 660. 880 mg Si/kg
WREE 53 B IORE AR 437, B 2KA 0.95. 1.9,
2.85 fll 3.8 g/kg, 4 T-¥ii 1.04.2.08.3.12 i1 4.16 g/kg,
PAAIRBEALA XS 1, b PR E 4 MBS . Btk
AE LR RE, RS KEL A 70%, F
i1 30d. URE . BEIR Sk TRERH VRN, 77
2y & B8 N 0.2 glkg. P20s 0.15 g/kg Al K20
0.2 g/kg. JtifIEJm P 3d. NELEW 15d 5, B
Iyl FAR 3 RAESEA T, A 31 d Rk .

1.3 FESHT

A SRR JE A B KR e, 43 ot B
AL B, 7E 70°C A At B E e IR R, R)E
M FFE 0.5 mm i, AT fEakille. ARBoR)E
KRS, KT, 25t 2 #10.15 mm . A
TIE Cd i, TR IR & 7 5 HNOs-HF-
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HCI (AAR L 6 & 2 & 3)F1 5 mL i HNOs iR b W fid,
FH R & 55 B 1A R 6V (ICP-OES, Optima
2000 DV, PE, USA) 5& -3 AIAE IR b Cd & &
3% pH % FH pH it (Mettler Toledo FE-20K)l & (- :

K=1:25). RHZEMNEEENR -6
T - HEPH B 742 #e e (HJ 889-2017) . 1-1% Cd.. Pb.
Cu~Zn.Mn FRME R H DTPA 32 #2i2:(48 h ill5E),
+3EA R K. Ca. Mg Al Na &E%FH Mehlich-3 A7k
204, FR-FIRISOERER(AAS, contrAAS00, 1 [
HRE) AT, RGNS 8. R
TH AL RIS HUIE) R A bR A S ROKFE i GBW(E) 100357
ol 3R GBWO7437, FF i IR 5 7E 90%~
110%. K H ICP £ Ju = An #E VA T (GNM-M27195-
2013) = >y Jit 4% 1] (QC) s E A% vHE Wl 5 11 43 J8 o 3%
WRE, IRl 7E 90%~110%.

1.4 $h4k7 Cd Rt A8 F15R R SE

FRECEER A7 0.05 g T 50 mL 250 A, K
JE43519 04 2. 5. 10, 20, 40. 150 mg/L ) Cd ¥
¥ 50 mL. FREXL 4 F9 0.02 g T 50 mL &0, I
NHFE /58 1104 125, 150, 175. 250, 300 mg/L
ff) Cd A7 50 mL. HFbFEE 4 ANEE. TEET
300 r/min fE¥% 4 h, {HIE VAT 16 h, 3 374>g &L
5 min, R IS R RIOE TSR (AAS, contr-
AAB800, fEEHLE)NE. F Langmuir i 77 FEH A
BEALFI Cd WP AE F1, Q=(axbxx1-c)/(1+b>xx!-),
T, Q ks B Py sy B A W B Ca?* 1) 25 E(mglg),
X RV CAZIIAGR R % (mglL), a. b Al ¢ 43l /2
R B B A OC () 8 £

1.5 BT

A ¥R 4 RES W TFIE HhrfE . K
FH B DR 2R 7 22 40 W s A ) 11 22 5 B 3k (P <
0.05), K Tukey honestly i 35 1 22 A6 56 V2354 T
ZHE L. DA RN R RBOR R 7R 38 4b 1%
R~ IR Cd S EFAEY) Cd & & 2 18] (IAH &
(R, BFXIEA 95%). KA SPSS 19.0 &
PR HR AT Gi vt 404, A4 Origin Pro B2

2 HRAI AT

2.1 BTN AR AR IR N
HE 1A, 2 FREifkFI7E < 440 mg Si/kg i}

X AR SR R AE R A B, X —
BAE T, ANFEET= 2 T ARVER, A
Y& ETF, 660 mg Si/kg FliAkFMEASEH EERA Y
M 3989 LFE 447 g, ELXFHEBEDN 12%, HE—
A 1 Ot FH 0T AR AN P AR R R . T A F
AL 660 mg Sikg J&, ASEHL B AR E RS T
W%, X% 880 mg Si/kg I, LLXTHENF% 29%, 2 Fh
B TR A 3 () A SR M R AR ) I O B AR
H—g, BEEBGH RN SRR BTN,
EE5XMZE AR, (L 880 mg Sikg 15T
Ab BRATE AR St IR A AT X R

5. —=—MS-AB--#-- MS-UN
—e— WS-AB---e-- WS-UN

A4 1 Biomass (g)
(3]
T

a _md_ a a
‘%"":::::lﬁz::::::::'!5"::==;:::'E"'=:::::'b

0 1 L 1 L 1 L I L 1
0 220 440 660 880

04k Amendment (mg Si‘kg)
1 BEALFRIXS A SR AR AR . MS: 4A 73 T WS: REXCH; AB: b
4y UN: H R385 n=4; 2 EAR 7 RERRZE 57 E%(P<0.05).
AT KA
Fig. 1 Effect of amendment on biomass of lettuce. MS: 4A molecular sieve;
WS: Wollastonite; AB: Aboveground; UN: Underground; n=4. Different
letters above the same line indicate significant difference at 0.05 level. The

same is following Figures.

2.2 BhALALZE N A 24 I AR R

BALAL RIS = T 4 pH, B BEE BRI I
BRI EA, BORHER, pH EAT 1A
AT DLE, BEIFTEEER 1), 2 Rl B K
T IR AL B R (CEC), {EAR R IR 1
AbERE), 13 CEC TR EZ R MMibE& R AN
EIIEM, T3 CEC RREUE K, ¥iN 880 mg Si/kg
It CEC i& 13.34 cmol*/kg, FT+7T 34.8%.

SFIRHREI T LR K AR, K E
B4 T 33.3%, REAKAT N 3% K AT Rk G 3
SN . 5 Na F4RH -7 43586 2% Na 75 &l 5 3



428

IR 2l

08 4%

K, HERMERBZELMEML, SKHERN LT
B Na & & BT 10 50 L, (HEEARCA IR R T
TIEA R Na & &. B TN 660 mg Si/kg 7
i HIEA M Ca SEMER ML, HAh a3

fii + 3 % Ca ST EEZEM N, H5HRNE LL&NE
Ko A FImFIRE KA 138G 20 Mg 2 85 i3
KT 3%~19%F1 17%~28%, {HI5)E LT 1%
B Mn &&, JLHAZY N 660 mg Silkg #li4k I,

BIRFERICT LA Ca . & CattbbEicfn iRk 50%.

# 1 fiAksxs 3% pH. CEC. %k K. Na. Ca. Mg. Mn & &{5m1

Table 1 Effects of amendment on soil pH, CEC, contents of available K, Na, Ca, Mg and Mn

4657 Amendment oH CEC K Na Ca Mg Mn
(mg Si’kg) (cmol*/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
N 0 5.400.12¢ 9.90040.28h  132+1238a 42445¢ 2074192 117.7+464c  7.37+05a
gi'gv'\ef'o'ecu'ar 220 565+0.14bc  12.525+0.3a 142+17a 177.0417.7d  169+11b 128.0+6.4abc  6.630.3ab
440 5870.13b 128214038  141+16a 251.0425.7c  149+12h 121.64280c 537+L.1b
660 6.83+0.19a 1282140222  148-+16a 349.0+18b  212+19a 14004662  3.23+05¢
880 6.66+0.15a 1273040452  176+17a 452.0+195a  15026h 133.046.7ab  2.89+0.4c
BERA 0 5.400.12¢ 9.900+0.28d  132+12.8a 424453 20719d 117.746.4b  7.37405a
Wollastonite 220 543+018c  11577049c  134+lda 36.0+8a 2254500  137.4+ldab 6.39+lab
440 5774017b  12180+026bc  122+14a 40.4+33a  434235c 138.0410ab  6.1020.47ab
660 6.060.11b  12468+012b  128+12a 348432a 595437h  150.616.8a  3.82+0.3c
880 655+0.04a 1334140152  131+15a 32.7+46a 7064402  150.647.4a  3.80+0.1c

n=4, )5 AFATFERREREE(P<0.05), %2 [,

n=4. Data followed different letters indicate significant difference at 0.05 level. The same is Table 2.

K 2 R EA —E BWE LR E SR

T XS 358 P A Rk T R R 2 R AL X

ROVER R B o IR INEE SR 1 L3 21 Cd & &K
T 6%~11%, RIS B K FH &, i (A &%
Cd && Tk, Vim X % 220 mg Silkg 4>
Tt Al H A 2 Cd S EB N T 6%, MM
440 mg Si/kg 3 FIiiET, AR Cd & &5 XA Y,
RG240 660 mg Silkg 21 J5 %% Cd & &4
B {2 R F%, ¥8 0 880 mg Si/kg 431k 3% 45 %% Cd
ERPRIKT 8%. ¥RIN 220 mg Silkg BEARATH N T

TIEE R Cu SRENERMR, BERARENT
IR Cu &, HIRIE 37%~55%; 4310 U &
IR, PIEIL 59%~650%. ik AbBE S EMH T
T3 Zn A RME, REIRCR RN 40 2 LA 2K
Zn FEEK 90%LL L.

2.3 BB AESOTR S BRI
I3 00 A SR b FR A R FR AN R TR 5

A P E L HEEAR IR RS N 2

2 AR SR A R

Table 2 Effects of amendment on element contents of lettuce

WA (R 2)o Tt F 20 1o B it B30 K &

b 3B Aboveground

1R Underground

el
Amendment K Ca Mg Mn K Ca Mg Mn
(mg Si/kg) (9/kg DW)  (g/kg DW)  (g/kg DW)  (mglkg DW) (9/kg DW)  (g/kg DW) (9/kg DW) (mg/kg DW)
INTF 0 729+49a 12.340.86a 3.6+0.6a 121.6+12a 4504462  6.804046b 2.2+40.2a 39.446.9a
Molecular 220 69.4459a 10.0+1.0b  2.740.4b 103.5+13ab 4744242 6.834036b 1.3+0.2b 39.945.8a
steve 440 7304282 924072h 2.7+02b 81.6+13bc 41.7439ab  7.05+050b 1.4203b  30.8+4.7ab
660 70.8+25a  953046b 2.440.2b 57.5+6¢d 341+46b  7.304053b  1.020.2b 26.8+4.3ab
880 65.3+6.5a  8.740.69b  2.040.2b 52.2+10d 18.1+4.6c  10.10+1.6a 1.040.2b 21.8+0.9b
KA 0 7294492 12.34086a 3.6+06ah  121.6+12a 450+46b  6.804046a 2.2402ab  39.4+46.9a
Wollastonite 220 73.9437a 11.4+40.83a 3.240.4b 94.147ab 60.046.8a 7.65+1.1a 20+03ab  43.147.4a
440 73.0+22a 12.1+094a  3.940.2ab 79.7 +16bc 52.3+7.5ab  7.74+0.7la 2530.2a 29.5+1.1ab
660 76.4+7.8a 12.9%2.1a 4.3+0.3a 52.0+8cd 46.2+45ab  8.20+1.2a  2.0+02ab  23.6+2.2b
880 746+25a 13.6+0.93a  4.1+0.6ab 48.4+2d 41.6+7.1b  840+1.7a  15+0.2b 21.3+1.2b
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Fig. 2 Effect of amendment on concentrations of available Cd, Pb, Cu and Zn

TR, (HE R H R K & 8. 2T PR
A e 3 Cas Mg, Mn &8, Mn S8 FBE G
HUE, mKBIEL 57%; WK T A1 T8
Mg. Mn &8, Hr Mn &85 KMFEE 45%, H
P T AT Ca S

TER A RS B K. Caw Mg B LR
s, T BN RS IRI R R E s, (HRE
FEAK T Mn &5, SORRRIRIE 60%. it infE 24 %t
AESEHL R G R A R R RS AN, 7R
BRI IR ER A K & 2GR ERH . A
PETH A SEHL ¥ Ca & &, B A &1 B
ThiE . BERA LR Mg & B TE B3, {HE
FREAL T HUREH Mn F &, Mn &&= 5N &
RLRMEGFARR, BOKFFIRIA 46%.

B3 RO, A E AR A Cd S
Wi S B A R B ) 4 v R R M R B, (EAERRR
i5}(220 mg Silkg) % A TR LR, B adtm T
THE Cd E R, o IR SRR A Bl T 9%
16%. Mt E8FE, WINFIE A 660 mg Silkg B, 43

0 220 440 660 880
FfE ] Amendment (mg Si‘kg)

TR AR — D4, A BEE) Cd &
B NBE T 33%; (HRINGEK A F 2 A S b
Cd &=idt— N, #0880 mg Silkg W FEifEIL
61%.

2 PR TR A S b5 P E 0 1B 2 5,
WA FIERN, Pb FREAFELE 3 mg/kg /KF-.
A2 SR HE T B P 5 I B R A = ) 1
B, 660 mg Silkg 7 {d Pb & &K 1 35%;
880 mg Si/kg fiE KA ZE N I% T 51%. AR,
220 mg Si/kg fiF A A AL BRSO RGN AR S H R () Pb
.

Bk R0 AR SEH B Cu S B TCH B . b
AP RN, 48 AR S B Cu 5 B
A LT AR 2 FREA I FE T AESE R N4 Cu
SR, DT T Cus EEET S T 18%~
41%; FEXATHE S RS> Cu & B B RN R IA
FFES . S AR A Zn & BB A Bl
it B ) 14 DR S 3 RIS, 2 AT A A 4l %
i 7 Hb_E3B5 Zn & 7%~48%H1 6%~55%; [
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Fig. 3 Effect of amendment on the concentrations of Cd, Pb, Cu, Zn of lettuce
T HL RS 13%~61%F1 7%~60%. #B Cd & & (r=0.419) 1+ 345 % Cd & & (r=0.568)
EREZEIEMISRR; HIEAR Cu SRS LIEA
2.4 MR % Cd & &(r=0.675). 4% Ca & & (r=0.649)%& I
MK IATIL, L3 pH 543 B3 Cd S = (r= AR IEMR KRR, BEA N Zn & 54 %

-0.759). Hb R Cd &&= (r=-0.825)f113H % Cd
TR (r=-0423) KM H T E A KK R; LA

8 Cd & & (r=0.467)F7E &% IEAH R R R, 11
%% Call] 5432 34 Cd & B (r=-0.541) 1% & &

R Pb EEHA S E Cd & &(r=0.395). N HAH K

# 3 K Cd F RS T S R A

Table 3 Pearson’s correlation coefficients among soil chemistries and Cd contents in lettuce

pH Hcd A Pb AR Cu HE Zn A3 Ca
Available Cd Available Pb Available Cu Available Zn Available Ca

B FE8Cd & & Cd in aboveground of lettuce  —0.759™ 0.213 0.395" -0.011 0.467" —-0.541"
B R ER Cd & & Cd in underground of lettuce  —0.825™ 0.346 0.419" 0.114 0.260 -0.279
L HEA R Cd & Available Cd in soil -0.423™ 1 0.568™ 0.675™ -0.168 0.279
L3 % Ca & i Available Cain soil 0.197 0.279 -0.298 0.649™ -0.227 1

*: P<0.05; **: P<0.01.

2.5 FRKHHRL:
Langmuir J7 R AR G Ho 40L& 1 70 1 57 A 2K A

FOSEIRIR PR 2k, A LR R2 737010 0.946 (n=6)A

0.972 (n=8), 43T Cd [P ANLFf} &4 263.5 mg/g,
AN Cd AR A 0.43 malg (K 4), 4
TR Cd WP RE Fyizim KT RE KA
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Fig. 4 Adsorption isotherm of 4A molecular sieve (MS) and wollastonite (WS)
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