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In-situ Study on Effects of Combined Amendment on Translocation Control of

Pb and Cd in Soil-Vegetable System
ZHU Wei', LIU Li'"?, WU Yan-ming', ZHOU Hang', DENG Gui-you', YANG Wen-tao', PENG Pei-qin',
ZENG Min', LIAO Bo-han'"

(1. College of Environment Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China;
2. Changsha Environmental Protection Vocational College, Changsha 410004, China)

Abstract: An in-situ study aiming at remedying arid land complexly polluted with Ph and Cd by using combined amendment LS (a
mixture of limestone and sepiolite with a ratio of 2: 1) was conducted in a mining area in southern Hunan, China. The main objectives
of this study were to discuss the effects of LS application at different amounts (0, 2, 4, 8 g+kg™") on the adsorption and accumulation
of Pb and Cd in eggplant and amaranth, and to control the translocation and transportation of Pb and Cd among different parts of
eggplant and amaranth. The results showed that: (D Application of LS significantly increased soil pH values and decreased contents of
exchangeable Pb and Cd in soil. @ Application of LS led to an obvious reduction in contents of Pb and Cd in different parts of eggplant
and amaranth. Compared with the control group, the contents of Pb and Cd in edible part of eggplant were decreased by 44.7% -
78.6% and 36.0% -78. 7% , and those reductions for amaranth were 45. 8% -59. 1% and 40. 0% -87.2% , respectively, when the LS

'. 3 Application of LS reduced the translocation factors of Pb and Cd among different parts of these

applying ratios ranged 2-8 g-kg~
two kinds of vegetables. The translocation ability of Cd among root, stem, and fruit (in eggplant) or leave (in amaranth) in these two
vegetables was greater than that of Pb. However, application of LS with different amounts did not change the sequence of translocation
factors of Pb and Cd among different parts of these two kinds of vegetables.

Key words : combined amendment ; soil-vegetable system; Pb and Cd; translocation factor; in-situ study
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Table 1  Basic properties of the tested soil and materials

PR R pH OM/mg-kg !

4R/ /mg-kg ™!

CEC/cmol -kg ™!

cd Pbh
i 1 45 6.03 21.5 13.29 2.83 627. 50
AKA 9.13 — — 0. 002 1.63
A 5.54 — — 0. 004 2.75
R T HbrifE — — — 0.3 250

1.2 kit

BB AR E 4 AR R LS BEm
HKF: 0(CK: AN R7) ., 2.4, 8 g-kg™'.
2 i e R 5902450 M A0e 1 - 4 e 1, Jd i 22 Ok BB
S PHEZ T IERRE, BRI E 3
NEE MR HEAN 2 x4 m*, BT 24 o
DX, 2% FE 7 v (13 6 S (R B T A R 7 BEAIL X ZH HE
G, BEVEAE B i 5 A BOE B BV AR 7 IR — 2L
2 PR SR T AR 3 AR 4 HRE Ak, &
7 H N AEIGR.
1.3 5 7 vk AV A

338 pH (BRI (pHs-3C, bRk SR
A RRAED) M, B D WORE): VOR) =1¢
2.5; HHEE S E S EWE R T K- H R E
fip' LA ESE SR RN 1.0 mol-L7!
Mg(NO; ), IR BR300 42 s el i I
K RAC:AH PRI e 5 R 45 15 1 A&
TEAL(ICP 6300, Thermo ) FlIA7 58 4 J5L W U 436 )
FE11 (iCE-3500, Thermo ) il 22 #£ i 7 Ph Fil Cd (¥
JE s T A FE S A T A B b DL R AR E ) R 1 4
(GBW(E)-070009 ) F1£E 4 1 53 5 4 51 ( GBW-
10010) #4750 2 42 il 43 By, [ B 4 7 Al =S 1 il e
4 BRI B b Ph A1 Cd 19 L%y 90%
~105% .

1.4 Hdabi

R H OriginPro 8.5 Fll Excel 2010 437 ¥4 , H.
BARAE R M £ i 225 1 SPSS 19.0
BEATRAN K5 238 LSD £ H A (P <0.05)
REEINAN [) Ak 0 i) 2 S A B, 00 A7 A D& B8 19 5
G3HT.

2 SRS

2.1 LS X2 FhgiseAbiE 3 0 pH (K& 3825 Ph
il Cd &R REm

Jiti LS fiE @ 35 HE v 2 Fhig s A i Y pH
B, B LS it FH &= 34, 85809 pH (53935 7 Tt
F(F2). SXTHEAHL, M 1S 2 ~8 g-kg ' AT, i
TSRS 41 pH (E 55T+ T 0.69 ~ 1. 21
F10.69 ~1. 13 ASFANL. 2 FPgk e Al 13 pH (H4%
AL 53 R RIAF A B 25 5% (P <0.05). M
2 AT, LS (N AE k2 B AR 2 Pk S A g rh
A Ph A Cd W&, Bl LS bt i3 n, +
HEAZH S Ph A Cd & B Wik, 4 LS Byt hn &
52 ~8 ge-kg B PR IS S A A
Pb & 18 5 XF UM LE 53 0 B 1K 80. 4% ~ 87. 8% Fil
97.0% ~98. 1% , 275 Cd 25 843 H F#AK 38. 0%
~80.0% M1 73.6% ~95.4% . 2 Fhii SEhhil + 14
AR A AP W E 25 (P >0.05) HE
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Table 2 Effects of the combined amendment LS on soil pH values and exchangeable contents of Pb and Cd
LS Jitifin pH (& LA Ph i/ mg kg ! LA Cd Fri/mg-kg ™!
/g-kg™! i e LR Pig 3 ¥ e
0 5.58 0. 17¢c 5.78 £0. 16¢ 1.07 £0.07a 7.25 +£2.05a 0.50 +0. 11a 1.10 £0. 49a
2 6.27 +0. 06b 6.47 £0. 11b 0.21 £0.05b 0.22 £0.02b 0.31 +0. 18ab 0.29 +0. 04b
4 6.72 +0. 11a 6.76 +0. 10a 0. 14 £0. 02b 0.13 £0.01b 0. 14 +0. 06b 0.10 +0. 08b
8 6.79 +0. 14a 6.91 +0. 10a 0.13 £0.01b 0.14 £0.01b 0.10 £0. 02b 0.05 +0. 06b

1) RPEAE M = ARifE2E (0 =3) ; RSB TR RIS 2R A ST L (P <0.05) , T 1H

SMAETE R E2ZE (P <0.05). HIER#HE Cd 1Y
S5 G552 Ph 1 4E AR,
2.2 LS X2 Mgtk FR A P Al Cd &Y
Al

LS X 2 g 3457 Ph Al Cd 3 2 1 52 1)
W 3. LS Wit i BEA & Ha ] Pb Al Cd ) 2 Fhigk
S ISR e is WA LS St i g, M
LEBSy P Al Cd SR PR SXF AL,
MR ZE, b RS0k Ph & 2 R0 o Sk
37.7% ~ 47.8% . 44.3% ~ 81.7% . 44.7% ~
78.6% , Cd % 12 [ W& 43 1l 9 40.1% ~ 43.2% |
36.4% ~80.0% . 36.0% ~78.7% ; Wi EAtbkZEnt
(B H L3457 ) Pb 5 i B IR h 45.8% ~59.1%
Cd & EFEIR K 40. 0% ~87.2% . £ AbFH 2 Fhigi 3¢
Ho AL Ph AT Cd B i 35 5 06 B2 A7 7 B

ZH(P<0.05). BEF LS i hn & pyssim, i 73~
#B4 Pb A1 Cd & FREARZE (P >0.05), Hili 8
TR E SIS DO R P FI Cd A
TR, AL Cd a5 X IR A A7 B 2 2
(P <0.05). i (8 g kg™ ) B, A FAITESR
R &Sy Ph SR SR fFE R E R (P <
0.05).

Fodg 2 Ak e vl & B4R Ph A Cd B
(A AR AT S, it (8 kg ™" ) B, i AL
Senl &R A E 4R Ph i o B FEAIK 78. 6% A
59. 1% ,Cd % &4 HIFFAK 78. 7% F1 87. 2% , BEfHi A
TH520 Ph(0.093 mg-kg™') AT 2L M- Cd
(0.195 mg-kg ") T f ik B E & 5 s Y i PR
PRYE( G 2762-2012) (B T Pb<0.1 mg-kg™'; 3
Cd<0.2 mg-kg™").

R3 HARKRF LS MERFERETAL Pb 1 Cd SEMFIT

Table 3  Effects of the combined amendment LS on the contents of Pb and Cd in different parts of two vegetables

Pb # i/ mg-kg '

Cd & it/mg-kg ™!

e TR M T
/g-kg” Ho R FR 4y = m e o EHR 4y = i o
0 7.47 £1.45a  2.57+0.04a 7.78 £0.33a 0.434 £0.00a 0.32+0.07a 0.44 +£0.05a 0.75+0.06a 0.216 0. 00a
hes 2 9.09+1.42a 1.60 +0.25ab 4.33 +0.66b 0.240 £0.02b 0.37+0.0la 0.25+0.13b 0.48 £0.12b 0. 131 £0. 02b
4 9.17+1.28a 1.55+0.42ab 2.75+0.42¢ 0.180+0.02¢ 0.40+0.06a 0.25+0.05b 0.30+0.12¢ 0.063 £0.0lc
8 6.02+1.38b  1.34+0.42b 1.42+0.74d 0.093 £0.04d 0.37+0.12a 0.26+0.06b 0.16 £0.10c  0.058 +0. 03¢
0 18.67 +1.90a 4,490 0. 40a 2.62 +0.60a 1.518 0. 38a
Wi 2 17.85 +1.30a 2.433 0. 34b 1.83 +0. 34b 0.912 £0. 17ab
4 16.21 +0.92a 1.987 +0. 30b 1.31 +0.22¢ 0.603 £0. 01be
8 13.28 +2.79h 1. 838 +0. 43h 1.07 £0. 31¢ 0. 195 £0. 02¢

2.3 LS Xf Pb Ml Cd 7E 2 FhEE SRR 45 3B L ) 5 15
FEH R

¥ 2280 TF (translocation factor) 8 5552 J5 —3
4 e & B 5 AT — A T A R 2 1) e
(AR AR T ZE | 223 ZERRILLA AR R 5=
). BRSO G R s RE ) 22 AR K B
15 ZRABOBOR , R B B % 0 B 4 T 1 e i e
BsE B 1 it LS 45 b b Ph A Cd AR
RPNz B ZEBPRSCLAK ST Ph AT Cd AR
RENZEMHFEE REL LS WML T 2 R =

FEARASERAOLIE] Ph AT Cd B F5 i 25, Ui LS iyt
T s AR R BB Pb Il Cd Bis B2k, i, B
SSRGS R VR . N LS 4% Ak B SR A i
Pb (5518 R TE o 22 5 X JRZ R AAAE D 25 25
(P<0.05); LS mijifin i (8 g-kg™') B, Cd Hy¥%iz
REUTF gy A 55T Z R A7 7F W 22 57 (P <
0.05). XFanFAikk, 2 LS i =4 g-kg ',
Pb Hl Cd 78 HABEAR A B 552 R 5005 3] 5 % HR
ZIAFAE R EZE ST (P <0.05). XF i 253 F o
DL S SAR B ZE 0 (1) Ph Al Cd Fi2 ZEAT 1, LS AN
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4
a CTFgyz
s 3 a X TF it
o % % b LZATF
B2
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= a (<4 KX
% 047 504 Vol
; 504 b
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W b K9 (A
! (54 bo%
| o2t a_ ab e ab [ K
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: i | B
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0 2 4 8
1B ELAILSHE kg kg™
TF
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05
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Fig. 1 Effects of the combined amendment LS on the translocation factors of Pb and Cd among different parts of two vegetables

2.4 Pb M Cd Wiz RECSH HIES RS & &
TEBRSE AT A S =R

LS Byt fnRefd 2 gk S b Al 139 vh 22 4625 P
M Cd FRPETRE(R2), L2 Fhsismkes
FRALIE] Ph AT Cd 2 REOS/N (K1) . AR5 LS
TN , H IR Ph FI Cd &% 2 Fhidh SEAE Ak
&I FRE DY FE R AT TR OGRS b (R
4). X T AR HAE 1 g b s s ph RS
FERE TF o TR . Ty g Z RN AETE IR 2 35 51
WER AR, MERE R 758 0.5947
0.475" ., 0.371" (n =12, R, ;s = 0.332, R}, =
0.501) ; hHEfac s Cd F i 5HE TR, .. Z 7]
FEAE R E M IEA GO R M RE R =0.468 7 (n =
12, R} s = 0.332, R;,, = 0.501), Mii 5 TF., .
TF s yoge ZIIAAFAE R FEA R, XU, 1T LS
I, 3 S 3 Ph & BB W T R AR R
i Pb TEAGFAEAR S FRALIA ) 5% B e g T aErh s
A Cd S EMFEAL, B BN AR R4 Cd Fis
| ESNTTPOREN O 5 PR 2 ek | [ NS M U )= i)
ISR A 2.3, 3 AT RE 55 4 ik BHL B RS2 Wl Cd

(1) B T R A A 2R RS B B G XS
FERE , HL A AE - P sc S Ph S SRR TF ) s
ZIAAEWR R ENEMACKLR, MXRH R =
0.521° " (n=12,R%,, =0.501), F 352 24 Cd
B SRR TF gy o ZBIAFAE B R,
S3I%E Ph AT Cd 7E 2 Bk SEAE R A 0L 8] F) 5
iz ZBCA AT R A Ph AT Cd A etk AT 1A
KT (R 4). Pb 7EA THARE&FRAL ] 195542 R
BUTF 0, TF oy o TF o 38 5 2R 5200 Ph 5 2 18]
FEAEAN S 35 58 35 1) TE A DG R M R R 43 3
J70.385" . 0.716"" . 0.624" " (n =12,R% s =0. 332,
R, =0.501); Cd 7F H A AR 0 5532 80 TR
TF s, g TR Cd S RZ A R E N IEMXR,
HRERE R 4300 0.4727 L 0.398" (n =12,R; s =
0.332,R;,, =0.501) 1M1 TF .., SR+ Cd 22 [a
AAFAE M X UL A PR cd ey
Cd TEAR-ZE- SRS A] (5642 1B M 56, TSR MIRR 45350
fZla] Ph A1 Cd (9515 2403 5 25 oAH I (% Ph A
Cd & RN R AR MR B R 430l
J70.829" % . 0.729" * (n =12, R2,, =0.501).
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Table 4  Correlations between translocation factors of heavy metals in vegetables and exchangeable

contents of heavy metals in soil, and/or heavy metal contents in edible parts of vegetables

S i Bk
TFy 2 TF oy TF 2z, g TF o zny
TS Ph B 0.594** 0.475* 0.371* 0.521**
T A Cd Fr i 0.468 * 0.097 0. 186 0. 255
Hsgh ph i 0.385* 0.716** 0.624** 0.829 "~
R Cd fra 0.472* 0.248 0.398 " 0.729**

1) # Fl# o+ 43501FmR P <0.05 Fl P <0.01 & #EKF,n=12,R} s =0.332,R%,, =0.501

3 itig

LS Fite fin B8 & 35 B AR 328 460 4 b Ml Cd 7%
H(FR2) , ARMANE Ph A Cd 7] 2 Fhibk 5
PGS (R 3). TS Ph I Cd SR
580 pH {2 (8] 2 2 A% B 3 U E R (R;, =
0.632; R;, =0.632; n=24,R;, =0.246). —J7fi
A1 KA B SR BE A 58 pH (E I B BT, X AL
8N A B SR T 174 T AR A7 R A TR x4 T
(I R, i REAIE 1 o 4 Ja S0 4801k ) Rl PR 32k DL UE 1)
AR AN, pH R E TR S SR 48 I T
BRI IIE R, X FIE A B 48 5 15
SRR ERAMSESRE R, H—
J7 T, VI A e — b 2 R S5 4 1) 5 K B RE R AR
Wy, EAT B N R TH RIS i e W B
JEAREEF B TC Z 18] 2 A KA 1R 7K 3 R ] 38 4 1) FH
B, AT DR 4 S R 2 TR R AR A R Y
I ELTER A N AR 2 B mT DL S - S8 v o 4 )
B R A EBAERYY R 45 4R
RepE"

ANt LS B, Ph F Cd 78 TR AR A0 (] 4%
s RN R TF oy > TFy 0 > TFoy gy K1),
VLRI T A9 25 B AT B i Ph AT Cd ez 2 nfrp
MIRE ST , X AP LG AT Be S A AE R ZE A A G,
W AT e SR F IR A AR RO o A SR Ve A
00 BT AR A R AL Ph 1552 g ) 6 R BE
& LS Jtohnst AR i QREEARAS (HAE LS i i
(8 g-kg ') F, Cd FEMTHEME A FR A [ 542 g )
RMAEN: TFy, e > TFoy > TFo gy, X 5N LS
FJEARBAE Ph TEH R R 25 TR AL ] 9 7% 12 B ) 6 &
SRR, MEN LS &b H R 4 FAREARIR R FZEm
iz RELL PR R Wi i REL Cd W R T
Ph, WSR2 Ph Fl Cd H5iz 2025 (9 BE 1t )2 Cd
>Phb; {HE, i F22K P Al Cd %32 B (4 fE 7
AR, A& Ph > CA(EI 1), XTI Cd 7R SRR - 2521

SEEAR-ZEM ] () s e 71 R T Ph, H LS Ayt hn Jf:
I AR ) g S AH [R] 58467 X AS [R] 8 4 )& Ph Al Cd
iz e IR/, IXTTREREH T Cd fe 5 L3y
OH ™ Fl C1- B Wi 5 T % 3l ) 4% 25 11T E A A 9 1
P T Ph EA R HE)E 5 5 e R A AL R e )
FUASS A 8 MEA Y B AL S, (AR Wtk A
PR B P 3222 R RAEAREE, M DL 25 | %
B2 RN LS B TR Cd B TR, KT
1, UL IIAR R Cd 5, X Ho s 38 3 258 A FH
BT, ik 55 2 LA AR g 4 R — 3k it LS
J5 TR o, /N 1 TR LS (G0 555 5 38 T 7 T
HREXT Cd iz 222 BHFRE .

4 it

(1) LS Wyt finRets w25 5 i 2 Fhgh e ie 1%
() pH E , B HAS# 25 Ph Fll Cd A& &5 Jitiin o 2
~8 g-kg B, REME AN T A AR A P A Cd
SR HIEAK 80. 4% ~87.8% . 38.0% ~80.0% ,
VO AP A LS e A P R Cd B 4 R R
97.0% ~98.1% . 73.6% ~95.4%.

(2) LS Ay it Jin GE % A [m] 72 B b 41 i) 52 42 )& Pb
1 Cd 0] 2 FhERSRAE AR TR AL B 558, TN 2 ~
8 g-kg "I, i TSz H Ph R Cd YA 3 ) AR
44.7% ~78.6% . 36.0% ~78.7% ; Vi SEAT bk 2% 0t
i Ph A Cd B AR 45.8% ~ 59.1%
40.0% ~87.2%.

(3) LS Ayt fin B AR T 2 b i S A Ak 453584 1]
Pb 1 Cd W% 12 B0 il FAE MR R4 %5 Ph A
Cd W2 e AT 18 R B0 F — %R TF ., >
TFy s > TF o g, VAW ZE B BRAGKE P A1 Cd 5%
B RE T 5 2 iR S AE PR AR AR - 2521 5 ) B
HR-ZE 0[] 5% iz AN [ 5 4 @ B RE 1 K/NVA Cd > Ph,
H LS & AL3T, [6] gk S A 1) 38 A7 % A [ 2 4 s
Pb il Cd (%32 B8 1 R/ RIRFEARAE.

(4) P Ph F a5 Pb £ 2 Fhigki e
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