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Comparison of the Persistence of a Combined Amendment Stabilizing Pb, Cd,

Cu and Zn in Polluted Paddy Soil

WU Yu-jun, ZHOU Hang, YANG Wen-tao, ZOU Zi-jin, ZHU Wei, GU Jiao-feng, PENG Pei-qin, ZHANG Ping,
ZENG Min, LIAO Bo-han”

( College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract; A three-year in-situ experiment was conducted in a paddy soil near a mining area in southern Hunan in order to study the
persistence of combined amendment of limestone + sepiolite ( marked as LS) stabilizing Pb, Cd, Cu and Zn in polluted paddy soil. LS
with ratios of 0, 2, 4, and 8 g-kg ™" was applied once to the paddy soil, and rice was subsequently planted for three consecutive years
of 2012 (first season) , 2013 (second season) , and 2014 (third season). The experimental results indicated that; (DLS significantly
increased soil pH values for all three seasons, and the enhancement ranked as follows: first season > second season > third season. @
LS obviously decreased the exchangeable contents of soil Pb, Cd and Zn for all three seasons, and the decreasing magnitude of
exchangeable contents of soil heavy metals was 32.6%-97.7% for Pb, 8.3%-71.4% for Cd, and 10.9%- 83.5% for Zn,
respectively, in the third season; however, there was no significant decrease for Cu. The effects of LS decreasing exchangeable contents
of soil heavy metals in three seasons followed the order of Pb >Zn > Cd > Cu. 3 LS decreased contents of Pb and Cd in brown rice in
the third season by 26.7%- 66.7% and 59.1%- 80.3% , respectively, and the reduction trend increased with increasing LS
application. Cu and Zn contents in brown rice did not decrease effectively. The effect of LS reducing contents of Pb, Cd, Cu and Zn in
brown rice followed the order of Pb > Cd > Cu > Zn for the first season and the second season, but Cd > Pb > Zn > Cu for the third
season. For all three seasons, the total effect of LS reducing heavy metal contents in brown rice followed the order of Pb > Cd > Cu >
Zn. @ The effect of LS stabilizing soil Pb and Cd emerged gradually with time. Therefore, LS was suitable for remedying soil polluted
with Pb and Cd for a relatively long time because of its persistence.

Key words : paddy soil; combined amendment; heavy metal; remediation persistence; rice
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Table 1  Basic properties of the tested materials

S pH ﬁ/ﬂ;aﬁi_ /cm((ilh-ig -1 /mg[- }lZg -1 /mg(':ig -1 /mg?tg -1 /mgL'llzg -1

B IX A H 1 5.39 3.66 19.93 256. 68 3.03 43.85 349. 44
ERK T Hprif — — — 250. 00 0.30 50. 00 200. 00
LA 5.54 — — 2.75 — — 48.19

TRTR S 9.13 — — 1.63 — — 7.76

1.2 K5 Hik TR EE. /N A AUR KRR AR T,

BEOR RS FIE 1 A 2 APt BA R 100 H
o R MR TR L 2 1A IR B 2 S A ek B
(LS) , 76 g 5 DX BRI 1) B 4 75 G A H it
H. Bl E 4 A LS IFINE 0,2, 4, 8 g-kg™'),
AN 9 m* (3 mx3 m), BE 3 K. X H
it 12 DT BT AR BREHLHES i LS 19+
SRR I [B] B 7K 30 B 2 A B, 7 22 P AR KR 3 2.
B BF KRS HIT 2012 4 2013
42014 4F 4 F R EAT RS R E B, 5 A RiEAT
IKAE BARFAS AL, B 5 DU R R 3 AT K FEAE
PRIAT , PR B KA B 340 2 R 224 b Al A 7 ) 52
PrRig L.

2012 4F, 2013 4F 2014 4F 8 H rhaj K Ag L Ek.
FEARFAFARAE DT Hp SR X 1 48 1R FE  TE R A
LR S MOKFERERR , BT e R4S [R] i R AEAH
Jof F AR PR - 498 . KRR AR AR A ISR 3R = R, 40 3
ANEROY (HR 250 2000 A ROK TN ZE TR K e i
i I A HERS , 105°C 2275 30 min, 2R )5 7E 70°C

WCHEREK ; (/N RRAILRY 6, 2 100 H JE BT,
FHERLES AR, 3R WS {3 ARXT B
WEE k10 BA 100 HJE e b, A7 FEm.
1.3 BT gy ik

+3 pH (IR B 1T (PHS-3C, T /) T 5E
WA m (D) VOR) =1:2.5" . E&JEscis
Tl i Tessier i 2E 2 Bk 4645 (FRRELHA M 1.0
mol - L™ MgCl,) "™, JKFE##R 0 hE 48 Pb Ml Cd
FH A 1% (GB/T 5009-2003 ) . BT FE AL AT
rh 4 JE@ ] ICP-AES(ICP 6300, Thermo ) HEATI5E .
A 43 BT A B b DL R bR ) R 3 ( GBW
(E)-070009) FliH B KK GBW 10045 ( GSB-23) i
T il oM, IR A R4S F iR
1.4 ARG aPrk

RIS EE S5 S EE « bRl dn 22, BT 4K
Pa R Z e F 5 1 Duncan £ 8 L (P <
0.05 #1 P <0.01) #4751+ 4r, W HH Origin 8.5 Fl
SPSS 19. 0 /T4 HE.
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2 4
LSif Indit/g-kg ™!
B POR R R R B 25 53 (P <0.05)
H DA 245 A SR I et 22 (B 4R 2 e o, R IR
1 AfRKREF LS 3t 11 pH EH I

Fig. 1 Effects of combined amendment LS on soil pH values
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ANK B 38 DAk T3S e A5 T 4 R LR B B AR Y
W CRIFE XA 7= e TG e i B A hIE
2 ALK, BE R L B R LS AR pg s in, = 2K
FEANAE 33 Ph . Cd 1 Zn FOAS IR & T RIE W e
% BRS—Z= 3 Ph, Cd 1 Zn MY & =15
RFERIEA . 555 —F M b, 7EAH R LS Wi it
WA =R Ph . Cd Il Zn MRS S BEA

o

FTET, MACHAS Cu S EA B R LI SR454b
BRI E AT i LS W AR 13 Pb, Cd Fl Zn
AT A — KR A A L3, P Cd Al
Zn IS w5 A 4 B REAR 97.6% ~
99.8% . 88.3% ~98.9% F187.2% ~99.9% , i 3¢
s Cu RN T 17.3% ~162. 4% , H 45 Ab 7+
HErh Pb | Cd, Zn Fl Cu WA HAS & & 50 IR AH L
WHFAE R E 225 (P <0.05) 5 5% 22K AE M 0%
Wi Ph, Cd 1 Zn M58 #8745 F 5 H G BE 21 43 501 B AIK
80.7% ~ 97.7% . 28.3% ~ 88.0% Hl 27.2% ~
89.3% ,1M Cu MZCHEAEFHAE LS KF 4 g-kg "B
LT 14.9% ~24.2% , 45403 L5 b Ph, Cd Fl Zn
M AC S Fra X A A 22 F B (P <0.05),
H 3 Cu ZHESTEHRAE LS HMEN 2
gokg 'HTA S X IRAIAFE BE 2 B KRS
3 Ph | Cd Fl Zn (Y22 #2553 LU B2 43331
A 32. 6% ~97.7% . 8.3% ~71.4% F110.9% ~
83.5% ,Y4 LS #hnfE My 8 g-kg "B, +3 Cu ASHR A
RS X B A BT 190% X i 34 Ph ., Cd
Cu., Zn AYAC IS 50} IR Y] 2 () A7 75 i 3% 22 5.
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S (BX T Cu B9 sCHAS E R IO AL,
iR —28 LS Xf e 4 Jm A 4 A8 1 S R AIR R
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XA BER LS 780 & A3 Jin i ig k.
2.3 ZHPCE R R KR A A o 4 s

L3 W E R R R LS X = ZK AR &R |
ZM A58 BEKT P, Cd. Cu Al Zn SEIAHA
[ RR A Sm. DAREZR4S LS BRAnE o0 b, 4 F 5 —
KA R UL, A LS WS i3 hn, R & b Pb
Cd, Cu F Zn & 5 X% B LU 945 BT T B, 43 0 7E
LSTRIME N2, 4,2 F12 g-kg ' BFiR BN F Mk, Hofx
KRB 9N 27.3% . 53.5% . 45.1% HI
46. 4% ; ZEMH Cd ., Cu Ml Zn & 555 B4 A0 HL
BT AR, 4> S BEAR 62.2% ~ 76.4% . 7.5% ~
16.3% F1150. 5% ~ 58.8% , Ifii Pb 5 & 5 X} A AH Lt
WA ETF; 5B od &8 50 RAHAE T
Fesh 4875 Pb, Cu Ml Zn & 2 5 % UK e 344 e
ETE, w7 Cd FEFEIRT 58.4% ~68. 6% ; KEK
H1Ph, Cd, Cu Fl Zn & 15 X} BEALAH E 43 501 B A1
73.5% ~81.2% . 56. 1% ~66.8% . 8.1% ~14.8%
F16.4% ~10.9% , K&K+ Pb, Cd Fl Zn & & 5XF
A ERE 2SR (P <0.05).
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Fig. 2 Effects of combined amendment LS on exchangeable contents of soil Pb, Cd, Cu and Zn
HREAOKRES M P ES B & E. WA LS AT 5X A LFEIR T 31.9% | 39. 6% ;

BN, AR A Pb, Cd, Cu Fl Zn & 5% 4
FH A R, 20 BIFEAR 3. 9% ~35.2% . 23.7% ~
75.9% . 5.8% ~41.9% M 7.7% ~51.4% ; 250t
L Zn 8 A7E LS 240 FE R 50 B A YA fr
W AR T 15.6% ~42.7% , 1 Pb, Cd Fl Cu & &
SYAIE LS TN 2, 8, 2 g-kg ' AP IE EI A, 43
MR HRREAR 7.4% | 63.3% | 2.5% ; 4¥5¢H P,
Cd. Cu Fl Zn 1 5% BEAUAH EL 3945 BT T %, 49 531
FEAK 7.9% ~15.1% | 24.4% ~31.4% . 10.6% ~
14.8% 3. 7% ~19.3% ; K Pb, Cd, Cu HlZn
T i X IR AR LU BT R B 43 B REAR 25. 5% ~
78.9% . 15.3% ~48.1% . 1.7% ~29.2% M 4.1%
~11.4% , H Pb Fl Cd & &85 %F AL e A7 7 B 3%
#5 (P <0.05) {H Cu, Zn &8 5% A M HLATE
TEN & 2R

XA = KA R U, BEE LS it FH &= 3G
HRZH Ph, Cd, Cu F1 Zn & E7E LS BRNE 53510
8.4.8, 4 g-kg "B ERAR, 5 X FALAH Lb 43 1] B AIG
46.9% . 38.4% . 23.7% F 48.2% ; 2w Ph Al
In RIS WMESH R 2 g-kg™' | 8 g-kg BT

H5eH P, Cd, Zn S HIFE LS BnEh 4, 8
4 g kg™ B Ik B A AR, BEARERE B 4y 00N 7.7% |
63. 1% F122. 7% ; K&KH Pb A1 Cd & 75 X) FEZHAH
FIIAH BT T B, FRAE T 26.7% ~66.7% . 59. 1% ~
80.3% ,MikEkK Cu Ml Zn S &7E LS W N4 51
H2gkg™ | 4 gokg  BFIREIRAR , SR FEALE 430
H1.0% F17.2% K Pb EwAE LS ISins KT
2 g-kg B BEAL 2 AR B R0 Cd S
TEAS AL 2 [RIERAFAE B 25 5% (P <0.05).
MAEE—Z= 1S XPREK T Ph, Cd, Cu F Zn &5
RAARRAE 1 43T P A B3R AP oK b i 4 % R A RCR
A H—Z% Pb>Cd>Cu>Zn; %57 Pb>Cd>
Cu>Zn; =2 Cd>Pb>7Zn>Cu. 55 —Z LS
BALFR K REREAK T Ph, Cd, Cu Ml Zn &8 FFER
AHEE, LS #5403 R 55 — 2K FEAE Kk h Ph, Cd, Cu
MZn SETERESMNERT 2.8% ~65.3% .
28.0% ~ 72.7% . ( - 97.3%) ~ 79.0% F
(-4.6%) ~35.9% (F&5 BAMEFRT ) ; LS &
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