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Yerf LIRS et ol (BRAREEE, 2005) 5,
HH 2 0 B AR K HATE YL B DLtk T T4, 2008
SRR EZABH U LT BENER RS, A
10% M FKAmB bR (BHIELTSE, 2008; Tk RiB4E,
2009 ), HE§H WIS YT ™, 40 2013 4
“WHRRE” WM B KRS, BT R AR
ZR, AT R R o PR ARIREEA ST
KATHIHE 2005—2015 FEARETHRE R TR,
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BEPE REREL h3EgE . 2010 AEHEHN M4 b2
2011 AEWT VAR B S . L, s S5 R +
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NS Y i ) 38, SR TR EIAHE, e
Ws eI P — )RR, Seks e A
TR RS Y R ORI+ . X EA R
ES B IN4ERER, PUbBEmA s, HIFHE
] 7RG Y 3R AR IR Bk, (N -4
FERIE I AL BE (4RO, 2005) P00 BEE
AT AR A H 253858, AEWEE A e
BARSMBE T, EREEAIA ISR
FEORFE T 25 F AR AR BRI HE T N 4R 5 Y £
WHA7EAMEE ( Ghosh et al., 2015; Sudarsan et al.,
2015 ). EWMBE M RYIEE MR EEE . H
Y 5 A R 3P AR, AR ROk
HYEYE, DkBR AR ESE. Hil,
BB AMFAERIR . —REEH TBE Y Fh
KA, TR YRE A EA KNS Y
/N, M R R T By, HXTE 4
J& & A BRI L — SRR ( Singh et al., 2015 );
YA YR WOR S AR B AT RE A RS
YU, MUAEIBE TR R ZY . A
MUS S5 RN ESE G R HIENERE, EEER
I AW . A AR RS I 4
B TS, RSB AEYARE, PEm R
FE 0 %6} 4 i 1 I S0 4 i e A A 1R P ) 4 T
(EERMSE, 2012),

AR R HA AR, R SRR i 52
FIHOR ML W 7T O o it A R B A e — 0
AR HEE SRS R R, AW EE LA
APXELETG Y IEEEHCR, I rir R E80UE
RRRZEFIATREE N, LI A IKTE AR 4
15 5% 3R B AR N AR R AR
1 ARMITIEESRETREESRE

A RAFEA A K A, AT IR XFRIEAT K
it FH A IRz — 0oty 2 A 4 e e - S R it
K2 2000 AR E 27ERW FEH T, 19 4R
NGB HEIMO A A bGE R e 1 pH (H, &
I T A e M R N S B b 40 S i, AT A A2 i
Al HEAL T 4R REE, WOMHE Facg, e
Ca. Mg ZFEFRI0R LA -3 R ( Hong et
al., 2009; LIRS, 2016 ), HURHES (2010 ) 2
K BUAE TSR A it A, oA IRt FH e 544
RERYE 3 pH IS N, Ca, Mg. S. Si %A E
T IR ARG . RIIL, A K RE G 1 A
e AR ALE T, ek R 3R RO, 1R
FEFRMIEIRAE S, $Em IR E Y R | BUEY
ZHREPEREPE ( Rangel-Castro et al., 2005; ZX7R%%,
2010; Kostic etal., 2015 ), 1 Jil oA +3% pH .,
TS Facfor . BIEHEYREEAI . HIEE

AR D E A7 St A R i) o 4 R A 3 A L T
Ve, A%, T3 pH (. BHE TSR kA B
HeRg 4w B T AL EAT R, B R IR
Y E S S Cu Fl Zn R RE pH {E 3 fin i
T ERRR (22084, 2010), HIEFPARIA Pb L
BiLkE pH (EXEhMREAL (FR4H5E, 2010 ), TR
K% (2004 ) @3t A Cu, Zn, Cd. Pb. Co. Ni
& 6 P AV E SR TEANE pH H T AR, 45R %
PRELCAR R LY 5 BE pH = TR A

AKX E LR OBEENEEA LT EEA R,
(1) Y47 N3] e rp sk 28R -3 A K & A2
NGB R, PR A, RIS {75 e
Ko ARG R 50 S gt 2 7= R A A R K
bk, NIMFEAR L3RR, (2) AP RER
Ca” T2 24 1 ks 2 i BUR 3 P iy Na ™ K%
PHES T, SEATPHES Focd, Il BHE 2 #e i 4
(B, 2014), (3) AKBINJE £HEPE) OH 1Y
hn, pHETHE, 4+ pH>10.9, K+ W0k o0t
R A ALRE RN A AR ST (XL 5E, 2015 ),
R - R % B AR RIS Ca¥ IR
N IE LR S FIK AL R IR ES , Rt T A KE e )21
SR FEFERIE A, WOk WA RE , BT AR
2=, Al P ESEA LA WR . (4)
AR NSRIEEY R, WINE L5 pH TS, i’
T R &R BRI UTNE, AR
W& pH FhE UG LI MBS S5 &
AR, Al REE A A YA ERDE i — e m TR A
Y, SELBEERL AR E
2 AKX TEEERESTRESHARIERE

MR 48 T 4 J 15 Y 2 A B AS TR RN TS Y i B 2 vk
E5, AR T 4 R V5 Y B R 4 R A —
B REENBE N2 ESEE &5
TR
21 AXMBE—BLETHEITENEES

HAT, X o—E 4 w5 B R R 2 i et
Cd \5YmfEE . Cd HAmEME . miEBt, Wy
BAEY MO EAEDIR N B, faERIEYE KA
NARARRE (FTHREE, 2016 ), H T I pH{E S +
AR Cd FraE R B E e, Akt 1
pH {ENMRHIL Cd MFEEER (X5, 2016 ).
AR AR Cd B AR S 4 R 2R
HX. fERHE A K, HIEARES Cd &
B T 82%~91% ( Woldetsadik et al., 2016), KH
SENF Cd WIS REAR 40%~50% ( Tan et al., 2011),
ERBBHE PR A K, itk Cd &2 RFAK
17.8%~ 21.7%, IRIRERZE B | BRE E WA G2
FHLEASMERES Cd Hepibghn, S8tid cd
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FIEE AR R R, A RS 2 SCR LT A W ¢
(EPEPHEE, 2014 ), 1E Cd 15 YLK AE + Fie F A K
HIEAREE Cd FEEIL, AR Cd 2R,
HARIBEESER TS A KA (RIREESE, 2011 ),
FER KRN KRG itif ik, 3 ss et Cd
FRAK, BRERES A Cd B, AR sEA
XA Cd B 5% ( Chen etal., 2016), &
)l i RS, HadHbt cd fifaREs Cd #5E pH
{ETHE %A ( Wang et al., 2015 ), DL EHFSE 2600,
Jite A1 KX} 3% B— Cd {5 YL AN [ A RS T 1 L
A RIFBEERCER .

AKX Pb. Zn fil Cu A —E A RSB EN
IR LR &, Antoniadis et al. (2012) &FAE
PR G 3918 52 it A7 PR RERE A L3 Zn 119
BRES, FEY P ESIR Zn FRE DE T,
Cordova et al. (2011 ) K E 3 [ 7S Cu & B
WG K B WS, AKX Pb. Zn fl Cu
G —HE ISR EE NI A HGE
22 AXRMEHMELEESTHRIENES

+ e 4 R T e R A 5 P B B A L E
SEIAFNE AT, SR—EEEG ML, &
& EE A1 In R AL AW Z AL A BAE
FH LB Z530% IR A3, s e+ 3R 52
HEBEE CE.OES, 2011 ),

A RAER A5 Y e S P E L R B R AL
RHEEEEMEAEGARMERS T . 2FE
(2012) W5 & BLA KA ING 135 pH (B JC 28 s
JERMBIEAG, TIEFKESASCHES Cu, Cd &
L E R, ANFE SR Cu A Zn TRINSZE FRIRHE
ST A KRENSIEAR LI Cu Ml Zn WA RN
(RIS 2007 )77 BRHRAESE( 2010 )it 1.5 kg
AR ZEME T /NSRS R I, HXT Cu,
Zn, Pb, Cr WISCE R EE] 51%~61%. Lee
etal. (2008 ) Jiti HJBT 70 45CR 0.5% I A At 1- 1 v
As. Cd. Pb. Zn MJIRZFEMREZFEAL 70%~95%, Wang
et al. (2008 ) ## CaO Fl Na,S IRA VN5 e itk
TTHEIX, Cu. Zn . Ni S5 4R WA 30 BB FEK,
HTFAFESEAG AR, USOR
1) B 4 & A 08 XA S I O A7 A 25 57
W RAAING K)G As. Cr. Ni, Pb fll Zn 444
RMERRAR T 10%~44%, )2 Cd Fl Cu WS shiES)
ST 10%H1 24% (Jamali et al., 2008 ), L5 2#
FHINH, REEA KRR T 139 Cu, Pb Al Zn A9
WA, (BRI E 48 Cu. Pb Al Zn 1Y
AR/ (Alvarenga et al., 2008 ), Al ., AN[E|Fh
4R Z AR A AR T S A e, H.
ANFEHYE 48 BRWLHEA rEs (1R D,

2005 )o FINAT KT ) — P EE 4 J 15 M 2 AN ] R AF
R R AFRIRON, PTRES HIEE 4 Jm A
ARESRBOTEA K, WA HIRE S EAYARL
DA LA ORI AE Y e 1 7, LGSR
WHIIR . BEAR . ZZIPATRSE (Mahar et al., 2015 ),

— S B R AN H ARG B A 4R TS Y
e B S R T T R, A SRR
S KR AL+ 3 & B ERIBE R A
BT LT IERIE e /KA L PIRh 3 Cu. Zn AYEELLAE
AR, BEERERXTZI3EF Cu. Zn HifLIE E/EHW
B0, (HEXT YR i Cu BRI TISS (ks
2008 ), AIRESEH TANE P HEEBAEIE AW
A SR (RS, 2016), LB (2014)
Wik 5% 3% W R 1 - 3980t A IR I8 Z ORI T AL
i, AR e s R A LR T
TR o ANIRIH 4 J@ X6 & A I ke iy A 2250, #h
WA (2004) FIFHA KR E G5 Y41, K%
KT L3 Cu F1 P (AEIA R, S5 FE N T +
gih od WA S, b ES R SRR S
+ 3 R AR YA R AR —E, T ILA RY
BEIRE T AL, AR 3R Y
O, AERE S HEERE S Cu. Cd AEMH
MR BFEEMLE, 5 Pb EHAMXE., AMHES
(2012"°, 2013%*) i FLEHRAREE . BRBRSE . %
PR AT IR B Bt K% B 45 i P %k 398 pHL B0
wEAE Cd AREREm, EMAEPAERE Cd
H & AE T A A PR P I F XS R, PRt A K A&
BRUREAE . Khan et al. (2009 ) BFFE A& B A KA
AR FBCS Y AU Cu, Fe. Zn FiE,
B RERERR — 4LXT P IEILE A%, £ Cu I
Cd i5Ye 33, A RA BRI T WA K (LT
FR&E, 2013) 30 77 I et ok DR - M T
XFF Cd. Pb I Zn {544 FEHbERPELTHE, Pt £ K
AR ESEXT Cd. Pb AT Zn (W, Hokeddrit
5 gkg! (FEEHISE, 2008 ), X THE X HiL
R4, ThI% (2012) fUH 1 gkg £ KRIANE
AR Cu FI Cd il e 4 BN . b5 G
it FH = G n AL BRES [E] i EH:, Cd. Pb HRK
B ERHIRER, Cu. Cr. Hg ARG & E I
Jn, T Zn Fl As A RS S B B0 BE AR A K
INTREAR, 40 AR 3 gk B HARS S
I GRUNESE, 2007 ) %, AT, B
WIS E RO — N EE RN E . S50
FIE LBy, AR A SRAR T SR B, AN
FITFEwA K (RO, 2016), DL EAFFERM,
AR HAAE R e R A5 0 g e E
BORH B A, FiL, FHESREGY L RERE
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R, AR RIS Y S R AR S
YR A5 e IE 1 T 48 TS Y B B R AN I
& Hobse it FH i

AR kit X 2 A e IR AN R B
PRI SR AR (IGHREE, 2015), HIbA K SH
MBS SR B et 5 B T5 Y iy L R B R fa it 1
BB, AR+ A+ AR R4
KT BE 8 25 HE 5 Y 1 3 pH JFFAIR -4+ Cd . Pb,
Cu . Zn AR #5745, 2015 ) [Tk 5 2012 )
WS R IAER A “ FOR AR R R = S
b, R R AR R R ] 3k A R
Zn Ml Cd EBRBUR ., BEEWIT IR AN KAEEHL
N, A REYIRE SN T E 85 s
N, BN DL SE A AR W PR 5 Cd. Pb
H1 As BV 3800+ S b e A5 AR = i
Mt . WEEREE . OB Y LA R R G M 4R
( El-Azeem et al., 2013 ); Mifiif g X+ Cd Al
Pb BA—EEBAEH (Yang et al., 2016), FEELN
KA AR E RSN, CaO fil Ca &J@41K
IRAYIN As FITE4JE Cd. Cr & Pb [ EERCERAE
IEF 95%~99% , [ FH X H AR B TR
WM RIS T BT G AT SR AR ( Mallampati et al.,
2012, 2014).

Jith FH A P T A ek A - 98 o 4 SR A R E AR A
X4 R A BRA, [l E bRk 6 A A e
SR, IRERSE (2009 ) dlid Cd AYANEES NS &
BRI 3 g-kg AEAT IR AT AR SEARZE I rf Cd 7
HIEAC 55%, {HEHbRR A= s A s 1
JERES (2013 ) P42 LI KRG AR
Cd &8 FAK, [FR HAREY /N R PR A= A i
FWb . SR, AR EWEHAKE BAMEY
(A A A, B AESE (2010) * 162
PEA I 1.8 gk B KIS, HRER) = S H:
W o B . 7E Cu Al Cd V5 Y% T3 rh sy
MK, B A Y B Em, W E X Cu M
Cd WIS R BRI (RELThRES, 2013 ) 37138 7
Cu Al Zn V55 3R BINA K, /INASRRY B
R (BRIEMESE, 2007 ) P8, TEEAE AR
GABEN PR AA K, B ERR AL
N, R ESE SRR RE (8
BREE, 2015), MUIEESSRATLIE N, ANEEYIN A
Yy XA R I R B AN IR VS A R R — A4
AR E AR B mARE, I B ARER
A7 %) 4 i BB IR TS I B A i 2250 . 76
T PO TR A5 ek H it 2 A KRR T 1K
At By Po. Zn ek, HEE T HH By
As FrE (ERESE5E, 2013), SR (2012) 78

IRV e VDA A it R A R R IR OK Ml L Ay 2E 0t
Cd. Pb. Zn., Cu & BEREL, (H2HKPRL Pb &
HHFE

S A K B A RIS BT 398 4w 75 4B
BRRPHNRIRL, FEMIE AT =08, —=&A
IR KA IR AR SRR, A AR BE K
OB ENRES AR A K EE WS A
BE, TEREA 1355 K SO A A K S A A
BEH RO R, RIS S A/ E R (] i
H ABFEES RIS . 2 e,
THEAVUR AR pH (6. FHE R . Afkid
JRHL AR, GN7E pH (ERARAIRYE 1388, A K
YO IR R RO T RE S5k, X E AR WA RL
PERSEM B o B, R Is A, g e
Bl s E AR R S, EaR A ARE
TEARREI pH (HAAM T 2P, AFEMEESE
X pH {HAR LR B AFAE2E 5. BRIk, FIHA K
(L3-S NI 85 s = Ol ol a1
FrAg e, gt FH A3l R i R o e - i A 7
B, kBl HEEHT,
3 ARETEEEESEEEFHNAES
RE

A BAMEYI R, 23 pH (H, i E L
AR AR IR, DTS A 4 6 B 4 iR i
W, A Bt FAAE R M -3 B R R B
TE—ERI, B A KA R R, Cd. Pb
ARYS S HBEIEE, Cu, Cr. Hg AUEEEZ
W CGROUNESE, 2007 ) 0 (HE KR
PR, 91N 3%E St A R AT F KRRk T Cd
Pb. Zn 1 Cu By &t W FRAG, (HO2 0N HRER;
SR A A, I HESE A KA 5 R 4381
PSR TE AR S, (TRCAEAE, 2016 ). {HARER
SERIE, FEXTAERGHBIX (A IR AR+ b P A 2L
FA IR A B AR EE B (FEERDESE, 2015 ),
HAT, sk A KB 4 | s 48k
IR EE IS IR A AN R, IRIHZ NG IE I
MLHPKE Ry A1 KA 52 HE 45 T 15 Y - 3 FR A6 T R
23] [RIEHINsR A KR B g AT B B A HE
KA

FIFHAT XA AR S R G0 T o 43 Ja 15 Jufies
B OGP IFT R, MXRMAES RS+
B 4 BB E LA AR A 48 BRI
/b Derome (2000 ) fF5% % BAT IKFEAR T 25 22 RK
INTRAMR E AT P Cu. Ni Al Zn (HRIE, s
FEAR T A AT Cuy NiWREE, Tiim g hn
T Ca Fil Mg WA RN A K eSS = ARk 1438 pH 1,
+3 pH {HIYW Zn F1 Cd FEFF AR I rp ) B2
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( Alagic¢ et al., 2013 ), HTIRARLEYRK, XHEE
J& ZR K, FIA KRS TARMATG G RS
g BAERM N TR, Bk, MsEa KRR
ARG E A e TG P B AT SR A KNS
REAT 3585 PR S E R SRR AR E R L2,

TG S RN AE W18 52 DRl 2 €8 A R T 7 1 38
g B —w L. BEE —LehitAiy . w A
Y. S EMEYABTERCEY R R IR, e R
RN TR REASRH 1 T4 R Y% (Qian etal., 2016 ),
AN R K55 R - ik A A RN R 4
IEREE e w4 ROl 68 ey 1 P i N9 1672:9.0)
+ 3 4 R B 2 R A Y B LB AT AL
PHAERTT , DI R B G- b St - 98 o 4 g V5 e e 5
B B PR =R

SE
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Remediation of Heavy Metal Contaminated Soils by Lime: A Review
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Xiangtan 411201, China;
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Abstract: With the rapid increase of global population, and rapid development of modern industry and agriculture, soil
contamination has become an important global environmental problem. Lime, is also called burnt lime, calcium oxide, caustic lime,
which is a white or grayish-white, odorless, lumpy, and very slightly water-soluble solid. In recent years, lime has raised widespread
concerns on remediation of contaminated soil and has become one of the research focus as these advantages of good remediation
effects, low costs and simple operation. This review summarized recent advances in the effects of lime on the heavy metal polluted
soil remediation, discussed the possible factors of influencing the heavy metal polluted soil remediation, and illustrated the effect
mechanisms of lime on heavy metal bioavailability in soils. Previous studies demonstrated that different calcareous materials showed
the various effects of remediation on heavy metal in soils. Meanwhile, different soil types and heavy metals made diverse responses
to additions of calcareous materials. In consequence, the remediation effects of lime were distinct. Heavy metal bioavailability and
toxicity were decreased by ion absorption and complexation, and the soil pH, CEC, soil microbial communities and soil oxidation
reduction potential were altered after liming. The impact of lime on heavy metal depends on the lime dosage, land-use type, soil pH,
heavy metal contaminated types, heavy metal types, etc. When the remediation was conducted, the heavy metal contaminated types
and land-use type should be considered for deciding the dosage of lime or which calcareous materials, so that the satisfactory results
of remediation could be obtained. As long-term liming altered the soil aggregate structure and resulted in soil compaction, the lime or
calcareous materials should be modified with nanotechnology and other advanced technology. The researches and developments of
new lime and calcareous materials will be necessary urgently. At the same time, the mechanisms of remediation by lime will be
revealed in the future studies. The combined remediation systems of lime and other repair agents should be built. They will provide
the scientific basis and repair approaches for the remediation of heavy metal contaminated soils.

Key words: liming; heavy metal; remediation of contaminated soil; bioavailability of heavy metal; remediation mechanism;

combined remediation



