B AR A& 4l 2011 4E3 1 2522 % H53 1)
Chinese Journal of Applied Ecology, Mar. 2011,22(3) : 816 —824

B

ﬁ]g jX 1,2**

SRTIERE/ENESRAHARER

RES HEHE OF oM AR AXE EHE

(" PR B R S B S T R BB B A G, dEnt 1001015 * T AR B BEIR S R BERL A B, 1AL R T 4371005
* o R 2 (BRI BB, BRI 430074 T HT AR SE T, 0T 437100)

W E BEAEARALIE—HRAERLENEAMAEARRA B E A NT LG
ERARNFEAMFELFIE - E /E 1 solidification /stabilization, S/S) b F Mk A1 HA T A4
W E%E. AXESE LERFRPZE(EPA) EEFKE W S/S HANEE WKW EF
Hah b S/ISHMABRNALEARRASEHART OH#ATT 240K BEFZAEL
17T gt T NG M A A, B T L A AT e B AR VB AR, R D 7T 4 & T
RERUKBRFFTEDTIENEN. BREMBAREZNAEFT RN AR ER L, K510
B FGEM TGN REEENBR.S/ISTEAREHE: KRB M E &K K LK E MK #
AR EENFBAEA SRR I EREMEAT, MANGFNEN TR ELEN
W FMER, B pH BHEA AT EEE AR TELA KA EFRERLASE
RLELBELEFTNEERS NTREREEDEREATHEE. AXEZRAEKT SISEE
BERFIM T &, A HFEWNES/ISEAFTHN L2 FHAEBALREWURKENS/ISH AR
U o

X$EA +HE E4E FR HEHEM/BAEN

NEHS 1001 -9332(2011)03 -0816 —-09 hEHES X53 XEFRIEEE A

Recent advance in solidification/stabilization technology for the remediation of heavy metals—
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Abstract: Remediation of heavy metals-contaminated soil is still a difficulty and a hotspot of inter—
national research projects. At present, the technologies commonly adopted for the remediation of
contaminated sites mainly include excavation, solidification/stabilization ( S/S) , soil washing, soil
vapor extraction ( SVE) , thermal treatment, and bioremediation. Based on the S/S technical guide—
lines of Unite State Environmental Protection Agency ( EPA) and United Kingdom Environment
Agency ( EA) and the domestic and foreign patents, this paper introduced the concepts of S/S and
its development status at home and abroad, and discussed its future development directions. Solidi—
fication refers to a process that binds contaminated media with a reagent, changing the media’ s
physical properties via increasing its compressive strength, decreasing its permeability, and encap—
sulating the contaminants to form a solid material. Stabilization refers to the process that involves a
chemical reaction which reduces the leachability of a waste, chemically immobilizes the waste and
reduces its solubility, making the waste become less harmful or less mobile. S/S technology in—
cludes cement solidification, lime pozzolanic solidification, plastic materials stabilization, vitrifica—
tion, and regent-based stabilization. Stabilization ( or immobilization) treatment processes convert
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contaminants to less mobile forms through chemical or thermal interactions. In stabilization technol—

ogy, the aim of adding agents is to change the soil physical and chemical properties through pH con—

trol technology, redox potential technology, precipitation techniques, adsorption technology, and

ion-exchange technology that change the existing forms of heavy metals in soil, and thus, reduce the

heavy metals bioavailability and mobility. This review also discussed the S/S evaluation methods,

highlighted the need to enhance S/S technology in the molecular bonding, soil polymers, and for—

mulation of China’s S/S technical guidelines.

Key words: soil; heavy metal; pollution; solidification/stabilization.
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BEEREK 15% 2247, b Cd Al B A
—E IFEH].
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K. By B IR~ KRB AT 25 I8 1k /B B AL & Ass Cd.
CuPb.Zn G54 & 1576 1A A KRB HEE K )
TP RN 1 HE S/S 2R, & BE A S
bt E 4 R IG5 e R g PhCr' R Cr° i 22 3K 5
1= H 2 M 5256 ( toxicity characteristic leashing proce—
dure, TCLP) %2 tibrifl ™. dEAAS S ™ R+ T
P XA ( XRD) 434 i 1 B ( SEM)
TCLP J5 i, B A A1 IR K I i e % A1 28 15 Ak /
R A BT Y i £ Y PboCrt I G L (2
IRBNIR AR E. B R £R 1 5 D0 AT LA 14 - 7K Ak
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2.3 BHEMEME AL
IRVEM R 2R B T A ALIES /SAR BRE AR, A

Table 1 Additives used with portland cement in solidification/stabilization processes

iy Additives #H 4 )& Heavy I Hk References

LB + 4K + KK Gypsum + lime + fly ash Cd.Pb.Ni.Zn [14]

KUK + fJK Volcanic ash + lime, 4K + &8+ lime + Kaolin As [15-16]

11 JK Lime As (171, [18]

KK Fly ash As.Cu [19]

AL+ Organic clay As [20]

EEAERREKIE + B + BEK + BT + SISt + Bk CdoPb.NiiZn (21]

5 Portland cement + silica fume + fly ash + ground slag + metakaolin +

alkali-activator

Ky HEIR + B A AN + JKIEEE) Fly ash + alkali-activator ( so—  CdPbNi.Zn [22]

dium hydroxide + sodium silicate)

WPES + RIK Activated carbon + fly ash 4R A VL5 4 Heavy metal, organic (23]
pollutants

i W2 £ Sulfur, phosphate 43 J& Heavy metal [24]

WA Zeolite Pb.Cu~Cd. Zn [25]
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1.03.0.10.0. 05.0.25.2.0 mg * kg "
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Table 2 Amendments for stabilization heavy metal in soil

TR B HUIRR BE 25, B L REAE SR e S LA . [
At T oA IR e 1 6 A L 440 7 Ho Al B

VA R AL MR K rh R A A i T e
AR ) YRR . R R R AR
W

Rin = (ar/Ao) / [( F/M) t]
Aoep: Rin Jobr i Lo 22 7 10 RE 5 45 K38 0
R AR (g e d™ e m™) 5 ar R AR A
P E( mg) 5 Ao JRE R TP E YT i (mg) 5 F
SR R BRI R cm®) s M O RERR TR (g) st
B (d) .

175 LA TR R [ A PR PR R 5 e A 5
WIATIY A 325 LU 3k A

C,=V,/V,
2o € WHEZS L V) R AL R S 6% IR L 0,
Sy A 5 7 R R

18875 L S 1) b B 9 e B R A e 2 AR 14
I A AT

AL AR B VP 4 R TC R A L P AT 4R
S NI VA P (1 30 7 9. S T VT AR 2 8 7K
U A T R I f v, FR E A TR
Pt 75 MR O e —— K PR % 3 ) ( 1Y 557
~2009) " (AR Pris B R O R
MR Y HI/T 299 —2007) ' R (WK B i3 ) 2%
P 98 7 B —— T AR 28 o W D( HI /T 300 -

By e "R E =B IN
Type Additives Heavy metals Reference
ToHLZ 5] 1K Lime Cd [46]
Non-organic & 1+ Bentonite Pb [47]
amendment iR L Phosphate Pb. Zn. Cd. Cu (48]
KJK Fly ash Cd. Pb. Cu. Zn. Cr [49]
IR A B RG B Material calcined hydrotalcite Pb.Hg-Ag.CdZn [50]
FHBERZIE b+ VAL + MR + K + SE IR Sodi- Cd\Cu [51]
um bentonite + sepiolite + attapulgite + fly ash + mycorrhizal
GBI B 77 + SN + VRO S I BCBEEE A CdPb.Zn [52]
Natural hydroxyapatite + silicon calcium and magnesium fertiliz—
er + soluble Fe,Zn, Mn, Mo and B
HHLE ) 43¢ Cattle manure Cd (53]
Organic KL 4E Wood fiber Zn.Pb.Hg [54]
amendment FEFTF Straw Cd.Cr.Pb [55]
HR B F&{# Poultry manure Cu~Zn.Pb.Cd [56]
= 253 K + Je ¢ K 2 Li i i g .
swann AR, SR
with non-erganic iER + B HLE + K2 ER A Quicklime + organic fertilizer ~ Ph.Cd.Cr.Cu<Zn [59]
amendment + expansion perlite
IG5 Y8 Activated sludge Cd [53]
PIATEPET5 8 Excess activated sludge H 4 )& Heavy metal [60]
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2007) ' TCLP J7 g2 EPA 15 5 1) 7 4 & B Uk
R PEAN 7, PRSI 7 b A B0 v T4 7K A4
ANTR] PS4 v 4 J T 2R I AL R AN T I B
FrE ORI Z R R R, £K 1 20,8
FEFE] 18 hr. MEP J5 {2 AU B AN G By T A 35
728 Z2 KRR i it s PR B3R RO, i B A2
PRI T S PRI 37 2 ) 7T 3t 20 0 ) o v VR T2
MEP 256 7] 22 9 i K3 0, LA
R IE T 41
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2 JE R FE AR AL TR AR B0, W 5 [ 790 ) B 46 S 1)

TE 2803 M7 2 2R B 4 Ja A WA 5k i) — o ) 42
T3 R FHAS OGR4 BOA 808 o 4 J ] LA DFAh 358
T B A SR A IR AR AT DL O — R 4
MR LR VL. BRI, BB Y Tessier
WRR SN S b AR TR TR W b o R
( European Community Bureau of Reference, BCR) &
FRDR R T AR AR, il = — O A9 28 R AAH O
PRI, LA 525 b 52 56 2 22 8] 10 dis ik = ]
PO A5 () R, 78 Tessier J7 1 19 564k 42t T BCR
=R

PRI AT A | H () A A B A B
SBCRIEBAROT, BATEN T Y H L b
2 JE R L AE AL, LA R A B A s IR O, B
EL I FE B S R E SR SRR . 1A,
2 AMA S ( oral bioavailability) 2 4 A= Bl i
FE A2 BUM 32 ( physiologically based extraction test,
PBET) , ‘B T AN H A BEAEE , g R ik A=
WA

X SFFERATES( XRD) FI4 i 5~ i / g 7
B X B0 ( SEM/EDX) B AR Z A58 HI T
SER BRI , LA R AN [ 4] 7 0 Jo o) o 46 I 5
THYW AL, 45 5 e SR BRI A5 3 , 38 T LA S
S ST A PB4 A L B AR 1™

4 HEXEREZERE

I A B R ( molecular bonding system) 245
SFHARSES R L5 ai5le) REG . Ed
g Ry, JUE 4 i i Ak o B AR B P RRUE AFAE M AL
G, LI TCFEAL. R ER A R A B R AL

FRAELIEE 3 PR S0, T4 R 038 e %
BT 90% ; A 15 e Wy Ak A ASFE 60 ~ 1000 IC

TR G geopolymer) J&—FEr AU 1) ToHL R
W) HAY THE Siv Oy AL 25 LSk Af Bl 3 152 10 1
A 2 2 R (25 W A7, o) T 4 A R 1 [
TER T RS YA BRI E A SR
BEFIRFYH SIS KA.

X T MR E AL AR AR 7E— B R T 2R
[ B30, AR BT ST RIAE R 5 AL B AR R 52 B I 4 4
LB 04 ] 1 f 2 4 0 B )
X 3 4 1 0 B 2 T 0 R K A 7 0 X B 4 £ R B
. SR , B0 60 10 4 28 LB R o LA A 2 A TR A 2
PREE P KA T R B A AR A0S , 4 51 S A 25 AL
T, Y4 BB L £ W 4 T A PR 85 1T ek
JAS T L g

FIT L S/S A A1 225 AR5 1t 14 Ab 76 52 86 25 1T
T Bl i B B, RO S /S HEA R B R
P B SRR R R R VTR B AR K A T
2010 4F 5 (E R b5 e Biia m s ER 2 5% (4
JB 5B IR H AR SR ) AW R SIS AR
A I, HATA B SEBR TR K. A0, 17 s
FEE S/S BEHA SN E T/ LEAMMEED
ZRATT SIS HARAE Il T, 3% [H % AE S/S $
RIS HOIE A AR E T 228 RGPS ka5
ST 07 TV RS 9 S 0, L3 S e 5B T o
{2 FH
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