
† Corresponding author E-mail: wshin@mail.knu.ac.kr Tel: 053-950-7584 Fax: 053-950-6579

/

Solidification/Stabilization of Heavy Metals in Sewage Sludge Prior to
Use as a Landfill Cover Material

․ †․ ․ *
Younjin Park․Won Sik Shin†․Sang June Choi․Hoon-Ha Lee*

․*
Department of Environmental Engineering, Kyungpook National University

*Energy & Environment Research Division, Research Institute of Industrial Science and Technology

(2009 9 11 , 2010 7 2 )

Abstract : The effects of chemical binders (ladle slag, ordinary portland cement (OPC), hydroxyapatite and calcium hydroxide) 
on the solidification/stabilization of heavy metals (Cd, Cu, Ni, Pb, Zn) in sewage sludge were evaluated by chemical leaching tests 
such as EDTA extraction, TCLP and sequential extraction. The results of EDTA extraction showed that heavy metal concentrations 
in sewage sludge were highly reduced after solidification/stabilization with slag, cement or calcium hydroxide. However, EDTA inter-
rupted solidification/stabilization of heavy metals by hydroxyapatite. The TCLP-extracted heavy metal concentrations in sewage 
sludge after solidification/stabilization with chemical amendments were highly reduced. However, Cu concentration in the sewage
sludge solidified/stabilized with slag, cement or calcium hydroxide increased because the pH of TCLP solution was higher than 7.
Mixtures of sludge 1 : slag 0.2 : calcium hydroxide 0.1 (wt ratio) showed the least leachability in batch TCLP and EDTA extraction.
The results of sequential extraction (SM&T, formaly BCR) indicated that the distribution of heavy metals changed from exchangable
and carbonate fractions to strongly bound organic fraction. It was found that maximum leachate concentrations of Ba, Cd, Cr and
Pb from sewage sludge amended with slag and calcium hydroxide were far below US EPA TCLP regulations.
Key Words : Solidification/Stabilization, Sewage Sludge, Heavy Metals, Chemical Binders, Ladle Slag, Ordinary Portland Cement 
(OPC), Hydroxyapatite, Calcium Hydroxide
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xide, Ca(OH)2, 68%, 100 mesh) ( )

/ . Table 
1 XRF (X-Ray Fluorescence Spec-
trometer, PW2400, PHILIPS) 

.

2.2. 

2.2.1. 

pH, , ,
. pH

.5) 5 g 50 mL
(polypropylene, SPL Co., Korea) 25 mL

(S:L = 1:5) 1
(Model 720, Orion, Thermo Electron Corp., USA)

pH .
pH ,

100% 5%, 10%, 20%, 30%, 50%
(1 g ≤ ≤ 1.5 g) pH .

TCLP pH .

.6) 105℃ 1

. , 4

.
(total organic carbon, TOC) TOC analyzer 

(SSM-5000A, Shimadzu Co., Japan) 105℃
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.
(pseudo total heavy metal 

contents) microwave assisted acid digestion 
. 0.5 g 15 mL (aqua regia, 

: = 3:1) microwave (MARS 5, CEM Corp., 
Matthews, NC, USA) .

5 , power ramp 1200 W, 210℃, 400 psi 
10 cooling 5

.7) Microwave ,
0.45 µm (cellulose acetate, 

Whatman, USA) .
(ICP-OES, Optima 2100 DV, 

Perkin-Elmer Co., USA) .
Table 2 .
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. ,
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.
/

EDTA(ethylenediamine tetraacetic acid) (EUR Re-

port 17127 EN, European Commission, 1997) .8)

0.05 mol/L EDTA 1 L 14.61± 
0.05 g EDTA (free acid, Sigma-Aldrich, ACS regent)

80±2 mL 13 mL
EDTA ,

pH 7.00±0.05 .
2 g 0.1 g, 0.2 g, 0.4 g, 

0.6 g, 1.0 g 0.05 mol/L EDTA 20 
mL 200 rpm 1

. 3,000 rpm
20 , 0.45 µm 

, ICP-OES
.

/
TCLP (US EPA, 2003) .9) 1 g

0.05 g, 0.1 g, 0.2 g, 0.3 g, 0.5 g
TCLP 20 mL

200 rpm 18 .
3,000 rpm 20 ,

0.45 µm , ICP-OES
. TCLP 

pH
, pH 5.0

(extraction fluid) #2 . #2
0.1 mol/L 1 L 

5.7 mL pH 2.88±0.05
.

SM&T (The Standard, Measurements 
and Testing programme of European Union, formerly BCR)

.10) 0.5 g 0.5 g
3

. 3,000 rpm 20
0.45 µm ICP-OES

.
10 mL 15

.
Table 3 .
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.6) 2 g 50 mL (poly-
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5.8~6.3 20 mL

6 200 rpm .
3,000 rpm 20 0.45 

µm ICP-OES
.



668
․ ․ ․

Journal of KSEE Vol.32, No.7 July, 2010

℃ 

℃ 

3. 

3.1. 

(bioavailable)

EDTA 
TCLP .11) EDTA (Table 4), 

Cu (177.3 mg/kg) Zn (788.9 mg/kg)
Ni (39.1 mg/kg) Pb (20.9 mg/ 

kg) . Cd (4.1 mg/kg)
. EDTA 

, Cu Pb , hy-
droxyapatite Zn . TCLP
EDTA 5

. Pb ,
. TCLP Cu

EDTA .
,

Cd, Ni, Zn step A exchangeable fraction

carbonate fraction , Cu
Pb step C organic fraction sulfides fraction

.

3.2. 

/
EDTA 

TCLP .
EDTA EDTA

, TCLP acetic acid pH

,
/

.

3.2.1. (ladle slag)

Table 1



669

32 7 2010 7

.
C-S-H gel ,

.12,13) 100%
5%, 10%, 20%, 30%, 50% 

(Figs. 2, 3). EDTA
5

(Cd, Cu, Ni, Pb, Zn) 
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enite(Ca12Al14O33)

(Fig. 1).
C-S-H gel ,

.12,13)

3(3CaO․SiO2) + 6H2O → 3CaO․2SiO2․3H2O + 3Ca(OH)2

(1)

2(2CaO․SiO2) + 4H2O → 3CaO․2SiO2․3H2O + Ca(OH)2

(2)

3CaO․Al2O3 + 3CaSO4․2H2O + 26H2O →

3CaO․Al2O3․3CaSO4․32H2O (3)

3CaO․Al2O3 + 12H2O + Ca(OH)2 →

3CaO․Al2O3․Ca(OH)2․12H2O (4)

3.2.2. (cement)

100% 5%, 10%, 
20%, 30%, 50% 

. EDTA ,
5

. 50% Cd, Pb, Zn
, Cu Ni 20%, 44%

(Fig. 2(b)).
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pH (pH 11.9) 12.6
,

(Fig. 3(b)).
Cu , Cd, Ni, Zn
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20% , Cu

2
. Fig. 4(b)
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Pb Zn
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Table 5

. Step A Pb Cd, Cu, 
Ni, Zn , step 
C
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organic fraction ,

EDTA TCLP

.
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(Korean Standard Leaching Test, KSLT)

Table 6 .
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pH Cu

.
pH 
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Ba Cd .

, /
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Cu . ,
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