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Extraction of Cd and Pb from Soil by Anionic Surfactant and Ligand Nal
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ABSTRACT

Heavy metals, Cd and Pb, in soil were extracted by using anionic surfactants such as AOS (alpha olefin sulfonate), SDS
(sodium dodecyl sulfate), and LAS (linear alkyl benzene sulfonic acid). Metal extractability from soil was affected by the
carbon number and solution pH of surfactants. LAS showed higher metal extractability due to the acidic solution
condition. Although SDS has a fewer carbon number than AOS, it would produce smaller micelles and resulted in more
efficient extraction of metals by increased soil contact. Cd extractability of surfactant was twice enhanced by adding Nal
as a ligand. However, Pb extractability of surfactant was sometimes reduced by adding Nal. Those ligand effects were
dependent on solubility of metal-ligand. The column experiment also showed that SDS having smaller micelles resulted in
higher metal extractability than AOS.
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Agskarat sl= d7F XeE Al Stk (Mulligan et al,
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Table 1. Properties of soil used in the study

Parameter Value
Organic matter contents (%) 2.8%
pH 7.6
Soil texture loamy sand
porosity 045

permeability 328 x 1078 cm?
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Table 2. Properties of surfactants used in the study
Surfactant Molecular formula CMC Biodegradable Density(g/mL)"/ Viscosity(cp)"* pH"
10 mM 0.9894/1.97 6.1
SDS CH;(CH,);,080;Na 8 mM* Yes!
50 mM 0.9808/2.60 44
10 mM 0.9782/1.39 2.6
LAS CH;(CH,);,C4H,SOsH 1.5 mM® Yes>
50 mM 0.958/1.63 22
5 10 mM 0.9859/1.09 7.5
AOS RCH(OH)CH3(CH,)nSO;Na — es?
(n=14~16) 50 mM 0.9704/1.20 7.8

' Z18-4] et al. 2005, 2 7% and 319HY.
*Measured in this study

ZRE TFE FEES PSS AagAgAle] pHe
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115 mLolth. Yg TS FAlsl] S8t 55 &
A EY 205 e o vt} 214 g8 FAE 7171 ﬂ%j‘
E 13cm =ololA 128 A "otk FE4 o
o] MY Lol oREIEAE 10 mL/min® 2 33—
53 (pore volume) FY3HAL, 3717 EElE FRT=
5 mL/min® 2 23=53] Fsl] EsPJElE TR
°]% SDS 50 mM¥} AOS 50 mME 2= &3t H)
1‘{};& 1/]__,_01 Zo]o]_giou:] }\—ﬂzi,g_oﬂ.g_ 101?‘1“4 151.1
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1998, 3 Milton, 2004, 4+ 7154k, 2003, 3 Schranun et al.,

1995, ® Abed et al., 2003

Table 3. Extraction of Cd in soil by nonionic and anionic
surfactants

AOS"  SDS’
11% 18%

LAS"

Cd 1% or less 27%

' Shin et al, 2005 (50 mM)
*Surfactant concentration 50 mM in this study experiment
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Fig. 1. Relative Cd extractability of surfactant to water control.

Cd F=5 Hola }. Sol2/d AagdAel o3l 3
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S vHTa £ 4 tk(Wang and Mulligan, 2004).
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Relative Pb extractability of
surfactant to water control
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Surfactant concentration

Fig. 2. Relative Pb extractability of surfactant to water control.
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Table 4. Variation of pH in surfactant solutions after batch
experiment

Agent Initial pH  Final pH after batch experiment
SDS 44 5.1
LAS 22 2.7
AOS 7.8 7.9
SDS + NAI 4.6 49
LAS + Nal 23 2.9
AOS + Nal 7.8 7.8

Cd7} Pbe] 858 ZAE & F Ut} AWEAA &9
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Fig. 3. Relative Cd extractability of surfactant (10 mM) to water
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only.
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Fig. 6. Relative Pb extractability of surfactant + Nal to surfactant
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Fig. 7. Images of the mixture of metal, surfactant and Nal; (left)
Pb(500 mg/L) + AOS(50 mM) + NaI(300 mM);(right)
Cd(100 mg/L) + AOS(50 mM) + Nal(300 mM).
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Fig. 8. Mass balance of Cd (Experiment conditions: All

surfactant concentration = 50 mM All ligand concentration = Nal

300 mM, Cd in soil = 100 mg/kg).
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Fig. 9. Mass balance of Pb (Experiment conditions: All

surfactant concentration = 50 mM All ligand concentration = Nal
300 mM, Pb in soil = 500 mg/kg).
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Fig. 10. Removal of heavy metal from soil column by surfactant flushing (All surfactant = 50 mM, Cd = 100 mg/kg Pb = 500 mg/kg).
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