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Two-phase solvent extraction of PCBs 
and heavy metals (Cd, Cu) from 
contaminated soils
J. A. Gascón, V. Marina, O. Salas and I. Susaeta

Abstract

A bench-scale study was carried out to determine if two-phase solvent extraction tech-
nology is an effective treatment to remediate soils heavily contaminated with polychlo-
rinated biphenyls (PCBs) and heavy metals such as Cd and Cu in just one step. The 
results show that efficiencies of 98% for PCBs and 97% for Cd and Cu are reached in 
three and four successive extractions, respectively. Optimal operational conditions for 
this case study were: organic phase/aqueous phase ratio 60/40, minimum acid concen-
tration to obtain the two-phase miscibility, ten minutes extraction time, and four succes-
sive extractions. However, these design parameters must be determined for each 
different case.
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INTRODUCTION

Solvent extraction is a mass transfer process in which 
contaminants are transported from the soil to a liquid 
solvent. Subsequently, contaminants are recovered 
from this liquid waste and the cleaned solvent is again 
reused on the process.1,2,3

Soils contaminated with both organic and inorganic 
compounds are rarely treated using solvent extraction 
processes because of the negative effect that the immis-
cibility between organic and inorganic solvents has on 
the soil-solvent contact when they are used simultane-
ously. This means that an extraction process should 
consist of a first extraction step using only the organic 
solvent to extract the organic compounds, followed by a 
soil drying process (to avoid the contact between both 
solvents), and finally, a second extraction step using 
water to extract the inorganic compounds. This takes a 
long time, requires large amounts of equipment and, 
therefore, leads to high costs.4,6,7

However, two-phase solvent extraction technology 
manages to extract in just one step soils contaminated 

with both organic and inorganic compounds. The 
extraction fluid used is a two-phase mixture of 
butanone, water, and hydrochloric acid (HCl) in order 
to concentrate the organic compounds at the upper 
organic phase and the extracted heavy metals at the 
aqueous phase. 

This mixture has the property of varying its miscibil-
ity as a function of the pH, increasing the miscibility 
when the pH is decreased. This has the advantage that 
by adding some acid to the mixture, it is possible to 
have a completely miscible extraction fluid which 
greatly improves the solvent-soil contact. Afterwards, 
the mixture can be made immiscible again simply by 
adjusting the pH to the original conditions with a base, 
and the organic and inorganic phases can be treated sep-
arately.9

Treatability studies have been carried out in order to 
enable better-founded decisions for the implementation 
of solvent extraction technology and the conditions 
under which it should be applied. Many factors can 
affect the success of the selected technology in a soil 
recovery action, so it is important to develop laboratory 
scale treatability studies in order to reduce the risk aris-
ing from direct implementation of untested technol-
ogy.5

The experience of the implementation of remedia-
tion technologies has shown that the direct transfer of 
the technology performance data from one site to 
another has many drawbacks. Each site has its own 
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unique characteristics that make that transfer risky and 
thus undesirable.8

TREATABILITY STUDIES

The objective of this work is to study at bench-scale the 
feasibility of using a two-phase solvent extraction tech-
nology to remediate in just one step soils contaminated 
with both organic and inorganic compounds, in addi-
tion to the determination of the optimal operational 
conditions. For this purpose, a soil contaminated with 
1471 ppm of PCBs as an organic compound, and 423 
ppm of Cd and 888 ppm of Cu as inorganic compounds, 
was selected. The soil was excavated in a former steel 
production industrial facility. Soil was contaminated 
with heavy metals and in the dismantling of the facility, 
transformer oil was accidentally dropped onto the soil.

A treatability study requires the definition of some 
parameters to evaluate the feasibility of the technology. 
Some of these parameters are common to all cases, so 
they were taken from previous studies. For example, a 
soil:solvent ratio of 1:5 was fixed as it was observed to 
be the optimal, and the minimum HCl concentration 
necessary to obtain the phases miscibility was taken as 
the 14% of the whole mixture.10

However, other parameters need to be determined 
for each specific site because of their dependence on 
the soil characteristics. In this case, the specific design 
parameters selected to carry out the treatability study 
were the following: organic phase/aqueous phase ratio, 

acid concentration, extraction time and number of suc-
cessive extractions necessary to reach the cleaning lev-
els required.

Organic phase/aqueous phase ratio
In order to determine the optimal butanone/water ratio 
some tests were carried out in which the extraction effi-
ciency of both organic and inorganic contaminants 
were measured for different mixture ratios. 

Tests were carried out for the following organic 
phase/aqueous phase ratios: 40/60, 50/50, 60/40 and 
70/30. The HCl content used in all of them was the 
minimum necessary to obtain the miscibility of the 
phases (14%), and the samples were continuously 
stirred for 24 hours to make sure the equilibrium point 
was reached. Ratios with a butanone content lower than 
40% were not studied because of the impossibility of 
reaching the immiscibility of the phases after the 
extraction process. 

After the extraction process, the soil was washed 
twice with clean water in order to eliminate the remain-
ing solvent, and subsequently, was analysed to deter-
mine the PCBs, Cd and Cu concentration. PCB content 
was measured by gas chromatography (HRGC/ECD), 
and Cd and Cu content by inductively coupled plasma 
atomic emission spectroscopy (ICP/AES). 

Acid concentration
Since heavy metal extraction is higher at low pH, the 
optimal HCl concentration to obtain the maximum 
heavy metals recovery was determined, and the effect 
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Figure 1. Cd and Cu 
recovery for different 
organic phase/
aqueous phase ratios
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Figure 2. PCB 
recovery for different 
organic phase/
aqueous phase 
ratios

Figure 3. Cd and Cu 
recovery for different 
amounts of HCl 
added
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of the HCl addition on the PCB recovery was studied. 
Some tests were carried out with a soil:solvent ratio 

of 1:5, an organic phase/aqueous phase ratio of 60/40, 
and additions of different amounts of HCl (minimum, 
+10%, +30%, +60% and +100% by volume). 

Extraction time
Optimal contact time is a key parameter in the cost 
assessment of any decontamination process. In order to 
determine the minimum time required, the tests 
described above using the minimum HCl concentration 

were carried out, taking samples at different times.

Effect of successive extractions
In order to establish if the two-phase solvent extraction 
technology is successful or, on the contrary, does not 
reach the cleaning levels required, the cleaning rate 
after five successive extractions was determined. 

Tests were carried out to undertake five successive 
extractions on the same soil sample, operating in each 
stage under the following conditions: soil:solvent ratio 
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Figure 4. PCB 
recovery for different 
amounts of HCl 
added
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Figure 5. Cd and Cu 
recovery evolution with time

95

90

85

75

70

65

60

55

50

80

Ex
tr

ac
tio

n 
Ef

fic
ie

nc
y 

(%
)

HCl min HCl +10% HCl +30% HCl +60% HCl +100%

HCl Concentration
1:5, organic phase/aqueous phase ratio 60/40, mini-
mum HCl and ten minutes with continuous stirring. 

RESULTS
Influence of organic phase/aqueous phase ratio
Figure 1 shows that metal extraction is almost inde-
pendent of the mixture ratio, obtaining extraction effi-
ciencies for both Cd and Cu of just over 95%. However, 
Figure 2 shows that the mixture ratio greatly affects the 
PCB recovery. Since the higher PCB extraction effi-
ciencies are obtained for the mixtures 60/40 and 70/30, 
and the difference between them is practically negligi-
ble, the 60/40 option was selected as it was the cheaper.

Influence of acid concentration
In Figure 3 it can be noticed that HCl concentration 
hardly affects the Cd and Cu recovery (except for the 
100% excess in which case a slight increase of the 
extraction efficiency is observed). However, Figure 4 
shows that HCl concentration presents a significant 
effect on PCB recovery, decreasing the extraction effi-
ciency as the HCl concentration increases. Thus, the 
minimum concentration necessary to reach the phases 
miscibility was selected as the optimal.

Influence of extraction time
The results are shown in Figures 5 and 6. In both fig-
ures it can be noticed that contaminant extraction is 
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Figure 6. PCB 
recovery evolution 
with time

Figure 7. Cd and Cu 
recovery for five 
successive 
extractions
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very fast, achieving the maximum recovery in ten min-
utes. Therefore, ten minutes was considered as the opti-
mal time for each individual extraction.

Influence of successive extractions
Figure 7 shows that the greatest extraction occurs in the 
first stage, obtaining a recovery of about 94%, and that 
the extraction continues to a low extent throughout the 
next three stages to reach a maximum recovery of 97% 
at extraction 4. In the same way, Figure 8 shows that 
PCB extraction has a similar behaviour to Cd and Cu, 
with the greatest extraction in the first stage (84% 
recovery) and obtaining a maximum recovery of 98% 
at extraction 3.

CONCLUSIONS

The results of the bench-scale evaluation demonstrate 
the feasibility of the two-phase solvent extraction tech-
nology for the recovery of both organic and inorganic 
compounds from heavily contaminated soils. For the 
soil studied, the technology enables us to recover 98% 
of the organic contamination (PCBs) and 97% of the 
heavy metals (Cd and Cu). 

Design parameters for the two-phase solvent extrac-
tion process, such as mixture ratio, acid concentration, 
extraction time and number of extractions, must be 
determined for each case. In this case study, the optimal 
operation conditions were determined as follows: 
soil:solvent ratio 1:5, organic phase/aqueous phase 
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Figure 8. PCB 
recovery for five 
successive 
extractions
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ratio 60/40, minimum HCl and four extractions of ten 
minutes each with continuous stirring.10

In any case, it is necessary to evaluate the cost and 
the amount of contaminated soil to be remediated for 
the selection of the two-phase solvent extraction as a 
potential remediation technology.10
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