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The Evaluation of Technologies for the Remediation of Contaminated Sediments

D.Cooper, D. Velicogna, K. Volchek, M.Punt
SAIC Canada
Gloucester, Ontario, Canada
david.cooper@saic.com

V. Sharivker
Reactive Energy LLC
Gloucester, Ontario, Canada

Abstract

Many of the commonly available soil remediation processes have limitations
with respect to the types of soils and contaminants for which they are amenable.
Typically, no one treatment process can clean up a contaminated soil, because of the
variability in the contaminants and the soil types found. As well, many of the
commonly used remediation processes, such as conventional bioremediation or soil
vapour extraction, cannot treat soils containing recalcitrant contaminants (such as
chlorinated compounds, PDBs, dioxins and furans) or those having high clay
contents.

SAIC Canada has performed several laboratory-, bench-, and field-scale
evaluations whereby multiple treatment processes were combined in order to
adequately remediate a contaminated site. This paper will discuss the evaluation of a
suite of bench scale processes which were used to remediate soil sediments, and
present details of the optimizations of selected technologies to develop a possible
treatment train.

1.0  Introduction

Several attempts to remediate the selected sediments have failed in the past, in
part due to technologies which could not handle the unique mix of contaminants and
the nature of the soil and sediment matrix. This project looked at a suite of
technologies and determined their performance impact. The primary objective of this
study was to document the results of bench scale testing using a suite of technologies
to determine their effectiveness at segregating or destroying contaminants in the
sampled sediment.

The study generally followed the following steps:

* Sediment Analysis: A plan was implemented to obtain samples of the
sediment and analyse those samples for heavy metals, PAHs, MOG and
PCB:s.

» Technology Selection: An analysis of the sediment identified both organic
and inorganic contamination which may be amenable to treatment by
different technologies. Technologies were selected based upon their
successful treatment of similar soils or contaminants, or by new and
promising technology which should theoretically have a positive impact on
the remediation of the soil. The chosen technologies included:


mailto:david.cooper@saic.com

» Soils Washing (Enhanced)

» Chemical Leaching

» Microwave Assisted Process

» Two-Phase Partitioning Bioreactor
» Organic Destruction Process

» Advanced Oxidation Process

» Microwave Activated Cracking

» Supercritical Fluid Extraction

2.0  SAIC Testing Facility

Testing took place at the Science Applications International Corporation
(SAIC) research facility, located in Environment Canada’s Environmental
Technology Centre located in Gloucester, Ontario near Ottawa’s International
Airport.

2.1  Testing Analysis and Results

Contaminants which were analysed included: heavy metals (HM), mineral oil
and grease (MOG), polyaromatic hydrocarbons (PAHSs), and polychlorinated
biphenyls (PCBs). Samples taken were carefully labelled and stored in a fridge.
Analyses were carried out by SAIC Canada and Seprotech Laboratories.

3.0 Equipment Descriptions
3.1  Soil Washing

Soil washing (SW) is a process which removes contaminants by either
solubilising them in a washing solution or separating them along with finest size
fractions of the soil. SW is a generic term that includes both physical washing
(conventional soil washing) and chemical leaching (soil leaching). It has been
extensively used in site remediation practices in Europe where techniques involve
both washing and leaching. In North America its application is mainly limited to
washing but leaching is also becoming more common.

SW can be used not only as stand-alone process but also as a pre-treatment
step followed by a physicochemical treatment of soil fines. In this case, SW is
sometimes called wet classification. Soil washing was studied in this project with
respect to its evaluation as pre-treatment technique (wet classification), as a
remediation technique enhanced with solvents and surfactants, and as a remediation
technique enhanced with acid.

3.1.1 Experimental Method - Wet Classification

The goal of this subtask was to separate a soil sample into several particle size
fractions. The fractions would be analyzed for heavy metals and mineral oil and
grease (MOG). Based on analytical results, it would become known whether soil can
be concentrated into a smaller volume by means of mechanical separation.

Testing took place through a variety of steps which included sieving the soil
sample and analyzing the resulting fractions.

Results of the wet classification are provided in Table 1. It is obvious that the
sample consists mainly of fines: almost 95% of the total mass is represented by



particles with a size less than 150 microns. At the same time, particles larger than 1
mm make less than 3% of the total mass.

Table 1 Results of Wet Soil Classification

[Particle size | Weight Cancentration of constituents (ppm)

fraction (mm) | percentage] As | Cr | Cu Fe Pb [Mo| Mn |Ni| Sn | Zn MOG
>4 0.87 <5 14 29| 21,6000 40] <1] 168 <20] 61 62,000
1t04 195 | 30| S0 67| 39600 8] <1| 474 ’ 20| 103 22,900
0.425to0 1 107 | <5| 96| 202]109,00060 200| 25| 964 A 48] 186 41,100
0.15 to 0.425 1.51 <5} 170| 273] 182,000 231| 42| 1,780 % 150 305 22,000
0.075 to 0.15 6.65 50| 249| 623]405,0000 310 46| 3,540 o 63| 284| 170,000
0.038 to 0.075 24.13 | <5} 260| 575| 520,000 218| 87| 4,070 193 68] 185 4,000
<0.038 63.82 | 80| 300| 790 523,000 408 38 4,410 2 35] 360 3,190
Bulk soil 100.00 55| 277] 692] 489,903| 339| 59| 4,070 z?Z 481 739 15,617

Sample A Initial weight: 2.89 kg (wet), 1.95 kg (dry)

The distribution of heavy metals was found to be as expected, i.e. as the
particle size diminished, the contaminant concentration was found to increase. From
Table 1, fractions with particle sizes 1 mm and larger contained most of the heavy
metals in concentrations below environmental limits.

The distribution of MOG in fractions did not follow the same trend. This was
likely due to the fact that petroleum hydrocarbons, whose concentrations were
characterized by MOG, were present as free products. In wet classification,
significant amount of those free products were retained by sieves which resulted in
their higher apparent concentrations in larger size fractions.

Overall, SW should be considered as a useful tool in identifying the
distribution of contaminants, especially heavy metals, in different soil fractions. At
the same time, it will likely be impractical to use it as a pre-treatment step at full scale
for theses sediments. Relatively "clean" fractions represent less than 3% of the soil's
weight and the use of wet separation to retrieve these 3% will not be economical.

3.1.2 Enhanced Washing

It has been reported that the effectiveness of physical washing of
petroleum-contaminated soils can be enhanced by using a hot water, surfactant, a
solvent of a combination thereof. A series of tests were carried out to estimate the
effect of those factors on the removal of contaminants. Soil samples were analyzed
for MOG only as metals removal was not expected..

Testing took place through a variety of steps;

¢ Combine a soil sample and water to make a 15% slurry (w/w).

¢ Place the slurry into the bucket of the flotation machine. Conduct the test

at an ambient temperature.
»  Start agitation.
o  Start aeration.



+  Collect the froth for 1 hour.

+  Filter the froth and determine its weight.

+  Filter the solid residues in the bucket and determine their weight.
e Repeat procedures 1 through 7 using the following conditions:

«  80°C, no additives;

»  80°C, 1g/L surfactant added;

»  80°C, 10% isopropyl alcohol and 1g/L surfactant added; and

e  80°C, 10% isopropy! alcohol and 1g/L surfactant added.

*  Submit samples to the lab for MOG analyses.

Results of the enhanced washing are provided in Table 2. The use of hot
water, surfactants and solvents alone or in a combination was not effective in
removing petroleum hydrocarbons. This is likely due to the presence of hydrocarbons
primarily as heavy products. More vigorous conditions, such as higher temperatures
and stronger solvents are likely required to enhance the removal.

Table 2_The Effect of Surfactant and Solvent Washing

Sample Description Sample |Beaker mass| MOG | MOG %
mass

&) & (6) | Removal
Unprocessed Sample A 11.41 54.3771 7.20
Filter cake (80 C) 11.42 50.7110 6.06 16%
Float (80 C) 12,67 57.4306 6.82
Filtrate (80 C) 200.00 56.3214 0.02
Filter cake (80 C, 1g/L surf.) 11.28 58.3088 | 6.32 12%
Float (80 C, 1g/L surf.) 10.80 57.4191 5.52
Filtrate (80 C, 1g/L surf) 200.00 | 542584 | 0.27
Filter cake (80 C, 10% (v/v) ISA) 12.16 57.9018 6.88 4%
Float (80 C, 10% (v/v) ISA) 11.39 49.6665 6.16
Filtrate (80 C, 10% (v/v) ISA) 200.00 48.5699 0.22
Filter cake (80 C, 1 g/L surf.,10% (v/v) ISA) 14.14 49.7922 6.07 16%
Float (80 C, 1 g/L surf.,10% (v/v) ISA) 6.39 50.7817 | 10.30
Filtrate (80 C, 1 g/L surf.,10% (v/v) ISA) 200.00 | 49.8511 0.18
Filter cake (20 C) 12.74 517744 | 6.38 11%
Float (20 C) 11.23 52.3689 7.38
Filtrate (20 C) 200.00 53.1765 0.00

3.1.3 Chemical Leaching

Organic acids were reportedly used to simultaneously remove both inorganic
and organic contaminants. This effect could be achieved due to a "dual" nature of an
organic acid that is both an acid capable of dissolving metals and an organic solvent
capable of solubilizing organic compounds. Three low molecular weight acids were
selected for evaluation tests: formic (FA), acetic (AA) and propionic (PA). In
addition, acetic anhydride was for a comparative study. Acetic anhydride was also
reported to be effective in removing both metals and non-metals in certain conditions.

Tests were carried out at elevated temperatures to maximize a possible
removal of contaminants. This was achieved by boiling soil slurries using a reflux
condenser. In some experiments, distillation was done with a distillate recovery. It



was expected that this distillate would contain water, so reducing the water content in
the slurry would increase its hydrophobicity. A higher hydrophobicity would enhance
the removal of organic contaminants.

Table 3 illustrates results of leaching using the three acids specified above.
There is no clear indication that would suggest the most and the least effective acid.
For example, FA was much more effective in removing arsenic then the two other
acids. At the same time, it was the least effective in removing nickel. Lead
concentration was reduced by 25-32% using AA and FA and only by 6-7% using PA.
Among all metals, nickel, zinc, and lead had the highest removal rates reaching
32-34%. Copper removal was the lowest not exceeding 2.4%.

It is assumed that acids have different affinities towards each metal. This
assumption requires an experimental verification; however, it appears to be possible
to predict now which acid would be more effective in removing a specific metal.

Table 4 shows results of metals removal using acetic acid and acetic
anhydride. In both cases, the slurry was boiled and, in case of acetic acid, dewatered.
Results of these series of tests are somewhat consistent with data in Table 3. Lead
removal was highest whereas copper removal was the lowest.

Metal removals in Tables 3 and 4 appear to be low; however, the results
should be compared to removals under TCLP conditions. Even though metal
concentrations may appear to be high, they may be strongly bound to the soil matrix
thus being hardly leachable. Those bound metals are much less hazardous than free
unbound metal ions. Once PAH removal results become available, a final judgement
may be made on the effectiveness of the above leaching technique.

Table 3 Metal Removal Using Acetic (AA), Formic (FA), and Propionic (PA) Acids

As Cr Cu
Conditions [liquid] [soil] % {liquid] [soil] % [liquid] [soil] %
removal removal removal
Feed Soil 5.5 136.8 44 109.7 162 403.0

Sample
60°C; 2 hrs 0.4 8.5
100°C; 2 hrs 0.1 2.0
Boiling; 2hrs | 0.1 2.1
60°C; 2 hrs 1.1 26.7

0.8 16.2 15 0.1 1.5
1.0 20.0 18 0.1 1.6
0.9 18.5 17 0.1 2.1
0.6 14.6 13 0.3 78

vl Boo o
—_—_N - O

100°C; 2 hrs 1.2 275 0.5 10.8 10 04 9.9
60°C; 2 hrs 0.2 4.2 0.7 15.3 14 0.2 4.8
100°C; 2 hrs 0.1 24 0.8 20.0 18 0.2 5.5
Fe Pb Mn
[liquid] [soil] % [liquid] ({soil] % fliquid] [soil] %
removal removal removal

Feed Soil 4,440 110,448 125 3109 579 14403
Sample
60°C; 2 hrs 611 13,056 12 43 91.9 30 6.3 135.5 9
100°C; 2 hrs 614 12,280 11 5.0 100.0 32 8.2 164.8 11
Boiling; 2 hrs 562 11,708 11 4.5 93.8 30 7.5 156.7 11

60°C; 2 hrs 496 12,039 11 33 80.1 26 13.5 3277 23
100°C; 2 hrs 803 18,417 17 4.2 96.3 31 16.0  367.0 26
60°C; 2 hrs 637 13,326 12 1.1 23.0 7 150 3138 22
100°C; 2 hrs 644 15,481 14 0.8 19.2 6 17.3 4159 29




...Table 3 cont’
Ni Zn
fliquid] [soil] % [liquid] ({soil] %
removal removal
Feed Soil 5.07 126.12 10.10 251.24
Sample
60°C; 2 hrs 1.91 40381 32 1.78 38.03 15
100°C;2hrs | 2.18  43.60 35 293 5860 23
Boiling; 2hrs | 1.97 41.04 33 273 56.88 23
60°C; 2 hrs 026 6.31 5 1.14  27.67 11
100°C;2hrs | 054 1239 10 138 3165 13
60°C; 2 hrs 1.61 33.68 27 1.82 38.08 15
100°C; 2 hrs 1.63  39.18 31 282 67.79 27

Table 4_Acetic Anhydride and Acetic Acid Washing

Pb Fe
Sample ID| Decription | conc % conc %
SW... [ppm] removal m] removal
AN-101 |Feed Soil 311 110,448
Sample
Acetic Anhydride
AN-102 |After 1 hr 157 49% | 92,483 16%
boiling
AN-102A 9 424
AN-103 | After boiling 165 47%| 89,792 19%
and distillate
recovery
AN-103A 6 180
AN-104 | After boiling, 232 25%| 63,380 43%
distillate
recovery
AN-104A |and boiling the 10 290
non-aqueous
shurry
Acetic Acid
AN-105 [After2 hr 154 50%| 86,693 22%
boiling
AN-105A 134 20,904
AN-106 |After 6 hr 148 52%| 89,234 19%
boiling
AN-106A 136 17,420

conc

251

203

31

223

68

308

85

201

194

232

209

%

[ppm] _removal

19%

11%

0%

20%

8%

Hg
conc %

| [ppm]_removal
499

42 11%
<MDL

454 9%

<MDL

425 15%

<MDL
396 21%

<MDL
370 26%

<MDL

Suffix "A" corresponds to a liquid filtrate of a related solid sample
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Evaluation of the Microwave-Assisted Process

The Microwave-Assisted Process (MAP) technology uses microwaves to
enhance the extraction of target compounds from a wide range of materials. Past
research has shown that microwave-enhanced extraction of contaminants from soil is
an effective sample preparation method for the analysis of contaminated soils. The



key to the technology is the use of solvents that are relatively transparent to
microwaves compared to the matrix from which the target compound is being
extracted. When the solvent/material mixture is exposed to microwaves, heating
occurs only in localised microwave-absorbing areas within the material. The resulting
pockets of high temperatures and pressure force the target compounds from the
matrix into the solvent, which remains relatively cool. Microwave-enhanced solvent
extraction has been shown to require far less energy than conventional
solvent-extraction techniques because neither extensive mixing nor heating of the
complete slurry is required.

3.2.1 Experimental Method

Two set of tests were performed using a bench-scale MAP unit and two
sediment samples. For each set of tests three separate feed samples were taken for
analysis of the initial soil. Three additional samples were accurately weighed on
pre-weighed aluminium weighing dishes and placed in the fume hood. They were
re-weighed after 48 hours to determine the average moisture content of the soil.

Samples of the moist soil were extracted using a Prolabo Soxwave laboratory

microwave extraction unit. The procedure used for these tests will be as follows:

= Approximately ten grams of soil were accurately weighed in an extraction
vessel and 30 mL of a selected solvent or solvent mixture were added to
the vessel.

»  The extraction vessel was placed into the microwave extraction chamber.

o The extraction unit was run for a selected exposure time at a selected
power level.

» At the end of the exposure time, the extraction vessel was removed from
the unit.

»  The contents was filtered into a round-bottom flask through a fine
porosity filter paper (Whatman #50) in a glass funnel.

e When solvent stopped draining from the filter paper, the filter paper
containing the soil residue was carefully placed in a 50 mL beaker and
covered with foil. These samples were sent for analysis.

»  The contaminated solvent collected in the round bottom flasks was
transferred to sealed containers for archiving.

Table 5 summarises the test conditions run during the two test sets. Each test
condition was run in triplicate for QA/QC purposes. Run 1 was performed using the
first sample designated “A” sediment, while Run 2 was performed using a
combination of sediments designated “A”, “B” and “C”. Tests 1-1, 1-2 and 2-1 were
control samples that use the same procedure as above but without exposing the
soil/solvent mixture to microwave. The PCB and PAH results for all the runs
performed are presented in Tables 6.



Table 5 Summary of MAP Experiments Performed

Run # | Solvent Power | Time | Comments

[Test w) ®

#

1-1 hexane/acetone 0 60 let stand for 60 seconds (no microwave)
(9:1 by vol)

1-2 hexane/acetone 0 60 shaken for 60 s
(9:1 by vol)

1-3 hexane/acetone 30 30 microwave extraction
(9:1 by vol)

1-4 hexane/acetone 30 60 microwave extraction
(9:1 by vol)

2-1 hexane/acetone 0 60 let stand for 60 seconds (no microwave)
(9:1 by vol)

2-2 hexane/acetone 60 60 microwave extraction
(9:1 by vol)

Table 6 PAH Results for MAP Extraction Runs

Run # Solvent Power Time PAH
/Test # w) [©)]
1-0 feed sample - - Average (ppm) 1670
1-1 hexane/acetone 0 60 Average (ppm) 1232
% Removal 26%
12 hexane/acetone shake 60 Average (ppm) 525.4
% Removal 69%
1-3 hexane/acetone 30 30 Average (ppm) 994.6
% Removal 40%
14 hexane/acetone 30 60 Average (ppm) 423.8
% Remaval 5%
2-0 feed sample - - Average (ppm) 2611
2-1 hexane/acetone 0 60 Average (ppm) 1483.
% Removal 43.2%
2-2 hexane/acetone 60 60 Average (ppm) 1387
% Removal 46.9%

The results shown in Table 6 show that the PAH removal using a 30 second
microwave extraction test (#1-3) was higher than the control sample but lower than
the control with shaking. However, the 60 second microwave extraction test (#1-4)
was higher than both controls, although not much higher than the control with
shaking. When the power was increased in Run #2 to 60 W, the increase in the
removal efficiency over the control was not significant (less than 4% increase over the
control). :

The above results show that for this particular soil the effect of microwave on
PAH removal was insignificant. Despite the fact that the MAP technique has shown
promise for the removal of PAHs from fine soils, it is possible that because of the



high fines fraction in the soil the contaminants were so strongly bound that the
amount of microwave energy used was not enough to extract the contaminants. The
moisture content of the soil for Run #1 was less than the moisture content of the soil
used for Run #2 (25% versus 33%) which could have also accounted for the lower
removals during Run #2. With a higher moisture content, more energy is required to
heat the water in the soil and, therefore, despite the increase in power in Run #2, there
still may not have been enough energy for significant extraction to occur.

For the process to be feasible, it is necessary that a significant improvement in
results be obtained when the microwave is used, which would likely require
increasing the power or the extraction time. Further tests would be required to test
higher power and exposure times. However, this would only be feasible if the levels
tested would be economically viable on the large-scale. This will require an
evaluation of the energy requirements on the laboratory-scale and then a scale-up to
the large-scale.

3.3  Coupling of MAP with the Two-Phase Partitioning Bioreactor

As a contaminant removal technology, the MAP technique will extract
contaminants from soil and create a contaminated solvent stream. Normally, the
solvent/contaminant mixture would then be distilled to recover clean solvent to
recycle to the process. A concentrated contaminant stream would be left behind that
would need to be disposed of. In most cases, the cost of destroying or landfilling this
relatively small volume of contaminants would be less than the cost of destroying or
landfilling the complete volume of soil. However, other methods of dealing with the
contaminants after they are extracted by MAP have also been investigated. One of
these methods is the Two-Phase Partitioning Bioreactor (TPPB).

The TPPB is a unique bioreactor system developed by a group of researchers
at Queen's University. TPPB combines solvent extraction and bioremediation for the
treatment of mixed organic wastes and soil contaminated with organic compounds.
This process can overcome one of the main challenges of conventional bioreactor
processes - controlling the contaminant level in the bioreactor to ensure that the
concentration is high enough to sustain microbe growth while not being so high as to
become toxic to the microbes. The key to this technology is that the microbes are
only fed as much contaminant as they can handle.

The TPPB process begins with an extraction step where solvents are used to
dissolve organic contaminants. The solvent mixture, being immiscible in water, is
then "floated" on top of the aqueous-phase in a bioreactor. Because organic
contaminants contained in the solvent are partially miscible in water, a certain amount
of the contaminant will transfer from the solvent to the aqueous phase until
equilibrium occurs. At the same time the microbes in the aqueous phase breakdown
the dissolved contaminants. This, in turn, shifts the solubility equilibrium and, as a
result, the contaminants continue to transfer from the solvent to the aqueous phase at
the same rate that the microbes are consuming them. In the end, after all the
compounds have been broken down, the solvent can be recycled back to the
extraction stage.

The advantages of this "self-feeding" system include:

* A complicated mechanical feeding system with a controller is

unnecessary;
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*  The microbes are fed only the amount of contaminant that they can
degrade at a particular time, therefore, they do not starve as a result of
lack of food and they are not killed by an over-abundance of food; and,

*  The system can handle can process wastes and contaminated materials
that have very high concentrations.

SAIC Canada has been working on an Environment Canada study
investigating the application of TPPB technology for soil remediation purposes. This
work involves the evaluation of methods to improve the efficiency of the solvent
extraction step of the process and the design of the basic components of a bench-scale
system that combines the solvent extraction step with the bioreactor step into a
continuous flow process. It was felt that, for recalcitrant contaminants, the MAP
process may be a feasible extraction method to couple with the TPPB and therefore,
as part of this work, an evaluation was performed to select solvents that could be
acceptable for both the MAP and TPPB technologies. Unfortunately time constraints
prevented the proper testing of the TPPB with the sediment.

The solvent selection was performed by Queen's University using their
Extractant Screening Program (ESP) Database (Bruce and Daugulis, 1991). This
preliminary search was performed specifically for PCB extraction as these
contaminants are one of the greatest concerns in the soil. The database was first used
to rank solvent on their ability, based on mass partition coefficient, to extract PCBs.
The solvents ranking high on this list had the following characteristics:

» they were all organic solvents (which should come as no surprise given

the very hydrophobic nature of PCBs).

*  many were aromatic and/or halogenated compounds (which is

understandable because generally chemical compounds are dissolved by
solvents having similar structures).

From this list a number of compounds that were acceptable for the MAP and
TPPB operating conditions were selected using the following additional criteria:
*  General criteria:

» low cost

» high availability

» low toxicity

+  TPPB criteria:

» Low aqueous solubility — The solvent must be immiscible in water to
aid in its separation from the aqueous phase and to reduce solvent loss
to the aqueous phase.

» High solvent distribution coefficient — The contaminant of interest
must be preferentially dissolved in the solvent as opposed to the
aqueous phase, such that only a small amount of contaminant is
transferred to the aqueous phase at a time.

» Biocompatible — The solvent must not be toxic to the microbes used in
the bioreactor. It has been determined that the biocompatibility of a
solvent increases as the log of the octanol/water coefficient (log P) of
that compound increases. For this search only solvents with a log P of
greater than 3 were included.
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* Low Biodegradability - The solvent must not be biodegraded by the
microbes used in the bioreactor.

MAP criteria:

« low dielectric constant (i.e., less than 5).

Using these additional criteria many aromatic and halogenated compounds
were excluded from the preliminary list. After placing all these constraints on the
database, a list of possible solvents that would be suitable for both MAP and TPPB
for the removal and destruction of PCBs was developed. Cyclohexane was one of the
compounds on this final list. For this reason, as well as its availability, it was used as
one of the solvents for the tests. Further laboratory work is recommended to
determine which of these solvents are most effective for this combined process.

34 Supercritical Fluid Extraction.

Supercritical fluid extraction is a solvent extraction technique. This fluid is
usually a gas, such as CO, or propane, but water has also been used. The fluid is
pressurized and heated past its supercritical point which results in the fluid possessing
the extraction properties of a liquid, yet the sample penetration properties of a gas. In
this project C0, was selected as the solvent. In order to achieve a supercritical state,
the C0O, was held at temperatures above 31.1 °C and pressurized above 1070.4 psi.

A lab scale unit (ISCO SFX2-10) was used for the experiments. It has the
capacity to run up to 1OmL samples. A photograph of this unit is presented in Figure
1. A typical run would have the following parameters. These parameters were
derived from a program to extract hydrocarbons from shale:

Ten grams of soil is pressurized to 3000 psi and held static for 15
minutes.

e Then the sample is dynamically extracted for 20 minutes at 3000 psi. The

flow rate during this phase was approximately 0.7 ml/min.

e The pressure is released and the sample cartridge is removed from the

oven to cool. After cooling, the treated sample is sent to the laboratory
for analysis.

Two extraction temperatures were performed in duplicate, 60°C and 100°C
using soil designated Sample A.

The parameters monitored were PCBs and PAHs and are presented in Table 7.
The only variable used in this preliminary investigation was temperature. The process
was run in duplicate at 60°C and 100°C.

Table 7 Results of SFE Runs

Sample PCB fmg/kgl PCB removal PAH fmg/kgl  PAH removal
Feed 525.5 308.8

60a 447.9 15% 113.4 63%
60b 504.3 4% 82.4 73%
100a 484.6 7% 396.1 -28%

100b 504.7 4% 126.6 59%



