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Column Leaching for Simulating Heap and In-situ Soil Remediation with
Metallic Fenton Reaction.
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Metallic Fenton reaction was found to be more effective than classical Fenton
reaction in decomposing Pentachlorophenol (PCP) in contaminated soil. The
combination of metallic iron and hydrogen peroxide was used in column leaching
experiments to simulate heap and in-situ soil remediation.
PCP in the
contaminated soil was effectively decomposed by 32% in 24 hours leaching tests,
and by 41% in 48 hours leaching experiments. PCP destruction was further
increased to 52% in the 48 hours leaching by lowering the solution pH to 1.8.
Other than ferric oxide and carbon dioxide, no byproducts were found at the end
of the reaction.
Keywords: Soil remediation, PCP, PCB, iron, hydrogen peroxide, in-situ
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INTRODUCTION
Soil contaminated with hazardous organic compounds is currently one of the greatest
environmental problems facing many countries around the world. Many of these compounds,
especially the chlorinated organics, are toxic to humans and some are known carcinogens. One
of the most effective methods of remediation for contaminated soils, approved by the United
States Environmental Protection Agency, is based on high temperature incineration. High
temperature incineration requires high energy consumptions and thus is a costly solution. In
addition, incineration facilities are usually non-mobile, which results in additional expenses,
mainly due to soil excavation and transportation.
Alternative methods of remediation have been developed over the years. One such method is
utilizing elemental metal and oxidant in an agitating reactor. This method was shown to be
effective in decomposing pentachlorophenol (PCP) and polychlorinated biphenyls (PCBs) in
contaminated soil (Luong and Lin, 1999; Luong and Lin, 2000). This paper will present the
possibility of combining the metallic Fenton reaction technology with heap and in-situ leaching,
two methods widely used around the world for extracting minerals. By combining mineral
engineering methods with chemical remediation technology, we hope to enhance this technology
further. This type of idea was suggested and investigated for soil remediation earlier in the latter
part of the 20th century (Heil et al., 1996, York and Aamodt, 1990). However, with the exception
of bioremediation, the idea of combining these two technologies has not been widely adopted.
Heap leaching and in-situ leaching have been employed in the mineral industry for many
years. In the mid-sixteenth century, mines in Hungary recycled copper-bearing solutions through
waste heaps to recover copper (Hiskey, 1985). In Spain, miners circulated acid solutions through
large heaps of oxide copper ore on the banks of Rio Tinto around 1752 (Dorey et al., 1988).
Currently, leaching of copper dumps is practiced worldwide for low grade ores. Heap leaching
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of gold and silver also has been done in the U.S. since 1967, with the U. S. Bureau of Mines as a
pioneer (Thorstad, 1987).
In the case of in-situ leaching, no excavation is needed, and the process of leaching is done at
the site. This method has been tested for uranium recovery since 1975 (Taylor, 1979). The
leaching solution is injected into the ore formation to dissolve uranium. The uranium-bearing
pregnant solution can then be recovered through production wells. Uranium is subsequently
extracted from the pregnant solution and the barren solution is then re-injected into the ore
formation for further dissolution of uranium. In-situ leaching has also been employed in coal
and sulfur industry for many years.
EXPERIMENTAL
PCP-contaminated soil used in this study was obtained from an abandoned fence post
treatment facility at Point McKenzy, Alaska. Soil samples were air-dried in the fume hood
before treatment. All chemicals used were of analytical grade.
PCP analysis was performed on an HP5890 gas chromatograph equipped with a 30 meter HP5MS capillary GC column. An HP 5971 mass spectrometer (MS) was used as the detector to
identify PCP and its byproducts.
The GC injection port was set at 250o C. The initial oven
temperature was at 80o C. After 1 minute, it was raised to 250o C and maintained there for one
minute, at a rate of 6 o C/minute. For the mass spectrometer, the interface was set at 280o C.
Both scanning method and specific ion method (SIM) were used in this study. In the case of
SIM, the instrument was set to scan for ions 266, 230, 202, 165, and 132.
To extract PCP from soil, solid phase microextraction (SPME) was used prior to GC/MS
analysis.
An 85-micrometer polyacrylate fiber assembly from Supelco was used in the
procedure. For each extraction, 1 gram of dried soil and 10 ml of pH 2.5 solution were added to
a vial. A magnetic stirring bar was then added, and the polyacrylate fiber of the SPME
assemblies was then exposed to the liquid for 25 minutes. The fiber was then withdrawn for
GC/MS injection. A two minutes time injection was employed in the injection process.
For column experiments, air-dried soil was first passed through a 1.25 cm sieve.
All column-leaching tests were conducted using a 3.8 cm diameter glass column, with a length of
61 cm. Solid reagents (metallic iron or ferrous sulfate powder) were mixed with the soil material
before loaded into the column. The soil bed was about 50 cm in height. Sulfuric acid was used
to adjust the solution pH initially. At the beginning of each test, a 23o C solution was pumped
into the top of the soil bed. Effluent was discharged from the bottom of the soil bed. Percolation
rate was controlled at about 0.35 liter per square meter per minute. At the completion of the
leaching, the soil material was rinsed with a 2.0 % lime solution until the solution pH reached
6.5. The treated soil was air-dried followed by GC/MS analysis procedure for PCP and its
byproducts. Selection of reagents for the column leaching was based on the results of the
agitation leaching tests.
Agitation leaching was performed in a conventional one-liter glass reactor equipped with a
glass impeller. The impeller was driven by a motor and the stirring speed was controlled and
monitored with a tachometer. The reactor system has been detailed elsewhere (Man, 1997). Soil
particles larger than 0.15 mm were removed by sieving. Only the minus 0.15 mm soil sample
was used for the leaching tests. The soil sample was found to contain a PCP concentration of 195
mg/kg. An aqueous solution of 200 ml and 50 g of the soil were used to form a slurry for the
leaching tests. The tests were conducted at 23o C with the slurry agitated by the impeller
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operated at 200 revolutions per minute. Sulfuric acid was used to adjust solution pH. Carbon
dioxide analyses were conducted on a MicroGC (Model P200H, from MTI Analytical Co.).
RESULTS AND DISCUSSION
Agitation Leaching
Agitation leaching tests were conducted to examine the effectiveness of various reagents on
the destruction of PCP in contaminated soil.
Table 1. Destruction of PCP in the contaminated soil by agitation leaching.
Test No.
1
2
3
4
5

Reagents
H2 O2 : 2.5 mol/l
H2 O2 : 2.5 mol/l
FeCl3 : 0.5mol/l
H2 O2 : 2.5 mol/l
FeCl2 : 0.5 mol/l
H2 O2 :2.5 mol/l
Fe: 0.5 mol/l
Fe: 0.5 mol/l

Reaction
Time
1.0 hr
1.0 hr

Initial solution
pH
2.7
1.4

%
PCP
Destruction
<2
<2

1.0 hr

2.7

<2

1.0 hr

2.7

>98

1.0 hr

2.7

<2

From Table 1, it is clear that metallic iron alone or hydrogen peroxide alone is ineffective in
destroying PCP. It is also clear that a combination of hydrogen peroxide with either Fe+2 or Fe+3
provides negligible PCP destruction. However, hydrogen peroxide and metallic iron (Test No. 4)
is a very effective combination for PCP destruction.
The Fenton reaction (Test No. 3, H2 O2 with Fe+2 ) has long been proposed to produce reactive
hydroxyl radical, which is a very effective agent for breaking down organic compounds (Voelker
and Sulzberger, 1996; Chen and Pignatello, 1997; Barbeni et al., 1987). It has a very rapid and
non-selective mechanism for organic destruction (Pignatello, 1992).
However, the
characteristics of this rapid reaction may render it ineffective in the degradation of some organic
compounds. For example, PCP and PCB were shown to be resistant to the Fenton reaction
(Luong and Lin 1999). In many situations, it is more advantageous to delay the reaction, to
allow more time for effective interaction between all the chemical species involved. One way of
delaying the reaction is to effectively introduce ferrous ions into the matrix. In this sense, the
combination of metallic iron and hydrogen peroxide (Test No. 4) serves that purpose. The
dissolution of metallic iron provides the mechanism for the slow but continuous release of
ferrous ions. In the presence of hydrogen peroxide, a long-lasting Fenton reaction is achieved.
In Test No. 4, no hydrocarbon byproducts were detected in the soil or in the end solution.
Carbon dioxide was suspected to be the predominant carbon product of the reaction. To confirm
this, a solution of PCP was subjected to a metallic Fenton reaction. The reactor was connected to
an evacuated Teflon gas sampling bag. Gas analysis of the bag indicated a significant amount of
carbon dioxide was released during the reaction. However, no satisfactory mass balance of the
carbon was obtained. A further study in this aspect has been considered.
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Column Leaching
Column leaching was done on minus 1.25 cm soil material, which has a PCP concentration of
132 mg/kg.
Table 2. PCP destruction in the contaminated soil by column leaching.
Test No.

Reagents

Solution pH

Reaction Time

1
2

3.0% H2 O2
2.8% of ferrous
sulfate powder
in
the
soil,
3.0%
H2 O2
solution
1.0%
of
metallic
iron
powder in the
soil
1.0%
of
metallic
iron
powder in the
soil, 3.0% H2 O2
solution
1.0%
of
metallic
iron
powder in the
soil, 3.0% H2 O2
solution
1.0%
of
metallic
iron
powder in the
soil, 3.0% H2 O2
solution

2.0
2.0

24 hr
24 hr

%
PCP
Destruction
Less than 2
Less than 2

2.0

24 hr

Less than 2

2.0

24 hr

32

2.0

48 hr

41

1.8

48 hr

52

3

4

5

6

The results in Table 2 show that for 24 hours experiments, reagents used individually only
provided negligible PCP destruction. The same result was found for the classical Fenton system
(Test No. 2). The best result comes from the combination of metallic iron and hydrogen
peroxide. Test No 4 shows that this system destroyed 32% of the PCP in 24 hours period. When
the test was extended to 48 hours, PCP destruction increased to 41%. To optimize the system
further, we lowered the pH to 1.8. At this pH, the PCP destruction increased to 52%. This result
supports the idea that metallic iron dissolves in low pH solution and provides ferrous ions to the
system (Luong and Lin 2000). In this sense, the use of metallic iron as a source of ferrous ions
is advantageous, because it can be controlled by adjusting the pH of the leaching solution.
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Soil Properties
It is important to stress that while the physical properties of the soil are less critical in the
agitating leaching, they are important factors for a successful application of heap and in situ
leaching techniques. For example, an excessive amount of clay minerals in the soil can cause
the soil bed to be less permeable and reduces the percolation of the leaching solution. Without
proper percolation, the over all remediation process may not be successful.
Another point of caution is the formation of iron hydroxide, which depends heavily on the pH
of the leaching solution. This formation is a characteristic of the Fenton reaction, since ferric ion
is continuously formed during the process. Iron hydroxide precipitate usually is very fine, and
like clay minerals, can cause percolation problems. As a result, soil containing high amount of
acid consuming matrix such as limestone or calcite, requires the use of lower pH leaching
solution than normal soil.
Heap Remediation
In the mineral industry, agglomeration is often employed during the heap construction to
prevent the percolation problems. It can also be applied to soil heap remediation to ensure the
effectiveness of the heap leaching. The schematic diagram of soil heap remediation is shown in
Figure 1.
pH
neutralizing
solution

Acidic solution
with hydrogen
peroxide

Soil heap

Contaminant-removed
soil heap

pad
Remediated and
neutralized soil heap
Solution collection pond

pH adjustment
solution

Hydrogen
peroxide

Figure 1. Schematic diagram of heap remediation.
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Shredded iron scrap can be blended into the soil heap during heap construction. This will
provide the necessary metallic iron source for the process. Acidic solution of hydrogen peroxide
can be sprayed on the top of the heap. The solution percolating through the bottom of the soil
heap will be collected in a solution pond. The solution will be reused for spraying on the top of
the soil bed after pH and hydrogen peroxide adjustments. In the case of in-situ remediation,
recovery wells may be needed to recover leaching solution from the bottom of the soil beds.
CONCLUSION
The combination of metallic iron with hydrogen peroxide works well for degrading hazardous
organic compounds. The process may be considered as a controlled Fenton reaction. Column
leaching experiments have shown that this system is effective in degrading PCP, and it may be
feasible in heap soil remediation. Given the fact that percolation is an important process in heap
leaching, soil matrix is an important part in the design of the overall heap remediation set up.
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