
 

Soil Washing 

Scott Boulden 

Introduction 

In the early 1980s The United States Congress enacted a series of legislation addressing the need 
to clean up the environment. These laws focused on the need for addressing historic and ongoing 
problems with hazardous waste contamination. Due to the large number of contaminated sites 
clean up has been slow. Many sites have been completed but there are sites still waiting for 
cleanup. With the rising cost and complexity of cleaning up sites, many new technologies have 
emerged. 

The two acts passed by Congress targeting hazardous wastes management problems of past and 
present are the Resource Conservation and Recovery Act (RCRA) and The Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA). RCRA was passed with 
the intent to prevent future contamination by hazardous waste. This act addressed the need for 
regulation of companies and organizations, which generate hazardous waste by giving the EPA 
authority to regulate hazardous waste generators. Finally, RCRA provides generators with 
"cradle to grave" responsibility for any waste they generate. This means that the generator is 
responsible for the waste from the time they generate until it no longer poses a hazard to public 
health. CERCLA was passed to help deal with the past mismanagement of hazardous waste more 
commonly known as "Superfund" act. In 1986 CERCLA was renewed; the renewal is known as 
SARA, Superfund Amendment and Reauthorization act. SARA directs that liability be assigned 
to the responsible party for the contamination. Sites that are not assigned a responsible party end 
up on the list of sites that the government will remediate and pay for their cleanup.  

Cleaning up toxic materials can be a very complex process. Contamination can be found in soils, 
water and in untreated waste stockpiled onsite. In many instances, remediation of soil has relied 
on excavation of contaminated soil and shipping it to a lined landfill to be buried. The major 
downfall to this practice is that the generator still has "cradle to grave" responsibility for this 
contaminated soil. If the soil is treated in a way that renders the contaminants harmless, the 
responsibility is lessened. Another popular method to remediate heavily contaminated soils is to 
incinerate them in a special furnace designed to render some of the contaminants harmless to 
public health. After treatment the soils can be put back in place. This practice is expensive 
because running the furnace may require special permits; the equipment is very expensive and is 
very complicated to run. Some of the organic content of the soil may be destroyed in 
incineration. In contrast, soil washing involves excavating, washing and returning the soil. The 
hazardous contaminants are then treated and disposed.  

Soil Washing Technologies 

There are many different soil washing techniques. Some techniques can treat multiple 
contaminants, while other techniques target the removal of a single contaminant. The most 
common soil washing techniques focus on the removal of organic compounds. Use of soil 
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washing technology to treat inorganic compounds is less common although several experiments 
by Grasso et al. (1997), Cline et al. (1997) and Young et al. (1995) focus on removal of lead 
contamination. A quick Internet search revealed more than one dozen companies offering soil 
washing as a remediation service. Several of these companies have patented systems such as 
Terra-Kleen. The Terra-Kleen system has been tested on semi-volatile and non-volatile organic 
compounds, dioxins, furans, pesticides, petrol hydrocarbons, poly-nuclear aromatic compounds, 
and PCB. Soil washing has been used in Europe to clean up radioactive wastes but removal is not 
always complete. 

There several basic components shared by most soil washing systems. Most soil washing 
systems are portable and can be erected close to the contaminated soil. The soil must be 
excavated to receive the treatment. Some types soil washing requires that the soil be sorted by 
size and separated. Cobbles and stones are separated from silts and clays. The soil is separated 
using screens and hydrocyclones. A screen is used to sift the soil removing the larger particles 
such as cobble and stones from clays and silts. Hydro-cyclones are used to separate the silts and 
clays. The hydro-cyclone spins the soils separating the fine sized clays and silts from the coarse 
sized grains of sands and gravels. Silt and clay fractions may contain higher levels of 
contaminants so they will need to undergo a more extensive treatment. The excavated soil is 
placed into a closed vessel. A solvent is introduced into the vessel. Many of the solvents used for 
extraction have patented formulas. The solvent causes the tied up contaminants to solubilize into 
the liquid. After a set amount of time the solvent is removed from the soil. The solvent than is 
treated and the hazardous elements are removed and the soil is reused. The dirty solvent contains 
a high concentration of the contaminants. The contaminants are placed into drums and then 
shipped off site for treatment or disposal.  

The Terra-Kleen Soil Washing System  

The Terra-Kleen soil washing system was designed to remove multiple contaminants from soil. 
This system works for PCB (poly-chlorinated biphenyl), semi-volatile and non-volatile organic 
compounds, petroleum and poly-nuclear aromatic hydrocarbons, furans and pesticides. One 
advantage of the Terra-Kleen system over many others is that the soil particles do not need to be 
separated. The treatment process begins with placing the soil in the treatment vessel, which is a 
completely closed container. The soil is pre-wetted with the solvent. After the solvent is allowed 
a settling time the solvent is pumped out of the vessels and processed through a filtering system. 
The washing cycle continues until the desired level of removal is achieved. After the desired 
level has been reached, the residual solvent is removed using a vapor extraction process. The 
remaining soil is given a mixture of nutrients and bacteria to help the residual solvent degrade 
quickly (Cash and Miller 1998). The remaining dirty solvent, which contains a highly 
concentrated mix of the contaminants, can be shipped to a facility for treatment or disposal. 

The solvent used in the Terra-Kleen system is a common non toxic solvent with a biological 
half-life of about two days (Cash 1995). A proprietary solvent purification process is used to 
clean the contaminated solvent. The cleaned solvent can be reused in the washing process. The 
solvent works by causing the contaminants to solubilize and be removed from the soil. Bacteria 
are added after the treatment to assist in degrading the remaining solvent quickly (Meckes et al. 
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1996). The inoculation of the soil not only aids in the destruction of the remaining solvent, but 
aids the soil in sustaining new vegetation. 

Challenges and Limitations  

One shortcoming of the soil washing method is that there are only a few soil washing techniques 
available for use in removing lead. Lead contamination is a major health hazard and is a global 
problem. Landfilling lead contaminated soil is no longer an acceptable method of disposal, 
because it is no longer environmentally acceptable (Grasso et al. 1997). Due to the nature of the 
health hazard of lead, research on soil washing methods to remove lead has received great 
attention. The process is similar to other washing techniques, however a different solvent is used. 
Much of the research on removal of lead by soil washing has focused on solvents. The problem 
presented by lead and heavy metals is that they may sorb into various solid phases (Grasso et al. 
1997). When sorbed into a solid phase removal of the contaminant from the soil is more difficult. 
Lead is one of the least mobile of the heavy metals (Grasso et al. 1997). In soil washing a reagent 
is used to release the metals from coordination sites (Grasso et al. 1997). A variety of chemicals 
are being tested for use in removing the lead. The most common extraction compounds that have 
been tested are hydrochloric acid, nitric acid, EDTA (Na2C10H14O8N2°H2O), calcium chloride, 
and acetic acid. In one laboratory experiment it was discovered that the EDTA and HCl achieved 
the highest percent of lead removal, the EDTA removal was 92% and the HCl removal was 89%, 
the CaCl2 had the lowest removal at 36% (Cline et al. 1993).  

An example of a site were soil washing is being used to treat lead contaminated soil is the Twin 
Cities Army Ammunition Plant, north of Minneapolis, Minnesota. At this site "soil washing/soil 
leaching" methods have been used to treat contaminated soils. In this process the soil is 
physically washed and then chemically treated. The washing uses standard washing chemicals. 
Once the soil is washed, a chemical compound is added to the soil. The additive is called 
"Enviroblend" which is a patented compound, That binds up the remaining lead preventing it 
from being leached through the soil into the ground water. Two tons of soil per day can be 
treated at this facility (United States Army 1993).  

Soil washing methods have been used to treat soils contaminated with nuclear materials. In 
treating nuclear contaminated material, separation of the soil particles is crucial because the silts 
and fines contain the highest concentration of contamination. The steps in this process are very 
similar to the other soil washing procedures. During the washing, the chemical reagent 
solubilizes the radioactive substances, and then is removed from the vessels for concentration 
and collection. The remaining silts and fines sludge are de-watered and then placed in drums for 
disposal along with the concentrate. This process works best with uranium and thorium. In the 
case of americium the process did not totally remove, but did reduce the levels greatly. This 
difference in removal efficiency may have resulted because thorium and uranium were present in 
concentrations similar to typical heavy metal concentrations on remediation sites while 
americium was present at much lower concentrations.  

Conclusion  
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Soil washing is one of the best ways we have to treat many soils contaminated with hazardous 
contaminants. These methods greatly reduce the levels of contaminants but do not remove them 
totally. There are limitations, however with continued research soil washing can be developed 
further and limitations can be overcome. More research into other solvents and washing 
compounds is needed. Treatment methods need to be able to render the contaminants harmless to 
allow us to use these formerly contaminated sites for other uses. Soil washing is able to clean the 
soil to a level that allows sites to be utilized for future development. With the landfill space 
running out, increased population and an increased industrial base contamination will continue 
regardless of the laws. Simply shifting the problem to another site is no longer acceptable.  
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