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Primary Resources
U.S. Environmental Protection Agency (EPA): Chemical Summary for PCE, Chemical Factsheet on PCE, Referrals
http://www.epa.gov/chemfact/s_perchl.txt   
Agency for Toxic Substances & Disease Registry (ATSDR): Toxicological Profile for PCE http://www.atsdr.cdc.gov/toxprofiles/tp18.html
Interstate Technology Regulatory Council (ITRC): Vapor Intrusion Guidance
http://www.itrcweb.org/Documents/VI-1.pdf
State Coalition for Remediation of Drycleaners (SCRD) http://www.drycleancoalition.org/
More Related Links

About PCE – Tetrachloroethylene (PCE) is a synthetic chemical that is widely used for dry cleaning of fabrics and for metal-degreasing operations.  PCE has relatively low solubility in water and has medium-to-high mobility in soil.  It tends to volatilize (evaporate) from surface environments; however, it may persist in subsurface soil and groundwater for months or years, depending on subsurface conditions.  
PCE in the Environment –  PCE may be released to the environment through industrial emissions from dry cleaners and other industrial facilities that use PCE.  Although releases are primarily to the atmosphere, PCE is also released to surface water and land in sewage sludges, in other liquid and solid waste, and through accidental spills or leaks.  
PCE and Human Health -- The effects of PCE on human health depend upon how much exposure occurs and the length and frequency of the exposure.  The U.S. Environmental Protection Agency (EPA) evaluates long-term health concerns based on 30 years of continuous (24 hours per day) exposure.  EPA has determined health-protective levels of PCE that are less than the concentrations that may pose potential long-term health effects.    

PCE Investigations in Las Vegas Valley – Sites contaminated with PCE are found in virtually every major city and every state within the U.S.  The Las Vegas Valley is no different.  Fortunately, the geology and hydrology of the Valley largely restrict PCE contamination to the shallow groundwater, which is not used as a water supply source due to its naturally poor quality (high salt content).  The NDEP is currently investigating 28 sites in the Las Vegas Valley where PCE has been found in soil and/or shallow groundwater.
Cleanup Options for PCE in Soil, Air, and Groundwater – Effective remedial technologies exist for cleanup of PCE-contaminated media.  These range from excavation and removal of PCE-contaminated soils, to installation of venting systems for individual buildings, to in situ treatments of contaminated soil and groundwater.
About PCE

Tetrachloroethylene is a synthetic chemical that is widely used for dry cleaning of fabrics and for metal-degreasing operations.

Products:  Tetrachloroethylene (perchloroethylene or PCE) is contained in a number of consumer products, from brake cleaners to hobby glues and other adhesives http://householdproducts.nlm.nih.gov/products.htm
Processes:  PCE is still the main solvent used by dry cleaners to clean your clothes.  PCE is an effective degreaser.
Regulations:  The drinking water standard for PCE is 5 parts per billion (ppb), measured as 5 micrograms per liter (µg/L).  (That’s the equivalent of $5 dollars out of $1 billion dollars!)
Chemistry:  
· PCE is called a “dense” liquid because it is heavier than water (PCE is about 1.6 times heavier than water).  
· It is “non-aqueous” because it is only slightly soluble in water (150 to 200 mg/L or 150 to 200 parts per million, which is like $150 or $200 dollars out of $1 million dollars) 
· It is also considered a “volatile organic compound” (VOC) because it evaporates readily.  
· PCE contains two carbon atoms and four chlorine atoms, MW = 165.83

PCE in the Environment

How is PCE released to the environment?  

PCE may be released to the environment through industrial emissions from dry cleaners and other industrial facilities that use PCE.  Although releases are primarily to the atmosphere, PCE is also released to surface water and land in sewage sludges, in other liquid and solid waste, and through accidental spills or leaks.  
If sufficient quantities are released to soils, the PCE percolates down to the water table, where it dissolves into groundwater and forms a “plume” of contaminated groundwater.  The contaminant plume then migrates in the direction of groundwater flow.
EPA (1982) has estimated that 80-90% of the PCE used annually in the United States is released to the environment, particularly to the atmosphere.  A major portion of the atmospheric releases are attributed to evaporative losses in the dry cleaning industry.  Other atmospheric emissions occur from metal degreasing uses, production of fluorocarbons and other chemicals, textile industry uses, and miscellaneous solvent-associated applications.

Health Concerns

The effects of PCE on human health depend upon how much exposure occurs and the length and frequency of the exposure.  The U.S. Environmental Protection Agency (EPA) evaluates long-term health concerns based on 30 years of continuous (24 hours per day) exposure.  EPA has determined health-protective levels of PCE that are less than the concentrations that may pose potential long-term health effects.  Residents living in the area of the Maryland Square PCE plume have very likely NOT been exposed to the contaminant for 30 years.  As such, there is NO IMMEDIATE HEALTH CONCERN.  

Health-protective levels have also been established by the Agency for Toxic Substances and Disease Registry (ATSDR) for short-term exposure.  ATSDR reviewed data from occupational exposures of dry-cleaning workers and found that there were observable neurological effects, including delayed response times to visual cues and respiratory irritation.  These effects were temporary and went away after exposure ended.  It is extremely unlikely that PCE vapor concentrations from the groundwater contamination would even approach this level in your home.

Given these possible health concerns, the NDEP is taking action to determine whether the indoor air in your home exceeds health-protective levels set by EPA.  We are undertaking a house-to-house outreach program to alert residents to potential health effects of the vapor intrusion, answer questions, and facilitate testing in all homes in which vapor intrusion might be occurring.  The outreach program is expected take place in July and August, 2007.  
Exposure Pathways

Exposure to PCE occurs primarily through ingestion or inhalation.  
You can be exposed to PCE via inhalation, by using certain consumer products. Products that may contain it include water repellents, silicone lubricants, fabric finishers, spot removers, adhesives, and wood cleaners.  When you bring clothes home from the dry cleaners, the clothes release small amounts of PCE into the air.
PCE can evaporate from contaminated groundwater, and these vapors may migrate upward as soil gas and travel into homes or buildings overlying the contaminant plume.  This process is called “vapor intrusion” link to schematic.  Occupants of the building are then exposed by breathing the vapors that have entered the indoor air.  
Short-term Exposure

PCE has been used safely as a general anesthetic agent, so at high concentrations, it is known to produce loss of consciousness. When concentrations in air are high-particularly in closed, poorly ventilated areas-single exposures can cause dizziness, headache, sleepiness, confusion, nausea, difficulty in speaking and walking, unconsciousness, and death. These symptoms occur almost entirely in work (or hobby) environments when individuals have been accidentally exposed to high concentrations or have intentionally abused PCE to get a “high.” In industrial settings, most workers are exposed to levels lower than those causing dizziness, sleepiness, and other nervous system effects
Long-term Exposure

Long-term exposure at lower concentrations is a potential health concern.  In residences with low concentrations, the main concern is whether the chemicals may pose an unacceptable risk of chronic health effects due to long-term exposure to these low levels. A complicating factor in evaluating the potential chronic risk from vapor intrusion is the potential presence of some of the same chemicals at or above background concentrations from the outdoor air and/or emission sources in the building (e.g., household solvents, adhesives, cleaners).
PCE Sites Under Investigation in Las Vegas Valley

Sites in Las Vegas Valley – The NDEP is currently investigating 28 sites with PCE contamination in soil and/or groundwater within the valley.  All these sites are related to former or current dry cleaning facilities.  
Map Showing Sites – link to GIS map
Maryland Square PCE Site

Case file – Freedom of Information Act (FOIA) – The case file contains reports and correspondence related to the Maryland Square PCE Site.  The entire file is XX MB and is available on CD.

History of the Case


Cleanup Options

Remediating Indoor Air in Cases of Vapor Intrusion  
There is a very effective and reasonably priced system that can immediately reduce the levels of PCE found in indoor air due to vapor intrusion of PCE vapors in soils.  These systems are called subslab depressurization systems (SSD), and typically cost from $2,000 to $20,000 per home.
Preventing soil gas entry is the focus of SSD. It involves sealing the foundation and depressurizing the soil.  Sealing cracks and holes with epoxies and caulks, and sealing the crawl space from the rest of the house are all methods with some application. SSD can reduce vapor levels by as much as 99%.  Suction puts the soil at a lower pressure than the inside of the home, preventing inward migration of soil gas. Installing an SSD system involves sinking ventilation pipes below the foundation and continuously pumping out air by running a small fan.  SSD systems were developed to mitigate intrusion of naturally occurring radon gas, but are equally effective for mitigating the intrusion of solvent vapors.
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Photos of residential subslab depressurization (SSD) systems.  Vapors are extracted through the use of a small fan, then harmlessly vented to the outdoors where they quickly disperse.

Remediating Soils
Excavation and offsite disposal of PCE-contaminated soils, in situ flushing using a solvent or surfactant injected into the subsurface and recovered in pumping extraction wells, thermal desorption and SVE, or simply SVE or AS/SVE.

http://www.drycleancoalition.org/tech/ 
Remediating Groundwater
Technologies for cleaning up PCE-contaminated groundwater include pump and treat, in situ bioremediation using injection of reducing compounds to promote bacterial breakdown of the chlorinated compounds, chemical oxidation, permeable reactive barriers (PRBs), and air sparging/SVE.  These are discussed at length in link  http://www.drycleancoalition.org/tech/ 
An effective treatment for groundwater is the use of permeable reactive barriers (PRBs).  PRBs are a standard remedial option for groundwater and a generally cost-effective alternative to pump-and-treat systems (which have long-term operation and maintenance (O&M) costs).

There are different types of reactive materials used in the “reactive cell” portion (where the chemical action is) of the PRB.  The effectiveness of PRBs for chlorinated solvents, such as PCE, is based on the fact that these solvents degrade best under anaerobic (without oxygen) conditions, by a process known as “reductive dechlorination.”  

Under aerobic (oxidizing) conditions, there is little chemical change in PCE as it migrates in shallow oxygenated groundwater (such is the case for our shallow groundwater in Vegas).  With a PRB in place, and as the groundwater plume of chlorinated solvents passes through the porous barrier of a strong reducing agent (such as granular zero-valent iron), the chlorines are stripped from the chlorinated solvent, and the treated groundwater exits the downgradient side of the PRB.
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Below is a figure showing field results from one PRB installation for treating groundwater contaminated with another chlorinated solvent, trichloroethylene (TC).  As you can see, dramatic reductions in TCE concentrations were achieved within a year or two after installation of the PRB.
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FIGURE 1. PRB Downgradient Groundwater Monitoring Data.





Units of Measure

All the different concentration units can be confusing; different units of measure are used for PCE in soil, in groundwater, and in soil gas and air.  

Concentrations of PCE in soil are typically reported as milligrams per kilogram (mg/kg), which is equal to parts per million (ppm), or as micrograms per kilogram (µg/kg), which is equal to parts per billion (ppb).
Concentrations of PCE in groundwater are typically reported as milligrams per liter (mg/L), which is equal to ppm, or, more commonly, as micrograms per liter (µg/L), which is equal to ppb.

Concentrations of PCE in air are typically reported as micrograms per cubic meter (µg/m3), which is equal to 0.001 µg/L.  Because gases expand, the conversion of µg/m3 requires a calculation to be converted to parts per billion per volume (ppbv) as follows:  1 µg/m3 = 24/165.83, where 165.83 is the molecular weight of PCE, and the number 24 derives from the “Ideal Gas Law” calculation for the volume of one gram-mole of PCE gas at standard temperature (20oC) and pressure (760 millimeters of mercury [mm Hg]).
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1. Convert temperature from °C to °K and pressure from units of mm Hg to atm. 
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2. Calculate the gas volume. 
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So, the volume of one gram-mole of PCE at 20oC and 760 mm Hg is 24, 043 cm3 or 24.04 liters.  Rounding the 24.04 liters to 24, then 24 liters/165.83 grams per mole =  
this calculation shows that 1 µg/m3 PCE = 0.145 ppbv PCE
More Related Links

U.S. EPA: Chemical Factsheet on PCE http://www.epa.gov/safewater/contaminants/dw_contamfs/tetrachl.html
U.S. EPA: List of Other Useful Websites http://oaspub.epa.gov/webimore/aboutepa.ebt4?search=9,216,693
Study of Assessment and Remediation Technologies For Dry Cleaner Sites, State Coalition for Remediation of DryCleaners, 2003 

http://www.drycleancoalition.org/tech/ 
Technology Assessment for Remediation at Solvent Contaminated Drycleaner Sites, (June 2005), State Coalition for Remediation of Drycleaners http://www.drycleancoalition.org/download/remediation_paper.pdf 
Application Of In-Situ Remediation Technologies By Subsurface Injection, Baxter E. Duffy, Inland Pollution Services, Inc. 

http://www.environmental-expert.com/articles/article1050/DUFFY%20-%20B2001%20-%20Paper.pdf 
Central Truckee Meadows Remediation District

http://www.washoecounty.us/water/ctmrd-info.htm?PHPSESSID=21898ceba0020a405df08fa18fb0180d
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Photograph of Maryland Square Shopping Center from the Blight Study conducted by the Clark County Redevelopment Agency (November 4, 2003). 3661 S. Maryland Pkwy.
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June 28, 2006.  The Al Phillips the Cleaners building at Maryland Square Shopping Center is demolished.
