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Abstract
In recent years, vapor intrusion has been a topic of intense interest in the United States.  The number of guidance documents released on this subject has increased dramatically from all sectors, including Environmental Protection Agency and Department of Defense at the federal level, 26 States and several cities at the local levels, and Interstate Technology Regulatory Council and American Petroleum Industry from the public and/or private sector.  Published information concerning the vapor intrusion issue addresses this topic in varying degrees.
According to the United States Environmental Protection Agency’s Office of Solid Waste and Emergency Response, vapor intrusion is the migration of volatile chemicals from the subsurface into overlying buildings.  Volatile chemicals in buried wastes and/or contaminated groundwater can emit vapors that may migrate through subsurface soils and into indoor air spaces of overlying buildings in ways similar to that of radon gas seeping into homes (US EPA, 2002).

The concern that the vapor intrusion pathway poses is whether an unacceptable risk exists for the occupants.  To determine the risk associated with chemicals in the vapor intrusion pathway, confounding factors due to the presence of these chemicals from other sources need to be qualitatively and quantitatively identified so that the contributions from the vapor intrusion alone can be assessed.  Due to the fact that risk is compound specific and many compounds have unacceptable chronic risk levels at extremely low concentrations, an analytical technique is needed that has high selectivity and sensitivity as well as constant, near real-time analysis updates to accurately and economically assess vapor intrusion sites.

1
Introduction

One of the US Environmental Protection Agency’s goals is to reduce or control the risk to human health and the environment.  In order to accomplish this task, it is necessary to determine if specific exposure pathways exist and evaluate the site to determine whether contamination is present at levels that may pose a significant risk to human health or the environment.  One of the pathways that can contribute to exposure is the vapor intrusion pathway.


The Interstate Technology and Regulatory Council guidance states that to define the vapor intrusion pathway as a complete exposure pathway, a source, migration route, and receptor must be identified.  Specifically, this assessment entails the identification of all known or suspected vapor sources of contamination; consideration of the contaminant migration routes (mobility) including an evaluation of methods and manner of access, and identification of those likely to be affected by the contaminants (receptors) (Interstate Technical Regulatory Council, 2007).

Moreover, the general consensus of the members in the regulatory community who evaluate the vapor intrusion pathway is that multiple lines of evidence are needed to ensure that the vapor intrusion pathway is complete.  The multiple lines of evidence include but are not limited to: 

· groundwater spatial (and vertical profiling, if appropriate) data with modeling;
· soil gas spatial concentrations (and vertical profiling, if appropriate), including subslab, with vertical profiling;
· building construction and conditions;
· constituent ratios; and
· ambient, crawlspace, and inside air concentrations and source determinations.
This paper will focus on the last two elements.
The TAGA mobile laboratories have been used for nearly 25 years by the US Environmental Protection Agency’s Environmental Response Team (US EPA’s ERT) to monitor for various compounds in the ambient air (Figure 1).  The TAGA monitoring has supported enforcement efforts, emergency response activities, natural disaster recovery actions, structure decontamination operations, homeland security requirements, and engineering design testing as well as vapor intrusion studies.  Each monitoring operation took advantage of the specificity, sensitivity, and near real-time results that are provided by triple quadrupole technology.
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Figure 1  TAGA Mobile Laboratory

During the past 10 years, the TAGA mobile laboratories have been involved with over 70 different vapor intrusion sites involving hundreds of structures with some sites revisited multiple times (US EPA/ERT, 2001), (US EPA/ERT, 2004), (US EPA/ERT 2008), (US EPA/ERT, 2003), (US EPA/ERT, 2001), (US EPA/ERT, 2001), (US EPA/ERT, 2007), (US EPA/ERT, 2004).  Most sites investigated had target compounds associated with halogenated hydrocarbons and petroleum compounds, with halogenated hydrocarbon sites being the most prevalent.  The TAGA system is a unique technology, which provides extremely low concentration data for targeted compounds with updates to the monitoring results in near real time to afford fine spatial and temporal resolution of the output while transecting inside or outside of the structure.  The detailed information gained through the TAGA monitoring offers support for various lines of evidence to suggest that the vapor intrusion pathway exists or not.
2
Procedure


TAGA monitoring requires a fundamental understanding of general theory of tandem mass spectrometry.  Additionally, the TAGA monitoring requires certain quality assurance operations to be performed to ensure that the data are scientifically sound.  Lastly, TAGA monitoring can be performed remotely by using a Teflon® tube to efficiently transport the sample to the instrumentation or by directly introducing air into the TAGA while the mobile laboratory is operated in either the stationary or mobile mode.
2.1
Mass Spectrometer/Mass Spectrometer General Theory

The ECA TAGA IIe is based upon the Perkin-Elmer API 365 mass spectrometer/mass spectrometer (MS/MS) and is a direct air-monitoring instrument capable of detecting, in real time, trace levels of many inorganic and organic compounds in ambient air. The technique of triple quadrupole MS/MS is used to differentiate and quantitate compounds.  The initial step in the MS/MS process involves simultaneous chemical ionization of the compounds present in a sample of ambient air. The ionization can produce both positive and negative ions by donating or removing one or more electrons. The chemical ionization is a "soft" ionization technique, which allows ions to be formed with little or no structural fragmentation.  These ions are called parent ions. The parent ions with different mass-to-charge (m/z) ratios are separated by the first quadrupole (the first MS of the MS/MS system). The quadrupole scans selected m/z ratios allowing only the parent ions with these ratios to pass through the quadrupole.  Parent ions with m/z ratios different than those selected are discriminated electronically and fail to pass through the quadrupole.

The parent ions selected in the first quadrupole are accelerated through a collision cell containing uncharged nitrogen (N2) molecules in the second quadrupole. A portion of the parent ions entering the second quadrupole fragments as they collide with the N2 molecules. These fragment ions are called daughter ions. This process, in the second quadrupole, is called collision-induced dissociation. The daughter ions are separated according to their m/z ratios by the third quadrupole (the second MS of the MS/MS system). The quadrupole scans selected m/z ratios, allowing only the daughter ions with these ratios to pass through the quadrupole. Daughter ions with m/z ratios different than those selected are discriminated electronically and fail to pass through the quadrupole. Daughter ions with the selected m/z ratios are then counted by an electron multiplier.  The resulting signals are measured in ion counts per second (icps) for each parent/daughter ion pair selected. The intensity of the icps for each parent/daughter ion pair is directly proportional to the ambient air concentration of the compound that produced the ion pair. All of the ions discussed in this report have a single charge. The m/z ratios of all of the ions discussed are equal to the ion masses in atomic mass units (amu). Therefore, the terms parent and daughter masses are synonymous with parent and daughter ion m/z ratios.
2.2
TAGA Mass Calibration

At the beginning of the sampling day, a gas mixture containing benzene, toluene, xylene, tetrachloroethene, trichloroethene, trans-1,2-dichloroethene and vinyl chloride is introduced by a mass flow controller into the sample air flow, and the tuning parameters for the first quadrupole at 30, 78, 98, 106, 130 and 164 amu, and the third quadrupole at 30, 78, 91, 105, 129 and 166 amu are optimized for sensitivity and mass assignment. The peak widths at half height are limited between 0.55 amu and 0.85 amu. The mass assignments are set to the correct values within 0.15 amu.
2.3
TAGA Response Factor Measurements

The calibration system consists of a regulated gas cylinder with a mass flow controller. The mass flow controller is checked with a National Institute of Standards and Technology (NIST) traceable flow rate meter. The calibration system is used to generate the analytes' response factors (RFs), in units of ion counts per second per part per billion by volume (icps/ppbv), which are then used to quantify trace components in ambient air. The TAGA is calibrated for the target compounds at the beginning and end of the monitoring day. The average of the beginning and end of day RFs are used to generate the intermediate response factor (IRF) used for the final calculations of the target analyte concentrations.

The gas cylinder standard, which contains known mixtures of target compounds, certified by the supplier, is regulated at preset flow rates and diluted with ambient air to give known analyte concentrations. The calibration consists of a zero point and five known concentrations obtained by setting the mass flow controller to 0, 10, 20, 40, 80, and 90 milliliters per minute (mL/min) with the sample air flow at 90 liters per min (L/min). The approximate concentration range of standards introduced into the TAGA is between 1 ppbv and 25 ppbv. The RFs are then determined by using a least-square-fit algorithm to calculate the slopes of the curves. The coefficient of variation is checked for each ion pair's RF to ensure that it is greater than 0.90. The software utilizes the analytes' cylinder concentrations, gas flow rates, air sampling flow rates, and atmospheric pressure to calculate the RFs.
2.4
Transport Efficiency

The transport efficiency and residence time for the target compounds through the 7/8 inch internal diameter, 200-foot length of corrugated Teflon® sampling hose is determined prior to and at the conclusion of indoor air monitoring activities each day. The transport efficiency is determined by introducing a known concentration of the target compounds into the proximal end and then into the distal end of the sampling hose. The signal intensity of each ion pair for each compound is measured in icps and the percent (%) transport efficiency calculated using the equation below: 
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A transport efficiency of 85% is considered acceptable.  The residence time is the interval, in seconds, it takes the air sample to travel the length of the sampling hose. The residence time, which reflects a time difference between the sampling and the instrument response, is incorporated in the offset. The offset, which is the total number of sequences acquired during the residence time, is applied to the monitoring files.  Therefore, the observations and instrument responses are temporally coordinated.
2.5
TAGA Air Monitoring
TAGA air monitoring is performed in one of two configurations.  The first configuration uses a 200-foot Teflon® tube to transport the air to the instrument from a location inside of a structure and to investigate indoor sources.  The second configuration does not require but 3 feet of tubing because the air is introduced directly into the system from the outside through a port in the side of the bus when the TAGA laboratory is driven along the streets and around structures to determine if outdoor ambient air sources are adversely impacting the indoor air of a building.
2.5.1
TAGA Indoor Air Monitoring
TAGA monitoring is performed by continuously drawing air through the 200-foot Teflon® tube at a flowrate of approximately 90 L/min The air is then passed through a glass splitter where the pressure gradient between the mass spectrometer core and the atmosphere causes a sample flow of approximately 10 mL/min into the ionization source through a heated transfer line. The flow into the TAGA source is controlled so that the ionization source pressure is maintained at an optimum value of approximately 3.4 torr. The remaining airflow is drawn through the air pump and vented from the TAGA bus.
Monitoring is performed in the parent/daughter ion-monitoring mode. As monitoring proceeds, the operator presses letter keys (flags), alphabetically on a computer keyboard, to denote events or locations during the monitoring event. This information is also recorded on an event log sheet. Additionally, the sampler, who is moving the distal end of the Teflon® tube and in constant radio communication with the TAGA operator, notes the flags on the schematic of the structure.  The intensity of each parent/daughter ion pair monitored by the TAGA is recorded in a permanent file on the computer’s hard drive. One set of recorded measurements of all the ion pairs is called a sequence. 
At the beginning of each unit survey or investigation, a one-minute pre-entry ambient data segment is collected. At the operator's signal, the sampler then enters the unit while holding the distal end of the hose at breathing height. The sampler proceeds to each room in the unit where one-minute data segments are collected. After the rooms in the unit are monitored, a one-minute post-exit ambient data segment is collected. Upon completion of the one-minute post-exit ambient air segment, the instrumentation is challenged with the calibration standard, which is introduced at 30 mL/min, approximately 7 ppbv for the target compounds, to verify that the system is functioning properly (Figure 2).

[image: image3]
Figure 2.  TAGA Source
2.5.2
TAGA Outdoor Mobile Monitoring

The TAGA performs mobile ambient air monitoring using a 3-foot length of corrugated Teflon® sampling hose connected to a glass transfer tube passing through the roof of the TAGA bus. Air is continuously drawn through the Teflon® hose at a flowrate of approximately 90 L/min. The air then passes through a glass splitter where the pressure gradient between the mass spectrometer core and the atmosphere causes a sample flow of approximately 10 mL/min into the ionization source through a heated transfer line. The flow into the TAGA source is controlled so that the ionization source pressure is maintained at an optimum value of approximately 1.6 torr. The remaining air flow is drawn through the air pump and vented from the TAGA.
The TAGA performs air monitoring in the parent/daughter ion monitoring mode.  As the air monitoring proceeds, the operator presses the letter keys (flags) sequentially to denote events or locations during the monitoring. This information is also recorded on the operator's log sheet. The intensity of each parent ion/daughter ion monitored by the TAGA, in turn, is recorded by the computer in a file on the hard disk. One set of measurements of all the ions is called a sequence.
3
Results and Discussion
Although vapor intrusion assessments seem very straight forward theoretically, in practical application, they can be very complex due to confounding factors that are not intuitively obvious when investigations are conducted using traditional point sampling and analysis.  Typically, in homes that have basements, samples are collected from soil gas beneath the subslab, in the ambient air in basement area, and in the ambient air on the first floor.  Additionally, an outside ambient air sample is collected at the residence or in the nearby community to determine the outside ambient air contributions to the indoor air concentrations.  Therefore, the indoor air is characterized by two samples.    
When the TAGA is utilized for vapor intrusion assessments in a residence, the outside ambient air is monitored prior and subsequent to the indoor investigation for a minimum of three minutes, which represents approximately 200 measurements.  Additionally, TAGA monitoring is conducted in every room in the basement and on the first floor for one minute (about 60 measurements) at each location.  Lastly, the TAGA monitoring includes focusing on every drain, infrastructure (electric, gas, water, etc.) pass through and openings in the floors and walls below ground surface for one minute at each location.  Therefore, at a structure that requires 30 minutes to complete the indoor air monitoring, over 1800 measurements are collected for the assessment using the TAGA.
The following sections will highlight observations that the TAGA monitoring has provided, which helped confirm or deny that vapor intrusion was an issue in a number of structures as well as identifying possible confounding sources.

3.1 Using Compound Signature to Determine Vapor Intrusion

The Raymark Site in Stratford, CT had groundwater contaminated with dichloroethene, 1,1,1-trichloroethane and trichloroethene.   During this assignment, a possible vapor intrusion into a children’s gymnasium was investigated (schematic shown in Figure 3) (US EPA/ERT, 2001).  The concentration profile observed for dichloroethene, 1,1,1-trichloroethane, and trichloroethene rose and lowered in intensity together. Additionally, no chlorobenzene was observed above its detection level as shown in Figure 4.  The same letters (flags) are found in the schematic and on the concentration profiles.  If these compounds concentrations are found in similar ratios and the concentration ratios of these compounds are nearly the same in other structures, these compounds may be resulting from a common source.


[image: image4]Figure 3  Schematic of the Gymnasium
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The residence adjacent to the children’s gymnasium was subsequently inspected and a schematic of this residence is shown in Figure 5.  Figure 6 shows that the signature compounds are not present at levels at or above the method detection limit in outside ambient air.  Figure 6 also shows that the concentrations of the signature compounds are higher in the basement than on the first floor.  The fact that the signature compounds are found in the residence and the gymnastic facility, their concentration ratios are similar in both locations, and the concentration levels are higher in the basement of the residence (because the basement is closer to the source of the contamination than on the first floor) suggests that these compounds are emitting from the same vapor intrusion source. 


[image: image5]
Figure 5  Schematic of the Adjacent Residence
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3.2
Locating Points of Entry for Vapor Intrusion
The Hopewell Precision Site in Hopewell Junction, NY had groundwater contaminated with 1,1,1-trichloroethane and trichloroethene.   During this assignment, a bi-level residence was investigated (shown in Figure 7) (US EPA/ERT, 2004).  The concentration profiles for 1,1,1-trichloroethane and trichloroethene rose and lowered in intensity together, which indicates a common source.  During the monitoring time period, the basement closet door was closed.  Inside of this closet is where the outside plumbing enters the residence.  The trichloroethene concentration was less outdoors than inside of the residence and reached its maximum concentration in the closet.  Additionally, flags Z and AA were associated with the tube handler’s first entrance into the closet and flags LL and MM were associated with his second entrance into the closet during which the tube end was moved closer to the wall where the pipe passes through and into the closet.  The monitoring data suggests that the vapor intrusion was occurring through these utility passages.
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Figure 7  Schematic of the Bi-level Residence
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3.3
Locating Lifestyle Items that Confound Vapor Intrusion Concentrations

The Hopewell Precision Site in Hopewell Junction, NY had groundwater contaminated with 1,1,1-trichloroethane and trichloroethene.  During this assignment, a two-story residence was investigated for possible vapor intrusion and a schematic of this residence is shown in Figure 9 (US EPA/ERT, 2004).  The concentration profile observed for 1,1,1-trichloroethane, and trichloroethene rose and lowered in intensity together as the operator moves from location to location, except between flags L and M in the garage where the trichloroethene rose but the 1,1,1-trichloroethene did not as shown in Figure 10.   


[image: image9]
Figure 9  Schematic of the Two Story Residence
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The residence’s garage was investigated in more detail (schematic shown in Figure 11).  The concentration profile observed for 1,1,1-trichloroethane, and trichloroethene show that the 1,1,1-trichloroethane concentration remained nearly constant while that trichloroethene concentration rose sharply as the distal end was passed near certain household items – flags E and F (Figure 12).  Although the maximum trichloroethene concentration was approximately 600 ppbv when the end of the tube was near to the lifestyle material, the trichloroethene concentration obtained from monitoring the center of the garage showed that these sources raised the room concentration to about 5 ppbv (Figure 10).  The monitoring suggests that elevated levels of trichloroethene were due to lifestyle products.

[image: image12]
Figure 11  Schematic of the Two Story Residence
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3.4
Locating Adjoining Structure Sources that Confound Vapor Intrusion Concentrations

The Parker Solvent Company Site in Little Rock, AR had groundwater contaminated with various solvents.   During this assignment, possible vapor intrusion into a government building, which is located across the street from the solvent facility, was investigated (Figure 13) (US EPA/ERT 2008).  Initially, the Arkansas Department of Transportation office, which is on the right of the schematic, was examined.  The concentration profiles observed for xylene and tetrachloroethene intensity profiles were similar and no detectable concentrations of trichloroethene were observed (Figure 14). 
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Figure 13  Schematic of the Government Building
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After sampling the government building, the police office space in the same building, which is on the left of the schematic (Figure 15), was examined.  As shown in Figure 16, the concentration profiles observed for xylene and tetrachloroethene rose and lowered in intensity together and no detectable concentrations of trichloroethene are present.  Notice that the concentrations in Figure 16 are higher than Figure 14.  Firearms were frequently cleaned in this police office space.  This cleaning operation contaminated the Arkansas Department of Transportation office because vapors from the cleaning operation migrated through the common wall.
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Figure 15  Schematic of the Government Building
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3.4
Locating Adjacent Structure Sources that Confound Vapor Intrusion Concentrations

The Armen Cleaners Site in Ann Arbor, MI has a dry cleaners in active operations.  The cleaners had previously improperly disposed of used tetrachloroethene on the ground in the back lot.  It is believed that these disposal practices contaminated the soil and could be a source for vapor intrusion into the adjacent residences. During this assignment, a multi-unit apartment building adjacent to the cleaners was investigated (schematic shown in Figure 17) (US EPA/ERT, 2003).
The TAGA monitoring was performed on two different dates (Figure 17, 18, 19, and 20).  On the first day of monitoring, the wind was from the east at 13 miles per hour and the apartment building was directly downwind of the cleaners.  During this monitoring period, elevated concentrations of tetrachloroethene were observed as shown in Figure 18.  Spikes of tetrachloroethene were observed between the locations denoted by letters B and C, K and L (the tubing was moved outside before entering the basement), and T and U in the concentration profile.  This is consistent with the sampler being outside of the apartment building in the ambient air.  Therefore, the contamination on the site of the dry cleaners was contaminating the outside ambient air subsequently impacting the indoor air of the apartment building.  Therefore the elevated concentrations were not due to vapor intrusion.
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Figure 17  Schematic of the Apartment Building 
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On the second day of monitoring, the wind was from the northeast at 12 miles per hour.  The apartment building (schematic shown in Figure 19) was off center from being directly downwind of the cleaners but was still being impacted with elevated concentrations of tetrachloroethene, however at a much reduced level. The highest concentrations for tetrachloroethene were observed on the first floor of east apartment nearest to the cleaners between flags X and DD.  Although the indoor concentrations are higher than the outside, it is still considered that the outdoor air is responsible for impacting the inside air because the local wind direction were changing, the dry cleaning processes  are not always operating at steady state conditions and the apartment air concentration has lag time for the infiltration from outside air to occur.  Lastly, vapor intrusion doesn’t appear to be the main source of contamination, since the first floor has a considerably greater tetrachloroethene concentration than the basement.
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Figure 19  Schematic of the Apartment Building 
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In order to locate the source(s) of the ambient air tetrachloroethene concentration, the TAGA was operated in the mobile mode.  The TAGA traveled along the streets adjacent to the cleaners both upwind and downwind (Figure 21).  The wind was from the northeast direction at about 10 miles per hour.  Tetrachloroethene was observed only when the TAGA was downwind of the cleaners.  No other sources were observed during the mobile monitoring.   The highest outdoor concentration monitored on the street was about 25 ppbv at flag B on the corner of W. Mosley Street and S. 1st Street.
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3.5 Locating Accidental/Intentional Released Sources that Confound Vapor Intrusion Concentrations

At the Tranguch Site in Hazleton, PA, a gasoline spill occurred around 1990.  
Because of the size of the spill and the local geology, there was concern that a completed pathway for vapor intrusion may exist.  Numerous residences throughout the potentially affected area were monitored.  One of the residences was monitored with the TAGA on four occasions (US EPA/ERT, 2001), (US EPA/ERT, 2001).  For the first three TAGA monitoring events, the target compounds, benzene, toluene, and xylene, had very similar concentration profiles.  One such set of concentration profiles from the residence is shown with an approximate maximum concentration of 0.5 ppbv for benzene, 5 ppbv for toluene, and 2 ppbv for xylene (Figure 23).  However, on the fourth monitoring, all of the target compound concentrations were extremely elevated near the source of contamination with an approximate maximum concentration of 900 ppbv for benzene, 5000 ppbv  for toluene, and 2000 ppbv for xylene as shown in Figure 24.  The TAGA monitoring found that the source of the target compounds was a floor drain of the main room in the basement.  Due to the very high concentrations observed, it was considered that gasoline spill might have gotten into this drain prior to the monitoring with the TAGA.  Additionally, the TAGA mobile laboratory has a gas chromatograph with a mass selective detector (GC/MS).  A gas sample was collected directly above the liquid in the drain and analyzed.  The GC/MS confirmed the presence of the target compounds but also detected lightweight hydrocarbons that are associated with gasoline.  However, these lightweight hydrocarbons would not be available in weathered gasoline, which was associated with the 10 year old spill at the site.  Therefore, the target compounds measured in the drain were not from vapor intrusion but were from freshly spilled gasoline.
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At the Tarawa Terrace Primary School (US EPA/ERT, 2007) on the Camp Lejeune Marine Corps Base in Jacksonville, NC, there was a concern that vapor intrusion from the ABC Dry Cleaners Site was impacting the school.  The distance between the dry cleaners and the school was over 1000 feet. The TAGA monitoring was conducted throughout the school, including the boiler room, during the school’s summer recess.  On the monitoring day, the school’s maintenance staff was performing needed and preventative operations.  One of the functions carried out by the workers was to service the boiler room equipment (schematic shown in Figure 25).  More specifically, the workers cleaned the electrical contacts on the boiler’s control unit.  The cleaner contained trichloroethene and no tetrachloroethene.  The dry cleaners used tetrachloroethene.  Figure 26 shows the concentration profiles from the TAGA monitoring which indicate that the only target compound present was trichloroethene.  Therefore, the trichloroethene vapors in the indoor ambient air were the results of the electrical contact cleaner being used and the elevated concentration observed in the sumps were the residuals that were washed down into them.

[image: image29]
Figure 25  Schematic of the School’s Boiler Room
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3.5
Contributions from the Presence of Contaminated Groundwater in Indoor 
Spaces as Sources that Confound Vapor Intrusion Concentrations
At the Valmont Trichloroethene Site in Hazleton, PA, a factory adjacent to a neighborhood had a release of trichloroethene that contaminated the groundwater (US EPA/ERT, 2004).  A residence in this neighborhood was monitored twice.  During the first monitoring of this residence (schematic shown in Figure 27) the meteorological conditions for the previous 24 hours were a rainfall of 0.9 inches and an average wind speed of about 5 miles per hour.  Additionally, the sump in the basement had water in it.  When the TAGA monitoring was conducted at the sump, the trichloroethene concentration was nearly 120 ppbv.  These concentration profiles are shown in Figure 28.  Additionally, the basement trichloroethene concentration was about 1 ppbv.

[image: image32]
Figure 27  Schematic of the Residence
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During the second monitoring of this residence (schematic shown in Figure 29) the meteorological conditions over the previous 24 hours were a rainfall of 1.9 inches and an average wind speed at about 25 miles per hour.  The sump in the basement was dry even though it had recently rained.  When the TAGA monitoring was conducted at the sump, the trichloroethene concentration was only 20 ppbv as shown in Figure 30.  Additionally, the basement trichloroethene concentration was about 0.5 ppbv.  The results from these two monitoring events suggest that when contaminated groundwater is in the sump the target compound’s indoor air concentration can be elevated.  Moreover, this situation is not technically vapor intrusion but volatilization of the target compound from the water in the sump. 
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Figure 29  Schematic of the Residence 
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4 Conclusion

Vapor intrusion assessments can be confounded by a number of factors but the proper evaluation of the matter can be accomplished by employing the proper instruments and techniques that provide good spatial and temporal resolution with the needed sensitivity and selectivity.  The TAGA can provide rapid, accurate, reliable, and cost effective analytical information for monitoring indoor and outdoor ambient air.  These results can be used to measure current impact and locate source of pollution.  These accurate assessments of target chemical concentrations in the vapor intrusion pathway can be used in risk assessment operations to protect human health. 
5 Reference

Interstate Technical Regulatory Council (ITRC), “Guidance Vapor Intrusion Pathway: A Practical Guideline,” January 2007.

US EPA/ERT, Final Analytical TAGA Report – 08 February through 30 March 2001, Tranguch Site, Hazleton, PA, August 2001.

US EPA/ERT, Final Analytical TAGA Report – 02 April through 23 May 2001, Tranguch Site, Hazleton, PA, August 2001.

US EPA/ERT, Final Analytical TAGA Report – ABC One Hour Cleaners, Jacksonville, NC, August 2007.

US EPA/ERT, Final Analytical TAGA Report - Hopewell Precision Site, Hopewell Junction, NY, April 2004.

US EPA/ERT, Final Analytical TAGA Report - Parker Solvents Company Site, Little Rock, AR, July 2008.

US EPA/ERT, Final Report – Armen Cleaners Site, 02 June to 05 June 2003, Ann Arbor, MI, July 2003. 
US EPA/ERT, Final Report - Raymark Industries Site, Stratford, CT, June 2001.
US EPA/ERT - Final Report – Valmont TCE Site, 03 Through 15 November 2003, West Hazleton, PA, January 2004.
US EPA, “OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance),” EPA530-D-02-004, November 2002.
� EMBED Word.Document.8 \s ���





� EMBED Word.Document.8 \s ���





� EMBED Word.Document.8 \s ���





� EMBED Word.Document.8 \s ���





Figure 22  Concentration Profile for Tetrachloroethene 








Figure 20  Concentration Profiles for Tetrachloroethene and Trichloroethene





Figure 18  Concentration Profiles for Tetrachloroethene and Trichloroethene





Figure 16  Concentration Profiles for Xylenes, Trichloroethene, Tetrachloroethene





Figure 14  Concentration Profiles for Xylenes, Trichloroethene, Tetrachloroethene





Figure 12  Concentration Profiles for 1,1,1-Trichloroethane and Trichloroethene 





Figure 10  Concentration Profiles for 1,1,1-Trichloroethane and Trichloroethene 





Figure 6.  Concentration Profiles for Dichloroethene, 1,1,1-Trichloroethane, Chlorobenzene and Trichloroethene 





Figure 8  Concentration Profiles for 1,1,1-Trichloroethane and Trichloroethene 





Figure 6.  Concentration Profiles for Dichloroethene, 1,1,1-Trichloroethane, Chlorobenzene and Trichloroethene 





Figure 4  Concentration Profiles for Dichloroethene, 1,1,1-Trichloroethane, Chlorobenzene and Trichloroethene 
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Figure 21  Mobile Monitoring Path around Armen Cleaners





Figure 6  Concentration Profiles for Dichloroethene, 1,1,1-Trichloroethane, Chlorobenzene and Trichloroethene 





Figure 30  Concentration Profile for Trichloroethene 





Figure 28  Concentration Profile for Trichloroethene 





Figure 26  Concentration Profiles for Trichloroethene and Tetrachloroethene 





Figure 24  Concentration Profiles for Benzene, Toluene, and Xylene 





Figure 23  Concentration Profiles for Benzene, Toluene, and Xylene 
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