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Abstract
The US Environmental Protection Agency (US EPA) has developed an Urban Air Toxic Monitoring Program to assist in the assessment of the possible toxic air pollution in urban areas.  To support this program, the US EPA Region 6 utilized the Trace Atmospheric Gas Analyzer (TAGA) to monitor the ambient air for selected target compounds associated with industrial, motor vehicle, and natural emission sources in areas adjacent to the Houston Ship Channel in Texas.  The target compounds monitored by the TAGA were: benzene, toluene, xylenes, styrene, 1,3-butadiene, methyl tert-butyl ether, and 1,2,3-trichloropropane.

The TAGA uses triple quadrupole technology to perform qualitative and quantitative analyses for the compounds.  Additionally, the TAGA updates the concentrations for the various ion pairs of the target compounds approximately every two seconds.  This information is incorporated into the Geographic Information System (GIS) along with Global Positioning System (GPS) information for the TAGA location, aerial views of the monitoring area, and meteorological data for the associated region.  This display of records provides detailed information to isolate the emission sources.

Using the TAGA technique to rapidly identify emission sources has several consequences.  The information can assist the Agency to reduce air pollution and provide industry with a method to decrease losses of raw materials and manufactured products.  Therefore, both the government’s and business’s goals can be advanced.

Moreover, the TAGA monitoring and the GPS output allow a path-averaged concentration to be determined along various routes.  Combining this knowledge with meteorological data and assumptions concerning the source, allows one to estimate the emission rate.  This estimation can then be employed to calculate downwind impacts associated with the target compounds under other meteorological conditions.  Therefore, the estimated emission rates can be used to approximate health impact for the Agency and profit loss for the industry.

1
Introduction

The TAGA mobile laboratories have been used for over 20 years by the US EPA’s Environmental Response Team (ERT) to monitor for various compounds in the outdoor ambient air (Figure 1).  The TAGA monitoring has supported enforcement efforts, emergency response activities, vapor intrusion studies, natural disaster recovery actions, structure decontamination operations, homeland security requirements, and engineering design testing.  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 recent US EPA Region 6 ambient air study conducted from 12 to14 December 2006 and adjacent to the Houston Ship Channel in Harris County, Texas, there was an operational focus to monitor for selected target compounds associated with industrial, motor vehicle, and natural emission sources in the area.  Under Title III of the Superfund Amendment and Reauthorization Act of 1986 (SARA), also called the Emergency Planning and Community Right-to-Know Act (EPCRA), facilities with certain chemicals in excess of specific amounts have reporting requirements.  It was from these reports that compounds were added to complete the target compound list.  The complete target compound list selected for the TAGA monitoring contained: benzene, toluene, xylenes, styrene, 1,3-butadiene, methyl tert-butyl ether, and 1,2,3-trichloropropane.


The TAGA monitoring results were collected concurrently with acquisition of positioning data from an on-board Global Positioning System (GPS).  The TAGA and the GPS times were coordinated prior to the monitoring events.  This provided an exact location when a concentration event was observed during the TAGA monitoring.  Additionally, weather data was acquired from two stations, Texas Department of Environmental Quality (TX DEQ) and the University of Houston, and at different heights (2 meters from the TX DEQ station and 43 meters from the University of Houston station).  The meteorological data coupled with the TAGA results and GPS data, along with aerial view of the monitoring area, were placed into a Geographic Information System (GIS) to assist in locating the source of the chemical release.

The GIS plots for the various TAGA monitoring events provide clear evidence of the zone of impact and the source of emissions.  Using this information, the enforcement individuals can readily direct facility management where to proceed in order to reduce air pollutant releases and the loss of feed stock and/or product material. 
2
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.
2.1
TAGA Procedure

Outdoor ambient air was monitored along routes adjacent to the Houston Ship Channel (HSC) using a mobile TAGA laboratory. Air was continuously drawn through the TAGA source during each monitoring event.  The TAGA mobile laboratory was driven along roads in the vicinity of the HSC to monitor for benzene, toluene, xylenes, styrene, 1,3-butadiene, methyl tert-butyl ether, and 1,2,3-trichloropropane in real time with concentration updates approximately every two seconds.
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 was 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 were optimized for sensitivity and mass assignment. The peak widths were limited between 0.55 amu and 0.85 amu. The mass assignments were set to the correct values within 0.15 amu.
2.3
TAGA Response Factor Measurements

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

Three gas cylinder standards, which contained known mixtures of target compounds, certified by the supplier, were regulated at preset flow rates and diluted with ambient air. The dilution of the gas cylinder standards gave known analyte concentrations. The calibrations consisted 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 1,500 milliliters per second (mL/sec). The approximate concentration range of standards introduced into the TAGA was between 1 ppbv and 25 ppbv, except for 1,3-butadiene, which ranged from approximately 9 to 200 ppbv. The RFs were then determined by using a least-square-fit algorithm to calculate the slopes of the curves. The coefficient of variation was checked for each ion pair's RF to ensure that it was greater than 0.90. The software utilized the analytes' cylinder concentrations, gas flow rates, air sampling flow rates, and atmospheric pressure to calculate the RFs.

The RFs were obtained for the ion pairs of each compound of interest in the cylinder. The first cylinder calibration was used for benzene (BNZ), toluene (TOL), and xylene (XYL). The second cylinder calibration was used for styrene (STYR), methyl tert-butyl ether (MTBE) and 1,2,3-trichloropropane (1,2,3-TCPA). The third cylinder calibration was used for 1,3-butadiene (1,3-BDE). The second and third cylinder calibrations were performed simultaneously.

2.4 TAGA Air Monitoring
The TAGA performed 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 was continuously drawn through the Teflon® hose at a flow-rate of approximately 1,500 mL/sec. The air then passed through a glass splitter where the pressure gradient between the mass spectrometer core and the atmosphere caused a sample flow of approximately 10 mL/min into the ionization source through a heated transfer line. The flow into the TAGA source was controlled so that the ionization source pressure was maintained at an optimum value of approximately 1.6 torr. The remaining air flow was drawn through the air pump and vented from the TAGA (Figure 2).
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Figure 2.  TAGA Source

The TAGA performed air monitoring in the parent/daughter ion monitoring mode.  As the air monitoring proceeded, the operator pressed the letter keys (flags) sequentially to denote events or locations during the monitoring. This information was 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.
2.5
Global Positioning System and Tracking

The mobile laboratory is equipped with a Trimble ProXRS GPS that is linked to a personal computer equipped with a geographic information system (GIS) mapping system that displays roads, satellite photographs and locations of industrial facilities onto a real-time display of the mobile laboratory’s position. The display illustrates the path taken during each monitoring period, allowing the personnel on board to relate the real time monitoring data produced by on-board instrumentation to the physical location and potential sources. The instrument and computer clocks in the mobile laboratory are synchronized with the satellite data from the GPS, so the monitoring data can be directly associated with the position of the mobile laboratory as indicated by the GPS system at any time during any monitoring period.

2.6
Air Sample Collection

Grab samples of ambient air were collected into SUMMA® canisters from the air inlet manifold at selected times. These samples were generally collected when the TAGA monitoring indicated the presence of an event of interest. A grab sample of ambient air was drawn through a sampling line into an evacuated SUMMA® passivated canister. Filling the canister took about one minute. The start and end times for sample collection were entered into the TAGA log sheet and file as a pair of flags, so the sampling locations could be plotted on the GPS map. After the air sample was collected, the canister valve was closed, the inlet was capped, an identification tag was attached to the canister, and the canister was transported to a laboratory for analysis.

2.7
Meteorological Monitoring

Meteorological data were provided by the Texas Department of Environmental Quality and the University of Houston Institute for Multidimensional Air Quality Studies for 12 through 14 December 2006. TX DEQ data were collected at monitoring stations at an elevation of 2 meters and were operated in or near Harris County. University of Houston data were collected from a multi-level 43-meter tower in La Marque, about 10 miles south of Harris County. The wind speed and direction data from the TX DEQ monitoring location are most closely associated by time, type of terrain, and location with each TAGA monitoring period, along with the University of Houston data, are presented on the GIS figures.
3
Results and Discussion
Twenty-four monitoring events, each approximately 45 minutes in duration, were conducted from 12 to 14 December 2006.  During each mobile monitoring period, the TAGA bus monitored continuously while moving along the roads in Harris County, Texas. The highest concentrations observed for the target compounds were estimations because they were outside of the calibration range for the compound.  The highest instantaneous values reported were approximately 700 ppbv for benzene, 1750 ppbv for toluene, 300 ppbv for xylenes, 0.5 ppbv for 1,2,3-trichloropropane, 100 ppbv for methyl tert-butyl ether, 300 ppbv for 1,3-butadiene, and 50 ppbv for styrene.  Wind roses are reported for the TX DEQ monitoring station(s) closest to the monitoring path, along with data provided by the University of Houston Institute for Multidimensional Air Quality Studies from the 43-meter multi-level tower approximately 10 miles south of the study area. There was an inversion in place during most of the study that produced calm to very low wind speeds at 10 meters and below, but winds of 6–10 miles per hour (mph) at 20 meters and above. Twelve grab samples were collected in SUMMA® canisters from the sample air flow stream (US EPA, 1995). The start and end of sample collection events were indicated by flags inserted into the TAGA file.  Examples of the GIS and TAGA output of the TAGA monitoring for file HSC030 for the target compounds are illustrated in Figures 3a and 3b to 9a and 9b.   Table 1 is a comparison of the TAGA and SUMMA® results collected during monitoring file HSC030.  The TAGA results presented in Table 1 are the average concentrations for the various target compounds during the period that the SUMMA® canister sample was collected.  The TAGA monitoring results and the SUMMA® canister analytical results show good agreement (US EPA, 1999).
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Figure 3a.  Benzene and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 3b.  Benzene TAGA Monitoring Data from File HSC030
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Figure 4a.  Toluene and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 4b.  Toluene TAGA Monitoring Data from File HSC030
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Figure 5a.  Xylene and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 5b.  Xylene TAGA Monitoring Data from File HSC030
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Figure 6a.  1,2,3-Trichloropropane and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 6b.  1,2,3-Trichloropropane TAGA Monitoring Data from File HSC030
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Figure 7a.  Methyl tert-Butyl Ether and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 7b.  Methyl tert-Butyl Ether TAGA Monitoring Data from File HSC030
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Figure 8a.  1,3-Butadiene and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 8b.  1,3-Butadiene TAGA Monitoring Data from File HSC030
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Figure 9a.  Styrene and GPS Data Overlaid on an Aerial Map with Meteorological Statistics from File HSC030
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Figure 9b.  Styrene TAGA Monitoring Data from File HSC030
	Table 1.  TAGA and Summa Comparison Table

	Monitoring/Sample

File/Sample Number

Flags
	TAGA

HSC030
(E-F)


	Summa

C1161
	
	TAGA

HSC030 (L-M)
	Summa

B1578

	
	
	
	
	
	

	Compound
	
	
	
	
	

	Benzene
	1.3J
	1.0
	
	140
	88.6

	Toluene
	4.0J
	3.0
	
	31
	15.9

	Xylenes
	3.9
	1.7 (3.2)
	
	2.8
	1.2 (1.6)

	1,2,3-Trichloropropane
	DL=0.033
	NA
	
	0.047J
	NA

	MTBE
	1.7J
	0.7
	
	9.4
	U

	1,3-Butadiene
	4.4J
	3.3
	
	12
	U

	Styrene
	30
	16.5
	
	0.28J
	U


All concentrations are in parts per billion by volume.
( ) = Total xylenes
DL = Compound not found above the specified detection limit

U = Not detected

J = Above the detection limit, but below the quantitation limit (TAGA data)

NA = Not applicable
4 Conclusion

The TAGA can provide rapid, accurate, and reliable analytical information for monitoring ambient air.  These results can be used to measure current impact and locate source of pollution.  The impact concentrations and meteorological information can be used in risk assessment operations to protect human health and as well as assisting facility operators in locating where the contaminants are being released to alleviate releases to environment and losses of valuable feedstock material and/or finished products.
5 Reference

US EPA 1995 ERT/REAC SOP #1704, Summa Canister Sampling

US EPA 1999 Compendium Method TO-15 “Determination of Volatile Organic Compounds (VOCs) In Air Collected In Specially-Prepared Canisters And Analyzed By Gas Chromatography/Mass Spectrometry (GC/MS)”
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