2.0	MEASUREMENTS





The program plan (Watson et al., 1991a� XE “Watson et al., 1991” �) provides justification for the observables, sample durations, sampling frequency, and monitoring periods for the Imperial Valley/Mexicali PM10 Study measurements.  This section describes the particulate and meteorological networks, documents the measurement methods, and evaluates the measurements themselves.





2.1	Aerosol and Meteorological Sampling Network





The ambient particulate and meteorological monitoring network for this study involved 41 sites.  Particle sampling locations within the Imperial Valley are shown in Figure 2-1 and meteorological site locations are shown in Figure 2-2.  Tables 2-1a and 2-1b describe the meteorological monitoring network situated throughout Imperial County.  Sampling site types, locations, coordinates, elevations, and measurements collected at each site are presented in Tables 2-1a and 2-1b.  The observables are defined in Table 2-2.  The PM10 sampling sites were selected to represent different industrial, commercial, residential, and agricultural land uses in urban, suburban, and rural areas and to characterize source emissions and transport within the Imperial and Mexicali valleys.  As shown in Tables 2-1a and 2-1b, the 41 sites:





Two sequential filter sampler base monitoring sites in Calexico (CALD ( the Grant Fire Station) and in Mexicali (SEDD/SEDESOL).





Up to thirty PM10 satellite monitoring sites.





Fourteen meteorological monitoring sites.





Six PM10 compliance monitoring sites.





	Several of the measurements were acquired at the same location.





The filter-based aerosol measurements, averaging times, sampling frequency/periods, and measurement methods for the study are detailed in Table 2-3.  Measurements were made at these sites from 03/13/92 to 08/29/93.  Ambient PM10 sampling consisted of the following four elements:





Pilot 24-Hour Sampling:  Every-sixth-day sampling of PM10 was conducted at the Calexico and Mexicali sites between 03/13/92 and 08/28/92 for a total of 30 sampling days, with sequential filter samplers (SFSs) and portable PM10 survey samplers.  This sampling was intended to acquire valid data to aid in the selection of satellite sites and intensive monitoring periods during the remainder of the program.





Annual 24-Hour Sampling:  Every-sixth-day sampling of PM10 was conducted at the Calexico and Mexicali sites between 09/03/92 and 08/29/93 for a total of 60 sampling days, with SFSs and portable PM10 survey samplers.  This sampling period was intended to correspond to the schedule normally followed by the compliance monitoring network.





Intensive 6-Hour and 24-Hour Sampling:  Daily, four-times-per-day (0001 to 0600, 0601 to 1200, 1201 to 1800, 1801 to 2400 PST) sampling of PM10 was conducted at the Calexico and Mexicali sites during summer (08/21/92 to 08/27/92), winter (12/11/92 to 12/20/92), and spring (05/13/93 to 05/19/93) for a total of 24 sampling days with SFSs.  In addition to diurnal sampling at the two base sites, daily, once-per-day sampling of PM10 was conducted at 20 to 30 satellite sites during the summer, winter, and spring intensive sampling periods, for a total of 24 sampling days with portable PM10 survey samplers.





Mini-Intensive 24-Hour Sampling:  Daily once-per-day sampling of PM10 was conducted at the Calexico and Mexicali sites between 12/21/92 and 01/07/93, for a total of 18 sampling days.





Hourly wind speed and wind direction measurements were acquired at all 14 sites.  Hourly temperature was measured at 13 sites, and hourly relative humidity was measured at 11 sites.  Several sites were initiated during the monitoring program.  Hourly PM10 concentrations were measured every day at the Calexico base site.





The intensive sampling periods were selected to characterize high PM10 that corresponded to unique emissions and meteorological situations.  The summer intensive characterized local fugitive dust over prolonged dry periods with occasional high winds.  The winter intensive and mini-intensive captured particle emissions from motor vehicles, residential wood combustion, and charbroil cooking during the holiday season.  The spring intensive was intended to assess the impact of field burning and agricultural tillage during and after harvesting.





The summer intensive included 20 satellite sites, while the winter and spring intensives included 30 satellite sites.  These satellite sites were chosen to measure and evaluate cross-border transport along the U.S./Mexico boundary.  Portable PM10 survey samplers were also located adjacent to or around specific emission sources.  Table 2-4 summarizes the site descriptions for all the satellite sites and intensive sampling periods during which they operated.





2.2	Ambient Particulate Measurements





Two types of filter-based aerosol samplers were operated as part of this study:  1) medium-volume sequential filter samplers (SFS) at the Calexico and Mexicali base sites, and  2) low-volume battery-powered portable PM10 survey samplers at the two base sites and 20 to 30 satellite sites.  The hivol-SSI, dichotomous sampler, and beta attenuation monitor were operated by the Imperial County Air Pollution Control District and by the California Air Resources Board.





2.2.1	PM10 Sampling System





2.2.1a	PM10 Sequential Filter Sampler 





The medium-volume sequential filter sampler (SFS) was equipped with an SA-254 size-selective inlet that sampled PM10 with a flow rate of 113 L/min.  The SFS was configured to take two simultaneous samples (i.e., Teflon-membrane/drain disk and quartz-fiber/drain disk filter packs) at 20 L/min through each sampling port.  The remaining 73 L/min required for the 113 L/min total inlet flow was drawn through a makeup air sampling port inside the plenum.  The timer was set to take:  1) one 24�hour sample set during the pilot study and annual measurement period,  2) up to five 6-hour sample sets during the intensive sampling periods, or  3) up to five 24-hour sample sets during the mini-intensive sampling period.  Solenoid valves, controlled by a timer, switched between one to five sets of filters at pre-set time intervals.  A vacuum pump drew air through the paired filter packs when the valves were open.  The flow rate was controlled by maintaining a constant pressure across a valve with a differential pressure regulator.





The filters were loaded in a laboratory into modified Nuclepore filter holders that were plugged into quick-disconnect fittings on the SFS.  As diagrammed in Figure 2-3, one filter-holder contained a 47-mm diameter Teflon-membrane filter and the other filter holder contained a 47-mm diameter quartz-fiber filter.  A drain disc was placed behind each Teflon-membrane or quartz-fiber filter to ensure a homogeneous sample deposit and substrate integrity.





2.2.1b	Battery-Powered PM10 Portable Survey Sampler





The low-volume, portable PM10 survey samplers were equipped with an impactor inlet which sampled PM10 at a flow rate of 5 L/min.  These samplers were hung from a hook or hanging bracket attached to utility poles, lamp posts, or roof stands at the satellite sites.  Flow rates were determined with a calibrated external rotameter and verified by an in-line rotameter.  An internal timer kept clock time and turned the samplers on and off at preset times.  Two removable battery packs accompanied each sampler so that one was charging while the other was sampling.  Every time a filter was changed, the spent battery was replaced with a fresh one.  Several battery chargers were used during this study to assure that batteries were fully charged for the next sampling period.  Two survey samplers were located at each satellite site, so one was sampling while the other was being serviced.





Multistage 47-mm-diameter Nuclepore filter holders were used on this sampler.  Teflon-membrane filter packs and greased impactors were prepared in the laboratory for placement in the survey sampler.  Inlets were cleaned and re-greased between every sample to minimize overloading of the impactor plate and particle re-entrainment.  Figure 2-4 diagrams the filter pack configuration for the portable PM10 sampling.





2.2.2	Filter Media





Lippmann (1989)� XE “Lippmann (1989)” �, Lee and Ramamurthi (1993)� XE “Lee and Ramamurthi (1993)” �, Watson and Chow (1993; 1994)� XE “Watson and Chow (1993; 1994)” � evaluate substrates for different sampling and analyses.  The 47-mm filters used for PM10 sampling were:  1) Gelman (Ann Arbor, MI) polymethylpentane ringed, 2.0-(m pore size, PTFE Teflon-membrane filters (#R2PJ047) for particle mass and elements, and 2) Pallflex (Putnam, CT) quartz-fiber filters (#2500 QAT-UP) for carbon and ions.





2.2.3	Chemical Analysis





PM10 samples from the SFS samples at the two base sites were analyzed for mass by gravimetry; for light absorption (babs) by densitometry; for 40 elements (Na to U) by x-ray fluorescence (XRF); for chloride (Cl-), nitrate (NO3-), and sulfate (SO4=) by ion chromatography; for ammonium (NH4+) by automated colorimetry; for soluble sodium (Na+) and soluble potassium (K+) by atomic absorption spectrophotometry; and for organic carbon (OC) and elemental carbon (EC) by thermal/optical reflectance carbon analysis (Chow et al., 1993a� XE “Chow et al., 1993” �; Watson and Chow, 1993; 1994� XE “Watson and Chow, 1993, 1994” �).  Detailed chemical analyses are documented in the program plan (Watson et al., 1991a� XE “Watson et al., 1991” �) following U.S. EPA guidelines for PM10 sampling and analysis (Chow and Watson, 1994a� XE “Chow and Watson, 1994” �).  In addition to the gravimetric mass and light absorption (babs) analysis, PM10 samples from the portable PM10 survey samplers at the base and satellite sites also underwent trace elemental analysis by XRF.





2.3	Meteorological Measurements





As part of this study, meteorological stations were deployed at the Coyote Mountain, El Centro, and Mexicali sites.  These meteorological monitoring sites were configured with Campbell CR21X data loggers to measure the following variables:  1) ambient temperature ((C) using a naturally aspirated thermistor,  2) relative humidity (%) using a CSI 207 relative humidity and temperature probe,  3) scalar and vector wind speeds (m/s) using a calibrated wind vane (Met-One Wind Speed Sensor #010B or 014A), and  4) scalar and vector wind direction (degrees of angle) using a calibrated three-cup anemometer (Met-One Wind Direction Sensor #0202B or 024A).  Atmospheric stability was calculated from the standard deviation of wind direction following Yamartino (1981)� XE "Yamartino (1981)" �.  Relative humidity and temperature sensors were installed at the existing Niland and Calexico sites.  Sensors were located on 10 m towers except at El Centro, where the measurements were taken at (15 m above ground level on the roof of a two-story building.  Instruments were calibrated upon installation, and periodic performance tests using sling psychrometers were made for temperature and relative humidity.  Visual checks of the anemometers and wind vanes were made on each site visit day.





In addition to these sites, data from the existing meteorological monitoring stations within the study area were acquired.  This supplementary data was obtained from the following three networks:





The Imperial County Air Pollution Control District (ICAPCD).





The California Irrigation Management Information System (CIMIS).





The Bureau of Land Management (BLM).





The meteorological stations operated by these three organizations and the specific site description and meteorological data collected at each site are identified in Tables 2-1a and 2�1b.  Most of these measurements were taken on 10 m towers except for the CIMIS measurements, which were taken at 1  m to 2 m above ground level.





2.4	Supplemental PM10 Measurements





In addition to the PM10 mass and chemical data acquired by the SFSs and portable  PM10 survey samplers in this study, supplemental ambient data was obtained from collocated measurements that were made as part of the Imperial County Ambient Monitoring Network at five sites (Brawley, El Centro, Calexico, Calexico Police and Fire Station, and Laidlaw Environmental Services), as shown in Figure 2-1.  These measurements include:





Twenty-four-hour high-volume total suspended particulate (TSP) samples, acquired at the Laidlaw Environmental site, operated by Laidlaw Environmental Services.





Twenty-four-hour high-volume size-selective inlet (SSI) PM10 samples, acquired at the Brawley, El Centro, Calexico, and the Calexico Police and Fire Station sites, operated by the ICAPCD.





Twenty-four-hour dichotomous PM2.5, coarse (PM10 minus PM2.5), and PM10 samples, acquired at the El Centro and Calexico sites, operated by the ICAPCD.





Hourly beta-attenuation PM10 samples acquired at the Calexico site, operated by the ICAPCD.





2.4.1	High-Volume Total Suspended Particulate (TSP) Measurements





High-volume samplers draw ambient air through a peaked roof inlet and subsequently through a 20.3 ( 25.4-cm filter at a flow rate of 1,132 L/min.  The peaked roof inlet consists of a right triangular structure with an open hypotenuse placed over the filters.  This sampler configuration does not have a sharp sampling effectiveness curve and is intended primarily to protect the filter from dust fall-out. More than 50% of the particles smaller than 30 (m to 50 (m aerodynamic diameter penetrate this inlet at a flow rate of 1,132 L/min.  The sampling effectiveness of this peaked roof type of inlet varies depending on its orientation with respect to wind direction and wind speed.  Sierra-Andersen high-volume samplers were deployed at the Laidlaw Environmental Services site to measure TSP with Teflon-membrane filters during the period 01/06/91 to 06/29/93 on the U.S. EPA every-sixth-day sampling schedule for 24-hour sample duration.





2.4.2	High-Volume PM10 Measurements





High-volume PM10 samplers equipped with size-selective inlets draw air through the inlet through a 20.3 ( 25.4-cm filter at a flow rate of 1,132 L/min.  General Metal Works (GMW) IP10-70 mass-flow-controlled high-volume samplers with GMW G-1200 size-selective inlets were used to collect PM10 at the Brawley, El Centro, Calexico, and the Calexico Police and Fire Station sites with quartz-fiber filters.  The high-volume size-selective PM10 samples were acquired at these sites between 01/01/92 and 08/29/93 on the U.S. EPA every-sixth-day sampling schedule for 24-hour sample duration.





2.4.3	Dichotomous Sampler Measurements





A dichotomous sampler uses a virtual impactor to separate the PM2.5 (particles with aerodynamic diameters less than or equal to 2.5 mm) and coarse particle (PM10 minus PM2.5) size fractions.  The virtual impactor operates on a principle similar to direct impaction, except that the impaction surface is replaced by an opening that directs the large particles to the coarse particle sampling substrate.  A total flow rate of 16.7 L/min is drawn through a PM10 size-selective inlet controlled by a differential pressure regulator.  As particles travel from the inlet, they reach a virtual impactor acceleration nozzle.  By virtue of their greater inertia, particles larger than the 2.5-(m cut-point impact through the “void” of a receiver tube, and are collected on a filter at the base of the tube.  The fine particles (i.e., PM2.5) pass around the receiver tube and are collected on a filter following another flow tube.  Ten percent of the PM2.5 particles adhere to the coarse particle filters, and corrections must be made to the coarse particle measurement to compensate for the differences (Evans and Ryan, 1983� XE "Evans and Ryan, 1983" �).





The dichotomous samplers located at the El Centro and Calexico sites were equipped with a Sierra-Andersen Model 3000 Virtual Impactor and a SA-246 PM10 inlet.  The coarse particle sampling flow rate (1.67 L/min) was 10% of the total flow to collect 10% of the PM2.5 particles and 100% of the coarse particles.  The PM2.5 sampling flow rate (15 L/min) was 90% of the total flow rate.  Teflon-membrane filters were used to collect both PM2.5 and coarse particles.  PM2.5 and coarse samples were acquired at these two sites between 01/01/92 and 08/29/93 on the U.S. EPA every sixth-day sampling schedule for 24-hour sample durations.  Gravimetric and x-ray fluorescence analyses were performed on the dichotomous samples to determine mass and elemental concentrations.





2.4.4	Beta-Attenuation PM10 Measurements





Beta attenuation monitors (BAM) (e.g., Lillienfeld and Dulchinos, 1972� XE “Lillienfeld and Dulchinos, 1972” �; Husar, 1974� XE “Husar, 1974” �; Lillienfeld, 1975� XE “Lillienfeld, 1975” �; Macias and Husar, 1976� XE “Macias and Husar, 1976” �; Lillienfeld, 1979� XE “Lillienfeld, 1979” �) attenuate beta rays (moderately high energy electrons) emitted by a radioactive source when they pass through particles deposited on a filter.  Beta ray attenuation is related to the particulate mass collected on the filter.  PM10 monitors draw a filter tape across the path between the beta emitter and a detector to measure blank attenuation, then across a sampling area where particles are collected on the tape, and finally through the detector area to measure the attenuation of the filter and the deposit.





A Sierra-Andersen Beta Attenuation Monitor (BAM), model FH62I-N, was installed at the Calexico site to monitor hourly PM10 particle mass.  Data was collected by a SUMEX data processing unit.  The Sierra-Andersen FH62I-N BAM has passed the sampling and reproducibility protocol required by the U.S. EPA and has received a PM10 equivalency designation for the 24-hour sample durations.  This type of beta-attenuation monitor has participated in field comparisons with both high-volume samplers equipped with PM10 size-selective inlets as well as PM10 dichotomous samplers.  Hourly PM10 data was acquired for the period of 01/01/92 to 08/29/93 for assessing the diurnal variation of the PM10 concentrations and for comparison with collocated high-volume, medium-volume, and low-volume PM10 measurements.
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