Scope of Work

U.C. Riverside

Using ATOFMS for measuring the real-time aerodynamic size and chemical composition of individual particles during the winter months at two sites in Central California

Objective:  The goal of the proposed study will involve making real-time measurements of the size and chemical composition of individual aerosol particles using two transportable aerosol time-of-flight mass spectrometers (ATOFMS) during the months of November and December, 2000 at the Fresno SuperSite and Angiola sampling site in Central California.  Measurements will also be made on particle size distributions (10 nm to 3.0 m; optical, mobility, and aerodynamic), PM 2.5 mass, meteorology, and visibility.

Approach:  We will operate two aerosol time-of-flight mass spectrometers (ATOFMS) continuously for the month of December.  In January, we will run our suite of sizing and composition instruments during interesting meteorological events and/or the designated intensive sampling periods.  These instruments will be used to obtain continuous data on the size and chemical composition of individual aerosol particles.  

Scope of Work:  In the last week of November 2000, the instruments will be transported to the two sampling sites. Four graduate students will transport the instruments and 2 students will run each ATOFMS instrument at each site, continuously sampling individual aerosol particles 24 hours a day for all of December.  In January, the students will run the instruments continuously during interesting meteorological events and intensive sampling periods.  In addition to the ATOFMS, we will operate co-located PMS optical particle counters, scanning mobility particle sizing systems (SMPS), and aerodynamic particles sizers (APS) to obtain real-time size distributions for particles between 0.2 and 3.0 (m at both sites.  Meteorological (i.e. temperature, relative humidity, wind speed, and wind direction) and visibility data will also be acquired at both sites using meteorological stations and single wavelength nephelometers.

Data obtained with the ATOFMS instruments will be compared with other co-located instruments from other research groups including a TEOM, MOUDI impactors, and any other instruments that allow for comparison of number or mass distributions.  The raw number counts as a function of particle size obtained with the ATOFMS systems will be scaled using the size distribution data from the OPC, SMPS, and APS.  The resulting number distributions will be compared with other measurements including gas phase and meteorological data.  Scaled ATOFMS number distributions will be converted to mass distributions (by assuming a particle density) and compared with those obtained with MOUDI impactors (if the data are available).  In addition, the ATOFMS will provide continuous data with 30 minute temporal resolution (depending on ambient particle concentrations) on the number of major particle types present over time including organic carbon, elemental carbon, various dust particle types (reacted and unreacted), and sea salt (reacted and unreacted).  Using the mass spectral data, we will determine the amount of mixing with secondary species including nitrate, ammonium, phosphate, and sulfate, as well as metals (i.e. V, Fe, Na, Mg, Al, Li, K, Ca, Si, Ti, Ba, Pb, Sn, Ce, and others), and other anions including Cl, Br, and I.  Data obtained on these species will be compared with real-time measurements from other instruments.  

All data will be stored in the Access database.  This method of storage allows for rapid processing and versatile searching of the single particle data.  The size distributions, relative contributions, and temporal profiles can be obtained for any individual species or combinations of chemical species over the time period of the study.  Differences will be examined in the single particle spectra and size distributions as a function of time of day, relative humidity, gas phase concentrations, and temperature.   If air parcel trajectory data are available, these will be used to try and understand differences in the distinct types of single particles observed at various times of the study.  An example of the type of data that will be acquired using ATOFMS in conjunction with the peripheral sizing instruments is shown in the figure on the following page.  These data were derived from a study conducted in Bakersfield, CA in January 1999.  Because they were measured at a similar location, the chemical make-up of particles that will be sampled during the proposed study are expected to be similar to these particles types.  

These plots show how ATOFMS can be used to monitor changes in the particle types over time.  Upon scaling the ATOFMS data using other sizing instruments, number concentrations for the relative contributions from particles composed primarily of organic and elemental carbon, dust, salt (Na+), and their associations with secondary inorganic species (NH4, NO3, SO4, SO3) and carbon (i.e. coatings) can be obtained.  This plot shows how there is a distinct difference, particularly in the second half of the study, between particle size and composition.  These differences can be attributed to differences in the meteorology observed during the study.  The first half of the study was characterized by stagnant and foggy conditions, which promoted a major buildup of particles composed of complex mixtures of carbon species, sulfates, and nitrates.  In the second half of the study, a storm front moved into the area, reducing the number of carbonaceous particles and introducing more sea salt and dust particles to the PM 2.5.

The ATOFMS instrument will be calibrated for aerodynamic size once a day at a set time that will be determined based on the sampling schedule to avoid interruption during important sampling periods.  The calibration will be performed using polystyrene latex spheres of various known sizes covering the range between 0.1 and 3 (m.   The sampling nozzle will be cleaned routinely every 3 hours to avoid obstruction of the particle inlet.  The OPC/SMPS/APS combination will be used to check the transmission efficiency of the ATOFMS instrument by comparing the combined number distributions obtained with the ATOFMS raw particle counts as a function of size.  

In addition to the field study, there will be time spent both before and after the study in the laboratory.  Specifically, we will spend time preparing the ATOFMS instruments for the field.  Field preparation will include the construction of special inlets that will be used to maintain the relative humidity of the air sampled during the study at a pre-set level.  These inlets are based on the design of Peter McMurry who used them to control humidity and particle bounce for MOUDI sampling devices.  It is important to control the RH as we have observed strong effects of relative humidity on the particle mass spectra.  Flowing the aerosol by a salt (i.e. NaCl, NH4SO4) chosen based on its deliquescence point controls the humidity.  If the humidity drops or rises above the deliquescence point of the material of choice, it re-equilibrates to the deliquescence point.  In addition, we are performing studies to determine the sensitivity of ATOFMS towards pesticides adsorbed on dust particles.  These studies are focusing on ion markers that can be used to trace pesticides in the valley.  We are also exploring how susceptible these marker ions are to undergoing photochemical reactions.  After the study, we will also run source characterization tests on dust samples collected in the Central Valley during the study.  Finally, we plan to explore homogeneous reaction processes of sulfur compounds in simulated fog droplets, in order to further characterize relevant species observed in the individual particles during the study.
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Budget

Funds are requested to cover the costs for 4 graduate students setting up the instruments, collecting data, and running necessary pre-field study instrument preparation for 3 months each (12 months).  In addition, 6 months of time (each) for 2 students to analyze data, perform necessary lab studies designed to understand and further characterize field observations, and write publications and reports (12 months total).  In summary, the total requested salaries for the study are for 24 person months of graduate student time.

Salaries:

Salaries for data acquisition, data analysis, lab experiments to characterize field observations (i.e. sensitivity studies, fog and other reactions), writing papers and reports, and comparison of results 

Total salaries = $49,416

Travel + shipping: 

9 weeks per diem (9 x 7 x $47 x 4 people) = $11,844

2 hotel rooms for 9 weeks = 2 x $80 x 63 nights= $10,080

Truck rental + 1 suburban ($30 per day x 70 days x 2) = $4200

Mileage for 2 personal cars = 2 x 400 miles each way x 2 ways x 4 round trips x 0.31 cents per mile= $1984

Total travel + shipping = $28,108

Other expenses:

Supplies and operating expenses for instruments = $20,000

Total costs with 10% overhead rate**:

$97,524 (direct costs)

$9,260 (indirect costs @ 10% x 92,596)

$106,783 (total budget)

OR

**$141,970 ($44,446 + 97,524) (if we can’t get the 10% CARB-UC overhead rate)
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