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Recent research conducted by Brigham Young University has indicated the following about secondary organic aerosol:

· Secondary organic aerosol is essentially all semi-volatile organic material.

· Secondary organic aerosol is not retained on the heated filter of a TEOM monitor and hence is not detected by this sampling technique.

· Essentially all of the organic material lost from the heated filter of a TEOM sampler is secondary organic aerosol.  In addition, secondary ammonium nitrate is also lost.

· Some secondary organic aerosol is also lost during sampling from single filter samplers such as the FRM PM2.5 sampler and equivalent techniques.

· The amount of secondary organic aerosol lost from single filter samplers can vary from less than 1/3 during cold winter conditions to essentially all during warm summer aerosol collection.

· Secondary organic aerosol can only be reliable collected using an appropriate denuder sampler.

· Either a FRM PM2.5 sampler or the IMPROVE sampler can be easily modified to a denuder sampler with filters which can be analyzed by EPA and IMPROVE analytical procedures.

The research upon which these statements are based is briefly summarized in the following paragraphs.

Ammonium nitrate and semi-volatile organic compounds, SVOC, are significant components of fine particles in many urban atmospheres.  These components however, are not properly identified with current EPA accepted methods such as the PM2.5 FRM or other single filter samplers due to a large loss of semi-volatile material, SVM, from the filter during sampling.  Continuous PM2.5 mass measurements are attempted using methods such as the R&P TEOM monitor.  This method however, heats the sample to remove particle-bound water which also results in evaporation of significant amounts of semi-volatile material.

Continuous RAMS (Eatough et al. 2001) and collocated TEOM monitor PM2.5 data have been obtained at the EMPACT and STAR sampling site in Salt lake City and Bountiful, Utah during a two-year period.  Results obtained for the continuous determination of total PM2.5 mass with the RAMS have been validated by comparison with results obtained from collocated PC-BOSS (Lewtas et al. 2001, Modey et al. 2001) diffusion denuder integrated samples at the EPA EMPACT and STAR sampling sites in Salt Lake City and Bountiful, Utah during three intensive sampling periods (winter 1999-2000, summer 2000, and winter 2000-2001) (Long et al, 2002a,b). The continuous monitor results are illustrated in Figure 1.  The difference between the RAMS and TEOM monitor measurements is due to both semi-volatile organic material and ammonium nitrate (SVM, semi-volatile material) which is not collected by the TEOM monitor.  Comparison with single filter samplers (e.g. the FRM PM2.5) indicates that the extent of collection of this SVM on a single Teflon or quartz filter is a function of temperature and relative humidity.  In humid, winter conditions, an average of 20% of this SVM is lost from single filter samplers.  In dry summer condition, essentially all of this SVM is lost from single filter samplers and the FRM PM2.5 measurements agree with those obtained by a TEOM monitor(Long 2002b).

The PM2.5 data illustrated in Figure 1, obtained using the above listed sampling methods were combined with other atmospheric data (Aethalometer EC and SO2, CO and NOx gas phase data) indicative of emissions from various types of sources to estimate the probable sources of  fine particulate material (Long et al. 2002a,b).  During the 1-4 August period, the Salt Lake EMPACT site was heavily impacted by emissions from forest fires in the Wasatch Mountains to the east of the sampling site.  During this time period, essentially all the PM2.5 was from this source.  The results of the 1-hour average apportionment calculations for this time period for the concentrations of primary PM2.5 from wood smoke and the concentrations of 1-hour average EC measured with an Aethalometer are given in Figure 2.  As expected, these two measurements have identical time patterns.  In addition, the wood smoke PM2.5 apportionment also matched exactly the TEOM monitor data, e.g. see Figure 1.  Essentially all of the PM2.5 measured by the TEOM monitor during this time period is nonvolatile primary wood smoke.  In contrast, the semi-volatile material (SVM, the difference between the RAMS and TEOM monitor) has a different time pattern and is delayed in concentration peaks by 3 to 6 hours, Figure 2.  For these samples, all of the SVM is secondary organic aerosol, the concentration of ammonium nitrate in these samples being small.  The appearance of the SVM follows the formation of ozone, Figure 3.  The SVM not measured by the TEOM monitor (or by the FRM PM2.5 sampler) is the secondary organic aerosol formed from photochemical reactions from the organic and NOx emissions from the forest fires (Long 2002 a,b).

The difference between the RAMS and TEOM monitor for the two winter sampling periods also shown in Figure 1 is also due to secondary aerosol.  For these sampling periods both secondary organic aerosol and ammonium nitrate contribute to the SVM.  The sources of the gas phase organic material and the NOx which contribute to this secondary aerosol include emissions from wood smoke, mobile sources and oil refineries.

Evidence for day-time photochemical formation of sem-volatile secondary organic material is also seen in the diurnal pattern of PM2.5 in the Pittsburgh urban area.  The pattern of formation of sulfate, nonvolatile OM  and SVOC at the NETL sampling site in Pittsburgh for a week in July 2001 is shown in Figure 4.  Consideration of meteorological and back-trajectory data indicate that sulfate is a secondary aerosol formed during long range transport and the SVOC is secondary organic aerosol formed from local organic gas emissions (Modey 2002).  As was the case for the Utah results, the semi-volatile secondary organic aerosol is not measured with either a TEOM monitor or the FRM PM2.5sampler during the summer.  Some, but less than half, of this secondary organic aerosol is retained on a single filter sampler during the winter.

Finally, we have recently completed the evaluation of modification of the R&P Speciation monitor for the measurement of semi-volatile secondary organic material.  One channel of the sampler was modified by the addition of a small BOSS denuder (Eatough 2001) followed by a filter pack with a quartz filter and a charcoal impregnated glass fiber filter, CIG.  The positive quartz filter sampling artifact is eliminated with this sampler and total organic PM2.5 material, including the secondary organic aerosol can determined.  A comparison of the results obtained using the PC-BOSS and the modified speciation sampler are shown in Figure 5 (Carter 2002).  While, we have analyzed collected CIG samples by a TPV approach, researchers at both the University of Hawaii and Carnegie Mellon University have shown these filters can be analyzed using the EPA speciation analysis protocol.
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