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Summary

In August, 2004, Air Resource Specialists (ARS) reevaluated the scattering properties of the SUVA span gas used in processing Optec NGN-2 nephelometer data.  SUVA calibrations were compared with calibrations using several gases with well known scattering coefficients.  As a result, ARS changed the Rayleigh multiplier it uses for SUVA to 7.25 from the value 7.1 which has been in use since 1993.  This new multiplier effectively increases the NGN-2 scattering coefficient by approximately 2.5%.  All historical nephelometer data has been reprocessed to include this change.
New SUVA Multiplier
The Optec NGN-2 integrating nephelometer is used to measure the scattering coefficient of a continuously sampled known volume of ambient air.  The nephelometer is calibrated with clean (particle free) air and a gas with known scattering properties.  Periodic clean air and span gas calibrations are performed in order to monitor and correct for instrument gain and zero intercept drift due to temperature changes and/or dirt accumulating on the measurement walls and chamber optics.
ARS generally performs routine nephelometer calibrations with HFC 134a, also known by the DuPont trade name, SUVA, which has the advantage of a high light scattering coefficient while being inexpensive, is widely available, and causes negligible environmental effects.  The calibration of the nephelometer depends entirely on the published SUVA scattering coefficient, expressed as a multiple of Rayleigh (clean air) scattering, which has been reported in the range 7.1 to 7.3.  Based on early tests, ARS has historically used a value of 7.1.
In August, 2004, ARS reevaluated the scattering coefficient of SUVA, by relating measurements of SUVA scattering to reproducible standards.  Zero air, carbon dioxide, Freon 12 and Freon 22 provided these reference standards.  A new NGN-2 nephelometer, which had never been deployed in the field, was used to measure the scattering of the reference standards and SUVA gas.  The Rayleigh scattering coefficient multipliers for the span gases are listed in Table 1.  The raw nephelometer count was shown to be extremely linear when plotted with the known scattering coefficients as shown in Figure 1.  Using the linear relationship in Figure 1, the nephelometer counts for SUVA were related to a multiple of Rayleigh.  This test was performed three times, and the following calculated multiples of Rayleigh scattering for SUVA were recorded:
1. 7.24 ± .05 (r2 = 0.99986)
2. 7.20 ± .10 (r2 = 0.99951)
3. 7.26 ± .04 (r2 = 0.99991)
A value of 7.25 was chosen as an approximation of these three multipoint calibrations.   This value replaces the multiplier of 7.1 that had previously been used by ARS.
Table 1

Theoretical Multiple of Rayleigh Scattering

	Span Gas
	Multiplier

	Freon 12 (F12)
	15.31

	Freon 22 (F22)
	7.69

	Carbon Dioxide (CO2)
	2.61

	Rayleigh (Zero)
	1.00
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Figure 1. Linear relationship between NGN-2 counts and theoretical multiple of Rayleigh scattering for zero air, CO2, Freon 22 (F22) and Freon 12 (F12).
Reprocessed Nephelometer Data

ARS reprocessed all historical Optec NGN-2 nephelometer data with a SUVA multiplier of 7.25.  The new multiplier is expected to increase the measured scattering values by approximately 2.5%.  This change is approximate because reported scattering values are rounded to the nearest inverse Megameter (Mm-1), so the percent change to small values may be significantly different.  In the IMPROVE nephelometer database, approximately 99.9% of the data exhibited this expected change based on the introduction of a higher SUVA multiplier.
Reprocessing the nephelometer data introduced other changes, however, independent of the change in the SUVA multiplier.  The first change is related to quarterly validation of calibration data.  ARS utilizes an automatic screening program to help determine which calibrations are invalid.  This screening program reviews calibration data in analysis windows that often cross quarterly boundaries.  Occasionally, calibration or instrument diagnostic information received after data have been reported will affect the results of the screening program and when data is reprocessed at a later time minor changes are observed.  In the IMPROVE nephelometer database, 31 out of nearly 700,000 hours (0.004%) were affected in this way.
Other isolated changes were found not related to the end of quarter anomaly described above.  These changes were the result of a minor change made to calibration information after the data were originally reported.  Typically the exact source of these changes could not be identified.  In the IMPROVE nephelometer database only the Shenandoah site exhibited this problem, resulting in 720 out of nearly 700,000 hours (0.1%) affected.  All of the Shenandoah data collected during December 1998 changed due to a post-processing change in calibration information.
Figure 2 presents comparison results for the IMPROVE nephelometer database in the form of a scatter plot between newly reprocessed data and original data.  The majority of the data points fall just above the one-to-one line as expected.  The December 1998 Shenandoah outlier data set is identified, and while it appears significant on the plot, it represents only 0.1% of the total database.   These results were typical for other nephelometer networks.
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Figure 2. Summary comparison between originally reported IMPROVE nephelometer data (1993 – 2004) and nephelometer data reprocessed with a SUVA multiplier of 7.25.  Note that the majority of the data fall on a line indicating a positive increase of approximately 2.5%.  The December 1998 Shenandoah outlier data set described in the text is also indicated.
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