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Mr. George A. Allen 
 
The revised test data provided to the AMMS by ORD on May 5 is very helpful and resolves issues 
regarding the NO-CL candidate FRM that were raised on the April 3 AMMS call and in the May 1 draft 
AMMS letter. 
 
Q #2: 
The May 5 ORD additional data analysis appear to resolve issues with performance of the NO-CL 
candidate FRM that we discussed on our call and in the first draft of the letter; the Ethylene FRM used 
for that comparison had performance issues with span stability, and some hours when there was a leak in 
the FRM's particle filter holder have been removed.  The LaPorte/Houston NO-CL vs. FRM comparison 
that was of concern during our initial call is shown on page 14 of the additional May 5 ORD analysis; 
the NO-CL method now shows excellent agreement with the corrected FRM data. 
 
Q #3: 
The same corrected FRM data noted above are used to demonstrate the performance of the UV-SL 
candidate FRM at the Houston site on page 15, and on page 16 the 2 candidate FRMs are compared 
directly to each other.  I agree with ORD that these tests show the UV-SL analyzer has a ~ 2 ppb offset 
(1.9 with the FRM, and 2.2 with the NO-CL candidate FRM analyzer).  The offset for the NO-CL vs. 
FRM is 0.3 ppb (page 14).  EPA does not report the statistical significance of these intercepts (is the 
intercept different than 0 at p=.05), but visually (given the large # of data points near zero ppb), the ~ 2 
ppb offset of the UV-SL is likely to be significant (e.g., real).  ORD does not provide any reason for the 
UV-SL positive intercept in the revised May 5 material for review.  If it is significant and remains 
unexplained, this may be of concern in the context of recommending the UV-SL as an additional FRM. 
 
Another topic for consideration is if EPA has performed sufficient testing of the UV-SL method to allow 
us to recommend that it be a FRM.  The UV-SL has not been through as much testing (different sites, 
seasons, etc.) as the NO-CL method -- that's just what ORD has brought to the table.  Given the court-
ordered deadline for an ozone NAAQS NPRM of December 1, 2014 as well as the timing for finalizing 
this Advisory Report, there may not be time for ORD to do additional testing of the UV-SL method for 
the AMMS to consider. 
 
 
Request for clarification: 
The revised FRM data from May 5th raise another question about the original data presented by ORD on 
April 3.  Page 7 of that presentation shows some divergence in the NO-CL vs FRM data that was of 
concern to the AMMS during the April teleconference.  The May 5th ORD material states that it was 
FRM drift that was causing the excessive scatter on page 7 (April 3).  The UV-SL scatter plot for 
Houston on page 11 (April 3) does not show any obvious scatter, but it uses the same FRM data set (the 
same time period) as the page 7 plot.  Thus one would expect that excessive FRM scatter to show up 
here also.  But it doesn't; It appears that the hours in question where the FRM data were corrected (May 
5 ORD material) were not included in the UV-SL vs FRM plot.  It would be helpful if ORD could 
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explain why.  
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Dr. Judith C. Chow 

 
Question 2. What is the AAMMS view on establishing the Nitric Oxide-Chemiluminescence (NO-
CL) method (currently an FEM) as the new, additional O3 FRM?  

The light emitted by chemiluminescence from gas-phase chemical reaction of O3 with nitric oxide 
(NO) (Figure 1) has long been used to quantify NO concentrations (NOx) (Saltzman et al., 1956; Saltzman 
and Gilbert, 1959), and this method is defined as the FRM for NO2 (Code of Federal Regulations, 1983).  
It seems logical, then, to use the same principle for the detection of O3 when it is properly implemented.  
Interferences from HNO3, PAN, and other nitrogen-containing species that are converted to NO (Dunlea 
et al., 2007; Villena et al., 2012; Winer et al., 1974; Xu et al., 2013) for this FRM are not an issue for O3 
detection.  The Teledyne Model 265E (Teledyne API, 2011) is a commercially-available NO-CL analyzer 
and an FEM.  The wavelengths monitored by this instrument are not specified, though Kalnajs and 
Avallone (2010) cite 830 nm as the detection wavelength while Stedman et al. (Stedman et al., 1972) cite 
648 nm.  It appears that detectors sensitive to the red to near-IR part of the spectrum are used in most 
method implementations (Minarro et al., 2011; Ray et al., 1986; Ulanovsky et al., 2001; Zahn et al., 2012; 
Zhang et al., 2010). The NO-CL method has the advantage over the ethylene-chemiluminescence method 
since it has faster reaction rates, higher signal to noise (m/z) ratio, the ability to work under vacuum, 
requires a smaller reaction volume, and accommodates flexible operating conditions (Pearson and 
Stedman, 1980; Ridley et al., 1992). 

Many compounds emit light upon reaction with O3 (Hansen et al., 1977; Mihalatos and 
Calokerinos, 1995; Toda and Dasgupta, 2008; Zhang et al., 2010; Zhang et al., 1999), including ethylene 
which is the basis for the current CL FRM (Code of Federal Regulations, 1997).  Light from these reactions 
is typically broad-band and extends from the UV to IR regions of the spectrum.  These reactions do not 
appear to affect light from the NO-O3 reaction (Figure 1) when it is assumed that such reactions have 
already taken place in the atmosphere prior to entering the sensing zone.   

When the NO reactant concentration is much higher than ambient levels, the effect of ambient NO 
appears to be negligible.  Interferences from water vapor (Pearson, 1990) are eliminated by sample drying 
at the inlet (Wilson and Birks, 2006) and reaction-quenching by changes in the atmospheric composition 
appear to be negligible. Improved sensitivity and specificity of the NO-CL method has been recognized 
(Parrish and Fehsenfeld, 2000), but its linear response to O3 must be externally calibrated. A few 
comparisons between UV absorption and NO- or ethylene-chemiluminescence methods were examined 
(Arshinov et al., 2002; Ryerson et al., 1998; Williams et al., 2006). Good correlations were found by 
Ryerson et al. (1998) based on five field measurements of urban plume, but NO-CL method reported ~5% 
systematically low measurements from aircraft as compared to UV absorption. The disagreement between 
NO-CL and UV measurements was attributed to the deficiency in photon counting efficiency of the NO-
CL.  
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Figure 1.  Relative intensity of light as a function of wavelength emitted by the NO-O3 reaction 
(Figure 2 from Clough and Thrush, 1967). 

There have been limited comparisons of the NO-CL method with UV absorption methods (Ollison 
et al., 2013; Williams et al., 2006) that are in more common use.  The most recent, and interesting results, 
are summarized in Figures 2 and 3, demonstrating good agreement with one UV absorption system and 
poorer agreement with another.  The disagreement was attributed to UV interferences rather than NO-CL 
interferences in an environment known to have high VOC levels. 

Although the concept is good, the proposed revision to Appendix D-1 of Part 50 needs additional 
work.  It is a small modification to the current O3 FRM specification (Code of Federal Regulations, 1997), 
which is itself sketchy on the design and performance standards needed to specify a FRM.  For example, 
UV light-emitting diodes (LEDs) and photodiode detectors are now available (Fowles and Wayne, 1981; 
SETI, 2014; Sglux, 2014) that might mitigate some of the temperature dependence of the mercury lamp.  
Modern methods of linear regression that consider errors in both variables should be considered for 
calculating slopes and intercepts of calibration curves (York, 1966).  More modern measurements of O3 
UV absorption efficiencies and their variation with temperature should be evaluated (Barnes and 
Mauersberger, 1987; Bass and Paur, 1981; Malicet et al., 1995; Mauersberger et al., 1987; Voigt et al., 
2001).  The statement in Section 3 of Appendix D-1 that “…the NO-CL measurement system is relatively 
free of significant interferences from other pollutant substances that may be present in ambient air” needs 
to be tested under a wider variety of conditions than have been reported to date.  Spicer et al. (2010) 
provide a good example of an array of ambient and laboratory tests that would be useful.  Figures 1 and 2 
of Appendix D-1 also need to be revised to specify the optics and source. Reference 8, “Transfer standards 
for calibration of Ambient Air Monitoring Analyzers for Ozone” dated 2010 should be replaced with the 
October 2013 version (U.S.EPA, 2013b) at the same website. 
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Figure 2.  Differences between 8-hour moving average O3 from Houston, TX for a standard UV 
FEM (Thermo 49C), a 2B Technologies Model 211 UV FEM, and a Teledyne 265E NO-CL FEM.  
Deviations of the 265E at the beginning of the sequence were unexplainable.  If they were due to 
UV biases owing to removal of UV-absorbing gases in the O3 scrubber, then the UV O3 should 
always be higher than the NO-CL O3. (Figure 3 of Ollison et al., 2013). 

 

 
Figure 3.  Response of the three Houston instruments to a mixture of VOCs injected into a stream 
containing 30 ppb O3.  The Model 49C shows a response to this mixture, indicating its removal by 
the O3 scrubber, while the Model 211 shows no interference, indicating that it compensates for this 
potential interference.  (Figure 8 of Ollison et al., 2013).   

EPA’s May 5, 2014 powerpoint presentation (Long et al., 2014) provides insufficient 
documentation to arrive at the conclusion that “based upon the work that has been done to date and this 
subsequent data analysis, ORD is confident that the NO-CL method meets and exceeds all requirements 
for proposal of a new FRM for ozone.”  A full technical report, of which there are several examples 
(Holowecky et al., 2008; Leston, 2014; Spicer et al., 2010; U.S.EPA, 1979; U.S.EPA, 1998; U.S.EPA, 
2013b), which includes: 1) specification of performance criteria (see above); 2) literature review; 3) 
explanation of measurement principles, interferences, and currently available instruments; 4) laboratory 
tests; 5) field tests (including site selection to evaluate interferences and environmental effects); 6) data 
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analysis; and 7) recommendations.  Slides 5 and 6 show that the “FRM” is inferior to the collocated FEMs, 
although it is unclear why this is the case; nor is it clear what specific instruments were tested, how old 
they were, or how they were maintained.  Slides 8, 10, and 17 show that the NO-CL and UV instruments 
measure well within reasonable performance criteria, and there is no reason to select one method over the 
other as a FRM. 

Question 3. Do any other ozone measurement methods exist that the AMMS recommends for 
consideration of possible promulgation as a new (additional) O3 FRM? 

Spectrophotometric determination of atmospheric O3 also has a long history (Bravo and Lodge, 
1964; Grosjean and Harrison, 1985; Stair, 1959). An additional O3 FRM by UV absorption should be 
considered, as most O3 monitoring networks in the U.S. (i.e., federal, state, local, and tribal) use a UV 
photometric FEM. Switching from ethylene-CL to the UV absorption method apparently reduced 
operational costs and improved safety by eliminating the compressed flammable ethylene gas.  

Appendix D-1 uses this principle as the transfer standard that is in turn related to UV primary 
standards (Norris et al., 2013; Viallon et al., 2006).  These units are mostly based on the 254 nm emission 
line from a low pressure mercury (Hg) discharge lamp as the UV light source (Leston et al., 2005).  The 
major objection to them as FRMs has been the potential absorption interferences at this wavelength from 
certain VOCs, water vapor, and mercury.  As indicated in Figure 3, it appears that it is possible to 
compensate for these with appropriate sample pre-treatment and parallel absorbance cells. 

For an intercomparison in Mexico City, Dunlea et al. (2006) did not observe positive or negative 
interferences on UV O3 monitors, although the potential interference from oxidized or nitrated aromatics 
needs to be further tested. When UV O3 monitors were compared with collocated research-grade open-
path instruments (i.e., DOAS and FTIR measurements), up to 18% discrepancy was found. Interferences 
with UV O3 measurements from fresh diesel emissions were found and attributed to fine particles (dp<0.2 
µm) passing through the particulate filter and scattering/absorbing radiation within the detection cell. 
Ollison et al. (2013) and Johnson (2014) demonstrated the use of scrubbed O3 with excess NO generated 
in situ by photolysis of added nitrous oxide (N2O) in 2B Technologies Model 211. This process eliminated 
the need for a conventional O3 scrubber. Different scrubbers (e.g., non-heated MnO2, heated silver wool, 
or optimal heated metal scrubber) and interference by ultrafine particles in UV O3 systems need to be 
further tested prior to consideration as an additional O3 FRM. 

 

References 
Arshinov, M.Y.; Belan, B.D.; Fofonov, A.V.; Krasnov, O.A.; Kovalevskii, V.K.; Pirogov, V.A.; 

Tolmachev, G.N. (2002). Comparison of ultraviolet and chemiluminescent ozonometers. 
Atmospheric and Oceanic Optics, 15:656-658.  

Barnes, J.; Mauersberger, K. (1987). Temperature-dependence of the ozone absorption cross-section at 
the 2537 nm mercury line. J. Geophys Res. - Atmospheres, 92(D12):14861-14864.  

Bass, A.M.; Paur, R.J. (1981). UV absorption cross-sections for ozone - the temperature dependence. 
Journal of Photochemistry, 17(1-2):141.  

Bauguitte, S.J.B.; Brough, N.; Frey, M.M.; Jones, A.E.; Maxfield, D.J.; Roscoe, H.K.; Rose, M.C.; 

7 
 



4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
Wolff, E.W. (2011). A network of autonomous surface ozone monitors in Antarctica: technical 
description and first results. Atmos. Meas. Tech., 4(4):645-658. http://www.atmos-meas-
tech.net/4/645/2011/amt-4-645-2011.pdf. 

Beatty, J.R.; Juve, A.E. (1955). A simple objective method for estimatinglLow concentrations of ozone 
in air. Rubber Chemistry and Technology, 28(2):608-622.  

Bhangar, S.; Singer, B.C.; Nazaroff, W.W. (2013). Calibration of the Ogawa passive ozone sampler for 
aircraft cabins. Atmos. Environ., 65:21-24.  

Bowman, K.W. (2013). Toward the next generation of air quality monitoring: Ozone. Atmos. Environ., 
80:571-583.  

Bradley, C.E.; Haagen-Smit, A.J. (1951). The application of rubber in the  quantitative determination of 
ozone. Rubber Chemistry and Technology, 24(4):750-755.  

Bravo, H.A.; Lodge, J.P. (1964). Specific spectrophotometric determination of ozone in the atmosphere. 
Anal. Chem., 36(3):671-673.  

Brewer, A.W.; Milford, J.R. (1960). The Oxford-Kew ozone sonde. Proc. Roy. Soc. Lond., 256A:470-
495.  

Byers, D.H.; Saltzman, B.E. (1958). Determination of ozone in air by neutral and alkaline iodide 
procedures. AIHA Journal, 19:251-257.  

Chow, J.C. (1995). Critical review: Measurement methods to determine compliance with ambient air 
quality standards for suspended particles. J. Air Waste Manage. Assoc., 45(5):320-382. 
http://www.tandfonline.com/doi/pdf/10.1080/10473289.1995.10467369. 

Chow, J.C.; Watson, J.G.; Egami, R.T.; Frazier, C.A.; Goodrich, A.; Ralph, C. (1988). PM10 source 
apportionment in Reno and Sparks, Nevada for state implementation plan development: 
Chemical mass balance results. Report Number DRI 8086.1F2; prepared by Desert Research 
Institute, Reno, NV, for State of Nevada, Carson City, NV. 

Clough, P.N.; Thrush, B.A. (1967). Mechanism of chemiluminescent reaction between nitric oxide and 
ozone. Trans. Faraday Soc., 63:915.  

Code of Federal Regulations (1983). Appendix F to Part 50-Measurement principle and calibration 
procedure for the measurement of  nitrogen dioxide in the atmosphere (gas phase 
chemiluminescence). CFR, 40(50):26-38. http://www.ecfr.gov/cgi-bin/text-
idx?SID=2497f5e7ef364619527718c988923dc0&node=40:2.0.1.1.1.0.1.19.7&rgn=div9. 

Code of Federal Regulations (1997). Appendix D to Part 50-Measurement principle and calibration 
procedure for the measurement of ozone in the atmosphere. CFR, 40(50):26-38. 
http://www.ecfr.gov/cgi-bin/text-
idx?SID=317c84d3fd074ff5d462bc9c8539784c&node=40:2.0.1.1.1.0.1.19.5&rgn=div9. 

Code of Federal Regulations (2010). Test procedures for methods for SO2, CO, O3, and NO2. CFR, 
40(53.32)http://www.ecfr.gov/cgi-bin/text-
idx?SID=fe69264994c290cd218f61eddf2a1c4e&node=40:6.0.1.1.1.3.1.3&rgn=div8. 

Cox, R.M. (2003). The use of passive sampling to monitor forest exposure to O-3, NO2 and SO2: A 
review and some case studies. Environ. Poll., 126(3):301-311.  

Darby, S.B.; Smith, P.D.; Venables, D.S. (2012). Cavity-enhanced absorption using an atomic line 
source: application to deep-UV measurements. Analyst, 137:2318-2321.  

Dunlea, E.J.; Herndon, S.C.; Nelson, D.D.; Volkamer, R.M.; Lamb, B.K.; Allwine, E.J.; Grutter, M.; 
Villegas, C.R.R.; Marquez, C.; Blanco, S.; Cardenas, B.; Kolb, C.E.; Molina, L.T.; Molina, M.J. 

8 
 

http://www.atmos-meas-tech.net/4/645/2011/amt-4-645-2011.pdf
http://www.atmos-meas-tech.net/4/645/2011/amt-4-645-2011.pdf
http://www.tandfonline.com/doi/pdf/10.1080/10473289.1995.10467369
http://www.ecfr.gov/cgi-bin/text-idx?SID=2497f5e7ef364619527718c988923dc0&node=40:2.0.1.1.1.0.1.19.7&rgn=div9
http://www.ecfr.gov/cgi-bin/text-idx?SID=2497f5e7ef364619527718c988923dc0&node=40:2.0.1.1.1.0.1.19.7&rgn=div9
http://www.ecfr.gov/cgi-bin/text-idx?SID=317c84d3fd074ff5d462bc9c8539784c&node=40:2.0.1.1.1.0.1.19.5&rgn=div9
http://www.ecfr.gov/cgi-bin/text-idx?SID=317c84d3fd074ff5d462bc9c8539784c&node=40:2.0.1.1.1.0.1.19.5&rgn=div9
http://www.ecfr.gov/cgi-bin/text-idx?SID=fe69264994c290cd218f61eddf2a1c4e&node=40:6.0.1.1.1.3.1.3&rgn=div8
http://www.ecfr.gov/cgi-bin/text-idx?SID=fe69264994c290cd218f61eddf2a1c4e&node=40:6.0.1.1.1.3.1.3&rgn=div8


4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
(2006). Technical note: Evaluation of standard ultraviolet absorption ozone monitors in a 
polluted urban environment. Atmos. Chem. Phys., 6:3163-3180. http://www.atmos-chem-
phys.net/6/3163/2006/acp-6-3163-2006.pdf. 

Dunlea, E.J.; Herndon, S.C.; Nelson, D.D.; Volkamer, R.M.; San Martini, F.; Sheehy, P.M.; Zahniser, 
M.S.; Shorter, J.H.; Wormhoudt, J.C.; Lamb, B.K.; Allwine, E.J.; Gaffney, J.S.; Marley, N.A.; 
Grutter, M.; Marquez, C.; Blanco, S.; Cardenas, B.; Retama, A.; Villegas, C.R.R.; Kolb, C.E.; 
Molina, L.T.; Molina, M.J. (2007). Evaluation of nitrogen dioxide chemiluminescence monitors 
in a polluted urban environment. Atmos. Chem. Phys., 7(10):2691-2704.  

Fowles, M.; Wayne, R.P. (1981). Ozone monitor using an LED source. J. Phys. E: Sci. Instrum., 
14:1143-1145.  

Gao, R.S.; Ballard, J.; Watts, L.A.; Thornberry, T.D.; Ciciora, S.J.; McLaughlin, R.J.; Fahey, D.W. 
(2012). A compact, fast UV photometer for measurement of ozone from research aircraft. Atmos. 
Meas. Tech., 5(9):2201-2210.  

Geyh, A.S.; Xue, J.P.; Ozkaynak, H.; Spengler, J.D. (2000). The Harvard Southern California chronic 
ozone exposure study: Assessing ozone exposure of grade-school-age children in two Southern 
California communities. Environ. Health Perspect., 108(3):265-270.  

Gomez, A.L.; Rosen, E.P. (2013). Fast response cavity enhanced ozone monitor. Atmos. Meas. Tech., 
6(2):487-494. http://www.atmos-meas-tech.net/6/487/2013/amt-6-487-2013.pdf. 

Grosjean, D.; Harrison, J.F. (1985). Response of chemiluminescence NOx analyzers and ultraviolet 
ozone analyzers to organic air pollutants. Environ. Sci. Technol., 19(9):862-865.  

Grosjean, D.; Hisham, M.W.M. (1992). A passive sampler for atmospheric ozone. J. Air Waste Manage. 
Assoc., 42(2):169-173.  

Gubarev, S.P.; Opaleva, G.P.; Taran, V.S.; Zolototrubova, M.I. (2013). Devices for ozone concentration 
monitoring. Problems of Atomic Science and Technology, (1):234-236. 
http://vant.kipt.kharkov.ua/ARTICLE/VANT_2013_1/article_2013_1_234.pdf. 

Hansen, D.A.; Atkinson, R.; Pitts, J.N. (1977). Structural effects on chemiluminescence from reaction of 
ozone with selected organic compounds. Journal of Photochemistry, 7(6):379-404.  

Hintsa, E.J.; Allsup, G.P.; Eck, C.F.; Hosom, D.S.; Purcell, M.J.; Roberts, A.A.; Scott, D.R.; Sholkovitz, 
E.R.; Rawlins, W.T.; Mulhall, P.A.; Lightner, K.; McMillan, W.W.; Song, J.; Newchurch, M.J. 
(2004). New ozone measurement systems for autonomous operation on ocean buoys and towers. 
J. Atmos. Oceanic Technol., 21(7):1007-1016. http://journals.ametsoc.org/doi/pdf/10.1175/1520-
0426(2004)021%3C1007%3ANOMSFA%3E2.0.CO%3B2. 

Hodgeson, J.A.; Baumgardner, R.E.; Martin, B.E.; Rehme, K.A. (1971). Stoichiometry in the neutral 
iodometric procedure for ozone by gas-phase titration with nitric oxide. Anal. Chem., 
43(8):1123-1126. http://dx.doi.org/10.1021/ac60303a026. 

Hogrefe, C.; Rao, S.T.; Zurbenko, I.G. (1998). Detecting trends and biases in time series of ozonesonde 
data. Atmos. Environ., 32(14/15):2569-2586.  

Holowecky, P.; Kelly, T.; Willenberg, Z.; Dindal, A. (2008). Environmental technology verification 
report:  JSC OPTEC 2.02P-A chemiluminescent ozone analyzer. prepared by Battelle, 
Columbus, Ohio,  http://www.optec.ru/doc/EPA_record.pdf. 

Huntzicker, J.J.; Johnson, R.L. (1979). Investigation of an ambient interference in the measurement of 
ozone by ultrviolet absorption photometry. Environ. Sci. Technol., 13(11):1414-1416.  

Johnson, B.J.; Helmig, D.; Oltmans, S.J. (2008). Evaluation of ozone measurements from a tethered 
9 

 

http://www.atmos-chem-phys.net/6/3163/2006/acp-6-3163-2006.pdf
http://www.atmos-chem-phys.net/6/3163/2006/acp-6-3163-2006.pdf
http://www.atmos-meas-tech.net/6/487/2013/amt-6-487-2013.pdf
http://vant.kipt.kharkov.ua/ARTICLE/VANT_2013_1/article_2013_1_234.pdf
http://journals.ametsoc.org/doi/pdf/10.1175/1520-0426(2004)021%3C1007%3ANOMSFA%3E2.0.CO%3B2
http://journals.ametsoc.org/doi/pdf/10.1175/1520-0426(2004)021%3C1007%3ANOMSFA%3E2.0.CO%3B2
http://dx.doi.org/10.1021/ac60303a026
http://www.optec.ru/doc/EPA_record.pdf


4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
balloon-sampling platform at South Pole Station in December 2003. Atmos. Environ., 
42(12):2780-2787.  

Johnson, T.; Capel, J.; Ollison, W. (2014). Measurement of microenvironmental ozone concentrations in 
Durham, North Carolina, using a 2B Technologies 205 Federal Equivalent Method monitor and 
an interference-free 2B Technologies 211 monitor. J. Air Waste Manage. Assoc., 64(3):360-371.  

Kalnajs, L.E.; Avallone, L.M. (2010). A novel lightweight low-power dual-beam ozone photometer 
utilizing solid-state optoelectronics. J. Atmos. Oceanic Technol., 27:869-880.  

Knake, R.; Hauser, P.C. (2002). Sensitive electrochemical detection of ozone. Anal. Chim. Acta., 
459(2):199-207.  

Komhyr, W.D. (1969). Electrochemical concentration cells for gas analysis. Ann. Geophysicae, 25:203.  
Kopczynski, S.L.; Bufalini, J.J. (1971). Stoichiometry of iodometric analyses of ozone at pH 7.0. Anal. 

Chem., 43(8):1126-1127. http://dx.doi.org/10.1021/ac60303a024. 
Korotcenkov, G.; Blinov, I.; Brinzari, V.; Stetter, J.R. (2007a). Effect of air humidity on gas response of 

SnO2 thin film ozone sensors. Sensors and Actuators B-Chemical, 122(2):519-526.  
Korotcenkov, G.; Blinov, I.; Ivanov, M.; Stetter, J.R. (2007b). Ozone sensors on the base of SnO2 films 

deposited by spray pyrolysis. Sensors and Actuators B-Chemical, 120(2):679-686.  
Korotcenkov, G.; Cho, B.K. (2012). Ozone measuring: What can limit application of SnO2-based 

conductometric gas sensors? Sensors and Actuators B-Chemical, 161(1):28-44.  
Korotcenkov, G.; Cho, B.K.; Brinzari, V.; Gulina, L.B.; Tolstoy, V.P. (2014). Catalytically active filters 

deposited by SILD method for inhibiting sensitivity to ozone of SnO2-based conductometric gas 
sensors. Ferroelectrics, 459(1):46-51.  

Korotcenkov, G.; Cho, B.K.; Gulina, L.; Tolstoy, V. (2009). Ozone sensors based on SnO(2) films 
modified by SnO(2)-Au nanocomposites synthesized by the SILD method. Sensors and 
Actuators B-Chemical, 138(2):512-517.  

Leston, A.R. (2014). A report on the suitability of CASTNet and SLAMS ozone data for use in 
regulatory decisions and related issues. prepared by AirQuality Research & Logistics, LLC, 
Lebanon, CT,  
http://yosemite.epa.gov/sab/sabproduct.nsf/77ABCDB2A86FAB5985257CA90047DB06/$File/P
ublic+comments+submitted+by+Ollison,+Will-3-27-14.pdf. 

Leston, A.R.; Ollison, W.M.; Spicer, C.W.; Satola, J. (2005). Potential interference bias in ozone 
standard compliance monitoring. J. Air Waste Manage. Assoc., 55(10):1464-1472.  

Liu, X.; Chance, K.; Sioris, C.E.; Kurosu, T.P.; Newchurch, M.J. (2006). Intercomparison of GOME, 
ozonesonde, and SAGE II measurements of ozone: Demonstration of the need to homogenize 
available ozonesonde data sets. J. Geophys Res. - Atmospheres, 111(D14)ISI:000239579100003. 

Long, R.; Beaver, M.; DuVall, R.; Hall, E.; Kaushik S. (2014). Review of Federal Reference Method for 
ozone: Nitric oxide-chemiluminescence:  Supplemental material for CASAC AMMS. Research 
Triangle Park, NC, U.S. Environmental Protection Agency.  

Malicet, J.; Daumont, D.; Charbonnier, J.; Parisse, C.; Chakir, A.; Brion, J. (1995). Ozone UV 
spectroscopy 2. Absorption cross-sections and temperature-dependence. Journal of Atmospheric 
Chemistry, 21(3):263-273.  

Manning, W.J.; Krupa, S.V.; Bergweiler, C.J.; Nelson, K.I. (1996). Ambient ozone (O3) in three Class I 
wilderness areas in the northeastern USA: Measurements with Ogawa passive samplers. Environ. 
Poll., 91(3):399-403.  

10 
 

http://dx.doi.org/10.1021/ac60303a024
http://yosemite.epa.gov/sab/sabproduct.nsf/77ABCDB2A86FAB5985257CA90047DB06/$File/Public+comments+submitted+by+Ollison,+Will-3-27-14.pdf
http://yosemite.epa.gov/sab/sabproduct.nsf/77ABCDB2A86FAB5985257CA90047DB06/$File/Public+comments+submitted+by+Ollison,+Will-3-27-14.pdf


4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
Mauersberger, K.; Hanson, D.; Barnes, J.; Morton, J. (1987). Ozone vapor-pressure and absorption 

cross-section measurements - Introduction of an ozone standard. J. Geophys Res. - Atmospheres, 
92(D7):8480-8482.  

Mihalatos, A.M.; Calokerinos, A.C. (1995). Ozone chemiluminescence in environmental analysis. Anal. 
Chim. Acta., 303(1):127-135.  

Minarro, M.D.; Ferradas, E.G.; Rico, J.B.; Alonso, F.D.; Martinez, F.J.M.; Trigueros, C.R. (2011). 
Study of the uncertainty in NO2 chemiluminescence measurements due to the NO-O3 reaction in 
sampling lines. Environmental Science and Pollution Research, 18(3):436-445.  

Monn, C.; Hangartner, M. (1990). Passive sampling of ozone. J. Air Waste Manage. Assoc., 40(3):357-
358.  

Newchurch, M.J.; Ayoub, M.A.; Oltmans, S.; Johnson, B.; Schmidlin, F.J. (2003). Vertical distribution 
of ozone at four sites in the United States. J. Geophys. Res., 108(D1):ACH 9-1-ACH 9-17. doi: 
10.1029/2002JD002059.  

Norris, J.E.; Choquette, S.J.; Viallon, J.; Moussay, P.; Wielgosz, R.; Guenther, F.R. (2013). Temperature 
measurement and optical path-length bias improvement modifications to National Institute of 
Standards and Technology ozone reference standards. J. Air Waste Manage. Assoc., 63(5):565-
574.  

O'Keeffe, S.; Fitzpatrick, C.; Lewis, E. (2007). An optical fibre based ultra violet and visible absorption 
spectroscopy system for ozone concentration monitoring. Sensors and Actuators B-Chemical, 
125(2):372-378.  

Ollison, W.M.; Crow, W.; Spicer, C.W. (2013). Field testing of new-technology ambient air ozone 
monitors. J. Air Waste Manage. Assoc., 63(7):855-863. 
http://www.tandfonline.com/doi/pdf/10.1080/10962247.2013.796898. 

Parrish, D.D.; Fehsenfeld, F.C. (2000). Methods for gas-phase measurements of ozone, ozone precursors 
and aerosol precursors. Atmos. Environ., 34(12-14):1921-1957.  

Pearson, R. (1990). Measuring ambient ozone with high sensitivity and bandwidth. Rev. Sci. Instrum., 
61(2):907-916.  

Pearson, R.; Stedman, D. (1980). Instrumentation for fast-response ozone measurements from aircraft. 
Atmospheric Technology, 12:51-54.  

Plaisance, H.; Gerboles, M.; Piechocki, A.; Detimmerman, F.; De Saeger, E. (2007). Radial diffusive 
sampler for the determination of 8-h ambient ozone concentrations. Environ. Poll., 148(1):1-9.  

Proffitt, M.H.; McLaughlin, R.J. (1983). Fast-response dual-beam UV-absorption ozone photometer 
suitable for use on stratospheric balloons. Rev. Sci. Instrum., 54(12):1719-1728.  

Ray, J.D.; Stedman, D.H.; Wendel, G.J. (1986). Fast chemiluminescent method for measurement of 
ambient ozone. Anal. Chem., 58(3):598-600.  

Ridley, B.A.; Grahek, F.E.; Walega, J.G. (1992). A small, high-sensitivity, medium-response ozone 
detector suitable for measurements from light aircraft. J. Atmos. Oceanic Technol., 9(2):142-148.  

Ryerson, T.B.; Buhr, M.P.; Frost, G.J.; Goldan, P.D.; Holloway, J.S.; Hubler, G.; Jobson, B.T.; Kuster, 
W.C.; McKeen, S.A.; Parrish, D.D.; Roberts, J.M.; Sueper, D.T.; Trainer, M.; Williams, J.; 
Fehsenfeld, F.C. (1998). Emissions lifetimes and ozone formation in power plant plumes. J. 
Geophys Res. - Atmospheres, 103(D17):22569-22583.  

Saltzman, B.E.; Byers, D.H.; Hyslop, F.L. (1956). Nitrogen oxide impurities in ozone. Industrial & 
Engineering Chemistry, 48(1):115-118.  

11 
 

http://www.tandfonline.com/doi/pdf/10.1080/10962247.2013.796898


4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
Saltzman, B.E.; Gilbert, N. (1959). Iodometric microdetermination of organic oxidants and ozone. 

Resolution of mixtures by kinetic colorimetry. Anal. Chem., 31(11):1914-1920.  
SETI (2014). Rethinking UV light sources. prepared by Sensor Electronic Technology Inc., Columbia, 

SC,  http://www.s-et.com/. 
Sglux (2014). sglux:  The UV experts. prepared by sglux SolGel Technologies GmbH, Berlin, Germany,  

http://www.sglux.com/Start.1.0.html?&L=1. 
Shiotani, M.; Fujiwara, M.; Hasebe, F.; Hashizume, H.; Vomel, H.; Oltmans, S.J.; Watanabe, T. (2002). 

Ozonesonde observations in the equatorial eastern Pacific - the Shoyo-Maru survey. J. Meteorol. 
Soc. Japan, 80(4B):897-909. ISI:000179235300010. 

Soret, J.L. (1853). Note sur la prodction de l'ozone par la decompoisition del'eau a de basses 
temperatures. C. R. Hebd. Seances Adad. Sci. Ser. C., 38:445-448.  

Spicer, C.W.; Joseph, D.W.; Ollison, W.M. (2010). A re-examination of ambient air ozone monitor 
interferences. J. Air Waste Manage. Assoc., 60(11):1353-1364. 
http://www.tandfonline.com/doi/pdf/10.3155/1047-3289.60.11.1353. 

Stair, R. (1959). Measurement of ozone in terms of its optical absorption. In Ozone Chemistry and 
Technology, 21; AMERICAN CHEMICAL SOCIETY: 269-285. 

Stedman, D.H.; Daby, E.E.; Stuhl, F.; Niki, H. (1972). Analysis of ozone and nitric oxide by a 
chemiluminescent method in laboratory and atmospheric studies of photochemical smog. J. Air 
Poll. Control Assoc., 22(4):260-263.  

Teledyne API (2011). Model 265E chemiluminescence ozone analyzer. prepared by Teledyne Advanced 
Pollution Instrumentation, San Diego, CA,  http://www.teledyne-
api.com/manuals/06626B_265E_Addendum.pdf. 

Toda, K.; Dasgupta, P.K. (2008). New applications of chemiluminescence for selective gas analysis. 
Chemical Engineering Communications, 195(2):82-97.  

U.S.EPA (1979). Technical assistance document for the calibration of ambient ozone monitrs. Report 
Number EPA-600/4-79-057; prepared by US EPA, Office of Air, Noise & Radiation, Office of 
Air Quality Planning & Standards, Research Triangle Park, NC,  
http://www.epa.gov/ttnamti1/files/ambient/criteria/4-79-057.pdf. 

U.S.EPA (1998). Technical assistance document for sampling and analysis of ozone precursors. Report 
Number EPA/600-R-98/161; prepared by U.S. Environmental Protection Agency, Research 
Triangle Park, NC,  http://www.epa.gov/ttn/amtic/files/ambient/pams/newtad.pdf. 

U.S.EPA (2013a). Integrated science assessment for ozone and related photochemical oxidants. Report 
Number EPA 600/R-10/076F; prepared by Office of Research and Development, National 
Center for Environmental Assessment - RTP Division, U.S. Environmental Protection Agency, 
Research Triangle Park, NC. 

U.S.EPA (2013b). Transfer standards for calibration of air monitoring analyzers for ozone:  Technical 
assistance document. Report Number EPA-454/B-13-004; prepared by U.S. Environmental 
Protection Agency, Research Triangle Park, NC,  
http://www.epa.gov/ttnamti1/files/ambient/qaqc/OzoneTransferStandardGuidance.pdf. 

Ulanovsky, A.E.; Yushkov, V.A.; Sitnikov, N.M.; Ravengnani, F. (2001). The FOZAN-II fast-response 
chemiluminescent airborne ozone analyzer. Instruments and Experimental Techniques, 44:249-
256.  

Varns, J.L.; Mulik, J.D.; Sather, M.E.; Glen, G.; Smith, L.; Stallings, C. (2001). Passive ozone network 
12 

 

http://www.s-et.com/
http://www.sglux.com/Start.1.0.html?&L=1
http://www.tandfonline.com/doi/pdf/10.3155/1047-3289.60.11.1353
http://www.teledyne-api.com/manuals/06626B_265E_Addendum.pdf
http://www.teledyne-api.com/manuals/06626B_265E_Addendum.pdf
http://www.epa.gov/ttnamti1/files/ambient/criteria/4-79-057.pdf
http://www.epa.gov/ttn/amtic/files/ambient/pams/newtad.pdf
http://www.epa.gov/ttnamti1/files/ambient/qaqc/OzoneTransferStandardGuidance.pdf


4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
of Dallas: A modeling opportunity with community involvement. 1. Environ. Sci. Technol., 
35(5):845-855.  

Veres, A.H.; Sarlos, F.; Varga, A.; Szabo, G.; Bozoki, Z.; Motika, G.; Gyapjas, J. (2005). Nd : YAG 
laser-based photoacoustic detection of ozone: Comparison of pulsed and quasicontinuous wave 
operation and field tests. Spectroscopy Letters, 38(3):377-388.  

Viallon, J.; Moussay, P.; Norris, J.E.; Guenther, F.R.; Wielgosz, R.I. (2006). A study of systematic 
biases and measurement uncertainties in ozone mole fraction measurements with the NIST 
Standard Reference Photometer. Metrologia, 43(5):441-450.  

Villena, G.; Bejan, I.; Kurtenbach, R.; Wiesen, P.; Kleffmann, J. (2012). Interferences of commercial 
NO2 instruments in the urban atmosphere and in a smog chamber. Atmos. Meas. Tech., 5(1):149-
159. http://www.atmos-meas-tech.net/5/149/2012/amt-5-149-2012.pdf. 

Voigt, S.; Orphal, J.; Bogumil, K.; Burrows, J.P. (2001). The temperature dependence (203-293 K) of 
the absorption cross sections of O3 in the 230-850 nm region measured by Fourier-transform 
spectroscopy. Journal of Photochemistry and Photobiology A-Chemistry, 143(1):1-9.  

Vomel, H.; Diaz, K. (2010). Ozone sonde cell current measurements and implications for observations 
of near-zero ozone concentrations in the tropical upper troposphere. Atmos. Meas. Tech., 
3(2):495-505.  

Washenfelder, R.A.; Wagner, N.L.; Dube, W.P.; Brown, S.S. (2011). Environ.Sci.Technol. 45(7):2938-
2944. 

Watson, J.G.; Thurston, G.D.; Frank, N.H.; Lodge, J.P.; Wiener, R.W.; McElroy, F.F.; Kleinman, M.T.; 
Mueller, P.K.; Schmidt, A.C.; Lipfert, F.W.; Thompson, R.J.; Dasgupta, P.K.; Marrack, D.; 
Michaels, R.A.; Moore, T.; Penkala, S.; Tombach, I.H.; Vestman, L.; Hauser, T.; Chow, J.C. 
(1995). Measurement methods to determine compliance with ambient air quality standards for 
suspended particles:  Critical review discussion. J. Air Waste Manage. Assoc., 45(9):666-684. 
http://www.tandfonline.com/doi/pdf/10.1080/10473289.1995.10467395. 

Williams, D.E.; Henshaw, G.S.; Bart, M.; Laing, G.; Wagner, J.; Naisbitt, S.; Salmond, J.A. (2013). 
Validation of low-cost ozone measurement instruments suitable for use in an air-quality 
monitoring network. Measurement Science & Technology, 24(6)http://iopscience.iop.org/0957-
0233/24/6/065803/pdf/0957-0233_24_6_065803.pdf. 

Williams, E.J.; Fehsenfeld, F.C.; Jobson, B.T.; Kuster, W.C.; Goldan, P.D.; Stutz, J.; McCleanny, W.A. 
(2006). Comparison of ultraviolet absorbance, chemiluminescence, and DOAS instruments for 
ambient ozone monitoring. Environ. Sci. Technol., 40(18):5755-5762.  

Wilson, K.L.; Birks, J.W. (2006). Mechanism and elimination of a water vapor interference in the 
measurement of ozone by UV absorbance. Environ. Sci. Technol., 40(20):6361-6367.  

Winer, A.M.; Peters, J.W.; Smith, J.P.; Pitts, J.N., Jr. (1974). Response of commercial 
chemiluminescence NO-NO2 analyzers to other nitrogen-containing compounds. Environ. Sci. 
Technol., 8:1118-1121.  

Xu, Z.; Wang, T.; Xue, L.K.; Louie, P.K.K.; Luk, C.W.Y.; Gao, J.; Wang, S.L.; Chai, F.H.; Wang, W.X. 
(2013). Evaluating the uncertainties of thermal catalytic conversion in measuring atmospheric 
nitrogen dioxide at four differently polluted sites in China. Atmos. Environ., 76:221-226.  

York, D. (1966). Least-squares fitting of a straight line. Canadian J. Phys., 44:1079-1086.  
Zahn, A.; Weppner, J.; Widmann, H.; Schlote-Holubek, K.; Burger, B.; Kuhner, T.; Franke, H. (2012). 

A fast and precise chemiluminescence ozone detector for eddy flux and airborne application. 
13 

 

http://www.atmos-meas-tech.net/5/149/2012/amt-5-149-2012.pdf
http://www.tandfonline.com/doi/pdf/10.1080/10473289.1995.10467395
http://iopscience.iop.org/0957-0233/24/6/065803/pdf/0957-0233_24_6_065803.pdf
http://iopscience.iop.org/0957-0233/24/6/065803/pdf/0957-0233_24_6_065803.pdf


4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 
Atmos. Meas. Tech., 5(2):363-375.  

Zhang, L.C.; Hu, J.; Lv, Y.; Hou, X.D. (2010). Recent progress in chemiluminescence for gas analysis. 
Applied Spectroscopy Reviews, 45(6):474-489.  

Zhang, X.R.; Baeyens, W.R.G.; Garcia-Campana, A.M.; Ouyang, J. (1999). Recent developments in 
chemiluminescence sensors. Trac-Trends in Analytical Chemistry, 18(6):384-391.  

 
 
 
 
 
 
 
 
 
  
 
 
 

14 
 



4/30/14 Additional Preliminary Draft Comments for Deliberations of the CASAC Air Monitoring and Methods 
Subcommittee (AMMS) Subcommittee Review of EPA’s Federal Reference Method for Ozone: Nitric Oxide (NO)-

Chemiluminescence. Please Do not Cite or Quote. These comments are preliminary and do not represent CASAC consensus 
comments nor EPA Policy. 

 

Dr. Kenneth Demerjian 
 
Further analyses and additional intercomparison studies performed by ORD on the NO-CL and UV-O3 
scrubberless (SL-UV) methodologies with the ECL FRM, suggest very similar performance statistics, 
with the possible exception regarding the high zero offset (~2.0ppb)  observed in the SL-UV 
measurement method (see slides 15-16 ORD supplemental presentation).  Although nightly zeroing 
(slide twelve) does not seem to explain the observed results, the presentation does not indicate how the 
chemical zeroing was performed (i.e., using NO from a cylinder or generated from the photolysis of 
N2O, an option on the 2B Tech Model 211). If the photolysis of N2O was the NO source, it is 
conceivable that it is the source of the zero offset. For example, O(1D) generated in the photolysis of 
N2O is a potential source of OH (via O(1D) reaction with H2O) which is highly reactive with other 
compounds (e.g., VOCs) forming oxidized products with uv absorbing properties in 254nm region. 
Reported SL-UV interferences (e.g. xylene, SO2, NO2, H2O) are nominal and do not seem to account 
for the zero offset. ORD want to consider performing systematic zeroing (e.g., hourly) to see if this 
reduces the magnitude of the zero offset. 
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Dr. Rudolf Husar 
 
I reviewed the additional data submitted by EPA on May 5th, 2014. I concluded that I am not qualified to 
evaluate and comment authoritatively on the new EPA analyses. 
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Dr. Peter H. McMurry 
 
 
I commend Russell Long and coworkers for their excellent detective work and for the clarity of this 
report. In my opinion they have resolved several of the issues that troubled our subcommittee in our 
earlier deliberations. 
 
Long et al. provide compelling evidence that scatter in results for NO-CL vs ET-CL (FRM) and UV-
Drier vs ET-CL (FRM) was due to problems that were discovered with operation of the FRM 
instrument. Those problems included (i) a loose particle filter (8 data points) and (ii) different spans for 
the periods Sept. 4-15 and Sept 16-28.  When the 8 flawed data points were eliminated and correct FRM 
spans were used, FRM ET-CL and NO-CL agreed to within 2% with very little scatter.  FRM and SL-
UV measurements were equally well correlated, although the SL-UV measurements exhibited a zero 
offset bias of ~2 ppb that could not be explained. 
 
In my view, these new results clearly demonstrate the suitability of the NO-CL technique as an FRM. I 
no longer have the reservations that I may have expressed earlier. 
 
These new results show that UV-SL is also likely to be suitable. However, the 2 ppb positive bias 
remains unexplained. Furthermore, additional field testing should be done before this method is certified 
as an FRM. Given the widespread use of UV absorption for O3 measurements by state and local 
agencies, I would recommend that EPA complete the work required to certify SL-UV as an FRM. I 
recognize that, given court-imposed deadlines, it may not be possible to complete that certification now. 
Given the work that has been done already, however, it should be possible to complete the work that 
would assess SL-UV's suitability as an FRM within a year or so. I would like to see this happen. 
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Dr. Allen Robinson 
 
The additional ORD analysis of the field data appears to alleviate some of the concerns raised by the 
initial AAMMS review.  It is still not clear to me that the NO-CL or the UV-SL is the superior 
technology.  The performance of the FRM in the first RTP deployment is concerning (slide 5).  There is 
the 2 ppbv offset with UV-SL (slide 15 and 16) that is concerning.   
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Dr. Armistead (Ted) Russell 
 
The additional data provided by ORD provide further support for the designation of NO-CL as an FRM.   
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