July 22, 1999

Dr, Jotemy M. Hales

NARSTO Management Coordinator
60 Eagle Reach

Pasco, WA 99301

Dear Dr. Haleg:

This lefter is in response to an atticle in the Winter/Spring, 1999, jsque of NARSTO News
regarding wzban ambient ozonc measurcments ("Oas Step Forward and...: Some Cautionary Notes on
Urban O2cme Measurements*). The article contams several quotations fom » critical review paper
entitled, “Methods for Gas-Phase Measurements of Qzone, Ozone Precwrsors and Acrosol Precursors™ by
David D, Parrish and Fred C. Fehscnfeld, snd expiesses concerns sbout the integrity of ambiant ogane
measurements using the UV absarption monitoning methad. The Potentisl measurement errors aiped
Were calibration uncertainties, ambient intarforenices, and anomalons operzting conditions.

mrasurement uncertaintics and anoralicy associated with the UV ozone method (as mentioned belaw),
nz thete are with othex methods for measuring air quality, and we cantigually strive to reduce thege
Uncertuinties, Further studies are being wndestaken to better characterize the nature, frequency, apd
impact of any potentisl measurement uncertainties encountered with the UV method far ozone, It ix
currently thought that the magnitude of thess imeertantes is low and their impact minimal.
Ncvertheless, any updated quality assurance guidance dotermined to be appiopriate, based upon the

Calibration Uncertainties

Parrish and Fehsenfeld note that the UV sbsocption measuremnent technique is ... particularly
efficient technique for ambient manitoring of Oy,...* then cite its further advantage as n "sbgalute
measurement” and indicate that it is "surigus” that EPA procedures spesify independent calibration for
UV ozone menitors'. They suggest that independent calibration (i.0. conventional calibration uging a
primary azone UV photometric standard or #n independently certified ogonce transfer standand) is

rhis particyler language trom the NARSTO Nawy quotation is ghsang or changad {n tha November 20, 1998 vession of the
document obtsined recently fram the NARSTO web site, but the impliestion iy similm.
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*inadequare” and *._cam at worsy perpetunte serious \acasurement woblems since the ozope xtandard
itself {a merely a similar UV absosption measurement systemn coupled to un 0zane generator "

EPA formally recognized the valus of the UV absorption measurement technique as an
"absolute” measuretnent for 0zope in 1979 when 3 calibation procedure based on the UV meamurement
technique was promulgated as part of the federal reference method for ozone maonitaring (40 CFR Part
50, Appendix D) and becamne, in effect, Jrimary standard for ambient 0zone measurement. However,
EPA did not specify the UV technique as the measurcment principle for ozone reference methods, for 3
very significant reason. That reason is that otber comnmon Fases absorb UV light at the same wavelength
band used {0 measure ozone and can interfere with the ozone messurernent, When one or inore of thegs
other gases is present, as is quite pogsible in smbient air, the UV measurement is no longey "absolute, ™
Thesc interferenices are minimized in ambicat air meayuretments by a differential process that uses a 833
scrubber to oreate a reference gas sample from which the ozone is removed but other potentially
interfering passes remain, Bur the perfarmance of this scrubber can be less than perfect. Alsa, UV
ozone analyzers in cvery-day use are subject (o other operational problems, including buildup of dirt in
inlet lines, inlet filters, the solenoid valve, and the optic components’, and scrubber deterioration or
salfimetion, Thus there is a substantial difference between using the UV absorption technique for
calibmtion and using it for routine smbient air monitoring. The UV technique clearly makes a goad
calibration gtandard, when interfering gases can be avoided, no gorubber i uscd, and instrument
companents are not exposdd to atmospheric contaminants. But using UV analyzers for routine
monitoring without independent calibration is considerably mare prohlematic,

Parrish and Fehsenfeld go on to suggest that (in lieu of conventional, mdependent calibration)
the span adjustment of'a UV analyzer should be maintained at its stagdacd seiting (/.. the theoretical
value based on the absorption coefficient of ozont), and the instrument’s mcasurements should be
frequently compared with another ozone analyzer that is in good repair, uging ambicut air. We believe
that independent calibration of the UV analyzers is better for several reasons, First, independent
calibration can compensate, at least to some cxtent, for some of the problems mentioned in the previous
paragraph, such as some pessible diminution of azone in tnlet linas and particulate filters as they become

wauld likaly be another UV type instrument, since chemUuminescence type inswuments are now al] byt
unsvailable. Thus the “reference” instrument would likely be subject to the same interferences as the
primasy instrument and possibly some of the other problems as well, unless it was frequently cleased and
scrupulous|y maintined. Therefore, it may not be as reliable or credible as a “reference” meagurement
84 we would like  Third, the comparison of the two instruments wauld likely often occur over a rather
limited range of fairly low 62ane concentrations, Such comparisons may be affected by otherwise minor
zezo uffset cxrors and, while useful for assesement of precigion, in genera! provide a rather Jimited
quantitstive assessment of amalyzer socuracy, particularly for the higher ozons concentrations whiah are
critical in attainmentnon-attainment doterminations Langer-term aullocated iInstrument conparisons to

wonld gain only a tnudest advantage in assessing date quality, Of course, collocation of 0zone anglyzers
is often useful for purposes other thay calibration verification,

*Dirt o0 eell jnterlor surfeces and opticg] windsws and mirrers sbould ho enmpensated by the dfTereniial mensuremenot
praccm, bt fleld repants indicete significans cffecs under same Giraumsiances that may be reduced by cleaning.
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Independent calibeation of ozone analyzers with certified ozonie standards is certainly not
infsllible. But we believe canventional, independent valibmtion of UV ozone analyzers is sdvantageous
for 2 veriety of reasons, For exarnple, independent calibmation...

. Is a canventional, famillar concept that is widely nsed for most measuring instraments,

. Is consisteut with calibration of other ambient gaseous pallutant analyzers, using
certified concentration standards, ~

. Is uniformly applicable to any type of 6zone analyzer, not just the UV-absorption type,

. Allows all measurements to be independently related to common, NIST-tracesble ozone
standards,

. Awvaids uncertsintios from UV-method ambient alr interferences and routine operatlonal
degradation,

- Provides an aceurate and precise calibrution aver the full measiurement gcale range, and

. Provides credible and readily quantitativc assessmont (audir) of analyzer accuracy.

EPA provides g network of NIST-traceuble ozone standard refarence photometers by which ezone
calibrution standards can be verified or certified, We are convinced that conyentional calibration of UV
ozone aualyzers with certified ozone standards leads to very acourately calibrated ozone monitoring
instruments at reasonable cost, pravides readily documented and highly ciedible quantitative andit
ussessTnents of ozonc monitoring data quality, and, we believe, is substautially supetior to the
verification asscssment technique altematively proposed by Parrish and Fehsenfeld. 'We do agree with
them that 2djustment of the span setting of UV.type azons instruments for calitwation should be limited
to small adjustroents, as any large difference from the natural or theoretical setting should be taken as an
indication of soin¢ problam in either the instrument or the cslibraton equipment. We have made that
recormmendation for decades, and it appesry i meny UV monitoring instrurasnt manuals,

Interferences

As'nored sbove, UV ozone analyzers depend upan a scrubber to provide a reference air sample
from which ambicnt ozone is removed but other patential interfering gasses in the ambient air ssmple
remain to minimize measurement interfercnces. This scheme is gonerally quite successful, but not
perfect—particularly for gasses such as mercury and some sromatic hydrooerbon cempounds that have
lerge absarption cocfticients relative to ozone (at 254 nm wavelength), Humidity does not appesc to
cause a direct interference but may affect susceptibility to other interferences. Unususlly high
concentrations of particulate matter can also cavse interference, since PM may not pass through the
scrubber undiminished.

These positive interferences have heen known all alang and are balieved to be a genemlly
insignificant problem at most ozone monitoring sites, patticularly when the scrubber is seplaced
periodically according to the manufacturer recommendations. Parrich and Felisenfeld stats that "aven
thaugh significant cvideuce of interferences in the UV absorption technique has been reported, such
interfevenices are not always ebserved, even in urban plumes. They go on to cle g 1998 report by
Ryerson ct al. describing simultanegus measurements of azone by UV and chemiluminescence
instruments in an aircraft and indicate that "...excellent carrelations were found between the
measurements of the two instruments..." and “there wis never any indication (<1%%) that the UV
instrupent measured systematically higher in the urban plume.”
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Nevertheless, EPA has always cautioned against siting a UV-type ozone anslyzer in an avea
where mterferences could be problemstic, sych as in the vieinity of potentially high mercury
concentrations, asphalt plants or large asphalt-paved sifaces, gasoline: stations or transfer facilities,
heavy sutomobile traffic, ete. Yeass ago, UV ozane monitoring sites could be checked for the presence
of such interfexences quite easily by oollorating a chemiluminescence ozane analyzey with the UV
analyzer for some period of time and comparing the raeasurements, Now, with chemiluminescence
amunc analyzers becoming inereasingly difficult w obtain, this means of checking for interferences—as
well as an altemative to 2 UV-type amalyzer to use at an interference-plagued aite—may be no longer
aveilable. We thus share some concan with Parrigh and Fehsenfeld on this issue, but we believe that
careful siting of UV ozone analyzers will miniimize this prohlem.

Anormalous Opetating Canditians

As notcd above, the accuracy of UV azone measurements critically depends on the perfbrmance
of the chemical scrubber, which must remove all ozone from a representntive air sample without altering
the concentration of any potentially interfering substances. Accumulating evidence from several state
monitoring sgencics indicates ocoasiona] measurement anomalics in UV aaalyzers, with & ictumn to
apparently normal measurement performance at other times. These anomalics may result in cither
positive or negative error and are generally associated with periods of high ambient temperatures, high
humidity, and possibly other associated atmospheric conditions. Unfortunately, these conditions are also
typical during periads when azone concentrations peak and measurement accuracy is crucial. Further,
these anomalies are often not detecied by canventional ozone span checks or audits.

Wi are nlso concerncd about this potential problem, but so far it has proved elusive and difficult
to (1) repraduce in the laboratary, (2) determine the specific eonditions umder which it ocours or may
aceur, (3) predict the monitering sites where it muy occur, (4) define its specific manifcstations, and (5)
csteblish differences in susceptibility, if any, among different models of UV analyzers, Laboratory
studies of this phenomenca have besn inconclusive, and field studies are very expensive and difficult to
carry out when resowrces are limitcd. Receat work by Joel Maddy of Wost Virginia appears to eemfirm
our suspicians that tha effect may be relawed to temporary partial feilure of the serubber, but that it also
involves temporary effects in the optical cells, mirrors, and other interns] surfaces. He has developed a
test which appears to be gble to identify UV analyzers that are most suseeptible to anomalous
measurements. His work further suggests that use of a heated silver waol scrubber (as opposed to other
types), along with use of Teflon-coated stminless sieel (rather then glass or quartz) absorption cells, will
greatly reduce 3 UV analyzer“s susceptibility to this effeat. Howover, he acknowledges that these
suggestions are based on empirics] observations and not on an understanding of the mechanism that
gives risc to the anomalies.

Wo are currently addressing this problem on thxee fronts. First, we are artempting ta assess the
extent and severity of these measurement anomalies by swveying monitering agencics and monitoring
aponcy acaciations, Secomd, we are aollaborsting with the American Petrolenm Inistitute and siate mnd
lacal agencics by providing contract funding to conduct studjos to better document the performance
differences among various configurations of UV ozone analyzers. And third, we will evaluate Mr.,
Maddy's test for analyzer susceptibility and the use of the heared silver woal scrubbers in minimizing the
impact of anomaleus analyzer performance and, if warranted, implemeat or promote their use amoup
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mohitoring agencies, We intend to provide any updatad quality asyurance guidance resulting from thesc
activitics to help manitoring sgeneies minimize &ny potential measurement errars from them,

Conclugian

We hope that this rdditional infoymation might provide some further perspective. ' We romain
confident that the vast majority of o2zone monitoring duts collected nationwido is of high quality. And
we agrec with the need Patrish aud Fehsenfeld identified for additional field intercomparisons of the UV
tochnique with other ezone measursimeat techniques, particularly during conditions typical of 0zone
exceedences, 1o better defme the seope and impact of any poteatial UV ozoue measurement
uncertaintics, We hope to be abls 10 pursue such studies, but aurent resowces far this activity appear to
be insufficient. We will continue to pursuc other ineans of investigating these potential uncertninties.

Sincerely,

G M S

Frank F. McElroy (MD-46)

David B. Gemmill (MD-46)

Atmospheric Mesthods & Moniteriag Branch
Human Exposure & Atmospheric Sciences Divisian

cel Mg. Susan S, G. Wierman
Executive Director, MARAMA
711 West 40 Street, Suite 318
Baltimore, MD 21211.2109

Dr. Richard D. Schefle, Group Leader, (MD-14)
Monitoring and Quality Assurance Group
Office of Air Quality Planning £ Standxrds



