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Abstract. Data from a recent field campaign in Mexico City trations as high as several ppb inside the city, on par with
are used to evaluate the performance of the EPA Federal Rethe highest values previously observed in other urban loca-
erence Method for monitoring the ambient concentrations oftions. Averaged over the MCMA-2003 field campaign, the
NO,. Measurements of NOfrom standard chemilumines- chemiluminescence monitor interference resulted in an av-
cence monitors equipped with molybdenum oxide convertererage measured NQoncentration up to 22% greater than
are compared with those from Tunable Infrared Laser Differ-that from co-located spectroscopic measurements. Thus, this
ential Absorption Spectroscopy (TILDAS) and Differential interference has the potential to initiate regulatory action in
Optical Absorption Spectroscopy (DOAS) instruments. A areas that are close to non-attainment and may mislead atmo-
significant interference in the chemiluminescence measurespheric photochemical models used to assess control strate-
ment is shown to account for up to 50% of ambientNON- gies for photochemical oxidants.

centration during afternoon hours. As expected, this interfer-
ence correlates well with non-NQeactive nitrogen species
(NO,) as well as with ambient ©concentrations, indicat- 1
ing a photochemical source for the interfering species. A
combination of ambient gas phase nitric acid and alkyl andNitrogen oxides (NQ = sum of nitrogen oxide (NO) and
multifunctional alkyl nitrates is deduced to be the primary nitrogen dioxide (N®)) are primarily emitted as byprod-
cause of the interference. Observations at four locations aicts of combustion and participate in ozone@rmation
varying proximities to emission sources indicate that the per-and destruction, thus playing a key role in determining the
centage contribution of HN§to the interference decreases aijr quality in urban environments (Finlayson-Pitts and Pitts,
with time as the air parcel ages. Alkyl and multifunctional 2000). NG is designated as one of the United States En-
alkyl nitrate concentrations are calculated to reach concenyironmental Protection Agency's (US EPA) “criteria pollu-
tants”, which also include § carbon monoxide (CO), sul-
Correspondence tdE. J. Dunlea fur dioxide (SQ), airborne lead (Pb) and particulate mat-
(edward.dunlea@colorado.edu) ter (PM). The US EPA initiates regulatory action if an urban
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area has criteria pollutant concentrations that exceed a cestates: one that measures the concentration of NO by sam-
tain threshold (either one hour averaged daily maxima, eighpling ambient air directly, and one that measures the sum of
hour averaged daily maxima or annually averaged concenNO and NQ by passing the ambient air stream over a cat-
trations), referred to as being in “non-attainment”. While no alyst (usually gold or molybdenum oxide, often heated) to
counties in the US are currently in non-attainment fordJNO convert NG to NO. The difference of the two values is re-
the US EPA has recently announced sweeping new regulagported as the N@concentration. Although instruments are
tions aimed at reducing NQevels by 2015 (Environmental available that utilize a flash lamp or laser to convert;N®
Protection Agency, 2005). Therefore, accurately measuringNO, this study only examines CL N@nonitors with molyb-
the concentration of N& as mandated under the 1990 Clean denum oxide catalysts, which are the most prevalent type
Air Act Amendments, Section 182 (c)(1) (Demerjian, 2000), (Parrish and Fehsenfeld, 2000).
will become increasingly important. Positive interferencesin In addition to the advantages of CL N@®nonitors listed
the measurement of NOnay lead to the false classification above, however, there are known interferences for this stan-
of an urban area as being in non-attainment. dard technique (see several recent reviews (Cavanagh and

In addition to the regulatory purposes of monitoring, am- Verkouteren, 2001; Demerjian, 2000; Environmental Pro-
bient measurements are also used by air quality model$section Agency, 1993; McClenny et al., 2002; Parrish and
(AQM) for characterization and prediction of future high Fehsenfeld, 2000; Sickles, 1992)). The most significant is-
ozone episodes (Demerjian, 2000) and in validations of satelsue with standard CL NOmonitors is their inability to di-
lite measurements of N{JOrdofiez et al., 2006; Schaub et rectly and specifically detect NO It has been well estab-
al., 2006). Adequate diagnostic testing of AQM'’s requires lished that other gas phase nitrogen containing compounds
uncertainties in N@measurements of less thari0% Envi-  are converted by molybdenum oxide catalysts to NO and
ronmental Protection Agency, 2001; McClenny et al., 2002).therefore can be reported as N®y a standard CL NQ
There has also been considerable attention paid recently tmonitor (Winer et al., 1974). As stated by the US EPA,
the direct emissions of N&Xrom diesel vehicles (Friedeburg  “chemiluminescence NO/NE@NO, analyzers will respond
et al., 2005; Jenkin, 2004a; Jimenez et al., 2000; Latham eto other nitrogen containing compounds, such as peroxy-
al., 2001; Pundt et al., 2005) and their resulting health effectsacetyl nitrate (PAN), which might be reduced to NO in the
(Beauchamp et al., 2004). These and other studies that relhermal converter. Atmospheric concentrations of these po-
on the data from monitoring networks, such as recenp NO tential interferences are generally low relative to N&hd
source apportionment (Carslaw and Beevers, 2004, 2005alid NO, measurements may be obtained. In certain ge-
and oxidant partitioning (Jenkin, 2004b) studies, could beographical areas, where the concentration of these poten-
significantly affected by interferences in the standard meth4ial interferences is known or suspected to be high relative
ods for NGQ measurement. Satellite measurements ofNO to NO,, the use of an equivalent method for the measure-
are often most sensitive to surface N&ncentrations; vali- ment of NG is recommended.” (Environmental Protec-
dation of these measurements requires accuratedd@ace tion Agency, 2006) Additionally, manufacturers now use this
measurements. In summary, assuring thag NOnitors rou-  same technology to make total reactive nitrogen {yN@ea-
tinely achieve a high level of precision is important for the surements. Molybdenum oxide catalysts are known to effi-
accurate prediction of air quality and validation of satellite ciently reduce compounds such as N®O3, HNOs, N2Os,
measurements. CH30NO,, CH3CHoONOy, n-C3H7ONO,, n-C4HgONOy,

Of the various techniques for measuring in situ NO andand CHCHONO and to a lesser extent also reduceNO,,
NO, concentrations, the most prevalent, and the Federal ReHONO, RGQGNO,, NH3 and particulate phase nitrate. These
erence Method as designated by the US EPA, is the chemieatalysts do not efficiently reduce,®, HCN, CHCN or
luminescence instrument (CL NOmonitors) (Demerjian, CH3NO» at typical operating converter temperatures lower
2000). This technigue has been described in detail elsewhertnan 400C (Fehsenfeld et al., 1987; Williams et al., 1998).
(Fontjin et al., 1970; Ridley and Howlett, 1974). Briefly, it To emphasize this point, consider that the only difference be-
is based on the chemiluminescent reaction of NO with O tween CL NQ and NG, monitors is the position of the cat-
to form electronically excited N& which fluoresces at vis-  alyst: in a CL NQ monitor, the catalyst is placed very close
ible and near infrared wavelengths. The technique is sim+o the front of sampling inlet so as to convert all N€pecies,
ple and relatively reliable. The detection sensitivity ben- whereas in a CL NQ@monitor, the catalyst is placed after a
efits from small background signal levels because no lightparticulate filter and just before the detection chamber, allow-
source is necessary to initiate the fluorescence. Onlysan O ing the conversion and detection as “N®f any gas phase
generating lamp and a modestly cooled photomultiplier (typ-nitrogen containing compounds not removed by passive loss
ically ~—4°C) are required; thus CL NOmonitors are rel-  on surfaces upstream of the converter.
atively inexpensive. Calibration involves the sampling of a  Other more specific N@detection techniques have been
known standard to determine the absolute response of the irdeveloped, including a photolysis technique to specifically
strument; such standards are readily acquired. Cl hon- convert NQ to NO that avoids using a metal catalyst while
itors typically operate in a mode that alternates between twastill employing the chemiluminescence reaction (Kley and
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McFarland, 1980), an LIF technique (Thornton et al., 2000; hensive suite of research grade gas and particle phase instru-
Thornton et al., 2003), a fast gas chromatography luminolmentation (Herndon et al., 2005a; Kolb et al., 2004). The
chemiluminescence detection (Marley et al., 2004), Differen-ARI Mobile Lab had two modes of operation during the cam-
tial Optical Absorption Spectroscopy (DOAS) (Platt, 1994; paigns: mobile and stationary. In mobile mode, the main ob-
Platt and Perner, 1980), cavity ring down (Osthoff et al., jectives were either sampling of on-road vehicle exhaust or
2006) and a Tunable Infrared Laser Differential Absorption mapping of emission sources. In stationary mode, the ARI
Spectroscopy (TILDAS) technique (Li et al., 2004) (also de- Mobile Lab was parked a chosen site, typically making mea-
scribed below). Several recent reviews provide a more comsurements for several days in a row. Stationary mode data
plete description of these and other N@easurement tech- in this study will be presented from four sites from the 2002
nigues (Demerjian, 2000; McClenny et al., 2002; Parrishand 2003 field campaigns, which are described in detail else-
and Fehsenfeld, 2000). Although several of these instruwhere (Dunlea et al., 2006); briefly they are (1) CENICA
ments have been shown to perform well in intercomparisongCentro Nacional de Investigacion y Capacitacion Ambien-
(Fehsenfeld et al., 1990; Gregory et al., 1990; Osthoff et al. tal) — the “supersite” for the MCMA-2003 campaign located
2006; Thornton et al., 2003), the majority of these techniqueson a university campus to the south of the city center, which
are, at this time, research grade instruments unsuitable foreceives a mix of fresh pollution from area traffic corridors
use in routine monitoring. A newer technique, Cavity At- and aged pollution from more downtown locations, (2) La
tenuated Phase Shift (CAPS) spectroscopy, has shown thiderced — a downtown location near an open market and a
potential to provide accurate spectroscopic measurements t¢érge traffic corridor, (3) Pedregal — an affluent residential
NO_ (0.3 ppb detection limit inc10s) at a reasonable cost neighborhood downwind of the city center, and (4) Santa Ana
(Kebabian et al., 2005), but it is still in the development — a boundary site outside of the city, which receives mostly
phase. Even if these other techniques gain prevalence in theged urban air during the day and rural air overnight.
coming years, the current widespread use of CLyN@n- The instruments on board the ARI Mobile Lab most rel-
itors makes understanding and quantifying interferences t@vant to this study were a TILDAS NQinstrument and
this technique critical. Recent field studies have begun toa standard CL NQ monitor. The TILDAS technique for
quantify the magnitude of interferences to this technique, formeasuring N@ has been described in detail elsewhere (Li
example (Li et al., 2004) have shown a consistent positiveet al., 2004) and only a brief description is presented here.
measurement bias from CL NOnonitors relative to an ab- TILDAS is a tunable infrared laser differential absorption
solute TILDAS measurement of NO Additionally, Stein-  measurement that employs a low volume, long path length
bacher et al. (2007) have shown a persistent bias in Ck NO astigmatic Herriott multipass absorption cell (McManus et
monitors with molybdenum oxide converters over a time pe-al., 1995) with liquid nitrogen cooled laser infrared diodes
riod of more than 10 years at rural locations in Switzerland.and detectors. The laser line width is small compared to
However, our study is one of the first field intercomparisonsthe width of the absorption feature and the laser frequency
to directly quantify this interference and characterize the speposition is rapidly swept over an entire absorption feature
cific compounds responsible for it. of the molecule to be detected, M@n this case. Accu-
Our study uses data from the recent Mexico City rate line strengths, positions and broadening coefficients are
Metropolitan Area (MCMA) field campaign during April of taken from the HITRAN data base (Rothman et al., 2003).
2003 (MCMA-2003), which featured a comprehensive suite Reference cells containing the gas of interest are used to lock
of both gas and particle phase instrumentation from numerthe laser frequency position. Of the species in the HITRAN
ous international laboratories, including multiple measure-database in the Nv, wavelength region (1600 cm), the
ments of NG (Molina et al., 2007). Here, we utilize this next strongest absorber (GHhas nearby absorption lines
unigue data set to evaluate the performance of standard Cwhich are six orders of magnitude weaker than the Naes
NOx monitors in a heavily polluted urban atmosphere, ex-used in these measurements. Additionally, the; Gies are
amine possible interferences and make recommendations fdrequency shifted away from the main M@atures and this
monitoring networks in general. Data from an exploratory is resolved with the typical linewidth of the lead salt diode
field mission in the MCMA during February of 2002 are lasers used. Therefore, the measurements of b§Otun-
also presented. The meteorology during these campaignable diode laser spectroscopy are believed to be interference-
has been discussed in detail elsewhere (de Foy et al., 200%ee. The mode purity of the diode was verified by mea-
Molina et al., 2007). suring 'black’ NG lines in a reference cell along another
optical path present in the instrument. The absolute accu-
racy of the concentrations measured by TILDAS is largely
2 Measurements determined by how well the line strengths are known. For
the absorption lines used in the two instrument channels,
A major part of the MCMA-2002 and 2003 campaigns was measuring NO and N&respectively, the presently accepted
the deployment of the Aerodyne Research, Inc. Mobile Lab-band strengths are known to within 6% for NO and 4% for
oratory (ARI Mobile Lab), a van equipped with a compre- NO> (Smith et al., 1985). It is important to note that this
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technique is an absolute concentration measurement, whical., 1998) which measured NCamongst a suite of other
does not require a calibration, and thus served as the bencltompounds. The detection limits for NQvere 0.80 and
mark against which to compare other Nf@easurements. In  0.45ppb for DOAS-1 and DOAS-2 respectively. The La
general, calibrations in the field do greatly improve the con-Merced site also included side-by-side open path Fourier
fidence in the measurement and assist in evaluating the ovetransform infrared (FTIR) and DOAS instruments (Grut-
all performance of the instrument. Though field calibrationster, 2003). Both instruments measured numerous gas-phase
have become routine now, via permeation sources and gasompounds, but only data from the FTIR measurement of
cylinders on the Mobile Lab platform, they were not done nitric acid (HNQs; detection limit of 4 ppb) and from the
during the MCMA-2003 field campaign. On the particular DOAS measurement of NO(detection limit of 3 ppb) are
instrument that did go to MCMA-2003, however, the secondshown here. See companion paper (Dunlea et al., 2006) for
channel of the instrument was used to measure HCHO (Gamore details on these stationary sites, including information
cia et al., 2006; Herndon et al., 2005b); calibrations for thisabout the inlets used for various measurement locations.
species demonstrated the pathlength was correct, and labo- Additional measurements are presented here from Aero-
ratory measurements of the pathlength using a pulsed lightiyne Aerosol Mass Spectrometers (AMSs) (Jayne et al.,
source indicate the cell was correctly aligned. Fortunately,2000) that were on board the ARI Mobile lab and on the
for NO2 measurements, the spectroscopy (and potential othemoof of the CENICA building. The AMS measures the size-
absorbers) near 1600 crhis fairly well understood by virtue  resolved chemical composition of the non-refractory com-
of being used so commonly. ponent of ambient particles smaller than 2@, including
Standard CL N@monitors have been described above andparticulate phase nitrate (PNQ.
here we briefly describe the calibrations performed during
the MCMA-2003 campaign. The standard calibration pro- ) _
cedure involves zeroing the monitors while measuring NO 3 Results and discussions
free air and then adding several specified amounts of NO to3 1 Observation of interference
the instrument covering the desired operating range. The CL”
NOx monitor on board the ARI Mobile lab was calibrated six Simultaneous measurements of NGh board the ARI Mo-

timeg during the campaign, ut?lizing several different stan-,.q | ab by the CL NQ monitor and the TILDAS instrument
d_ard|zed mixtures _Of ’\_IO in nitrogen and NO/CO@(_D . _revealed a recurring discrepancy where the CLyM@nitor
nitrogen and resulting in no greater than an 8% dev'at'on'reported a higher Nconcentration than the TILDAS in-

Earl,y.in tdhe campaign, teghnici?ns from 2RAMA, Rl'i)d Aud— strument. We consider the TILDAS measurement to be an
tomatica de Monitoreo Ambiental (RAMA, 2005), calibrate absolute concentration measurement and thus this discrep-

both the CL NQ monitor on boar_d the Mobile Lab and the ancy is concluded to be an interference in the CL monitor.
one on the CENICA rooftop during the same afternoon forWe define this “CL NQ monitor interference” as the CL

consistency. RAMA operates 32 monitoring sites around theNOX monitor NG measurement minus a co-located spectro-
MCMA, many of which are equipped with standard CL NO scopic NG measurement

monitors, all of which are calibrated via this same method.

The RAMA network has been audited by the US EPA (Envi- CL NO, monitor interference=

ronmental Protection Agency, 2003), and was concluded to [NO] (CLmoniton —[NO3] (spectroscopic 1)
be “accurate and well-implemented”.

For the discussion below, it is important to establish that Figure 1 shows the CL NOmonitor interference as ob-
ambient concentrations of{@o not interfere with measured served during specific periods in both the 2002 and 2003 field
NO, concentrations from a CL NOmonitor. G levels  campaigns. The periods in Fig. 1 are typical of the observa-
within the detection chamber of these CL N@onitors are  tions during both campaigns. The CL N@onitor interfer-
three orders of magnitude higher than ambient levels (Shivence was observed to occur daily, peaking in the afternoons
ers, personal communication, 2004); thus ambiente®els during periods when ambientsQevels were highest. The
will not significantly influence the detection of NO in the CL CL NOy monitor interference accounted for as much as 50%
NOx monitors. The difference in residence time in the sam-of the total NQ concentration reported by the CL N@on-
pling lines to the CL N@ monitor compared to the TILDAS itor (30 ppb out of a reported 60 ppb for the 2002 campaign
instrument was small enoughk:8 s) to preclude the reaction and 50 ppb out of 100 ppb for the 2003 campaign). The in-
of ambient NO with ambient ©from contributing signifi-  terference was observed at all fixed site locations visited by
cantly to the measured differences in N€ncentrations. the ARI Mobile Lab, but was more readily detectable at the

For this study, measurements from the ARI Mobile Lab urban sites than the Santa Ana boundary site, owing simply
are used in conjunction with measurements from instrumentso the lower overall N@ levels at the boundary site. Addi-
at the various stationary sites. The instrumentation at theionally, this CL NG, monitor interference was present when
CENICA site included two long-path DOAS (LP-DOAS) in- comparing DOAS long path measurements of NO CL
struments (Platt, 1994; Platt and Perner, 1980; Volkamer eNOy monitors at both the CENICA and La Merced sites. For
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these sites, the CL NOmonitor interference was more vari- 120
able in time owing to the loss of spatial coherence when com-
paring a long path measurement with a point sampling data g0
for a reactive species (for further discussion of open path ver-
sus point sampling comparison, see Dunlea et al. (2006) anc
San Matrtini et al. (2006a)).

The observation of such large CL N@nonitor interfer-
ence levels directly contradicts previous conclusions that this
will only be an issue at rural or remote locations (Jenkin,
2004b). In summary, the CL NOmonitor interference was
observed to occur regularly and to roughly correlate with the
ambient Q concentration; the subsequent section will ex-
plore the cause of this interference in more detail.

Nitrogen Dioxide
Mesico City, Wirter, 2002
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Potential sources for the interference in the chemilumines- I NO, TILDAS 0,

. . 100 = NO, (ppb)
cence N@ measurement using the available data from the £

MCMA 2003 campaign are explored: (1) some portion of
the non-NQ fraction of reactive nitrogen (N£ and (2) gas
phase olefinic hydrocarbons or gas phase ammonia.

3.2.1 The Non-N Fraction of Reactive Nitrogen (N®
0, (ppb) [~ 120

It has been long established that molybdenum converters

within standard CL N monitors have a potential interfer-

ence in the NQ measurement due to gas phase reactive ni-

trogen compounds (Demerjian, 2000; Environmental Protec-

tion Agency, 2006; Parrish and Fehsenfeld, 2000). The ARI - - i

Mobile Lab as configured for the MCMA-2003 campaign in- 4/22/2003 4/23/2003 4/24/2003

cluded atotal N@Qinstrument (TECO 49C), which measures

both NG, and NO using the chemiluminescence technique,Fig_ 1. (a) Time series of N@ measurements by standard CL NO

but configured differently than a standard CL j@onitor monitor and TILDAS spectroscopic instruments on board ARI Mo-

S0 as to purposely exploit the molybdenum converter’s abil-bile Lab at the Pedregal fixed monitoring site during 2002 campaign

ity to detect more gas phase reactive nitrogen species. Fror®r a specific period highlighting when the chemiluminescence in-

the CL NG, monitor NG, and NO measurements, along with strument showed an interferencéh) Time series for one-minute

the TILDAS NO, measurement, we calculated the nonsNO averaggd measu_ren_wents mad_e on board ARI Mpblle Lab a_t the Pe-

fraction of NQ,, referred to as NQ Table 1 lists the results dre9a! fixed monitoring site during MCMA-2003 field campaign for

of linear least-squares fits of the correlation plots of the CLaSpec'T'C.pe”.o d'. The CL Nomonitor 'merf.erer.'ce.'s ploFtEd on its

NO, monitor interference versus NGit the various loca- own axis in thlS f!gu_re to show the corrglatlon in time Wlth_ amble_nt

tions visited by the ARI Mobile Lab. The CL NQmonitor COgrLev:lIJsr,],dvglch indicates a photochemical source of the interfering

interference level varied linearly with the N©oncentration, P '

and was smaller in magnitude, indicating that some portion

of NO, was responsible for the interference. Fair to good

correlation ®2=0.32-0.79) was observed at all sites visited troscopic measurement is subtracted from a point sampling

by the ARI Mobile Lab, with ratios of the CL NPmonitor ~ CL NOy monitor measurement, limiting the achievati#é

interference to N©=(0.44-0.66). Thus, the obvious and ex- values for these correlation plots. We also note here that the

pected conclusion is that some reactive nitrogen compoun@nset of the daily rise of the CL NQnonitor at CENICA is

or compounds are the cause of the observed Cl KOni- delayed relative to the other three sites¥h: from 10 AM

tor interference. onset elsewhere to 12 PM onset at CENICA. CENICA also
This type of comparison has a number of inherent limita- experiences the highest percentage of negative Ck iN@n-

tions. Negative values for the CL NOnonitor interference itor interference measurements indicating that the open path

are often recorded because this calculated value is the sulOAS light paths may be influenced by N®ources, such

traction of two measurements. In general, more variance iras roadways underneath the light paths, which do not advect

this subtracted quantity is expected when an open path spete the CENICA rooftop sampling location. San Martini et

www.atmos-chem-phys.net/7/2691/2007/ Atmos. Chem. Phys., 7, 28042007
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Table 1. Slopes of linear least squares fit of correlation plots of observed Cj t@nitor interference versus other measured species at
series of locationsk? values for fits are given in parentheses. All concentrations for correlation plots are 15 min averages and are reported
in ppb or equivalent ppb. Maxima, minima, and averages for slopes are listed. Abbreviations: NA = measurement data Not Available at
particular location, ID = Insufficient Data available at particular location, ML = data from ARI Mobile Lab in stationary mode, Roof = long
path instruments at fixed site locations. Stationary sites are: STA = Santa Ana, PED = Pedregal, MER = La Merced and CEN = CENICA
headquarters; see text for description. NNlO3 and HNG; are highlighted as showing the best correlations.

Species Correlated with CL ML STA ML PED ML MER ML CEN Roof CEN Roof MER Min Max Avg
NOx Monitor Interference

PTRMS Olefin Proxyn/z 71 1.19 (0.05) —1.56 (0.03) —0.86 (0.03) ID NA NA -156 119 -041
PTRMS Olefin Proxyn/z 43  0.36 (0.12) —0.2(0.01) —0.15(0.06) ID NA NA -0.2 0.36 0.00
FIS Monitor Total Olefins NA NA NA —0.13(0.04) -0.15(0.32) NA -0.15 -0.13 -0.14
NH3 —0.03(0.03) 0.34(0.04) —0.06(0.17) 0.14 —0.05(0.01) 0.49(0.01) —0.06 0.49 0.14
PAN NA NA NA ID 4.07 (0.09) NA 4.07
AMS Particulate Nitrate 2.44(0.15) 1.74 (0.12) —0.44 (0.01)  1.68(0.01) 0.28 (0.01) NA —-044 244 1.14
NO; 0.54 (0.65) 0.66 (0.79) 0.44 (0.32) 0.49 (0.35) NA NA 0.44 0.66 0.53
O3 0.06 (0.30) 0.09 (0.54) 0.09 (0.19) ID 0.11(0.21) 0.15(0.21) 0.06 0.19 0.10
HNO3 NA NA NA NA NA 1.83(0.44) 1.83

al. (2006b) have discussed the limitations of this,Nfiea-  tribution to the observed daytime interference. Thus, our
surement in more detail. most likely candidates are (a) particulate nitrate, (b) peroxy-

As shown in Figs. 1 and 3, the CL NQmonitor inter- acetyl nitrate and other peroxyacyl nitrates, (c) nitric acid (d)
ference peaked in magnitude during the afternoons, corre@lkyl and multifunctional alkyl nifnrates and (e) a combination
sponding to peaks in the ambient @oncentration. The ©Of more than one of these species.

CL NOy monitor interference shows a fair correlation with (@) Particulate phase nitrate (pl§®may be converted by
the co-located measuredz@oncentration at all locations the CL NG monitor and reported as NGF sufficiently par-
(R%=0.19-0.54); see Fig. 2 and Table 1. The magnitude ofticles penetrate the particulate filter on the CL N@onitor

the CL NQ, monitor interference concentration was approx- to reach the molybdenum oxide converter. The particulate
imately 10% of the ambient £concentration. We have es- filter on a CL NQ  monitor typically filters out particles with
tablished above that ambieng @oes not represent an inter- diameters larger than 200 nm. Measurements from MCMA-
ference to the N@measurement; this is further corroborated 2003 with two AMS instruments reveal that only a small frac-
by the poor correlation of the measured CL N@®onitor  tion of the particle mass was found to be contained in parti-
interference with the product of ambient concentrations ofcles with diametersc200 nm (Salcedo et al., 2006). Thus, of
[NOJ*[O 3] (regressionR?=0.03). Thus, we conclude that the measured levels of submicron pNGonly a small frac-
the CL NQ, monitor interference was primarily due to re- tion would be expected to enter a CL N@onitor result-
active nitrogen species that are produced photochemicallyng in a potential interference. Additionally, the dissociation
along with Gs. of particulate NHNOg3 to gas phase HN&from either the
filter or surfaces within the instrument and/or sampling line
could contribute to this interference. None of the inlets for
the NG instruments listed in the experiment section were
Hweated, such that this effect is likely to have been minimal.

We now examine the individual species that make up
NO; in order to determine the most likely contributors to
the CL NG monitor interference. We start by removing
from consideration those reactive nitrogen species whic : o
are not converted by the molybdenum oxide catalyst, e.g. | "US: We do not expect pNOdo contribute significantly to
amines (Winer et al., 1974), or whose concentrations do nothe CL NO, monitor interference.
peak during the afternoon, specifically nitrous acid (HONO), This is confirmed by comparing the diurnal profiles of
other organic nitrites, the nitrate radical (§)Cand NOs. ~ PNO; and the CL NOx monitor interference (Fig. 3); con-
HONO was measured directly by the DOAS instrument atcentrations of submicron pNO(as converted to its equiva-
the CENICA supersite and observed to have its highest conlent gas phase concentration) were significantly smaller than
centrations during the morning. Other organic nitrites arethe CL NG monitor interference and peaked a few hours
unlikely to have concentrations that approach ppb levels andefore the maximum in the CL NOmonitor interference.
will have photolytic loss rates that maximize in the afternoon, Table 1 reports only a weak correlatioRq<0.15) of the CL
making it very unlikely that they could contribute signifi- NOx monitor interference with the measured ambient sub-
cantly to the observed CL NOmonitor interferences. Lastly, micron pNG; levels for all sites. Overall, it is clear that
measured concentrations of y@nd NOs are observed al- pNO; does not contribute significantly to the observed CL
most exclusively at night, excluding them from possible con-NOy monitor interference in Mexico City.
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(@) 49 (®) 15— such, PAN may contribute more significantly to this interfer-
8_—{- 3 ) ence in other locations that experience higher PAN concen-
4_-3; ""," .. trations, we conclude that PAN does not contribute signifi-
ol g’ cantly to the observed CL NOmonitor interference in this
- - study because of its low ambient concentrations.
0 50 100150200250, 0 20 40 6 (c) Nitric acid (HNG;) is photochemically produced
Gas Phase Olefins (ug m ") Gas Phase NH; (ppb) within urban atmospheres and has been observed in signifi-

cant concentrations in Mexico City (Moya et al., 2004). Pro-
duction of HNQG; is generally on the same time scale as pro-
duction of Q, since both involve the formation of NO O3

is formed when N@ photolyzes via a two step process:

0 40 80 120 160 NO; + hv — NO+ O 2)

Gas Phase O; (ppb)

0+02+M — O3+ M (3

X
~
(¢
~
DA
o o

(where M represents a third body colliding molecule, pre-
sumably N or Op). HNOg is formed from the association

CL NO, Monitor Interference

A T reaction of OH with NQ
0 2 4 6 0 4 8 12
Gas Phase PAN (ppb) Particulate Nitrate (equivalent ppb) NOz + OH+M — HNOz +M )
(€9) _ The measured concentrations of NCGand OH dur-
g0 - o ing MCMA-2003 (Volkamer et al., 2005) indicate that

HNO3; production rates via reaction (4) are quite large
(>15ppbhr! at maximum). However, losses for HNO
. within an urban area are also significant, and the ambient
0 10 20 concentration depends on the balance between the produc-
GasFlhase HING(fp®) tion and loss rates. In the presence of )\HNO3 will read-

_ ) _ o ily form particle phase ammonium nitrate (WNO3). HNO3
FllgitzaLmearée)gressuohn p'Otsl f;’_r th?cilhm?ltor |nt§rfere’\rl1;e is also readily lost on surfaces by dry deposition (Neuman et
plotted versuga) gas phase olefins gas phase : s PP
(Santa Ana)(c) gas phase @ (Pedregal)(d) NO; (Pedregal)(e) a;:., 1.999), but there |smzi§large range of deposition .Ve|C.)C.ItIeS in
gas phase PAN (CENICAJf) particulate nitrate (La Merced), and the Ilt_erature (4-26 cnms) and an .exact loss rate IS difficult
(g) gas phase HN§(La Merced). See text for description of mea- to _estlmate (Neuman et al., 2004; Wesely and Hicks, 2000).
surements. Results of the linear regressions are listed in Table 1. !t IS thus preferable to rely on measurements of HNG

much as possible. During the MCMA-2003 campaign, the

only direct HNG concentration measurements were from

the open path FTIR operated by the UNAM group at the La

(b) Peroxyacetyl nitrate (PAN) is often found in large Merced site (Flores et al., 2004; Moya et al., 2004). Al-

quantities in urban atmospheres and concentrati@®ppb  though the measured HN@oncentrations show reasonably
have been observed in the past in Mexico City (Gaffneygood correlation with the CL Nmonitor interference con-
et al., 1999) The MCMA-2003 field campaign included a centrations R?=0.44), the slope of the correlation plot (1.41)
PAN measurement at the CENICA supersite (Marley et al.,indicates that HN@accounts for-60% of the CL NQ mon-
2007) reveling much lower PAN concentrations (maximum itor interference.
<15 ppb) that peak in mid-morning (Fig. 3b); this does not For the locations that did not have a measurement of
match the diurnal pattern of the CL N@nonitor interfer-  HNO3, we use modeled values to estimate the possible con-
ence. The results of the correlation plots of the CLN@bn- tribution of HNQO; to the CL NQ, monitor. San Martini et
itor interference versus the measured PAN concentrations oal. (2006a, b) have used an ISORROPIA model embedded in
the CENICA rooftop show ark?=0.09. Modeling studies a Markov Chain Monte Carlo algorithm to analyze aerosol
of the outflow of pollution from Mexico City (Madronich, data and to predict the gas phase HNfOncentrations at the
2006) and more recent measurements downwind of the cityocations included in this study. Diurnal profiles of these pre-
(Farmer, D. K., Wooldridge, P. J., and Cohen, R. C., per-dicted HNG; concentrations are included in Fig. 3. In gen-
sonal communication, 2006) show that peroxyacyl nitrateeral, HNG; levels are shown to be large enough to account
compounds can account for a significant fraction of the;NO for the measured CL N@Omonitor interference. However, we
budget in the outflow from Mexico City. Although PAN is note that the measured HN@oncentrations at La Merced
known to be converted to NOon heated surfaces, and as are lower than the predicted levels. We therefore generally

40", it
0
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Fig. 3. Diurnally averaged profiles for measured CL N@onitor interference, calculated alkyl nitrate concentrations, measured PAN
concentrations and measured particulate nitrate in equivalent gas phase concentration as observed at the four fixed sites. Note that only a sm:
fraction of particulate nitrate mass, from particles with diamete280 nm, could potentially contribute to the N@onitor interference.

Time of day is for local time. Profiles averaged over the entire MCMA-2003 campaign where possible; exceptions are for Mobile Lab data
which were available for several day periods while the Mobile Lab was at particular fixed locations (see text). Gaps in profiles are due to
limited data.

conclude that HN@ accounts for most, but not all, of the There were no direct measurements of alkyl nitrates as part
observed CL NQ@ monitor interference. of the MCMA-2003 campaign of which we are aware. In-
As an added complication, HNQOis efficiently lost on  stead, to study the formation of alkyl nitrates (and HNO
stainless steel and other surfaces (Neuman et al., 1999). Thee employ a flexible top photochemical box model, which
efficiency with which HNQ will reach the molybdenum was constrained by measurements conducted at the CENICA
converter within a particular CL NOmonitor is then depen- supersite for OH sources and sinks from VOC andxNO
dent on the amount of stainless steel surface area in the inldflodel simulations were performed with the Master Chem-
manifold, and thus unique to each monitor. Thus, it is notical Mechanism (MCMv3.1) (Jenkin et al., 2003; Saunders
possible to easily extrapolate this result to all CL,N@on- et al., 2003) on a 24-h basis constrained with 10-minute av-
itors. We generally conclude, however, that HNfxcounts  eraged measurements of major inorganic species (NQ, NO
for a significant portion of the CL N@monitor interference. HONO, O; and SQ), CO, 102 volatile organic compounds
(d) Alkyl and multifunctional organic nitrates (from (VOC), HO (=OH+HO;) measurements, temperature, pres-
hereon referred to as “alkyl nitrates”) are known to be pro-sure, water vapor concentration, photolysis frequencies, and
duced simultaneously with£Jrom the minor branch (5b) of dilution. MCMv3.1 is a near-explicit mechanism, i.e. with
the reaction of NO with peroxy radicals (Day et al., 2003; minimized lumping of VOC reaction pathways, and thus
Rosen et al., 2004; Trainer et al., 1991). well suited for source-apportionment of organic nitrates and
HNOs3 (Sheehy et al., 206}. Figure 3 shows the diurnal

RO, + NO — NO, + RO (5a)

lSheehy, P. M., Volkamer, R. M., Molina, L. T., and Molina,
RO, + NO+M — RONG, + M (5b) M. J.: Radical Cycling in the Mexico City Metropolitan Area
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profile of the modeled concentrations of alkyl nitrates andgous alkanes and alkenes. We assume a valuefof this
HNO;3 from the MCM model. Note that the model does not unidentified portion of the VOC loading equal to the aver-
account for horizontal transport and thus modeled concentraage of the identified VOCs. We then weight the valuexof
tions of stable species begin accruing above realistic valuefor each VOC compound by its OH reactivity to determine a
after 4 PM local time due to planetary boundary layer dy- best estimate fotpmcma=0.063. Multiplying the measured
namics. [O3] by thisamcma gives a time series of the estimated total
Preliminary results from observations from a recent field concentration of alkyl nitrates3JAN], for the various loca-
campaign in 2006 (Farmer, D. K., Wooldridge, P. J., andtions in this study. Diurnal profiles of the estimatetiAN]
Cohen, R. C., personal communication, 2006) as well agire shown in Fig. 3. This simple estimate reveals maxima
modeling of the outflow of pollution from Mexico City in [XAN] of nearly 5ppb, which are as large as the largest
(Madronich, 2006) show that the sum of all alkyl nitrates, observed EAN] in other locations (Rosen et al., 2004). Al-
S AN, comprises roughly (10-30)% of NOn the outflow  though ambient VOC concentrations in MCMA are larger
of Mexico City. Additionally, preliminary results from air- than in other urban locations, the MCMA VOC speciation
craft measurements of alkyl nitrates made during this samds dominated by light alkanes that do not form alkyl nitrates
field campaign confirm the presence of alkyl nitrates in theas readily as longer chain VOCs. For the CENICA supersite,
outflow from Mexico City (Blake, D. R. and Atlas, E. L., per- the MCM modeled profile of alkyl nitrates shows a maximum
sonal communication, 2006). Alkyl nitrates are thus a non-value in the morning, while this simple estimate based on the
negligible part of the N@budget. measured [g] shows a peak in afternoon (corresponding to
For the locations where measurements of OH and othethe peak in the @concentration). This is likely due to the
radicals were not available to constrain the MCM model, Suppression of @concentrations at the CENICA site dur-
we make simple estimates of the alkyl nitrate concentrationdnd the morning hours due to nearby N€burces mentioned
based on the measured4JO Using the notation of Day et e€arlier. Overall, the simple estimate provides a rough gauge
al. (2003), the branching ratio for the formation of an alkyl to the magnitude of{AN] expected in a given location.
nitrate in channel (5b) is defined as A general correla- (e) From the previous sections, we have concluded that
tion of alkyl nitrates with Q is expected because both are HNOs and alkyl nitrates contribute to the CL N@nonitor
photochemically generated in the atmosphere. Subsequefiterference in Mexico City. There is an observable trend
reactions of the alkoxy radical (RQin channel (5a) with  in going from “fresh” to “aged” sites, where the contribu-
O, lead to the formation of an HOmolecule which reacts tion of alkyl nitrates relative to the magnitude of the CL NO
to form a second N@molecule, which then produces;®@ia monitor increases moving from the sites in closest proximity
reactions (2) and (3) above. Thus, for each reaction of RO to high emissions levels (La Merced and then CENICA) to
with NO in reaction (5), there is either the formation of one the sites that are furthest away from large emission sources
alkyl nitrate or two Q molecules. As a result, the slope of a (Pedregal and then Santa Ana). The estimatedN] is

plot of ambient [Q] versus calculated3]AN] is 2(1—w)/c. roughly constant at all locations such that the decreasing
We use this relationship to make a simple estimatez@fIj] magnitude of the CL N@monitor interference in going from
based on the measureddjO fresh to aged sites is explained by decreasing amounts of

We estimate a value far within Mexico City @mcma) ~ HNOgz, i.e., as the air parcel ages, HN@ lost from the
based on the measured volatile organic carbon (VOC) specidas phase to either particulate nitrate or via dry deposition.
ation. The MCMA-2003 campaign included numerous mea-If we examine the La Merced (the “freshest” site), the sum
surements of the overall VOC loading and speciation thereoPf the measured HN@and the estimate@ AN results in a
(Velasco et al., 2007). Using average speciated VOC consignificantly better agreement of the linear correlation plot
centrations as measured during the campaign and measuréslope=0.97,R?=0.53). The diurnal profile shown in Fig. 4
ments and/or estimates for the branching ratios for chanclosely matches that of the interference. In summary, we
nel (5b) of the individual VOC compounds, we calculate conclude that close to the sources of the emissions, the com-
amMcMma in a similar manner to the calculations of Rosen et bination of HNG and AN account for the CL NG moni-
al. (2004) for La Porte, Texas. The ambient VOC mix in tor interference, and as the urban air parcel agjée\ com-
Mexico City is heavily dominated by propane (29% by vol- Prises a larger percentage of the interference.
ume) and lighter alkanes<C5, 25%), with additional con-
tributions from alkenes (9%), aromatics (8%), heavier alka-3-2.2 Gas phase olefins and ammonia
nes (8%), acetylene (3%) and MTBE (2%), with 15% of the o ) . ]
VOC loading left as unidentified. This unidentified portion of The chemiluminescent reaction of ambient gas phase olefins
the VOC mixture most likely consists of oxygenated VOCs, With excess @ within the CL NG monitor reaction cham-
with branching ratios for reaction (5b) similar to the analo- Per, where the resulting fluorescence is recorded ag, O

a potential interference to the CL NGnonitor. However,
(MCMA): Modeling ROx Using a Detailed Mechanism, to be sub- Nno correlation of the measured CL N@onitor interference
mitted, 2007. was observed with olefin concentrations measured during the
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0F | T 3 3.3 Impact of CL NQ monitor interference

25k . The CL NQ monitor interference has been shown to ac-
g R > count for up to 50% of the measured Bl@oncentration in
01 T RN, M IR e . Mexico City; interferences of this order could impact the
S S non-attainment status of urban areas. The diurnal profile
15 o s - of the CL NQ; monitor interference peaks in the afternoon
g & when NQ concentrations are relatively low, impacting an-
e : nual standards for N§) such as those used by Canada and
o the United States (Demerjian, 2000), more so than daily 1-
oty o . h maxima standards. For the MCMA-2003 campaign, the
averaged N@ concentration (the closest comparison to the
. annual standard we can do with this data) as measured by
CL NOx monitors was higher than co-located spectroscopic
S techniques by up to 22% at the four sites in this study (see
Table 2). For example, the averaged N€oncentration
Fig. 4. Diurnally averaged profiles for measured CL N@onitor ~ measured at La Merced by the CL N@onitor was 49.5
interference, measured HN@oncentrations and calculated alkyl ppb versus 40.6 ppb measured by the co-located DOAS in-
nitrate concentrations at La Merced site. Profiles averaged over thetrument; the former measurement comes much closer to
entire MCMA-2003 campaign. Also included is a profile of the the 53 ppb US EPA annually averaged threshold for non-
sum of the measured HNfZoncentration plus the estimated alkyl attainment (Environmental Protection Agency, 1993). (We
nitrate concentration (see text). Time of day is for local time. note that our maximum observed M@oncentration in this
study for a 1-h averaged of 185 ppb was significantly lower
than the Mexican air quality standard of 210 ppb for a 1-h
MCMA-2003 field campaign from either a Proton Transfer averaged concentration (Finlayson-Pitts and Pitts, 2000).)
Reaction Mass Spectrometer (PTRMS) on board the ARI Air quality models require uncertainties in N@easure-
Mobile Lab (Rogers et al., 2006) or a Fast Isoprene Sensofents of roughly10%. As such, the observed interferences
(FIS) at the CENICA supersite (Velasco et al., 2007). Re-Of up to 50% are unacceptable for the proper evaluation of air
sults from the linear correlation plots are listed in Table 1.9uality models (McClenny etal., 2002). In the following sec-
The daily peak in the olefin levels was observed during thetion we make several recommendations for how to avoid this
morning hours, which does not coincide with the afternooninterference in the future.
peak in the CL NQ monitor interference.

w

NO, Monitor Interference and NO, species (ppb)

6:00 AM 12:00 PM 6:00 PM

Another possibility for the cause of the CL N@onitor
interference is gas phase ammonia gNHwvhich has been

shown to be converted by molybdenum oxide catalysts withy; 55 neen shown that high levels of ambient reactive nitro-

an efficiency somewhere between a few percent (W'”'amsgen species can lead to a severe overestimation of ambient

et al., 1998) and 10% (Shivers, personal communicationy o, concentrations by standard chemiluminescence moni-

2004). A TILDAS system utilizing a Quantum Cascade . equipped with molybdenum oxide converters. This study
Laser (QCL) to monitor gaseous ammonia was deployed ong e of the first to quantify this CL NOmonitor interfer-

board the ARI Mobile Lab for the MCMA-2003 campaign. once and explore its causes in detail. In Mexico City, the ob-
Measured ambient Nd-boncentratlor.]s were not sufficient to served CL NQ monitor interference was shown to have no
account for the observed CL N@nonitor interferences (typ- significant contribution from gas phase olefins or ammonia.

ical [NH3] <30 ppb) and NH concentrations peaked during The good correlation of the CL NOmonitor interference

the morning before the break up of the boundary layer (ear'vvith ambient @ and NG concentrations and poor correla-

lier than 11 AM local time), indicating a significant source yjo with PAN and particulate nitrate lead to the conclusion

from automobiles (San Martini et a,l" 2906a), which dogs NOtpat a combination of photochemically produced gas phase
correspond to the afternoon maxima in the CL,Noni- nitric acid and alkyl and multifunctional alkyl nitrates is pri-

tor interference. The slopes of correlation plots of the CL 4\ responsible for this interference in this study. It is ex-
NO?‘ monitor interference versus the measu_redgmblncen- pected that in other environments with larger ambient PAN
trations were less than 0.34 am values did not exceed ., entrations, PAN will contribute to this CL N@nonitor
0.17, indicating no significant correlation (see Table 1). interference even though it did not in this study. The per-
Based on these observations, we conclude that neither gasentage contribution of HN§to the interference decreases
phase olefins nor ammonia contributed significantly to theas the air parcel moves away from fresh emission sources.
observed CL NQ monitor interference. Modeling and calculations reveal that ambient alkyl nitrates

4 Conclusions
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Table 2. Averaged measured Nxoncentrations for 5 week MCMA-2003 campaign by spectroscopic techniques compared to co-located
CL NOx monitors at 4 locations.

Site Spectroscopic Instrument MCMA Campaign Average ClLyN@nitor MCMA Campaign Average % Difference
La Merced DOAS-UNAM 40.6 RAMA 49.5 +22%
CENICA DOAS-1 341 CENICA 31.0 —9%?
DOAS-2 28.0 +11%
Pedregal TILDAS-MIP 27.6 MLP 29.4 +7%
RAMA 30.7 +11%
Santa Ana TILDAS-MP 3.8 MLP 9.1 140%

2 DOAS-1 believed to have larger N@oncentrations than CENICA rooftop owing to major roadway beneath the light path, see discussion
above and (Dunlea et al., 2006).

b The ARI Mobile Lab visit each location for only a few days, which may not be a representative sample of the avesagmbiDtration

at each location.
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