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A long open-path Fourier transform infrared (OP-FTIR) spectrometer was used to detect and
monitor the concentrations of the main gaseous pollutants near downtown Mexico City. The

modulated infrared beam, with a spectral resolution of 0.5 cm™

! was transmitted and collected by a

pair of Cassegrainian telescopes after traveling 426 m horizontally across the atmosphere. The
concentrations from the spectra were retrieved by a classical least-squares regression using measured,
when available, and synthetically generated spectra as references. Results are presented on
measurements carried out during February 2002. The concentration profiles of acetylene, ethylene,
ethane, propane, and methane are reported for the first time in the region with a high temporal
resolution. The data are coupled with meteorological information so that rose-wind generation is
performed and the possible common sources for these compounds are analyzed and discussed.

Introduction

The Mexico City metropolitan area (MCMA), like
many other megacities in the world, suffers from air
quality problems caused mainly by the abundant
emissions of volatile organic compounds (VOCs) and
nitrogen oxides (NO,) into the atmosphere.~3 In 1998,
the local emissions inventory* reported a contribution
only by mobile sources of 187773 and 165838 tons of
these group of compounds per year, respectively. These
quantities represent 80% from all the NO, and 40% of
all the hydrocarbons emitted within the metropolitan
basin. The importance of considering specific
information about the individual VOCs in order to
design more effective control strategies has been
addressed.® The relative ozone-forming potentials of
the hundreds of different VOCs emitted by
anthropogenic activities, as well as the emission profiles
of the individual sources, need to be appropriately
known for establishing efficient regulations which will
result in cost-effective reductions.®

Open-path Fourier transform spectroscopy (OP-
FTIR) is areliable, fast, and accurate analytical method
used in recent years for measuring atmospheric gases’®
and has increasingly been accepted as a monitoring
tool by different environmental agencies.’®~*? The OP-
FTIR is an optical remote sensing technique, which
consists of transmitting an infrared beam several
hundred meters across the atmosphere in order to
spectroscopically detect absorption by individual
gases. Among the various applications it has
successfully been used to measure volatile organic
compounds in traffic exhaust,**~%° to estimate emission
fluxes in different environments,’**° to perform
biomass burning studies,”® and to analyze smog
episodes in urban areas.?

In this contribution, an OP-FTIR instrument was
operated near downtown Mexico City and the time
series of specific hydrocarbons are reported. The
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diurnal patterns of important ozone precursors such
as acetylene and ethylene are discussed as well as the
behavior of the saturated compounds (methane, ethane
and propane) regarding their possible sources in the
area. The measurements were carried out near
downtown Mexico City, next to one of the 32 stations
from a local network of atmospheric monitoring (RAMA):
Merced, at 19°24'27"N, 99°7'15"W, 02240 masl. The
results presented in this work are based on
measurement data acquired during February of 2002,
corresponding to the dry season and distinguished by
low temperatures and frequent thermal inversions.
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Fig. 1. Areal photograph of the measuring site showing the
IR beam trajectory (line) and the point sampling station
(asterisk).

In the aerial photograph shown in Fig. 1, one
can see the optical remote sensor (line) going from
the roof of a secondary school to a city hospital. The
point sampling station is marked with an asterisk.
The infrared beam traveled horizontally at about 20 m
above the surface reaching an optical path of 426 m.
This urban site is surrounded by several avenues,
parking lots, and some green areas and can be
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characterized by having intense vehicular and
commercial activity. There are several markets, shops,
and cooking establishments in the vicinity. An
important bus station is located 1 km to the northeast
and the only airport of the MCMA is approximately
3 km to the east.

Experimental

The instrument wused for measuring the
atmospheric gases along an open path is shown in
Fig. 2. It consists of a Fourier transform infrared
spectrometer  (Nicolet®, maximum  unapodized
resolution of 0.125 cm™), equipped with a ZnSe
beamsplitter covering a spectral range of 600—
4000 cm™. The modulated beam is sent across the
atmosphere by means of an optical transfer bench and
a Cassegrainian-type telescope. All mirrors are made
of polished aluminum with silicon oxide coatings and
the telescope’s field mirror has a diameter of 30 cm.
At the receiver end, an identical telescope collects
the radiation and focuses it onto a liquid-nitrogen
cooled MCT (mercury cadmium telluride) detector.
The entire arrangement was constructed by Industrial
Monitor and Control Corp. (IMACC, Austin TX)
and its bistatic design is favored from the fact that
no infrared interferences from the background affect
the signal, however, a cable is needed to connect the
detector with the spectrometer.
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Fig. 2. Optical arrangement of the open-path FTIR
spectrometer: infrared source 1, beamsplitter 2, Michelson
interferometer 3, He—Ne laser 4, transfer optics 5,
modulated IR beam 6, MCT detector 7.

The acquisition system was set to co-add 179
interferograms in order to have one transmission
spectrum stored every five minutes in the computer.
The corresponding spectrum in absorbance was
obtained by using an artificially generated
background and the trace-gas concentrations were
then retrieved running a CLS (classical least squares)
regression on nearly real-time scale. Both measured
and calculated reference spectra were used for the
analysis, depending on availability and reliability.
The synthetic references were generated using the E-
Trans code (Ontar Corp. North Andover, MA) and
the molecular parameters from the HITRAN
database.® All measurements in this work were
performed with the spectral resolution of 0.5 cm™
and the optical path was set at 426 m. This distance
was determined by the geo-referenced image (0.5 m
resolution) shown in Fig. 1.
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Results and discussion

Apart from the criteria, pollutants such as carbon
monoxide, nitrogen oxides, and ozone, which are
routinely monitored for evaluating pollution levels in
Mexico City, the diurnal cycles of many other trace
gases have been obtained with the OP-FTIR
spectrometer. As an example, the time series of several
hydrocarbons are presented in Fig. 3. The curves show
15-minute averages of the retrieved concentrations
and correspond to the week of the 1—7 of February,
2002. For Julian day 35, which is a Monday, there is
a clear growth in the observed carbon monoxide,
acetylene, and ethylene emissions as a result of the
increased vehicular activity. The peak concentration
for these gases during weekdays appears at around
7:30 LST. Acetylene is known to be a main product
of internal-combustion engines and since it possesses
a much longer lifetime than ethylene, it can be
considered a tracer for automotive activity. The
reactivity of these hydrocarbons in terms of reaction
rate constants, lifetimes, and ozone-forming potentials
are given in Table 1.2 Exhaust emission studies of
motor vehicles have been done previously in the
MCMA using gas chromatographic methods.?*?°
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Fig. 3. Time series showing the concentrations (in ppm) of

several hydrocarbons measured with the open-path FTIR

spectrometer at 426 m. The data plotted represent 15 min.
averages for the period 1—7 of February, 2002.
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Table 1. Rate constants k(OH), lifetimes 1, and ozone-
forming potentials for selected hydrocarbons (Ref. 23)

e Os-formin

Com- | For- | K(OH)?[L0~*, | Lifetime® po3tential"-°g

pound |mula| cm®olec*E™? 1 = 1/k(OH) ppb/hr
Ethylene | CoH, 8.52 6.5 hrs 0.206
Propane | C3Hg 1.15 2.2 days 0.033
Acetylene| C;H, 0.815 2.8 days 0.041
Ethane CyHe 0.257 9 days 0.018
Methane | CH, 0.006 1 year —

? Rate coefficient based on their reaction with OH at
298 K.

P Assuming a 12 h daytime mean concentration of
5 010° molecules/cm?.

¢ Ozone production rate assuming no NOy present.
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Fig. 4. Correlation plots and linear regressions for carbon

monoxide and ethylene vs. acetylene.

It can be seen from Fig. 4 that there is a strong
correlation between the levels of C,H, and CO (R-
squared = 0.981). This is consistent with the local
inventory, which associates 98% of the total CO
emissions with the mobile sector, which uses mostly
gasoline and some diesel as its main fuels in the
MCMA.* Since ethylene has a much larger reactivity
it persists not enough long and can be observed
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relatively close to the sources. One can see in Fig. 4
that the variance of C,H, with respect to C,H, is
somewhat larger, which could suggest alternative
sources. Nevertheless, it appears from the correlation
that C,H, primarily originated from the same mobile
sources as C,H, and CO.

The time series of ethane, propane, and methane
in Fig. 3 shows a more independent behavior from
the automotive peak hours and are evidently governed
by other sources. Liquefied petroleum gas (LPG) is
the most widely used domestic fuel in Mexico City
and is the main contributor for the large concentrations
of propane detected. A background concentration of
propane in this region of at least 100 ppb is seen in
Fig. 3. Methane appears also to have a background
level of about 2.3 ppm, which is considerably higher
than the reported global average of 1.76 ppm.?® Strong
emission and frequent short-lived features peaking
above 7 ppm characterizes the CH, curve. From its
temporal profile, ethane is strongly influenced by
sources other than the mobile ones. This is revealed by
a strong variation in its behavior during Julian days
32—35, followed by more calmed days correlated
somewhat better to vehicular rush hours.
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Fig. 5. Wind roses containing concentration data of CO,
Csz, C2H4, CzHe, CsHs, and CH4 for the week of 1—7
February, 2002.

The wind roses for the compounds considered in
this study are presented in Fig. 5. The plots represent
the concentration data for the week in hand as a
function of wind direction. The meteorological sensors
were located at the point sample station, marked with
an asterisk in Fig. 1, approximately at the same height
as the infrared beam. An excellent agreement is
observed for the CO and C,H, distributions,
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confirming the common origin of these compounds.
Ethylene and ethane seem somewhat more dispersed
and have angular distributions, which are independent
of CO and acetylene. The propane data is even more
scattered in all directions and its background
concentration is also visible from this plot. The
background level of methane just above 2 ppm is
clearly seen and the excess concentrations tend to be
coming from the east and northeast. Although not seen
in the plots, a general pattern for all the compounds
is observed in terms of the wind speeds. The larger
concentrations seem to be associated with lower wind
speeds indicating that local emissions govern the
higher levels observed.

Conclusions

In this paper the technique for measuring trace
gases with an open-path FTIR is described. The
concentration profiles of acetylene, ethylene, ethane,
propane, and methane are reported for the first time
in the MCMA with a high temporal resolution. Specific
correlation between the profiles and their relation to
wind direction was evaluated in order to identify the
main sources contributing to the levels detected for
these compounds.

Carbon monoxide shows a strong correlation with
acetylene and ethylene. Also, the concentration vs.
wind-direction plots of CO and acetylene show the
same patterns indicating the common source for these
two gases. CO is known to be emitted by the
combustion of fossil fuels. Large amounts of this
pollutant in an urban setting is expected from
important point sources such as power plants, from
area sources (stoves, home boilers, etc.) as well as by
mobile sources. On the other hand, acetylene is
considered to be a finger-print element for the
incomplete combustion in gasoline-powered vehicles.
The almost perfect match between carbon monoxide
and acetylene indicates that mobile sources are by
large the dominant source of carbon monoxide at this
particular site. Ethylene also appears to be dominated
by vehicular emissions, although a slightly more
dispersed wind rose is indicative of alternative sources.

Ethane showed an independent concentration
profile with respect to the gases discussed above. This
reveals that for the most part, C,Hg originates from
sources other than mobile ones. Some possibilities
present the large amounts of services in the vicinity
such as cooking establishments, mechanical workshops
(motor-cleaning facilities, paint shops, etc.), as well as
a road-construction site less than 1km to the east.
These are also possible contributors to the large
propane levels detected, although the background
concentration above 100 ppb observed for this
pollutant is mainly due to the distribution and
consumption of LP gas. The concentration profile of
methane indicates some relation to vehicular sources,
but also some strong independent features with no
particular diurnal patterns recognizable. A relatively
high background level of methane at 2.3 ppm is
persistent at this location and can be partly due to
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the large amounts of organic wastes generated by
several food markets in the region.
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