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The University of Denver remote sensor for automobile exhaust was set up for nine days
at five locations in the Mexico City area. A total of 31,838 valid readings for CO and HC
emissions were obtained. The emissions distribution was unlike any other we have
observed in North America or Europe, in that the emissions for both CO and HC were
vastly greater than seen elsewhere. The readings are discussed in terms of the fraction
of CO and HC which would be measured by a tailpipe probe, and in terms of grams
emitted per gallon of gasoline. The median CO emission was 3.8 percent, with half of the
CO emissions coming from the 24 percent of the fleet with over 6.6 percent CO in the
exhaust. The median HC emission was 1,100 parts per million measured as propane
equivalent, while half the emissions come from twelve percent of the fleet with more than

4,000 ppm propane equivalent in the exhaust.

In order to determine the exhaust
characteristics of the Mexico City vehi-
cle fleet, a Fuel Efficiency Automotive
Test (FEAT) unit was placed at five
different sites over a 10-day period
from February 11, 1991 through Feb-
ruary 21, 1991. Valid data for the
percent of carbon monoxide (CO), hy-
drocarbons (HC) and carbon dioxide
(COy) were obtained on 31,838 vehi-
cles. This represents approximately 1
percent of the entire Mexico City fleet.

The FEAT Unit

The FEAT unit consists of an infra-
red light source placed on one side of a
single lane road with a receiver unit on
the other side. The source and receiver
may be placed on the same side of the
road if a suitable mirror is placed on
the other side. The receiver contains
four lead selenide thermoelectrically
cooled detectors which view the source

through separate bandpass filters.
Three of these filters isolate the CO,
COy and HC absorption bands at 4.6
pm, 4.3 pm and 3.3 pm, respectively.
The fourth bandpass filter is at 3.9
pm, a spectral region in which these
molecules do not absorb. The signal
from this detector thereby serves as a
reference.

The absorption seen in each of the
first three wavelength channels is rati-
oed to the reference channel, eliminat-
ing the effect of dust and smoke behind
the vehicle. These ratios are normal-
ized to the background absorption ob-
tained in front of the vehicle and are
then compared to experimentally deter-
mined calibration curves for each of
the gases to determine the path-inte-
grated concentration of each gas. Since
we cannot know what portion of the
exhaust plume the infrared radiation
passed through, we cannot directly
determine the absolute amount of each

Implications

prevention of misfueling.

This article finds that motor vehicles in the Mexico City basin area emit high
levels of carbon monozxide and hydrocarbons. This observation is expected from
vehicles which do not have U.S. emission controls. However, there is an
unexpectedly large number of gross polluters, such that the fleet average emission
of CO exceeds that of a 15 year old pre-control U.S. fleet.

The results indicate that there is a need for improved maintenance of the
Mexico City vehicles to control the gross polluters and tune the vehicles closer to
stoichiometry. This procedure alone would reduce the pollutant emissions by
nearly a factor of two. In addition, closed cycle emission control systems will result
in a future improvement, but this will require proper maintenance of the fleet and
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gas in the plume. However, we can
calculate the CO/CO5 and HC/COq
ratios, and through the combustion
equations, determine the CO, COg and
HC fractions present in the dry ex-
haust plume, as would be measured by
a standard tailpipe exhaust moni-
tor,1-3

The unit is calibrated daily with a
certified gas mixture consisting of
known percentages of CO, CO,, pro-
pane (for HC) and nitrogen. The device
is calibrated with propane, but other
hydrocarbons may have different sensi-
tivities at 3.3 micrometers. Therefore,
we report all HC measurements as
‘“‘propane equivalents,” the fraction of
propane which would give the same IR
absorption as the emitted HC compo-
nents. The instrument is approxi-
mately twice as sensitive to hexane as
to propane, so we would measure a
sample containing 1,000 ppm hexane
as roughly 2,000 ppm propane equiva-
lent.

The FEAT signals are digitized and
acquired by a computer system. The
unit uses an automatic data analysis
routine which is triggered and at-
tempts a measurement each time the
infrared beam is blocked. If the noise
on the measurement exceeds preset
bounds,? the measurement is labeled
invalid. Invalid measurements are also
caused by failure to detect an exhaust
plume, as occurs when the beam is
blocked by pedestrians, bicycles and
vehicles with high-mounted exhaust
pipes. For this study, we have chosen
to analyze only those triggers which
resulted in valid measurements for all
three of the gases.

A video camera is trained on the
back of the cars as they pass the
sensor, with a freeze-frame image of
each vehicle stored on video tape. The
tapes may then be reviewed, and the
license plate number recorded for each
vehicle measured. The license num-
bers may then be matched with motor
vehicle records in order to determine
the make, model and age of each vehi-
cle and the average age of the fleet.
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