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RESUMEN

En este trabajo se caracterizaron las emisiones de compuestos orgénicos volitiles provenientes de vehiculos a gasolina
y a diesel. Para ello, se disefiaron diversas campafias de muestreo en la Zona Metropolitana de la Ciudad de México,
en tineles, cruceros y estaciones de camiones de carga y autobuses. Las muestras se analizaron con cromatografia
de gases obteniéndose mds de 250 compuestos distintos, de los cuales aproximadamente 60 corresponden a mis
del 80% de las emisiones. Los compuestos més abundantes son los de dos carbonos, resultado de la combustién, y
compuestos relacionados con la composicién de las gasolinas como es el caso del isopentano, los xilenos y el tolueno,
entre otros. Los perfiles obtenidos en tdneles y cruceros fueron similares con excepcién de los compuestos de 3 y
4 carbonos que se encontraron en mayor proporcién en los perfiles de cruceros, lo cual se debe probablemente a
la mezcla con el aire ambiente. Los perfiles correspondientes a camiones de carga y autobuses tienen un menor
contenido de compuestos de dos carbonos y un mayor contenido de xilenos, tolueno y etilbenceno. Estas variaciones
en la proporcién de los compuestos mencionados permiten diferenciar el perfil de vehiculos a gasolina y el perfil de
vehiculos que utilizan diesel.

ABSTRACT

In this research, volatile organic compound emissions were characterized from gasoline and diesel vehicles. Sampling
campaigns in the Metropolitan Area of Mexico City were designed and carried out in tunnels, crossroads, and truck
and bus terminals. The samples were analyzed with gas chromatography getting more than 250 different compounds,
being more or less 60 of them the 80% of all the emissions. The most abundant are the two carbon compounds, as
a result of the combustion, and compounds related to fuels composition, like isopentane, xylenes, toluene among
others. The profiles obtained in tunnels and crossroads were very similar with the exception of the 3 and 4 carbon
compounds, which were found in bigger proportion in the profiles at crossroads. This may probably be due to the
blend with the ambient air. The profiles corresponding to trucks and buses have a smaller content of two carbon
compounds and a bigger content of xylenes, toluene and ethylbenzene. The variations in the proportion of the
compounds allow to differentiate the profiles of vehicles using gasoline and diesel.
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1. Introduction

The atmospheric pollution present in the majority of the big cities, has become a big problem
that requires prioritary attention because the health of a great number of people is at risk. In
Mexican cities, among them the Metropolitan Area of Mexico City (MAMC), the ozone is the
pollutant that represents the biggest problem of air pollution, for that reason it is imperative
the control of their precursors, the nitrogen oxides (NOx) and the volatile organic compounds
(VOC). The last emission inventory of MAMC has reported that every year are emitted to the
atmosphere more than one million thousands tons of VOC, and that the three and a half million
vehicles are the main cause of them, representing the 54% (DDF, 1996, see references). For this
situation it is very important to know with the best possible detail the characteristics of these
VOC emissions, because it will provide not only a better knowledge of the species present at the
atmosphere but also the necessary information to control them.

One of the ways to know the characteristics of the emissions of VOC has been through the
determination of the emission profile from different sources. This means to characterize in quan-
titative form the chemical species in order to know their proportion in the total emitted mass.
The characterization of these profiles has been carried out in other countries for several investi-
gators. Sigsby et al. (1987) characterized the emissions of 46 cars using a chassis dynamometer.
McCabe et al. (1992) determined the emissions from the combustion of diverse fuels. Bailey
and Eglesston (1993), Haszpra and Szilagyi (1994), Conner et al. (1995) and Duffy and Nelson
(1996) characterized the vehicle emissions in diverse places. Studies carried out in tunnels by
Lonneman et al. (1986), Pierson et al. (1996) and Sagebiel et al. (1996), among others. Fujita et
al. (1994), applied the profiles obtained in the receptor model CMB (Chemical Mass Balance).

In Mexico, with the aim of having data for a box model, Young et al. (1997) carried out
measurements in a tunnel of the MAMC; Mugica et al. (1998) conducted a study in the same
tunnel to get emission profiles and Vega et al. (2000) compared the results obtained in a dy-
namometer study with those obtained in the tunnel. The profiles have been useful in order
to have a better knowledge of the emitted species and for the application of receptor models
which have concluded that the principal VOC sources in the city are the vehicle fleet, the usage
and marketing of LP gas, the asphalt operations and the use of paintings (Watson et al., 1990;
Mugica et al., 1999; Vega et al., 1999).

The main objective of this work was the characterization of vehicle emissions in crossroads,
tunnels and bus and truck terminals in the MAMC. With these emission profiles we will have a
better knowledge about the difference between the VOC emitted by vehicles that use gasoline
and those that use diesel. On the other hand, it will be possible to apply a receptor model in
order to determine the contribution of the sources to the pollution by VOC.

2. Methodology
2.1 Sampling

For VOC sampling, 6 | stainless steel SUMMA® canisters were used according to the TO-14
method for sampling and analysis of VOC, of the Environmental Protection Agency (Winberry
et al., 1988). These canisters were cleaned in the laboratory by repeated evacuation and pressur-
ization with humidified helium chromatography grade (99.99% purity), at nearly 100°C prior to
sampling, and they were certified as described by US-EPA Method TO-14. A flow regulator of
critical orifice was used to adjust the feeding flow between 80 to 13 ml/min and therefore, to
control the sampling time. Lines of Teflon were connected to the canisters to get the samples
at a high of three meters inside the tunnel. At cross roods the sampling was at ground level.
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The sampling campaigns were conducted in the first week of March of 1998. The weather was
dry, around 26°C. Determinations of the speed and the direction of the wind were not made,
but it was estimated that in all the sampling days the speed of the wind was less than 1.5 m/s.
Vehicle were counted and classified three times during ten minutes. The differentiation between
gasoline powered vehicles and diesel powered vehicles was visual considering as diesel vehicles
all the buses and trucks bigger than five tons.

2.2 Sampling sites selection

To obtain the best source profile it is necessary to avoid the influence of other sources to ensure
that the emissions come from the source that is being characterized. Avenues with intense traffic
and terminal places where the vehicle source domain were selected as well as tunnels in which
there are less influence from other sources.

The main difference between the two selected tunnels was the type of vehicle and the area of
the city. The first one is near the downtown area with gasoline powered vehicles because the
access is prohibited to heavy vehicles, buses and trucks. The second tunnel is in an industrial zone
northwest of the city in which there is transit of gasoline and diesel powered vehicles. Three cross
roads were selected due to they present heavy traffic and different proportion between gasoline
and diesel powered vehicles.

The first tunnel is located in Chapultepec Ave., near the downtown. It is 365 m long, 7.77 m
wide and 4.30 m high. As it was mentioned before most vehicles are gasoline powered. This is an
area with residences, restaurants, business and commercial facilities. Two air vents are located
at 60 m from the entrance and 67 m from the exit. The Teflon sampling line was installed in the
second air vent. Four samples were taken in two days. The first two integrated samples were
taken from 7:30 to 10:00 and from 12:30 to 15:40 trying to cover the time with more traffic. The
second tunnel is located northwest of the MAMC in Independencia Ave., between the Ciencias
y Humanidades High School and Naucalpan market. In this tunnel there are both gasoline and
diesel-powered vehicles. A residential and an industrial zone surround the tunnel. The tunnel
has one way lane from north to south. It is 280m long, 10 m wide and 9m high in one section
and 6 m in other. Teflon lines were installed at 70 m before the tunnel exit in an air vent. Heavy
traffic is only in the morning. The two-hour integrated samples were taken at 7:20 and 9:40.

Three crossroads were selected; the first one is located at Niza and Insurgentes, very close to
Chapultepec Ave. tunnel. Some buses drove through, but the majority were gasoline powered
vehicles. There were two sampling days, the first one with four sampling periods of two hours
each at 8:30, 1:00, 13:30 and 15:40. The second day there were three two hours sampling periods
at 7:50, 10:15 and 12:30. The second crossroads is 300 m away from the Naucalpan tunnel
exit. In this cross roads there are four avenues and the number of vehicles (gasoline and diesel
powered) were three times larger than in the first crossroads. There were two sampling periods
of two hours each at 7:00 and 9:30. The last crossroads is located northeast of the city in the
Xalostoc industrial zone, in Via Morelos and Emiliano Zapata. The two hours sampling were at
12:45, 15:00 and 7:15.

To determine the profiles of powered diesel vehicles, three places were selected: one bus
terminal and two truck terminals. The bus terminal is located on Cien Metros Ave at the
northeast of MAMC. There were two sampling days. All the samplings lasted two hours each.
Sampling times in the second day were at 13:30, 15:15, 14:10 and 16:00 at different exits of the
bus terminal. During the sampling periods buses were coming in and out all the time. The
first truck terminal is located on Vallejo Ave and there is a constant movement of trucks at the
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two terminal entrances. There were two sampling sites of two hours each; 18:30 and 20:45. The
other truck terminal is located at “La Presa” zone in the municipality of Tlanepantla, northeast
of the city. Residential and some industries surround the zone. The schedules for the samplings
in the two different places of the site were at 7:45, 9:00, 10:00 and 7:30, 8:45, 10:00. Each had
duration of one hour. In Table 1 there is a summary of the proportion of gasoline and diesel
powered vehicles estimated during the sampling. It is important to mention that in the MACM
there are approximately 28 000 LP gas powered vehicles (less than 1% of the total fleet, Schifter
et al., 2000). This had to be ignored because it is not easy to distinguish this kind of vehicles.

Table 1. Proportion of gasoline and diesel powered vehicles %+

Site Chapultepec | Naucalpan | Insurgentes | Naucalpan | Xalostoc Bus Vallejo La Presa
Tunnel Tunnel crossroads | crossroads | crossroads | Terminal truck truck
terminal terminal
Gasoline
powered 99 78 88 87 74 0 10 i
Diesel
owered 1(B) 10B)12(T) | 1@ 1) | 9B)7(T) | 11(B) 15(T) 100 (B) 90 (T) 99 (T)

B. Buses. T. Trucks

Fig. 1. Sampling sites in the Metropolitan Area of Mexico City. 1. Chapultepec tunnel and Insurgentes crossroads,
2. Naucalpan tunnel and crossroads, 3. Buses terminal, 4. Vallejo truck terminal, 5. La Presa truck terminal, 6.
Xalostoc crossroads.

2.3 Analysis

VOC determination was carried out with a high-resolution gas chromatograph equipped with
a flame ionization detector model Hewlett-Packard 5890 Series 11 Plus, after a cryogenic precon-
centration. The chromatographic column used for this analysis was a CHROMPACK Plot fused
silica capillary column of 60m long and an internal diameter of 0.32mm, with Al;O3/KCl as
stationary phase. A separate gas chromatograph (TREMETRICS, Series 9000) was dedicated
to the analysis of two carbon compounds. The oven temperature program was -50°C during 3
min., and after to reach 200°C at 8°C/min.



Volatile organic compounds emissions from gasoline and diesel 33

3. Results
3.1 Tunnel emissions

Measured concentrations of individual organic species showed a significant variation from
canister to canister. However, when individual species concentrations were normalized to the
total measured VOC, the abundance of individual species was similar for the samples of each
tunnel. As it is showed in Table 2 for the study in the Chapultepec tunnel the most abundant
compounds were acetylene, isopentane, xylenes, toluene, methyl terbutil eter (MTBE), ethylene,
224 trimetilpentane, propane and nbutane. In comparison whit the results obtained in 1996
(Mugica et al., 1998), it should be emphasized the increment in the MTBE proportion that was
1.87% in 1996 compared to 3.77% in 1998; the content of ¢sopentane and toluene increased from
5.7% to 7.7% and from 5.4% to 6.7%, respectively. There was also an increment for substituted
224 trimethylpentane and 234 trimethylpentane from 1.34% to 3.90% and from 0.64% to 1.55%,
respectively. On the other hand, the concentrations of some lineal organic compounds such as
npentane and nhexane had approximately a 30% decrease. The differences mentioned above are
consistent with the fuel changes in the last years. Leaded Nova gasoline was taken away from
the market. To have a better combustion, the oxygen compound (MTBE) was increased in the
fuels. A new gasoline Premium was introduced with more content of isoparafinic compounds
and Magna gasoline had an increment of those compounds to reach high-octane levels.

Comparing the results of the Chapultepec and Naucalpan tunnels, great similarities were notic-
ed in the content of most of the compounds. Especially the most abundant such as isopentane,
toluene, xylene isomers, 224 trimethylpentane, ethylene, npentane, MTBE, methylpentanes,
nhexane, and benzene. The more notorious differences are presented in the content of two-
carbon compounds in particular acetylene, which has a lower abundance in the Naucalpan tunnel
than in the Chapultepec one. There is a larger proportion of propane and butane (which are
compounds associated to LP gas) in the Naucalpan tunnel than in the Chapultepec one with
3.47% vs. 5.94% and with 3.11% vs. 4.32%, respectively. As it was mentioned above, close
to Naucalpan tunnel there are industries that use LP gas as fuel and it is possible that there
are more content of those compounds in the ambient air. The total VOC concentrations were
similar.

3.2 Crossroads emissions

In Table 2 it is possible to appreciate the developed profiles for crossroads. In the Naucalpan
crossroads the vehicular flow was more intense than in the other two and maybe for that reason
the abundance of two carbon compounds was higher. The most abundant compounds are in
general the same as in the tunnels, but for the three cases the proportion of butanes and propane
is larger. In the average for the three crossroads the standard deviation is 65% for propane and
30% for nbutane, because in Xalostoc crossroads the proportion of those compounds were higher
than 13% and 6% in comparison with the 5% and 3.5% on the other two crossroads. These high
contents of propane and nbutane have been reported by other investigators and are due to the
presence of several gas industries close to Xalostoc cross roads (Blake and Rowland, 1996; Vega
et al., 2000).

In Xalostoc 26% were diesel-powered vehicles, 13% in Naucalpan, and 12% in Insurgentes
avenue. The total concentration of VOC was twice as much in Naucalpan because the amount
of vehicles was many times higher.
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Table 2. Vehicle emission profiles (ppbC%)

Chapultepec  Naucalpan Insurgentes Naucalpan Xalostoc  Crossroads Bus Truck Diesel-

Specie tunnel tunnel crossroads  crossroads crossroads  average terminal | terminal vehicle
average | averagel

Ethane 1.18+0.71 | 0.62+0.05 | 0.56+0.15 | 0.71+0.00 | 0.66+0.04 | 0.62£0.12 | 0.57£0.20 | 0.61£0.28 | 0.60%0.25
Ethylene 3.55+1.88 | 3.01£0.35 | 2.92+0.79 | 4.2120.23 | 2.53£0.47 | 3.05£0.85 | 2.59+1.27 | 1.840.99 [ 2.01%1.18
Acetylene 8.01+1.39 | 5.78+1.96 | 4.43+0.98 | 8.64£1.22 | 4.11=x1.00 | 5.11+1.98 | 2.53+1.02 | 2.07£1.43 | 2.23+1.36
Sum of C2 12.74£2.34 | 9.4242.26 | 7.91+1.86 | 13.561.44| 7.29+1.49 | 8.77+2.84 | 5.69+2.36 | 4.53+2.61] 4.84+2.72
Propene . 1.96+0.17 | 1.58+0.33 | 1.8620.21 | 1.6720.04 | 1.52+0.12 | 1.7320.22 | 1.1320.41 | 1.58+1.58 1.42£1.30
Propane 347111 | 5945049 | 4361.18 | 5.17+1.62 | 13.24+3.82 | 6.93+4.52 | 7.16£3.08 | 6.23+2.94| 6.56+3.15
isoButane 0.98+0.16 | 1.51x0.19 | 1.27+0.22 | 1.28+0.22 | 2.14£0.22 | 1.51£0.45 | 1.58+0.62 |2.33x1.46| 2.071.28
1Butene 0.00+0.00 | 0.00£0.00 | 0.08+0.20 | 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.23£0.37 [0.050.12] 0.1120.24
nButane 3.11£047 | 4.32£0.44 | 3.75+0.66 | 3.78+0.50 | 6.3720.77 | 4.47+1.36 | 4.6141.62 [4.21£1.66| 4.35¢1.77
trans2Butene 0.270.03 | 0.18+0.05 | 0.25+0.06 | 0.21£0.03 | 0.24=0.05 | 0.24+0.05 | 0.06+0.09 {0.20+0.07| 0.15£0.11
cis2Butene 0.23+0.06 | 0.19£0.03 [ 0.21x0.03 | 0.19+0.01 | 0.22+0.02 | 0.21+£0.03 | 0.08£0.12 |0.20£0.06 | 0.15+0.10
3Methyl1Butene | 0.43£0.10 [ 0.69+0.53 | 0.58+0.15 | 0.64+0.02 | 0.45+0.02 { 0.56+0.13 | 0.64£0.49 | 0.48+0.36{ 0.530.39
isoPentane 7.07£1.10 | 7.2740.72 | 7.98+1.32 | 6.72+0.48 | 8.38+0.98 | 7.86+1.20 | 7.74+1.98 | 8.52+1.94| 8.2412.7]
1Pentene 0.22+0.03 | 0.20+0.03 | 0.23x0.04 | 0.20£0.00 | 0.22+0.02 | 0.2240.03 | 0.00+0.00 |0.19+0.09| 0.120.12
2Methyl 1Butene | 0.39£0.05 | 0.3420.01 | 0.46+0.07 | 0.3120.01 | 0.360.04 | 0.41+0.08 | 0.44£0.14 | 0.3420.08 | 0.3820.11
nPentane 2.69£0.37 | 2.90+£0.01 | 3.00+0.33 | 2.72+0.11 | 2.81x0.20 | 2.90+0.28 | 2.07+0.63 | 1.93£0.58 ] 1.93+0.68
trans2Pentene 0.00+0.00 | 0.00+0.00 | 0.440.10 | 0.37+0.01 | 0.40=0.02 | 0.42+0.08 | 0.30+0.09 |0.28+0.09| 0.28+0.08
cis2Pentene 0.00+0.00 | 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00+0.00 | 0.00+0.00 | 0.05+0.08 |0.11+0.08 | 0.03+0.09
2Methyl 2Butene | 0.55+0.11 | 0.4920.10 | 0.55£0.09 | 0.49+0.02 | 0.50+0.03 | 0.52+0.07 | 0.56+0.86 | 0.2920.10 | 0.39+0.50
MTBE 3.77£0.53 | 4.3520.01 | 4.27£0.34 | 4.19£0.09 | 4.0120.23 | 4.1820.28 | 2.7420.71 | 4.52+3.00 | 3.89+2.68

22dimethylbutane| 0.140.36 | 0.00£0.00 | 0.95+0.15 | 0.82+0.02 | 0.81£0.06 | 0.89+0.13 | 0.85+0.96 |0.99+0.38 | 0.9420.63
CycloPentene 0.210.04 1 0.20+£0.01 | 0.31£0.09 | 0.21£0.03 | 0.39+0.14 | 0.31+0.11 | 0.51+0.14 |0.22+0.06 | 0.32:0.16
2MethyliPentene| 0.14£0.07 | 0.1820.01 | 0.19+0.02 | 0.18+0.01 | 0.200.00 | 0.19+0.01 | 0.10+0.25 | 0.3720.38 | 0.2820.31
CycloPentane 0.00+0.00 | 0.00+0.00 | 0.00+0.00 | 0.00£0.00 | 0.00=0.00 | 0.00+0.00 | 0.00+0.00 |0.000.00| 0.00+0.00
2Methylpentane | 2.69£0.27 | 2.93+0.07 | 3.02£0.23 | 2.82+0.04 | 2.60+0.10 | 2.87+0.25 | 2.11+0.52 | 2.56+0.79 | 2.40+0.86
3Methylpentane | 1.61£0.15 | 1.75+0.05 | 1.8440.15 | 1.67+0.03 | 1.56£0.05 [ 1.73+0.17 | 1.62+0.26 | 2.36+2.78 | 2.0421.10

nHexane 2.10£0.29 | 2.32+0.22 | 2.3420.18 | 2.11£0.02 | 1.83+0.21 | 2.16+0.28 | 1.74+0.43 | 2.5420.77| 2.08=1.83
trans2Hexene 0.11£0.04 | 0.12£0.01 [ 0.1320.01 | 0.1320.01 | 0.1220.02 | 0.13£0.01 | 0.00+0.00 [0.09+0.05 | 0.06+£0.08
cis2Hexene 0.07£0.03 | 0.07+0.00 | 0.050.05 | 0.07+0.00 [ 0.00+0.00 | 0.04+0.05 | 0.00+0.00 | 0.04+0.04| 0.03+0.07

Percloroetileno 0.00+0.00 | 0.06+0.01 | 0.01+0.03 | 0.0420.01 | 0.00£0.00 | 0.01:0.02 | 0.00£0.00 |0.59£1.40| 0.40%1.14
MCyclopentane | 0.09+0.03 | 0.10+0.01 | 0.11£0.01 | 0.11£0.01 | 0.06+0.06 | 0.10+0.03 | 0.00£0.00 | 0.33+0.22] 0.2120.23
24diMePentane | 0.66=0.07 | 0.73x0.01 | 0.71£0.03 | 0.71£0.01 | 0.58+0.03 | 0.67£0.07 { 0.39:0.22 |0.37+0.13 | 0.38+0.16
Benzene 2.43+0.23 | 2.12£0.17 | 2.4120.14 | 2.2240.06 | 1.97+0.05 | 2.26+0.22 | 1.8140.60 | 1.66+1.79| 1.71+1.49
Ciclohexano 0.77£0.11 | 0.82+£0.01 | 0.80£0.03 | 0.7720.00 | 0.68+0.02 | 0.76+0.06 | 0.33+0.38 [ 0.10+0.17| 0.18+0.27
2Methyilhexane | 0.89+£0.08 | 0.95:0.04 | 0.94%0.02 | 0.92+0.01 | 0.83+0.06 | 0.91+0.06 | 0.75+0.17 |0.5140.16 | 0.59+0.21
23diMePentane | 0.78+0.05 | 0.85+0.00 | 0.83+0.06 | 0.85+0.01 | 0.67£0.01 | 0.79+0.09 | 0.580.14 | 0.24+0.14 | 0.35£0.22
3Metilhexane 0.98+0.07 | 1.08+0.07 | 1.08+0.05 | 1.03£0.01 | 0.9540.01 | 1.04+0.07 | 0.90+0.23 | 0.66+0.21] 0.75+0.27
224TMPentano | 3.90£0.64 | 4.240.08 | 4.3130.22 | 4.1720.09 | 3.44£0.11 | 4.05£0.43 | 0.00+0.00 | 0.43£0.81 | 0.28+0.16
nHeptane 0.89+0.06 1 0.88+0.02 | 0.91+0.07 | 0.960.12 | 0.76£0.02 | 0.88+0.10 | 0.70+0.20 | 0.58+0.31 | 0.62+0.28
MCiclohexane 0.41£0.11 | 0.38+0.12 | 0.38£0.09 | 0.36£0.09 { 0.2120.02 | 0.3320.11 {0.00+0.00 |0.250.22 | 0.17+0.21
234TMPentane 1.5540.29 | 1.68+0.03 | 1.72£0.09 | 1.68+0.05 | 1.31+£0.05 | 1.60+0.20 { 0.53+0.60 |0.17£0.33 | 0.300.44
Tolueno 6.7540.57 | 7.16+0.46 | 7.67x1.07 | 6.99£0.35 | 6.90x0.32 | 7.33+0.87 | 7.5742.09 [9.2242.90| 8.64+3.25
2Metilheptane 0.430.14 | 0.37£0.00 | 0.40+0.02 | 0.37+0.01 | 0.31£0.01 | 0.37+0.04 | 0.10+0.16 |0.25+0.18| 0.1940.18
3Metilheptane 0.45%0.05 | 0.43+0.00 | 0.45+0.03 | 0.44+0.01 | 0.3440.01 | 0.42+0.05 | 0.10+0.16 | 0.24+0.15] 0.190.16

nOctano 0.59+0.24 | 0.4540.01 | 0.49%0.04 | 0.47£0.02 | 0.38+0.01 | 0.46+0.06 | 0.12£0.19 [0.39+£0.41 | 0.300.37
Etihybenzene 1.41+0.21 | 1.33+0.11 | 1.58%0.34 | 1.29+0.01 | 1.5520.52 | 1.52+0.35 | 2.90+2.24 | 2.45£1.41| 2.61x1.54
m/pXylene 4.87+1.02 | 4.3520.31 | 5.51+1.30 | 4.19+0.10 | 533168 | 5.22+1.30 |10.90+7.77| 10.5627.4 | 10.685.65
3Methyloctane 0.30+0.18 | 0.21£0.02 { 0.27+0.04 { 0.22+0.03 | 0.17£0.01 | 0.23x0.05 | 0.22+0.24 |0.18+0.13 | 0.20+0.16
Estireno 0.2740.03 | 0.23+0.01 | 0.29+0.03 | 0.24+0.03 | 0.24+0.03 | 0.27£0.03 | 0.15£0.13 | 0.50+£0.41| 0.38+0.38
oXylene 1.88+0.40 | 1.65+0.14 [ 2.11+0.50 | 1.64+0.06 | 1.88+0.43 | 1.96+0.44 | 3.60+2.12 |3.98+2.72| 3.85+1.76
nNonane 0.57+0.50 | 0.33+0.03 | 0.40+0.09 | 0.33+0.01 | 0.26£0.00 | 0.35+0.09 | 0.75£0.59 {0.45£0.31| 0.55=0.44

isoPropBenzene | 0.18+£0.05 | 0.15+0.00 | 0.17£0.02 | 0.16£0.00 | 0.12+0.01 | 0.1520.03 | 0.15+0.15 |0.130.08 | 0.14+0.11
nPropilbenceno | 0.37+0.03 | 0.360.01 | 0.3620.04 | 0.3620.01 | 0.29£0.01 | 0.34£0.04 | 0.26£0.22 | 0.22+0.06| 0.24+0.13
135TMBenzene | 0.730.11 | 0.67+0.02 | 0.68+0.08 | 0.65£0.01 | 0.520.05 | 0.63+0.10 | 0.76+0.36 | 0.28+0.21 | 0.45+0.35
metaEthyltoluene | 1.25£0.07 | 1.2540.02 | 1.2240.11 | 1.24£0.01 | 0.98+0.05 | 1.16+0.14 | 0.93+0.54 {0.370.33| 0.5620.49
124TMBenzene | 0.30£0.21 | 0.2820.05 | 0.32+0.08 | 0.24+0.01 | 0.21£0.01 | 0.27+0.08 | 0.56+0.93 |0.43+0.18 | 0.49+0.64
NDecane 0.21£0.02 | 0.2120.00 | 0.19+0.04 | 0.21+0.01 | 0.14+0.01 | 0.18+0.04 | 0.05+0.13 |0.08+0.07 | 0.070.10
nUndecane 0.06£0.02 | 0.07+0.01 [ 0.04x0.04 | 0.06+0.00 | 0.00£0.00 | 0.03+0.04 | 0.26+0.40 | 0.00+£0.01 | 0.09+0.26
Total VOC ppbC | 897848017 | 1091545060 | 4693+847 | 10460+533 | 3224285 | 53412691 | 1658+536 | 3456+1306 | 2783+1430

Most abundant species are remarked

When tunnel and crossroads profiles are compared it is possible to appreciate that the content
of propane and nbutane is higher for crossroads, because they are open spaces and there is more
influence of ambient air. This means that in crossroads exist the influence of another source,
which could be the use and marketing of LP gas. Meanwhile, in the tunnels, the obtained profiles
are more exact because they are more isolated.

3.8 Emissions from bus and truck terminals

The characterized emissions in the bus and truck terminals were quite similar, but there
were found differences as can be appreciate in Table 2. The content of two carbon compounds:



Volatile organic compounds emissions from gasoline and diesel 35

propane and ethylbenzene is a little bigger in the bus terminal than in the truck terminal,
whereas the content of MTBE, toluene and isopentane are a little bigger in the truck terminals.
Variation can be due to the different engines, control equipment and technology of each type of
vehicle. In all the cases the xylenes isomers were the most abundant species with an average of
15%, followed by toluene with 9%, propane with 63.9%.
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Fig. 2. Comparison of gasoline and diesel powered vehicle profiles.

The comparison of some species, which are present in the gasoline and diesel, powered vehicle
profiles is shown in Figure 2. The gasoline powered vehicle profile corresponds to the Chapultepec
Ave. tunnel emissions where the presence of diesel powered vehicle was less than 1%. The diesel
powered vehicle profile corresponds to the average of emissions in bus and truck terminals. It is
also presented an average of the emissions at crossroads where there are both kinds of vehicles.
The content of aromatic compounds such as xylenes and toluene is higher in the diesel powered
vehicle profile. In the gasoline powered vehicle and combined vehicle profiles there were no more
than 11% of xylene nor more than 7% of toluene. Also a higher abundance of ethylbenzene in
the diesel powered vehicle profile was observed. It was evident the low abundance of two carbon
compounds in diesel powered profiles that had an average of 5% against the 13% in the gasoline
powered vehicle profile. In the combined vehicle profile it could be observed the diminution of
two carbon compounds and the increasing of some aromatic compounds (xylenes and toluene) in
comparison to the gasoline powered vehicle profile due to the presence of diesel powered vehicles.
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4. Conclusions

VOC emissions from the vehicular fleet of the MAMC were characterized in tunnels, crossroads,
and bus and truck terminals. In general the most abundant species are ethylene and acetylene,
1sopentane, toluene, xylenes, and MTBE. The developed tunnel profiles are more representa-
tives of the gasoline powered vehicles, because there is no influence from other sources, as in
crossroads where there are more contents of propane and nbutane coming from the ambient air.
In Xalostoc where gas industries are installed, the increment of those species was evident. There
were differences detected between the gasoline and diesel powered vehicle profiles. The content
of two carbon compounds (mainly ethylene and acetylene) is lower for diesel powered vehicles,
as the result of a different kind of combustion compared to the gasoline powered vehicles. Other
difference is the increase in the content of some aromatic compounds, specially toluene, ethyl-
benzene, and xylenes in the diesel powered vehicles profile. These results allow to establish that
the profiles have enough particularities to be used in the CMB receptor model application. In
addition, it is possible to have some idea of the type of emissions that we could have if the use
of diesel were increased or diminished in the MAMC.
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