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2.1 MEASUREMENTS OF NONMEIHANE HYDROCARBONS IN PHOENIX, ARIZONA
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1. INTRODUCTION

Nonmethane h drocarbons (NMHCS) are
7precursors to oxidant ormation. They are oxidized by

hydroxyl radical (OH), forming a complex mixture of
peroxy radicals that oxidize NO to N02 without
consuming ozone (03) and thus allow 03 to increase in
the atmospheric boundary layer. The reactivities of the
NMHCS that compose biogenic and anthropogenic
emissions vary greatly. For example, isoprene, which is
emitted by deciduous vegetation, has an atmospheric
lifetime with respect to oxidation by OH of about 20 min
in polluted air ([OH] = 107 radicals cm-3). The
atmospheric lifetimes of 2-methylpropene, 2-
methylbutane: and the xylenes, which are found in
vehicle emissions, are approximately 30 rein, 7 hr, and
1.5 hr, respectively.

We made measurements of the NMHCS at a surface
site and aloft aboard the Battelle Gulfstream (G-1)
aircraft, as part of an air quality study in the Phoenix
area during May 1998. Diurnal variations in the NMHC
distributions and their propene-equivalent
concentrations are used to examine origins and
reactivities of the air masses that were sampled at the
surface site.

2. EXPERIMENTAL ASPECTS

Three-hour integrated samples were collected over
six periods of 24 hr each in May 1998 at Usery Pass, a
hilly region east of Phoenix, Arizona. Ambient air was
sampled through gas chromatographic grade stainless
steel tubing (3 m x 0.635 cm OD) into Summa’”
passivated stainless steel canisters (Scientific
Instrumentation Specialists, Moscow, ID) with a Viton”&
diaphragm pump. The flow was controlled with a
differential pressure flow controller located between the
pump and canister.

The air cryogenically
preconcentrated w~~!p~h~mic!~fiata Systems (CDS)
330 sample concentrator (Autoclave Inc., Oxford, PA)
and were analyzed with a Hewlett-Packard 5890A high-
resolution gas chromatography (Palo Alto, CA) with a
flame ionization detector (FID) by an analytic technique
described in detail by Fukui and Doskey (1996). Briefly,
the whole-air samples were preconcentrated at -100”C in
a 15-cm section of a glass-lined stainless steel tube
(0,1 80 cm ID) packed with 60/80 mesh porous glass
beads (Unibeads 1S; Alltech Associates, Inc.,
Deerfield, IL). The preconcentrated samples were
thermally desorbed at 100’C for 2 min and were
transferred to either (1) a 60-m x 0.32 -mm-lD fused-
silica capillary column coated with a 1-yin-thick film of
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polydimethylsiloxane (DB-I; J&W Scientific, Folsom,
CA) or (2) a 30-m x 0.53 -mm-lD porous-layer open
tubular column coated with alumina (GS-Alumina; J&W
Scientific, Folsom, CA). The FID was calibrated daily
with a mixture of C ‘C5 n-alkanes, benzene, and toluene
at a level of 10 pp% each (Scott Specialty Gases, Inc.,
Plumsteadville, PA).

3. RESULTS AND DISCUSSION

Distributions of the NMHCS at the Usery Pass
location varied diurnally and were typical of vehicle
emissions that had undergone various stages of
photochemical processing. The most prominent
saturated hydrocarbons included ethane, propane, 2-
methylpropane, n-butane, 2-methylbutane, n-pentane,
2~3-dimethylbutane, n-hexane, and 2,2,4-
tnmethylpentane. The major unsaturated hydrocarbons
included ethene, acetylene, propene, 2-methylpropene,
and isoprene, while the most prominent aromatics were
benzene, toluene, p- and m-xylene, and oxylene. All of
these hydrocarbon species, with the exception of
isoprene, are major constituents of vehicle emissions
(Doskey et al. 1992). Isoprene is attributed to biogenic
emissions from deciduous vegetation (Guenther et al.
1993).

The total NMHC levels at the Usery Pass location
were typically between 40 and 140 ppbC. The lowest
values were found in samples collected between 0700
and 1000 local time (LT), and the highest concentrations
were observed between 0100 and 0400 LT (Fig. 1).
Diurnal variations of. the saturated, unsaturated, and
aromatic hydrocarbons followed the same trends as did
the total NMHCS (Figs. 2 and 3). Concentrations of the
saturated hydrocarbons were similar to the levels of the
unsaturated hydrocarbons, while the levels of the
aromatic hydrocarbons were lower by approximately a
factor of 3. Values of the toluene/benzene ratios
between 0100 and 0400 LT were 2.0-2.6, similar to
values reported for vehicle exhaust (Conner et al.
1995). NMHC distributions at this time were
characteristic of vehicle emissions originating from the
evening rush hour in Phoenix that had undergone some
photochemical processing during transport to the Usery
Pass site. Toluene/benzene ratios in samples collected
before 1600 LT were between 1.0 and 1.5, typical of
vehicle emissions that had been processed more
extensively.

Biogenic emissions of isoprene were evident during
the daylight hours. Isoprene was first detected at 0400-
0700 LT; concentrations attained maximum values of
about 70 pptv during the sampling period at 1300-1600
LT (Fig. 3). The temporal profile of the isoprene
concentration that we observed at the Usery Pass
location is similar to the profile observed by others for
isoprene-emitting species of vegetation (Guenther et al.
1993). The local vegetation was considered to be the
likely source of the isoprene, because air sampled near
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shrubs at the site exhibited isoprene concentrations
much greater than the levels observed in ambient air.
For example, a sample collected near a shrub at 1430 LT
exhibited an isoprene/n-pentane “ratio of 56, while
ambient air collected at the same time at a height of 3 m
exhibited a ratio of 2. The isoprene concentration was
normalized to the n-pentane levels because n-pentane
is derived from anthropogenic sources and is expected
to be well mixed near the surface.
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Fig, 1. Diurnal variations of the total NMHC
concentrations and toluenelbenzene ratios on 22, 23,
and 26 May 1998 at the Usery Pass sampling site.
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Fig, 2. Diurnal variations of the saturated and
unsaturated hydrocarbon concentrations on 22, 23, and
26 May 1998 at the Usery Pass sampling site.
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Fig. 3. Diurnal variations of the aromatic hydrocarbon
and isoprene concentrations on 22,23, and 26 May
1998 at the Usery Pass sampling site.

Haze from forest fires that originated in southern
Mexico during the spring of 1998 was visible at Use~
Pass on 20 May. Methyl chloride emissions from
biomass burning are estimated to contribute about 20’%.
of the global emissions (Rudolph et al. 1995). Diurnal
variations of the methyl chloride concentrations for five
sampling periods are compared in Fig. 4. On 20 May,
methyl chloride values were 940 pptv during the
sampling period at 0700-1000 LT, while values on the
other days were 700-780 pptv, similar to the background
values observed in continental air. The difference in
concentrations observed on 20 May and the other
sampling days was much greater than the diurnal
variation of methyl chloride observed at this location.
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Fig. 4. Diurnal variations of the methyl chloride
concentrations on 18, 20, 22, 23, and 26 May 1998 at
the Usery Pass sampling site.
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Propene-equivalent concentrations of the NMHCS
have been used to estimate the relative contributions of
hydrocarbon species to the production of 03 (e.g.,
Chameides et al. 1992). The propene-equivalent
concentration is calculated by multiplying the
concentration of each NMHC by the ratio of its OH rate
constant to the OH rate constant for propene. Values
for isoprene and the saturated, unsaturated, and
aromatic hydrocarbons on 22, 23, and 26 May at 1430
LT and 0230 LT are compared in Fig. 5. The propene-
equivalent concentrations of the total NMHCS were
greater durin the early morning hours than in the

?lafternoon. T e difference was greatest for 22 May,
when values at 0230 LT were greater by a factor of four
than the levels at 1430 LT. The contribution of the
saturated hydrocarbons to the overall reactivity during
the sampling period at 0100-0400 LT was fairly
constant, about 40Y0. In contrast, the contributions by
the unsaturates and aromatics were variable. This trend
is consistent with partial oxidation of the evening rush
hour emissions during transport to Usery Pass. In
general, the unsaturated and aromatic hydrocarbons
are more reactive toward oxidation by OH than are the
saturated hydrocarbons. If photochemical processing
of the evening rush hour emissions occurred during
transport to Usery Pass, the levels of the unsaturated
and aromatic hydrocarbons would be diminished relative
to levels of the saturated hydrocarbons. This is the
trend we observed at 0230 LT. In contrast, the
contributions of the various hydrocarbon classes to the
overall reactivity at 1430 LT were similar on all three
days, indicating that air sampled at this time of day is
photochemically aged. Biogenic emissions of isoprene
were a significant fraction of the hydrocarbon reactivity
during the daylight hours; the contributions were 25-
407. at 1430 LT on all three days.

0230

2.- 7

w
200 600 1000
Propene Equivalents

(PPtv)

Fig. 5. Propene equivalent concentrations of isoprene,
and the saturated, unsaturated, and aromatic
hydrocarbons for the sampling periods at 0100-0400 LT
and 1300-1600 LT on 22, 23, and 26 May 1998 at the
Usery Pass sampling site.

4. CONCLUSIONS

Diurnal variations of the distributions of the NMHCS
at Usery Pass were significant and were typical of
vehicle emissions that had undergone various stages of
photochemical processing. Concentrations of the

saturated, unsaturated, and aromatic hydrocarbons
reached maximum values between 0100 and 0400 LT.
During this period, the tolueneibenzene ratios were 2.0-
2.6, characteristic of partially reacted vehicle emissions
that might have originated from the evening rush hour in
the Phoenix metropolitan area. Biogenic emissions of
isoprene were evident during the daylight hours.
Toluene/benzene ratios in samples collected before
1600 LT were usually between 1.0 and 1.5, typical of
vehicle emissions that had been more extensively
processed than the ambient air sampled between 0100
and 0400 LT at the site. The propene-equivalent
concentrations of the hydrocarbon mixture in ambient
air at 0100-0400 LT were greater than the levels at 1300-
1600 LT. Isoprene contributed a significant fraction of
the hydrocarbon reactivity during the daylight hours.
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