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Abstract:

Statistical analysis of online VOC measurements obtained by Proton-Transfer-Reaction
Mass Spectrometry (PTR-MS) during the TEXAQS2000 intensive period is presented. The
experiment was based at the La Porte site, near the Houston ship channel (HSC), and
deployed for continuous long-term monitoring. Multivariate techniques helped to identify
various VOC sources in the vicinity of HSC and distinguish between different anthropogenic
emissions. An assessment is given of the selectivity and interpretation of mass scans from this
online technique in a complex urban and industrial VOC matrix.

1. Introduction

The greater Houston-Galveston metropolitan area is characterized by a high diversity of
VOC, CO and NOS sources, especially near the Houston ship channel (HSC). As a
consequence, a great portion of potential O3 precursors released within and around the HSC
cause nol only relatively high ozone formation rates but also highly variable ozone
concentrations. The unique VOC mix in and around Houston represents a major difference
from other metropolitan areas such as Nashville, Los Angeles and New York, which have
been the focus of previous field studies to assess urban air quality. The observed VOC/NOX

ratios around Houston, for example, are significantly larger than expected from emission
inventories and when compared to ratios obtained in other urban areas in the U.S. A
significant portion of atmospheric emissions around the HSC area comes from petroleum
refineries, synthetic organic chemical manufacturing planls and various mobile sources.
Together with characteristic meteorological events such as the land-sea breeze flow reversal,
the complex chemical mixture in southern Texas leads to a persistent ozone problem, which
typically led to 20 days of NAAQS (National Ambient Air Quality Standard) exceedances
within a 3 month period during the COAST study in 1993. Ground level ozone is considered
as one target pollutant for control by the Clean Air Act in affected U.S. urban areas. As
Houston, TX, is now generally recognized having the second highest ambient ozone problem
among U.S. cities''", there is a current interest in developing strategies to bring this area into
compliance with the NAAQS. Slate Implementation Plans required lor noncomplianl regions
have to be based on a detailed knowledge of key-variables that govern ozone formation.
VOCs in an high NOX environment act as 'fuel' in the process of ozone production and thus
are considered as target pollutants. VOC monitoring at the La Porte site during the
TEXAQS2000 study addressed several issues:
• assess the main VOC reactivity in and around the HSC
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• document large, unscheduled VOC releases near the HSC, that might contribute to
unusually high ozone events

• see if the high observed V0C7N0« ratios are due to inaccurate emission estimates of VOCs
orNCX

• evaluate the importance of chlorine chemistry on ozone formation
• investigate how VOC plumes influence Ihe local radical budget and ozone formation
• compare measured VOC concentrations with existing emission inventories
• give an estimate of the magnitude of VOCs released by various point sources in the HSC

Here we present and evaluate the VOC dataset obtained by Proton-Transfer-Reaction
Mass Spectrometry (PTR-MS)3 at the La Porte site. We assess the selectivity of this on-line
technique and give an interpretation of mass scans in a complex tirban and industrial VOC
matrix. Principal component analysis allowed us to identify various HSC sources and
distinguish between different anthropogenic emissions.

2. Results

Table 1 Observed VOCs at La Porte (compound assignment in parenthesis is based on the
TRI emission inventory); the rest were verified by GC intercomparison or isotopic
analysis.

Mz+1 ion

M28*
M33
M45
M54
M59
M69
M79
M93
MI05
MI07
M121
MI35
M149
MI63
M43
M61
M83
M85
M87
M89
MII5
M9I/M73

Compound

HCN
Methanol
Acetaldehyde
Aciylunitrile
Acetone
Isoprenc
Benzene
Toluene
Slyrcne
Xylenes, Ethylbcnzene
Cm-Benzenes
di-Benzcnes
Cij-Benzcnes
Ci.i-Benzcncs
Propylene+Frogmem Mfil
CiH<b; (Acetic acid. Gtvcolaldchydc)
CVH„,
C,H13

 :

CiHtßi (Vinyl acetate)
l\H,O:(Dioxaiu:)
C:H,4Or rKciiinc
CH.oO-fßhoxvethanol)

Mean
0.3
10.8
3.4
0.4
4.0
0.4
0.6
0.8
0.1
0.6
0.4
0.2
0.02
0.03
7.3
3.4
0.2
0.3
0.5
0.1
0.4
0.1

Concentrations
Max
6.0
574
79

56.8
69

26.5
27.7
13.0
4.2
6.4
5.3
6.6
0.5
1.0
315
67.9
6.1
28.0
9.2
12

155
1.2

Median
0.2
6.2
2.3
0.1
3.3
0.3
0.3
0.4
0.1
0.4
0.2
0.1
0.02

0.02<
3.3
2.9
0.2
0.2
0.3
0.0
0.2
0.1

• lower limit based on a reaction rate of 2e-° c m s

2.1 Meteorology
Surface winds at l.a Porte were characterized by north-wesierly winds in the early

morning (0:00 - 7:00) shifting during the day to the north and dominating from the east in the
afternoon. Wind speeds ai 10 m during the night generally varied between 2 and 5 m/s, with a
slight decrease in the early morning. Along with Ihe developing boundary layer, surface wind
speeds increased nround °:00 and typically reached a maximum (6-8 m/s) during the
afternoon and early evening (15:00 to 19:00). For wind speeds up to 4 m/s no distinct
direction persisted and winds shifted corresponding to the daily land-sea breeze effect. Higher
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wind speeds, > 4 m/s, usually dominated from south to southeast (100-200°) and generally
occurred in the afternoon. High ozone concentrations (August 30 and 31; -200 ppbv)
occurred during days with a surface high pressure region over the central Houston area
drifting slowly to the southwest and causing low level winds from southwest to northwest at
wind speeds around 1-3 m/s. Scattered thunderstorms occasionally caused heavy rain showers
with wind speeds up to 20 m/s from various directions.

2.2 Dominant VOCs observed at LaPorte
Overall, 28 ions dominated the mass spectra obtained during August and September 2000.

The 21 most important species are listed in Table 1. For many prolonated species the
selectivity of the PTR-MS instrument was good enough to identify a single compound
attributing to the observed ion-density. In cases of mixed ions and higher molecular weight
compounds typical fragmentation patterns, comparison with GC-MS and GC-FID
measurements and the Toxic Release Inventory (TR1)2 helped to identify individual
compounds.

2.3 Statistical Analysis

Multivariate methods are widely used to estimate source-receptor relationships and are
based on the mass conservation argument5' '• 8' ' . Chemical mass balance models (CMB)
describe a linear relationship between source activities (S), the relative source strength of
source p (a) and measured properties such as the ambient concentration (C):

C l t=2]o,,-S1
/4+e,,* = l..jw (I)

where Cn is the measured concentration of compound i at time k, â j the factor loading
which is related to the source composition, Sjt the source activity and Sk an error term to be
minimized. Here we use two complementary approaches to extract source profiles and
activities. Based on (1) the first method applies conventional principal component analysis
(PGA/' of the standardized dataset. The obtained primary eigenvectors are the base of a new
orthogonal coordinate system. When the transformed data set is plotted in this new coordinate
system, every point can be assigned to the original observation. Corner points in the n
subspaces represent occasions where a single emission source was predominantly active. By
locating different vortices that bound the datacloud provisional source profiles can be
obtained" . The second method involved factor analysis (FA) of the covariance matrix
according to (2) using the VAR1MAX rotation13:

where cxy represent the 'factor loadings', which are related to the source compositions. Both
approaches defined provisional source profiles that were further refined by an alternating
least-square regression trimming towards positive factor loadings".

Figure I shows mixing ratios of a Cj-Ketone, aromatic source profile 1 and a substituted
Ci2-benzene plotted against wind-direction, and for all cases reveals a dominant polluted
sector SSE for all cases which originated from a conglomerate of the synthetic organic
industry in Harris located 5-8 km upwind. The typical signature of mobile sources with
toluene/benzene ratios around two did not correlate with any distinct winddirection and
reflected the nature of a mure diffuse area source. The high correlation with CO also suggets
that CO was mainly related to mobile sources at La Porte (benzene/CO= 9.8e-4). Diurnal
plots were normalized according to the statistical model (3) (GLM),
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where, i stands for half hour values of the day (i=1...48), j for the day of the week (j=l:
Monday-Saturday, j=2: Sunday and holidays), t for time, T for Temperature, WD for wind
direction and ws for windspeed.

\ /

\«J »̂  300/

Figure 1

CrH„O

(KetoneM115*)

Benzene Source 1 c u H n
(Harris) (C12 benzene isomers)

Tlie relative humidity was a perfect linear combination of ambient temperature and was
not considered. Since VOCs exhibited a log-normal distribution, the logarithm of ambient
concentrations were used in the GLM. All calculations were done with SystatlO (SPSS Inc.)
and MatlabS J (Mathworks Inc.).

3. Conclusion

PTR-MS proved to be a valuable tool for realtime VOC monitoring of complex urban air
chemistry. The main VOC reactivity in Houston originates from low molecular weight
alkenes such as propene, which reached ambiem concentrations up to 300 ppbv. Thus
tropospheric ozone production is most likely driven by alkene-NO* chemistry. The results
suggest that the emission inventories currently used for regional air models in tbe greater
Houston-Galvaston area need to be reevaluated and updated. Even well known pollutants such
as C9-Cio-benzene3 seem to be underrepresented by at least one order of magnitude. Existing
databases completely lack emission factors for some higher molecular weight compounds (for
example Cr ketones), which were present up to 3 ppbv. The PTR-MS technique could also
trace some unusual compounds (e.g. acrylonitrilc), that might not be important players for
local ozone chemistry, but contribute to an increased regional VOC background. Some of
these compounds, though, might have an impact on local air quality due to their toxicity.

Future PTR-MS deployments could involve mobile systems, that could be used to irack
down local polluters, or simply help to find leaks in the vast pipeline network and storage
facilities. It could therefore become an attractive technique for the chemical and refining
industry as well as environmental protection agencies.
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