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Abstract

A statistical analysis of the trend in
ambient, or outdoor, concentratons of
volatile organic compounds measured at
long-term stationary monitoring sites in
southeast Texas from the late 1980s to the
mid-1990s shows that there has been a signifi-
cant decline in the ambient concentrations
of many volatile organic compounds. in
particular, levels of benzene, toluene, and
total xylenes (sum of meta-, para-, and ortho-
isomers) have decreased in four counties in
Texas: Harris, Chambers, Orange, and
Jefferson. These four counties all experi-
enced a 50 percent to 75 percent decrease in
the monitored ambient levels of benzene.
These counties also experienced 70 percent
to 90 percent declines in measured toluene
concentrations, and a 60 percent to 100
percent decline in the measured concentra-
tions of total xylenes.

Analysis of the self-reported air releases
of toxic chemicals, collected as part of the
Environmental Protection Agency’s (EPA)
Toxic Release Inventory (TRI}, shows that
the decrease in reported industrial emissions
of benzene, toluene, and xylenes, except
those in Orange County, is reflected in the
decline in ambient concentrations of these
compounds.

The TRI reports that total xylene emis-
sions are increasing in Orange County, yet
our analysis shows that ambient concentra-
tions of xylenes are decreasing in all four
counties. The correspondence between TRI
emissions and ambient concentrations em-
phasizes the chemical and petroleum refin-
ing industries as a significant source of
airborne benzene, toluene, and xylenes in
Texas. These analyscs also offer evidence that
federal and state legislation, and voluntary
efforts by industry have reduced the public’s
exposure to hazardous air pollutants.

Introduction

In this report, Texas Natural Resource
Conservation Commission {TNRCC) staff
assess the trend in ambient concentrations of
the volatile organic compounds, benzene,
toluene and total xylenes, in the heavily
industrialized southeast Texas counties,

. Harris, Chambers, Jefferson, and Orange.

Each of these species is a Hazardous Air
Pollutant {HAP)}, as defined in the 1990
Clean Air Act Amendments.! Harris, Cham-
bers, Orange, and Jefferson have been
among the top 20 most polluted Texas coun-
ties in total TRI releases and transfers. The
chemical and petroleum refining industries
accounted for approximately 96 percent of
total reported releases in Jefferson County
and 91 percent in Harris County in 1989.
Harris, Jefferson, and Orange have been
among the top five Texas counties in total
pounds of TRI chemical releases to the air.

These counties have also had the benefit
of active industrial and governmental in-
volvement in monitoring airborne emissions
of organic compounds. In 1987, the Houston
Regional Monitoring {(HRM) Corporation, a
consortium of chemical and petroleum
refining industries in Harris and Chambers
countes formed in response to Houston'’s
failure to meet the Clean Air Act ozone
standards, began monitoring organic species.
In Jefferson and Orange counties, the locat
Planning Comunission sponsored the South
East Texas Regional Planning Commission
(SETRPC) network starting in 1989, This
network also was established because the
Beaumont area failed to meet the federal
oZone standard.

2

Ozone is a photochemical oxidant
formed from volatile organic compounds
and nitrogen oxides in the presence of
sunlight. It can affect the respiratory system,



especially in sensitive individuals such as
asthma or allergy sufferers. Because of the
importance of volatile organic compounds in
ozone formation, both the HRM and
SETRFPC networks collected extensive mea-
surements of volatile organic compounds.
meteorology, and ozone. The HRM and
SETRPC networks measure for 146 and 54
compounds, respectively.

Organic compounds, rather than nitro-
gen oxides, have been the focus of Texas
regulatory efforts to lower ozone levels in
both Beaumont and Houston, the latter
classified as having the nation’s worst smog
after Los Angeles. Organic compounds are
believed to be the limiting compounds in the
formation of ozone and are commaonly
emitted by the chemical industry and from
petroleum refining. They are also significant
components of automotive exhaust and
gasoline vapors.

Benzene, toluene, and xylenes make up
a significant percentage of the total air
emissions in these four counties. Benzene,
toluene, and xylenes are emitted by both
large concentrated sources like chemical
plants and petroleum refining plants, and
small numerous sources like automobiles.

While all HAPs in Section 112 of the
1990 Clean Air Act are considered toxic,
benzene generates a lot of public interest in
Texas and elsewhere because it is 2 human
carcinogen. Benzene at low concentrations is
frequently measured in ambient urban air.
While there is no direct evidence that ben-
zene levels found in ambient urban air pose
a significant public health risk, occupational
exposures to benzene have been associated
with an increased risk of leukemia® and
certain other well-documented adverse
effects on the hematopoietic system.*

Neither toluene nor the xylene isomers
are known human carcinogens. However,

they are still a public concern because ad-
verse health effects have been reported for
these compounds at levels thousands of
times higher than those routinely found in
urban air.’

Data and Methods

The HRM network consists of eight

' stations located east of downtown Houston

in an industrial area around a shipping
channel as shown in Map 1. Samples are
collected using summa®-polished stainless
steel canisters that draw in air over a 24-hour
period at each site every sixth day, resulting
in approximately 60 samples per year at
every site. Further to the east in another
heavily industrial area, the SETRPC network
operates three toxics sites in Jefferson
County and three sites in Orange County as
shown in Map 2. The SETRPC samples are
collected using a simiilar technology but only
every twelfth day. Data from both monitor-
ing networks were provided to the TNRCC
by Radian Corporation (Austin, Texas),
which operates the samplers and analyzes
the samples.

Measured volatile organic compound
data from the HRM network, taken 1987
through 1995, and data from the SETRPC
network, taken 1989 through 1995, were
analyzed for possible trends. The measured
concentrations, in parts per billion by
volume (ppbv} for a particular compound
or group of compounds, were plotted as a
function of time, and a straight line was
fitted to the plot using classical least
squares regression. The software used
for the classical linear regression was
JMP Statistical Visualization version 2.0
(SAS Institute Inc., Cary, North Carolina).
The general formula fitted is given
below:



(1) Poliutant = o + 8 (SASDATE)

where,

POLLUTANT is the concentration in
ppbv for a species or group of species
(i.e. benzene), and,

SASDATFEis given in the number of
seconds since Jan. 1, 1904. This is the
default date used by the statistical
software in calculating the regression
equation.

After calculation of the bestfit line, the
coefficient of SASDATE, B, was examined to
determine its sign and significance. If the
sign of the coefficient was negative and the
coefficient was significant (as determined by
a two-sided ttest with the probability of
obtaining a larger t value less than 0.01),
then the trend in the ambient concentra-
tions of the pollutant at that site was declared
to be significantly decreasing. Using the
coefficient, we calculated an estimated
change in daily ambient concentrations of a
particular compound or group of com-
pounds with the following formula:
fa) A
Yo - Y1

A

Yi

(2) TREND =

where,

Yn is the estimated final concentration
and Y7is the estimated initial concen-
tration. For all sites except 815 and 801,
Yn is calculated by evaluating equation
(1) with a SASDATE of Dec. 23, 1995,
which is the last sample date in the
dataset. For site 801, ¥n is calculated by
evaluating equation (1) with a
SASDATE of Dec. 17, 1995. At site 813,

sampling was discontinued in 1992, so a
SASDATE for July 29, 1992 is used to
calculate Y. Y1 is calculated by evaluat-
ing equation (1) with the SASDATE,
which corresponds to the monitor’s

start-up date.

Even if the coefficient is not determined
to be significant, the trend is still noted from
the sign of the coefficient. These non-signifi-
cant trends are declared to be possibly de-
creasing if the sign is negative or possibly
increasing if the sign is positive. If the coeffi-
cient was positve and significant, then the
trend in the ambient concentrations of a
pollutant would be declared to be signifi-
cantly increasing. The TREND is estimated
for every monitoring site using equation (2).
The four possible classifications are signifi-
cant decrease, significant increase, possible
decrease, and possible increase.

TNRCC staff also applied these tech-
niques to the sum of all organic compounds
measured at each network. For the HRM
network, 146 compounds were summed and
analyzed for trends. For the SETRPC net-
work, 54 compounds were summmed and
analyzed for trends. Many of the compounds
were only found infrequently at levels above
their detection limit. When a compound was
not measured in a particular sample, one-
half the minimum detection limit was used
in the stadstical calculations following stan-
dard procedures in air pollution monitor-
ing.® These techniques were then applied to
the pollutants benzene, toluene, and total
xylenes at each of the 12 monitoring sites.

Staff also applied these technigues to
county-wide averages to estimate the trend
for benzene, toluene, and total xylenes in
each of the four counties. To do this, firsta
sample day average was calculated using the



data from all sites within a county for a
pollutant or group of poliutants. Then the
trend was estimated using the averaged data
and equations (1) and (2). By doing this,
staff were able to estimate the trend in ambi-
ent concentrations of the pollutants and the
significance of the trend for Harris, Cham-
bers, Jefferson, and Orange counties. The
estimate, based on the average of multiple
sites, is more statistically robust than the
estimates of the trend for each individual
site.

To verify these analyses for county-wide
trends, staff transformed pollutant values to
their natural logarithms, and measurements
that fell outside of two standard deviations
from the mean were deleted. On this modi-
fied data set, the calculation of trend using
equations (1) and (2) was repeated. This
ensured that upset conditions did not overly
influence the statistical analysis. As long as
the significance, relative magnitude, and
direction of the trend did not change, the
results of this supplemental analysis are not
reported here. _

To compare the trends from the moni-
toring data with the annual estimates of
industrial emissions from the TRI, calculat-
ing a county-wide trend estimate was neces-
sary. Since staff could only compare annual
emissions estimates with annual averages
over several sites, they calculated an alterna-
tive measure of the trend: the percent
change. The equation for percent change is
equation (2}, with annual emissions or
annual average concentration substituted for
Y1 and Yn. Because TRI data are available
only through 1994, the percent change is
calculated from the first year of monitoring
(cither 1987 or 1989) through 1994. In
mathematical terms, the data for Yn in the
percent change calculation are from 1994
and the data for Y1 come from the first year

of monitoring. For the HRM and SETRPC
networks, this is 1987 and 1989, respectively.
Thus, the percent change between emissions
and ambient concentrations is directly compa-
rable. The results from this alternative calcula-
tion of a trend, the percent change, can be
compared with results for the trend estimate
calculated using the regression coefficient.

Resulfs

1. A statistical analysis of the trend in
ambient concentrations of volatile organic
compounds measured at long-term station-
ary moniloring sites in southeast Texas
during the late 1980s and mid 1990s
shows that there has been a significant
decline in the ambient concentrations of
many volatile organic compounds.

First, TNRCC staff considered the trend
in ambient concentrations of volatile organic
compounds measured at long-term stationary
monitoring sites in southeast Texas during the
late 1980s and mid 1990s (Table 1).

In Harris County, all six monitors had a
significant decline of the total ambient con-
centration of the 146 monitored compounds.
In Chambers County, where there are also 146
compounds monitored, both monitors
showed a significant decrease.

In Jefferson County, where 54 com-
pounds are measured, the result was different.
One of the three sites had a significant de-
crease, while two sites had a possible decrease.
In Orange County, there was a significant
decline of the total ambient concentration of
the 54 measured compounds. Of the three
Orange County monitoring sites, only one
had been operating since 1989, and it showed
a significant 79 percent decrease. The other
two sites began monitoring during 1992,

The discovery that there has been a
significant decline in the sum of ambient
concentrations of measured volatile organic



compounds led to the study of benzene,
toluene, and xylenes in more detail.

2. These four counties all experienced a 50
percent to 75 percent decrease in the
monitored ambient levels of benzene.

For benzene, all sites in the HRM and
the SETRPC networks showed a decrease in
ambient levels over the period of monitoring
with all but one decrease being significant.
Ambient concentrations of benzene near
industrial facilities in ail four counties with
monitors have decreased. For example,
Harris County had a highly significant 65
percent benzene reduction from 1987
through 1995. In Jefferson County, there was
a downward trend of 53 percent over the six-
vear period. The details are in Table 2.

There was only one site, site 803 in
Harris County, where the ambient benzene
concentration appears not to be significantly
decreasing. Examination of the HRM net-
work data showed that the third highest
average level of benzene and the maximum
recorded benzene level during the eight-year
monitoring period occurred at 803. This site
has been selected by TNRCC for additional
monitoring using specialized techniques.

3. These counties also experienced 70
percent to 90 percent declines in mea-
sured toluene concentrations and about a
60 percent to 100 percent decline in the
measured concentrations of total xylenes.
The percent decline of these two com-
pounds is not as large in Harris County
as in the other three counties.

Similar results were found when classi-
cal least squares regression was applied to
toluene and total xylenes data (Table 3). For
toluene, there was a significant decrease at
all 12 individual sites and for each of the
four counties. For total xylenes, there was a
significant decrease at 10 individual sites and
for the four counties. For xylenes, the analy-
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sis covered the period 1987-1994 because no
1995 HRM xylenes data were available for
analysis.

4. Analysis of the air releases of toxic
chemicals reported as part of the EPA’s
TRI shows that the decrease in reported
industrial emissions of benzene, toluene,
and xylenes, except for Orange County,
reflects a decline in ambient concenira-
tions of these compounds. The TRI
reports that xylenes emissions are increas-
ing in Orange County, yet our analysis
shows that ambient concenirations of
xylenes are decreasing in all four coun-
ties.

Since 1986, facilities that produce or use
chemicals regulated under Title IIl of the
Superfund Amendments and Reauthoriza-
tion Act are required to report annual air
emissions of over 300 compounds consid-
ered potentially toxic.” Benzene, toluene,
and xylenes have historically been among
the top 25 chemicals released to the air in
Texas in total weight. In 1992, benzene,
toluene, and total xylenes made up approxi-
mately 15 percent of the total pounds of TRI
compounds emitted to the air in Harris,
Chambers, Jefferson, and Orange counties.

Table 4 shows the total yearly air emis-
sions of benzene, toluene, and xylenes and
their respective annual average measured

. concentrations for Harris, Chambers,

Jefferson, and Orange counties. Since 1987,
there is a decrease in annual emissions of
benzene, toluene and xylenes, except for
Orange County. Emissions of xylenes are
reported to be increasing in Orange County.
In all four counties, measured concentra-
tions of benzene, toluene, and total xylenes
have declined since monitoring began.

Only Harris County consistently had a
clear relationship between annual emissions
data and measured concentrations {as



shown for benzene in Figure 1). This may be
result of a large sample size for both ambi-
ent data and emissions data. There are six
monitors in Harris County and many ernis-

~ sion sources reporting to the TRI. Visual
inspection of the data showed that for the
other three counties, there is some corre-
spondence between benzene and toluene
concentrations and emissions, while there is
very little correspondence between total
xylenes concentrations and emissions (Fig-
ures 1-3). ‘

In the heavily industrialized Harris
County, trends in emissions from companies
‘reporting to the TRI for benzene, toluene,
and total xylenes reflect the trends in ambi-
ent concentrations. In the other three coun-
~ ties, where there is a poorer correspondence
between trends in ambient concentration
and trends in TRI emissions, it may be
because we only have 2 limited number of
monitors from which to calculate the county-
wide trend.

5. Automobile emissions are known lo
contain benzene, toluene and xylenes,’
and data from the Texas Department of
Transportation show that the number of
vehicle miles traveled (VMT) has in-
creased significantly since 1987 in
Harris and Chambers counties.

This would suggest that emissions from
mobile sources have been increasing during
this period, even though measured benzene
levels have been decreasing. However, coun-
teracting these potential mobile emissions
increases is the impact of the requirement
for reformulated fuels, which would lower
benzene emissions, imposed by the 1990
Federal Clean Air Act. The net effect of
these factors on ambient concentrations
remains unclear. Although the HRM and
SETRPC monitoring results reported in this

paper are from sites located for maximum
industrial emissions, many of these sites are
near high traffic areas and also measure
mobile emissions.

Conclusions

Both the Houston and Beaumont/Port
Arthur areas are classified by the EPA as
nonattainment for ozone. Volatile organic
compound reductions have been targeted as
a major component of the ozone control
strategy in these areas. Emissions reduction
programs have been in place for many years.
Based on our analysis, efforts to reduce
organic compound levels in the ambient air
through emissions reductions have resulted
in a reduction in the levels of toxic com-
pounds such as benzene, toluene, and total
xylenes. While there are some questions how
effective the volatile organic compound
control strategy has been in reducing ozone
levels, the decreasing ambient concentra-
tions of 2 known human carcinogen, ben-
zene, can be considered a significant benefit.

The correspondence between decline of
reported emissions in the TRI and the de-
cline in ambient concentrations measured at
the monitoring sites indicates that the pri-
mary sources influencing concentrations of
benzene, toluene, and xylenes in the areas
near these monitors are large point sources,

" including the petrochemical industry. One

important reason for the correspondence
between the ambient measurements and the
reported emissions is the site locations. Since
they are sponsored by industry, especially in
Harris and Chambers counties, they are at
the fence line or on the property of indus-
trial facilities. However, many of these sites
are also located near high traffic areas. The
decline in ambient concentrations of xylenes
in Orange County while industrial emissions



have reportedly increased will require fur-
ther study.

Future Research

To characterize the decline in hazard-
ous volatile organic compounds in these
counties, the TNRCC anticipates conducting
a more detailed trend analysis of all of the
compounds monitored and a compound-by-
compound comparison with TRI emissions.
Staff will focus their attention on com-
pounds that are important in ozone forma-
tion.

The research has indicated areas where
emission sources are not well understood.
Additional research will need to be con-
ducted to identify the source of these emis-
sions. Two particular instances deserve to be
noted. Chambers County has reported
benzene emissions {500 1bs.) only for 1994,
yet benzene levels there are consistent with
the levels found in the other three counties.
There may be transport from nearby Harris
County. In Chambers County, point sources
that may be contributing to emissions may

not be included in the TRI because their
chemical use is below the threshhold that
requires them to report. Also, the opposite
direction of the trend in xylenes emissions
and concentrations nteeds to be examined in
greater detail to determine why emissions
have increased while concentrations have
decreased in Orange County.

Finally, additional monitoring will be
conducted at HRM network site 803 to
better characterize ernissions in the area.
Analysis showed that while site 803 in Harris
County had a slight downward benzene
trend, it was not significant. This site showed
the third highest average level of benzene
and the highest level of benzene over the
seven-year monitoring period.
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Table 1. Trends and Their Significance
for Total Voiatile Organic Compounds Measured in 1987-1995

. Dates of Prob. Coefficient
Monitor ID Operation Trend i Not zero (P> 1)
Harris County
801 9/87-12/95 () 62% <0.01 - significant
803 0/87-12/95 ) 43% <0.01 - significant
804 Q/87-12/95 -y 34% <0.01 - significont
807 G/87-12/95 (-) 69% <0.01 - significant
808 9/87-12/95 (-) 46% <0.01 - significant
815 - Q/88- 7192 (-) 28% <0.01 - significant
Chambers County
200 2/90-12/95 {-) 76% <0.071 - significant
o0 9/87-12/95 (- 49% <0.01 - significant
Jefferson County
12 2/89-12/95 -y 41% <0.01 - significant.
102 Q/89-12/95 - 2% 0.88
2008 9/89-12/95 - 3% 0.93
Orange County ‘
100 7/89-12/95 (—).79% <0.01 - significant
Table 2. Trends and Their Significance
for Benzene in 1987-1995
Monitor ID Trend Prob. Coefficient

%A

<0.01 - significaont

Harris County {-) 65%
801 G 7% <0.01 - significant
803 (- 13% 0.56
804 (-) 69% <0.01 - significant
807 (-) 78% <0.01 - significant
808 ¢ 75% <0.01 - significant
815 (-) 60% <0.01 - significant
Chambers County () 76% <001 - significant
Q00 {-) 25% <0.0] - significant
Q01 {-) 46% <0.01 - significant
Jefferson County - 53% <0.01 - significant
12 {-) 65% <0.01 - significant
102 () 34% <0.01 - significant
2008 (-) 56% <0.01 - significant
Orange County * () 72% <0.01 - significant
100 (-} 74% <0.01 - significant

*  The Orange County trend differs from site 100 frend becaouse data from two
additional sites, which were started in 1992, were included in the county-wide
average.



Table 3. Trends and Their Significance
for Toluene Measured in 1987-1995
and Isomers Measured in 1987-1994

_ Prob. Coefficient

Monitor ID Trend is Not Zero (P>11])
1

Toluene
Harris County (=) 69% <0.01 - significant
801 () 76% <0.01 - significant
803 (-) 50% <0.01 - significant
804 (-) 69% <0.01 - significant
807 (=) 73% <0.01 - significant
808 ) 61% <0.01 - significant
815 () 55% <0.01 - significant
Chambers Counfy () 92% <Q.01 - significant
900 (-) 80% <0.01 - significant
901 (-) 83% <0.01 - significant
Joefferson County {-) 86% <0.01 - significant
_ 12 (-) 81% <0.01 - significant
102 -) 89% <0.01 - significant
2008 (-) 88% <D.01 - significant
Orange Countly (-} 93% <0.01 - significant
100 %1% <0.01 - significant
Total Xyilenes

Harris County (-) 58% <Q.01 - significant
801 (-) 59% <0.01 - significant
803 () 54% <001 - significant
804 ) 72% <0.01 - significont
807 () 71% <0.01 - significant

808 () 57% 0.87

815 () 13% 0.57
Chambers County ) 86% <0.01 - significant
Q00 (-) 105% <0.01 - significant
901 ) 83% <0.01 - significant
Jofferson Counfy ) 100% <0.01 - significant
12 (-) 94% <0.01 - significant
102 {-) 100% <Q.01 - significant
2008 (- 106% <0.01 - significant
Orange County * (-) 103% <0.01 - significant
100 (=) 99% <0.01 - significont

* The Orange County trend differs from site 100 frend because
data from two additional sites, which were started in 1992,
were included in the county-wide average.



Table 4. Air Emissions in Thousands of Pounds
ond Average Annual Conceniration in Parts per Billion by Volume

Benzene _ :

1987 1988 1989 1990 1991 1992 1993 1994 Percont
Change :
Harris
Air Emissions 2,333 2,241 1,528 1,680 1,798 1.614 1,461 1,345 (-)42%
Avg. Concentration 3.76 3.6% 3.63 298 229 253 203 1.83 (-51%
Chambers
Air Emissions® none reported 1.0 nfa
Avg. Concenfration 1.13 1.41 1.32 095 0.83 0.66 0.70 0.56 (=) 50%
Jefferson
Air Emnissions 933.9 7441 8786 9119 6942 6574 () 30%
Avg. Concentration 202 1.38 0.80 1.03 1.03 D88 () 56%
Orange
Air Emissions 2824 208.3 334 228 17.1 6.1 )
Avg. Concentrafion 1.92 150 062 072 0.77 0.57 () 70%
Toluene 7

1987 1988 1989 1990 1991 1992 1993 1994 Percent
Change
Harris
Air Emissions 3,840 3,504 3,107 3,280 2,976 2,183 1974 1,872 (-)51%
Avg. Concenfration 4.25 4.18 5.02 4.44 3.12 3.03 207 231 () 46%
Chambers .
Air Emissions 570 469 449 525 433 292 244 147 () 74%
Avg. Concentrgtion  2.30 273 191 1.65 1.30 1.02 079 073 () 68%
Jofferson ,
Air Emissions 1,419 2,918 2,719 2414 1,793 1,257 ) 11%
Avg. Concentration 411 306 194 201 1.23 115 (O 72%
Orange
Air Emissions 124 680 987 285 239 9.6 (-)23%
LAvg. Concentration 597 268 177 124 092 0.70 () 88%
Xylenes N _
Chanae 1987 1988 1989 1990 1991 1992 1993 1994 Percent
Harris 7
Air Emissions** 2,946 2,662 2,764 2,433 2,531 2,629 2,794 2,606 () 12%

1
Avg. Concenfration 2.86 2.37 2.81 3.58 252 220 1.44 1.12 (- 61%
Chambers

Air Emissions 7.5 1.9 1.72 177 1.75% 1.0 1.25 1.0 (8
Avg. Concentration .16 0.7 0.49 111 044 035 0.23 0.1 84%
Joefterson

Air Emissions™* 684.7 629.7 503.8 598.8 3501 372.2 (-) 46%
Avg., Concentration 227 216 097 096 D.46 Q.35 (-) 85%
Orange

Alr Emissions none reported 480 334 0006 455 94.0 () 96%
Avg. Concenirgtion 209 172 068 062 036  0.32 ()81%"

* There were no benzene emissions reported in Chambers County from 1987-1993,
*  Xylenes emissions are the sum of m-, p-. 0-, and mixed isomers of xylene from TRI.
= Calculation is for 1990 through 1994 only,

Data Source: A
Ernissions from the Toxic Release inventory (TRI) for 1987 through 1993. Ambient
concenirations calculated from monitoring data supplied by Radian, Inc., Austin, Texas.
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Map 1. Housfon Regional Moniloring (HRM) Sites
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Map 2. South East Texas Regional Planning Commission (SETRPC) Sites
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Figure 1. Benzene Emissions and Ambient Concentrations
versus Vehicle Miles Traveled in Southeastern Texas
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Sources:  Houston Reglonal Monitoring Network,

South East Texas Regional Planning Commission, and

Texas Departrnent of Transportation

m Toxic Relecse inventory Air Emissions in millions of pounds

A Average Ambient Concentration in parts per billion by volume (ppbv)

¢ Vehicle Miles Traveled (VMT) in millions
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Figure 2. Toluene Emissions and Ambient Concenirations
versus Vehicle Miles Traveled in Southeastern Texas
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Figure 3. Total Xylenes Emissions and Ambient Conceniralions
versus Vehicle Miles Traveled in Southeastern Texas
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Tofal xylenes emissions are caicuiated from the TR as the sum
of ortho-, meta-, para-, and mixed isomers of xylene.
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