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1. Executive Summary

Introduction

The Agency for Toxic Substances and Disease Registry (ATSDR), a federal
public health agency, is involved in public health activities in Corpus
Christi, Nueces County, Texas. This Corpus Christi report determines
whether chemicals detected in outdoor air along “Refinery Row” — an
area near Corpus Christi’s north end — are or have been at levels
potentially high enough to cause harm to the health of area residents.

Refineries and petrochemical facilities in Northern Corpus Christi release
chemicals into the outdoor air through stack emissions, general
maintenance, startups and shutdowns, and accidental releases. Other
sources in the area, such as cars, trucks, trains, barges, gas stations, and
dry cleaners, also release chemicals to the outdoor air. Because air is not
contained, people living, working, and visiting in the Refinery Row area
come in contact with chemicals when breathing the air.

Refinery Row consists of about 10 miles of petrochemical facilities,
bordered by residential neighborhoods. Because air pollution can be
harmful to human health when it accumulates in the air in high enough
levels, area residents have long been concerned about the potential
dangers of breathing chemicals released from industrial activities at
Refinery Row. In 2003, ATSDR agreed to evaluate the residents’ concerns
about pollutants in the outdoor air.

To accurately define the air quality of Refinery Row, ATSDR compiled
several years of air monitoring data. ATSDR gathered available air
pollution data from the following Refinery Row stationary air monitoring
programs:

e Corpus Christi Air Quality Project (AQP) network from 2005—
2010,

e Industry network from 1996-2010, and

e Texas Commission on Environmental Quality (TCEQ) network
from 1980-2010.

ATSDR also reviewed air data from 24 Refinery Row-area mobile
monitoring events that occurred between July 1993 and March 2008. In
this report, “air data” refer to ambient (i.e., outdoor) air data.

ATSDR’s report focused on the stationary and mobile air data, but the
agency completed several additional activities as part of the public health
evaluation process. For example, the agency compared concurrent data
from the three networks, which used different measurement devices and
analytical methods, to evaluate data quality. ATSDR’s trend analyses
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allowed the agency to describe the temporal, seasonal, and geographic
trends that influence chemical air levels along Refinery Row.

Conclusions After reviewing more than 150 chemicals detected in Refinery Row
outdoor air, ATSDR reached two health-based conclusions.

Conclusion 1 Short-term exposure risk: Benzene, hydrogen sulfide, particulate matter,
and sulfur dioxide in Refinery Row outdoor air rarely reached levels
associated with harmful acute health effects. On those rare occasions,
ATSDR concludes that breathing the maximum levels measured of these
compounds in the past and present in air could potentially harm people’s
health, especially sensitive populations such as children, older adults, and
those with preexisting health conditions.

o Benzene: The ATSDR acute benzene health-based comparion
value (CV)! was exceeded in 2.7% of the samples from stationary
air monitors and in 35% of the samples from mobile monitors. One
stationery monitor (Huisache) and several mobile monitors found
that maximum benzene levels rarely approach and exceed health
effect levels. At the highest levels detected, benzene could
potentially cause respiratory irritation and a decrease in various
types of blood cells.

Basis for Decision 1

ATSDR notes that the Huisache stationary air monitor is in a
sparsely populated area, and the mobile monitors recording the
highest levels were on or near facility boundaries. Therefore,
workers and people walking, running, and biking near the facilities
and the ship channel are more likely to be the ones who might, on
rare occasions, be exposed to these higher levels of benzene.

o Hydrogen Sulfide: Twenty-five out of 349,528 (0.007%) stationary
air monitoring samples exceeded the ATSDR acute hydrogen
sulfide CV. Hydrogen sulfide exceeded its acute CV in 16% of the
mobile monitoring samples.

Two stationery monitors (Huisache and JI Hailey) and several
mobile monitors found maximum hydrogen sulfide levels that are
at and approaching health effect levels. These maximum levels of
hydrogen sulfide in Refinery Row air, although rare, indicate levels
that could potentially cause respiratory effects in people with
asthma. The Huisache monitor is in a sparsely populated area,

! Health-based comparison values (CVs) are estimates of daily human exposure to a chemical that is not likely to
result in harmful health effects over a specified exposure duration, which are acute (1-14 days), intermediate
(15-364 days), and chronic (365 days and longer). Although concentrations at or below a CV represent low or
no risk, concentrations above a CV are not necessarily harmful.
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whereas JI Hailey is to the north of Refinery Row and not near any
homes. Workers and people walking, running, and biking near the
facilities and the ship channel are more likely to be the ones who
might, on rare occasions, be exposed to these higher levels of
hydrogen sulfide.

ATSDR also found that the community concern about recurring
odors throughout Refinery Row may be associated with hydrogen
sulfide in the air. All stationary air monitors and mobile monitors
found hydrogen sulfide regularly above its lowest odor threshold,
which can lead to odor-related health symptoms, such as eye
irritation, headaches, cough, difficulties in breathing, negative
mood states, and stress or annoyance.

e Particulate Matter: Air samples were tested for two types of
particulate matter (PM)

0 PMyo— particles smaller than 10 microns in diameter
0 PMys— particles smaller than 2.5 microns in diameter

ATSDR found that PM1o 24-hour concentrations are below U.S.
Environmental Protection Agency’s (U.S. EPA) National Ambient
Air Quality Standards (NAAQS) and therefore are not expected to
harm people’s health.

Only two PM, 5 24-hour concentrations in Refinery Row air
(specifically, pre-2005 maximum concentrations found at the
Huisache and Navigation air monitoring sites) were above U.S.
EPA’s NAAQS?. The Huisache monitor currently operates in a
sparsely populated area, whereas the Navigation monitor
operated in the past in a residential neighborhood.

The U.S. EPA has an Air Quality Index (AQl) online tool known as
“AIRNow AQI Calculator,” which can be used to estimate potential
health effects from known 24-hour levels of PM; 5. Using this
online AQI calculator, ATSDR found that the maximum PM.s air
concentrations along Refinery Row in the past, although rare, are
numerically above NAAQS and represent an increased likelihood
of respiratory and cardiopulmonary symptoms in sensitive people,
especially those with heart or lung diseases, children, and older
adults. Although current PM; s levels are below NAAQS, the data
are limited because only two stationary air monitors along
Refinery Row currently monitor PM; s levels.

2 ATSDR evaluated whether the measured levels of particulate matter were numerically above the NAAQS and did
not evaluate the data using the statistical approach used by U.S. EPA under its regulatory authority.

3
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e  Sulfur Dioxide: This chemical exceeded the ATSDR acute CV in
1.5% of the stationary air monitoring samples and 44% of the
mobile monitoring samples. From 1996—-2010, maximum sulfur
dioxide concentrations from the 5-minute and 1-hour averaged
stationary air data, as well as from the mobile monitors,
infrequently approached and exceeded health effect levels.
Therefore, short-term exposures to the highest concentrations of
sufur dioxide measured in Refinery Row air, although rare,
indicate levels that could potentially cause harmful respiratory
health effects in people with asthma or other related preexisting
conditions, children, and older adults during times of elevated
inhalation rates (e.g., breathing harder during exercise).

Before 1996, maximum sulfur dioxide concentrations—although
detected rarely during mobile monitoring events—suggested the
potential to cause harmful health effects in the general population
(including healthy persons without asthma or other conditions
that might increase sulfur dioxide exposure susceptibility). Such
effects are temporary and would have gone away when not
breathing those former maximum sulfur dioxide levels (i.e., after
the exposure ended.)

e Chemical Mixtures: Although the science of evaluating chemical
mixtures is still evolving and many uncertainties exist in any
chemical mixtures evaluation, ATSDR assumes that pollutants with
similar effects will have an additive dose. Thus, short-term
simultaneous exposure to the maximum levels of benzene,
hydrogen sulfide, particulate matter, and sulfur dioxide in Refinery
Row air could potentially lead to a combined acute respiratory
health effect greater than that of the individual compounds.
Exposure to mixtures of these compounds could lead to temporary
respiratory effects such as nose and throat irritation and shortness
of breath; and neurological effects such as headaches and other
effects related to odors in the community. Note that simultaneous
exposure to the maximum levels of these compounds was not
observed in the available air monitoring data.

e Limitations: ATSDR notes limitations in its evaluation of short-
term exposures, such as that some chemicals only had
experimental (animal) health effects studies available and not
epidemiological (human) studies. The agency also notes that the
stationary monitoring data may not capture all of the releases the
community experiences because these data are not available for
all pollutants, over all time frames, and across all locations of
interest. However, ATSDR believes the locations of the current




(ATSDR

monitors provide good coverage, especially when combined with
the mobile monitoring data.

Conclusion 2 Long-term exposure cancer risk: ATSDR concludes long-term exposure to
the average levels of benzene, cadmium, chromium, 1,2-dibromoethane,
and naphthalene results in a low additional risk of cancer (i.e., the chance
of getting cancer from breathing each chemical alone is low). ATSDR
estimates that breathing a mixture of chemicals found in Refinery Row
outdoor air for many years increases the risk of cancer.

Long-term exposure noncancer risk: ATSDR concludes that long-term
exposure to the average levels of chemicals detected in Refinery Row air is
not expected to cause harmful noncancer health effects.

e Individual Pollutants Cancer Risk: ATSDR estimated the
proportion of a population that may be affected by a carcinogen
during a lifetime of exposure. The cancer risk estimates benzene,
cadmium, chromium, 1,2-dibromoethane, and naphthalene were
each at least 1 additional case of cancer per 100,000 persons.
These estimates are within U.S. EPA’s target risk range® and
exposure to each chemical alone results in a low additional risk of
cancer.

Basis for Decision 2

Long-term benzene exposure had the highest calculated cancer
risk of these carcinogens. ATSDR notes that benzene
concentrations are influenced by wind conditions and time of day,
and increase with proximity to the Huisache stationary air
monitor. Therefore, neighborhoods such as Oak Park, Dona Park,
and Hillcrest may have higher concentrations of benzene,
depending on wind direction. Overall trends show benzene levels
have dropped over the years.

e Chemical Mixtures Cancer Risk: Assuming additive effects, the
cumulative cancer risk estimate for Refinery Row is the sum of the
individual chemical risk estimates. The main contributors to
cumulative cancer risk in Refinery Row air are benzene (31%), 1,2-
dibromoethane (26%), and chromium (11%). The cumulative
cancer risk for a mixture of Refinery Row chemicals is 1.8 x 107 (or
about 2 additional cancer cases per 10,000 people). Thus,
breathing a mixture of chemicals found in outdoor air for many
years results in an increased risk of cancer.

e Individual Pollutants Noncancer Risk: Long-term exposures to the
average concentrations of chemicals detected in Refinery Row
outdoor air were and are below levels known to cause noncancer

3 For carcinogens, U.S. EPA’s target risk range is between 10 (1 in 10,000) and 10 (1 in 1,000,000).
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health effects in humans or animals. Therefore, breathing air over
the long-term containing these chemicals is not expected to cause
harmful noncancer health effects.

Limitations: ATSDR notes limitations in its estimates that likely
overestimate the cancer risk for some chemicals, such as that 1)
cadmium and 1,2-dibromoethane were detected in less than 20%
of the samples so an average concentration could not be used in
the calculations?, and 2) only total chromium levels were available
(not the more harmful hexavalent chromium levels) for the cancer
estimates®. The chemical mixtures estimate assuming additive
effects likely overestimates cancer risk because different
contaminants may cause cancers to different areas of the body via
different mechanisms. Other limitations could lead to an
underestimation of cancer risk, such as the lack of routine
monitoring of polycyclic aromatic hydrocarbons (PAHSs) that are
carcinogens and could have increased the cumulative cancer risk
estimate if data had been available.

Other Findings

ATSDR evaluated health outcome data for the Corpus Christi Refinery Row
area, including asthma hospitalization and birth defect rates. The Texas
Department of State Health Services (DSHS)® evaluated several types of
cancers in the Corpus Christi Refinery Row area.

Asthma Hospitalizations: ATSDR found that Nueces County has a
higher rate of asthma hospitalizations among children than Texas
as a whole. ATSDR’s air evaluation found that exposure to
benzene, hydrogen sulfide, particulate matter, and sulfur dioxide
detected in Refinery Row air indicated levels which, although
infrequent, could potentially result in respiratory health effects in
susceptible populations, like people with asthma or other related
respiratory illnesses.

Birth Defects: ATSDR looked at 63 birth defects to see whether
these defects were more common in children of mothers living
within 2 miles of Refinery Row compared with children of mothers
living 10 or more miles away’. Although these types of
comparisons cannot be used to directly link birth defects to

% The highest 95" percentile, which is generally a more conservative (health protective) value than the average,
was used to estimate chronic exposure risk.

5 Although hexavalent chromium is believed to be a fraction of the total chromium measured, to arrive at the most
conservative risk estimates, ATSDR treated the total chromium measured in Refinery Row air as hexavalent

chromium.

6 Referred to throughout this public health assessment as "Department of State Health Services" (DSHS).
7 Refers to children of mothers living more than 10 miles from Refinery Row but still within the tri-county (Nueces,
San Patricio, and Kleberg) Corpus Christi area.
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chemicals found in the air, they can help health agencies focus on
prevention efforts. Overall, ATSDR found that 2 heart defects
(ventricular septal defect and “other anomalies of the aorta”)
were slightly more common in children who lived near Refinery
Row. These birth defect increases could be by chance or caused by
other risk factors unavailable for review in this analysis.

e Cancer: Comparisons based on statewide cancer rates show the
number of male colon and rectum, bladder, kidney, and liver
cancer cases reported for the Corpus Christi Refinery Row area®
was statistically greater than expected. Although benzene is
associated with one of the elevated types of cancer (i.e., liver
cancer), ATSDR cannot determine if these increases are due to air
pollution from industries along Refinery Row. No increase in
cancer rates was observed in women.

e Limitations: ATSDR’s air data evaluation and health outcome data
evaluation cannot determine whether air pollutants in the Corpus
Christi Refinery Row area caused any observed increases in health
problems. The available data do not include a measure of an
individual’s actual exposure to Refinery Row pollutants.

Next Steps Based on its review of available information, ATSDR recommends that

1. Stationary and mobile monitoring efforts by industry, The
University of Texas (UT), and TCEQ continue to track chemical
levels in Refinery Row ambient air.

2. Routine stationary monitoring programs consider adding PAHs to
the chemicals tracked in Refinery Row ambient air.

3. Refinery Row area facilities consider using the best available
pollution control technology to reduce point-source chemical
releases into the air, as well as promote innovative ideas to
further reduce fugitive air emissions, especially for pollutants
identified as posing an increased noncancer or cancer risk to area
residents.

4. Local organizations and government agencies continue to develop
and promote asthma education and distribute asthma information
to area residents.

8 The Corpus Christi Refinery Row area for the cancer rate analyses is defined by ZIP codes 78401, 78402, 78404,
78405, 78406, 78407, 78408, 78409, 78410, 78411, 78416, 78417 and 78370, which approximates a 5-mile
buffer surrounding Refinery Row.
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5. DSHS continue plans to monitor Corpus Christi area birth defects
and to work with local organizations to develop community
intervention strategies.

6. DSHS continue plans to update its cancer investigation as more
recent data become available.

7. U.S. EPA continue conducting research on environmental
exposures and birth defects.

For More Call ATSDR at 1-800-CDC-INFO and ask for information on the Corpus
Christi Refinery Row site, or visit the agency’s site-specific webpage at

Information
http://www.atsdr.cdc.gov/sites/corpuschristi/.
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2. Statement of Issues

The Agency for Toxic Substances and Disease Registry (ATSDR) has been involved in public health
activities in and near the southeastern Texas City of Corpus Christi.

Near Corpus Christi’s north end is an area most often referred to as “Refinery Row” —approximately 10
miles of petrochemical facilities bordered by residential neighborhoods. In 2003, ATSDR agreed to
evaluate community health concerns about air emissions from the Refinery Row area petrochemical
facilities. ATSDR has included its evaluations in this report, referred to here as the “Corpus Christi
report.”

This Corpus Christi report determines whether pollutants detected in ambient (i.e., outdoor) air along
Refinery Row are or have been at levels potentially high enough to affect the health of residents in
nearby neighborhoods.

3. Background Information

The City of Corpus Christi is a coastal community located in southeastern Texas (see Figure 1A, Appendix
A). The Refinery Row area is toward the north end of the city and consists of approximately 10 miles of
petrochemical facilities. These facilities are bordered by residential neighborhoods.

3.1. Demographic and Other Statistics

Using 2010 Census of Population and Housing data and an area-proportion spatial analysis technique,
ATSDR calculated that 21,684 persons reside within 1 mile of the Refinery Row industrial corridor [US
Census Bureau 2010]. Of these, about 74% were white and about 10% black. Approximately 68%
identified themselves as Hispanic or Latino. Within the 1-mile boundary, the demographic statistics
identify residents’ ages as approximately 13% being 65 and older and 10% being children 6 years or
younger. Using the same area-proportion spatial analysis technique, ATSDR calculated that 53,085
persons reside within 2 miles of the Refinery Row industrial corridor. Additional demographic data are
contained in

e Figure 2A, Appendix A. Additional demographic data regarding persons who live within the
ATSDR-defined industrial corridor 1-mile and 2-mile boundaries.

e Figure 3A, Appendix A. Population density by census block for the Refinery Row area. Sparsely
populated areas are south of Interstate 37 (1-37) along some sections of the industrial corridor.
Densely populated areas, shown as darker green on this figure, are mostly to the west and
southeast of the main industrial corridor. Overall, this figure highlights those areas along the
industrial corridor where a high concentration of people live in close proximity to Refinery Row
facilities.

e Figure 4A, Appendix A. The percent of Hispanic/Latino people by census block for the Refinery
Row area. Of note, people who identify their origin as Hispanic or Latino may be of any race.
This figure highlights that many areas throughout the Refinery Row industrial corridor have a
large Hispanic/Latino population (i.e., over 50%).

e Figure 5A, Appendix A. General location of public and private schools within a 1-mile and 2-mile
boundary of the facilities. Over 20 schools exist within the 2-mile boundary. In addition to

9
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schools, over 25 child care centers are within the 2-mile industrial corridor boundary (see Figure
6A, Appendix A.)

e Figure 7A, Appendix A. General location of elder care centers. There are six elder care centers
within the 2-mile industrial corridor boundary.

Overall, these figures highlight that many institutions with sensitive populations, like children and the
elderly, are in the Refinery Row area.

3.2. Refinery Row Facilities

In this section, ATSDR mentions some of the facilities along Refinery Row that emit chemicals into the
ambient air. Attributing airborne exposures to specific sources on individual facilities is often extremely
difficult, especially in areas such as Refinery Row with many different environmental contaminant
sources.

In general, Corpus Christi refineries use physical, thermal, and chemical separation techniques to
separate crude oil. The refineries separate the crude oil into several products such as gasoline, kerosene,
diesel, petroleum coke, and asphalt. In addition to the refineries’ routine operating emissions, process
upsets, startups, and shutdowns all result in emission events. Other refinery emission sources are
fugitive emissions from truck and barge loading operations and equipment leaks, such as from valves,
storage tanks, and other industrial equipment. Other industries, such as asphalt plants, oil and gas
gathering facilities, and wastewater treatment operations, also emit pollutants to the ambient air. In
addition to these sources in the Refinery Row area, mobile emissions exist from car and bus traffic and
barge navigation in the ship channel. Other regional sources exist in close proximity to the Refinery Row
area, such as the Corpus Christi International Airport.

ATSDR first used the U.S. Environmental Protection Agency’s (U.S. EPA’s) Toxics Release Inventory (TRI)
database to help determine the types of industries and potential chemicals of interest in the Refinery
Row area. According to the TRI database, nine industries in the Refinery Row area are classified as
“petroleum” or “petroleum bulk terminals” [USEPA 2013a].

e BTB Refining

e CITGO Deep Sea Terminal
e CITGO East

e CITGO West

e  Flint Hills East

e Flint Hills West

e Martin Operating LP

e Valero East

e Valero West

ATSDR also searched the TRI database for the primary chemicals of interest discussed in this public
health evaluation (e.g., benzene and chromium) and determined that two facilities not related to the
petroleum industry within the Refinery Row area also emit these chemicals into the air. According to

10
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TRI, these two industries are American Chrome & Chemicals LP (hereafter referred to as Elementis
Chromium) and Equistar Chemicals LP [USEPA 2012a].

However, only certain industries are required to disclose to the TRI database releases for specific
hazardous chemicals. Thus the TRI database does not cover all industries or all chemicals of concern. See
“Reporting Criteria” at http://www2.epa.gov/toxics-release-inventory-tri-program/basics-tri-reporting
for more information about TRI. While TRI data typically capture large and stationary emission-release
sources, smaller stationary sources are not captured. Thus, the TRl database might not capture some
additional facilities, but these facilities nonetheless emit chemicals of interest into Refinery Row
ambient air.

The Texas Commission on Environmental Quality’s (TCEQ's) Mobile Monitoring Team (MMT) conducts
ambient air monitoring in Texas. ATSDR reviewed TCEQ's 2007 and 2008 MMT reports for the Refinery
Row area that noted a variety of sources for air emissions and odors, including both large and small
facilities [TCEQ 2007, 2008]. These MMT reports indicate TCEQ has monitored an additional 14 facilities
in the Refinery Row area that were not captured during ATSDR’s TRI database searches, including the
Broadway Waste Water Treatment Plant (WWTP) and Javelina Gas Co.

ATSDR also included in its facility list Encycle Texas Inc., which was a subsidiary of American Smelting
and Refining Company (ASARCO) LLC. Although this facility ceased operation in 2003, community
members have expressed concern about it. Figure 8A, Appendix A, shows the location of the 11
industries identified by the TRI database, the additional 14 facilities monitored by TCEQ as part of its
mobile monitoring projects, and the former Encycle/ASARCO facility.

To provide further information and perspective regarding these industries, ATSDR created short
summary profiles of these 26 facilities (see Appendix O). ATSDR gathered information in the facility
profiles during a file review at TCEQ's Houston office. ATSDR also compiled information from online
sources such as U.S. EPA's Enforcement and Compliance History Online (ECHO) database
(http://www.epa-echo.gov/echo/) and TCEQ's emission event database
(http://www11.tceq.state.tx.us/oce/eer/index.cfm).

3.3. ATSDR Activities

ATSDR and its cooperative agreement state partner, the Texas Department of State Health Services
(DSHS)?, have been responding to health concerns expressed by Corpus Christi community members for
many years. Between 1995 and 2008, ATSDR received seven petitions related to Corpus Christi. The
petitions focused on concerns about

e Pollutants released to soil from a former smelter.

e Pollutants released to the air, soil, and water from two landfills.

e Pollutants released to the air from refineries and petrochemical companies.
e Elevated birth defect rates.

As stated previously, this public health evaluation focuses on chemicals released to the air from
refineries and petrochemical companies. In addition to this report, numerous actions have occurred
over the years that are not all noted in this document, such as monthly conference calls with concerned

9 Referred to throughout this public health assessment as "Department of State Health Services" (DSHS).
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residents and industry representatives. Appendix C summarizes some of the major events that ATSDR
and DSHS engaged in while working in the Corpus Christi area. Appendix C also provides additional
background information, such as the history of Corpus Christi, information on land use in the area, and
the results of ATSDR’s Social Vulnerability Index (SVI) analysis for the Refinery Row area.

4. Air Monitoring and Data Screening

4.1. Stationary Air Monitoring Networks and Mobile Monitoring Events

To accurately characterize Refinery Row air quality for past and current exposure evaluation, ATSDR
compiled many years of air monitoring data. For this report, ATSDR compiled available ambient (i.e.,
outdoor) air data from the following Refinery Row stationary air monitoring programs:

e Corpus Christi Air Quality Project (AQP) network from 2005-2010,
e Industry network from 1996-2010, and
e Texas Commission on Environmental Quality (TCEQ) network from 1980-2010.

Table 1 lists the station names and chemicals ATSDR evaluated for each network. Figure 8A, Appendix A,
shows the stationary air monitor locations relative to the Refinery Row facilities. Table 1B, Appendix B,
provides additional details about each specific monitor.

Table 1. Stationary Air Monitoring Networks, Station Names, and Chemicals Evaluated (2
pages)

Air Monitoring Network | Station Names Chemicals Evaluated*
Dona Park
J.I. Hailey
Oak Park Hydrogen Sulfide
AQP Off Up River Road Sulfur Dioxide
Port Grain Elevator Volatile Organic Compounds

Solar Estates
West End Inner Harbor

Crossley Elementary School

Huisache

Oak Park Elementary School . .

Industry . Volatile Organic Compounds
Tuloso Midway Elementary School

Tuloso Midway Middle School

Up River Road
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Dona Park
Fire Station #5
Hillcrest
. Hydrogen Sulfide
Huisache Metal
etals
Navigation
TCEQ & Particulate Matter

Navigation Boulevard

Old Galveston Road

Poth Lane

Tuloso Midway Middle School
West Guth Park

Sulfur Dioxide
Volatile Organic Compounds

*  chemicals evaluated vary for each monitoring station

AQP Corpus Christi Air Quality Project
TCEQ  Texas Commission on Environmental Quality

In addition to chemical-specific air data collected at the stationary monitors, ATSDR compiled data on
meteorological conditions (e.g., wind speed and wind direction) from TCEQ's online database. ATSDR
also compiled ambient air data from 24 Refinery Row-area mobile monitoring events that occurred
between July 1993 and March 2008. The following text provides further information about the
monitoring locations and chemicals monitored. Appendix D provides information about the monitoring
methods, monitoring schedules, and data quality.

4.1.1. Corpus Christi Air Quality Project Monitoring

Researchers from The University of Texas (UT) at Austin’s Center for Energy and Environmental
Resources designed the Corpus Christi Air Quality Project (AQP), with input from multiple parties. The
AQP network includes seven air monitoring stations. Of the seven locations, three are near
neighborhoods (Dona Park, Oak Park, and Solar Estates). The remaining four are closer to currently
operating Refinery Row facilities. ATSDR notes both AQP and TCEQ have a monitor at the Dona Park site.
For the period 2005-2010, ATSDR compiled hydrogen sulfide, sulfur dioxide, and volatile organic
compound (VOC) data from the AQP network monitors [TCEQ 2010, 2013c; UT 2011a, 2011b, 2013a].

4.1.2. Industry-Sponsored Monitoring

Several northern Corpus Christi facilities collaborate to monitor ambient air quality along the Refinery
Row corridor. The industry network includes six air monitoring stations. Air monitors are located near
operating schools (Oak Park Elementary and Tuloso Midway Middle) and former schools (Crossley
Elementary and Tuloso Midway Elementary) allowing ATSDR to evaluate past and current air exposures
of both children and adults in the community. One location is near a neighborhood (Up River Road
monitor) and one is located near the Refinery Row complex (Huisache monitor). In the past, the area
surrounding the Huisache air monitor included many homes; however, the majority of homes near this
monitor were bought out in the late 1990s. ATSDR notes both industry and TCEQ have monitors at the
Huisache and Tuloso Midway Middle School sites. ATSDR evaluated VOC data from the industry network
monitors for data collected from 1996 to 2010 [ToxStrategies 2011].

4.1.3. Texas Commission on Environmental Quality Monitoring

Over the years, Texas environmental agencies—the Texas Air Control Board (TACB), the Texas Natural
Resources Conservation Commission (TNRCC), and now TCEQ—have managed the state’s ambient air
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monitoring network. ATSDR compiled 1980s through 2010 air data from 10 TCEQ monitoring stations
along Refinery Row. Four of these stations are currently in operation®. Of these four stations, two
operate near neighborhoods (Dona Park and Hillcrest), one near a school (Tuloso Midway Middle), and
one (Huisache) near the industrial area. In the past, five stations (Fire Station #5, Navigation, Old
Galveston Road, Poth Lane, and West Guth Park) operated near neighborhoods. The Poth Lane location
is in the same area as Huisache, which is currently industrial without many homes. One station
(Navigation Boulevard) operated on the northern section of Refinery Row, along the ship channel.
ATSDR evaluated hydrogen sulfide, sulfur dioxide, metals, particulate matter, and VOC data from the
TCEQ network monitors for data collected from 1980-2010 [TCEQ 2013a, 2013b, 2013c, 2014].
Meteorological data (e.g., wind direction and wind speed) were also compiled from the Dona Park,
Hillcrest, Huisache, and Tuloso Midway Middle School monitors.

4.1.4. Mobile Monitoring Events

ATSDR compiled ambient air data from 24 mobile sampling events that occurred in the vicinity of Corpus
Christi Refinery Row between July 1993 and March 2008 [TCEQ 2002, 2003a, 2003b, 2004, 2006, 2007,
2008; TNRCC 1994, 1995, 1996a, 1996b, 1997, 1998a, 1998b, 1998c, 1999, 2000a, 2000b, 2000c, 2000d,
2001]. TCEQ deploys the mobile monitors to collect measurements of carbonyl compounds, sulfur
compounds, semi-volatile organic compounds (SVOCs), and VOCs. The short-term mobile monitoring
events allow TCEQ to monitor emission sources throughout the Refinery Row area.

4.1.5. Air Monitoring Data Limitations

Although TCEQ analyzed samples for metals in the 1980s, the equipment and methods used during that
time frame resulted in data of unknown quality and could underestimate actual ambient air
concentrations (see Section 1D.3.2 in Appendix D). These data will be discussed, but ATSDR will not use
them to draw definitive health conclusions. ATSDR also notes that only one stationary air monitor (i.e.,
a TCEQ monitor at the Dona Park site) currently collects routine measurements for metals analysis; data
from this one monitor were evaluated for public health significance in this document.

Routinely collected ambient air monitoring data are not available for polycyclic aromatic hydrocarbons
(PAHs)—an SVOC subset. PAHs can be released from a variety of refinery sources, including atmospheric
distillation, catalytic cracking, residual fuel oil, lubricant oil processing, bitumen processing and loading,
coking, and waste-water treatment [IARC 1989].

4.2, Data Organization and Focus

Given the various locations of air emission sources and ambient air monitors, the various monitoring
methodologies and monitoring intervals, and the various chemicals monitored, ambient air monitoring
at the Corpus Christi Refinery Row site is a complex operation. To help with its evaluation, ATSDR
organized the air data into seven groups:

1. Automated gas chromatograph (Auto GC),

10 There are five currently operating monitors. TCEQ installed the Palm Auto GC, which was activated on August 8,
2010. ATSDR’s evaluation of air data for Corpus Christi Refinery Row includes most available air data from the
1980s through 2010. Because, however, this Palm monitor was not operating before 2010 and because other
monitors (Hillcrest and Crossley Elementary School) have been operating for years near the Palm station, in
this public health assessment ATSDR choose not to evaluate the 2010 partial year Palm Auto GC data.
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2. TCEQcanisters,

3. Industry canisters,

4. AQP triggered canisters,

5. Mobile monitoring,

6. Metals and particulate matter, and
7. Sulfur compounds.

These categories allowed ATSDR to group data collected during similar time frames and for similar
chemicals. Also, by grouping chemicals with similar monitoring intervals, ATSDR could perform various
statistical analyses for some of the datasets. The following text provides the agency’s data organization
structure.

Auto GC. Automated gas chromatograph (Auto GC) data are collected continuously for 24 hours every
day from three stationary air monitors. VOCs are measured at AQP’s Oak Park and Solar Estates
monitors, and benzene is measured at industry’s Huisache monitor. Auto GC data provide information
about the chemical levels in air that people breathe every day, all year long. These data can help ATSDR
evaluate both short-term and long-term exposures.

TCEQ Canisters. Canister air data from five TCEQ stationary air monitors measure over 90 VOCs. For the
most part, the VOC measurements are routinely collected once every six days for 24 hours per day.
These data can help ATSDR evaluate both short-term and long-term exposures.

Industry Canisters. Canister air data from five industry stationary air monitors measure between 17 and
26 VOCs. The VOC measurements are collected two to six times per month, depending on the season,
for 24 hours per day. These data can help ATSDR evaluate both short-term and long-term exposures.

AQP Triggered Canisters. Canister air data from seven AQP stationary air monitors measure VOCs when
triggered by high hydrocarbon levels. Collected episodically (i.e., occasionally), these data capture
chemicals during high concentration events and can help ATSDR evaluate short-term exposures.

Mobile Monitoring. Air data from 24 sampling events from a variety of locations along Refinery Row
include measurements of VOCs, SVOCs, hydrogen sulfide, sulfur dioxide, and carbonyl compounds.
These data were collected using a variety of instruments and varying averaging times. Together, these
data capture chemicals during high concentration events and can help ATSDR evaluate short-term
exposures.

Metals and Particulate Matter. TCEQ stationary air monitors collect airborne measurements of
particulate matter less than 2.5 microns in diameter (PM,s) and particulate matter less than 10 microns
in diameter (PMo) once every 6 days for 24 hours per day. At one of these monitors (Dona Park),
samples are also analyzed for metals. These data can help ATSDR evaluate both short-term and long-
term exposures.

In the 1980s, four TCEQ stationary air monitors collected airborne total suspended particulates (TSP)
about once every 6 days for 24 hours per day and analyzed for metals. Because of the equipment and
methods used during that time frame, ATSDR finds that the 1980s metals data are of unknown quality
and therefore will be used for screening purposes only.
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Sulfur Compounds. At seven stationary air monitors, both hydrogen sulfide and sulfur dioxide
measurements are collected continuously every day for 24 hours per day. In addition, continuous
monitoring of sulfur dioxide has occurred at another monitor (Tuloso Midway Middle School) beginning
in 1984. These data provide information about hydrogen sulfide and sulfur dioxide in air that people
breathe every day, all year. These data can help ATSDR evaluate both short-term and long-term
exposures.

4.3. Data Screening

During the public health evaluation process, ATSDR reviews environmental data and evaluates these
data in the context of the site-specific exposure pathway evaluation. This screening analysis process
enables ATSDR to sort through data in a consistent manner and identify chemicals that might need
closer evaluation. This screening process compares measured air concentrations with health-based
comparison values (CVs) [ATSDR 2005a].

Health-based CVs are estimates of daily human exposure to a chemical that is not likely to result in
harmful health effects over a specified exposure duration. ATSDR has developed CVs for specific media
(e.g., air, water, and soil). ATSDR CVs are generally available for three specified exposure periods: acute
(1-14 days), intermediate (15—-364 days), and chronic (365 days and longer) [ATSDR 2005a].

Some of the CVs and health guidelines ATSDR scientists use include ATSDR’s cancer risk evaluation
guides (CREGSs), environmental media evaluation guides (EMEGs), and minimal risk levels (MRLs). If an
ATSDR CV is not available for a particular chemical, ATSDR screens those environmental data with CVs
developed by other sources, such as U.S. EPA’s reference concentrations (RfCs).

Health-based CVs and health guidelines, as well as all other health-based screening criteria, are
conservative levels of protection—they are not thresholds of toxicity. Although concentrations at or
below a CV represent low or no risk, concentrations above a CV are not necessarily harmful. To ensure
that they will protect even the most sensitive populations (e.g., children or the elderly), CVs are
designed intentionally to be much lower, usually by two or three orders of magnitude,*! than the
corresponding no-observed-adverse-effect-levels (NOAELs) or lowest-observed-adverse-effect-levels
(LOAELs) on which the CVs are based. Most NOAELs and LOAELs are established in laboratory animals;
relatively few are derived from epidemiologic (i.e., chiefly worker) studies. All ATSDR health-based CVs
are nonenforceable—they are for screening purposes only.

ATSDR regularly updates its environmental and health guidelines. ATSDR's Toxicological Profiles provide
detailed information about ATSDR's substance-specific health guidelines (MRLs). When determining
what environmental guideline value to use, ATSDR follows a general hierarchy [ATSDR 2005al:

e Hierarchy 1 includes ATSDR environmental guidelines such as CREGs and chronic EMEG/MRLs.

11 “Order of magnitude” refers to an estimate of size or magnitude expressed as a power of ten. An increase of one
order of magnitude is the same as multiplying a quantity by 10, an increase of two orders of magnitude equals
multiplication by 100, an increase of three orders of magnitude is equivalent of multiplying by 1000, and so
on. Likewise, a decrease of one order of magnitude is the same as multiplying a quantity by 0.1 (or dividing by
10), a decrease of two orders of magnitude is the equivalent of multiplying by 0.01 (or dividing by 100), and so
on.
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e Inthe absence of these Hierarchy 1 values, ATSDR might select Hierarchy 2 values (including
ATSDR intermediate EMEG/MRLs and U.S. EPA RfCs.

When environmental guidelines are unavailable from the hierarchy, ATSDR considers values from other
sources'?

ATSDR screened the Corpus Christi Refinery Row air data with its CVs, as well as those from California
EPA (Cal. EPA), U.S. EPA, and TCEQ [ATSDR 2013; Cal EPA 2014; USEPA 2012c, 2013b; TCEQ 2013d)].
Selecting the environmental guidelines most appropriate and applicable to site-specific conditions is of
critical importance in conducting public health evaluations. Exposures identified at a site should closely
approximate the exposure assumptions used to derive the environmental guidelines [ATSDR 2005a]. For
example, including an air contaminant for further evaluation based on a few maximum detections that
exceed a long-term CV might be inappropriate if the maximum concentrations are below short-term
CVs, and the mean concentration is below long-term CVs.

Table 2B, Appendix B, provides the lowest, readily available CV for each chemical. See Appendix E for
information on the derivation and intended use of the comparison values used in this public health
evaluation.

For its Refinery Row evaluation, ATSDR completed two screening steps—initial screening and refined
screening. Figure 1 provides a basic diagram of the Refinery Row screening process.

12 ATSDR has not officially reviewed the bases of comparison values from other sources.
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Figure 1. Refinery Row Basic Screening Approach Diagram
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4.3.1. Initial Screening Approach

ATSDR screened the available Corpus Christi Refinery Row air data with the CVs listed in Table 2B,
Appendix B.

Initial Screening Step 1: For episodic air measurements (i.e., those occurring occasionally),

ATSDR determined whether the maximum detected chemical concentrations exceeded short-
term CVs as well as noted those chemicals with no short-term CVs. ATSDR retained for public
health evaluation those chemicals from these two groups:

0 AQP triggered canisters, and
0 Mobile monitoring.

The data from these two groups capture chemicals during high concentration events and can
help ATSDR evaluate short-term exposures. Thus, ATSDR screened the datasets with only short-
term CVs.

Initial Screening Step 2: For continuous monitoring (24 hours every day) and semi-continuous

monitoring (24-hour averaging periods, once every 2—6 days) at stationary air monitors, ATSDR
determined whether the maximum detected chemical concentrations exceeded available long-
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term CVs as well as noted those chemicals with no long-term CVs. ATSDR retained for the
refined screening process those chemicals from these five groups:

Auto GC,
TCEQ canisters,

Industry canisters,

O O O O

Metals and particulate matter, and
0 Sulfur compounds.

The datasets from these five groups can help ATSDR evaluate both short-term and long-term
exposures. Because short-term CVs typically exceed long-term CVs by at least an order of
magnitude, ATSDR's first step was to conservatively screen these datasets with the lower, long-
term CVs.

4.3.2. Refined Screening Approach

For chemicals retained based on Initial Screening Step 2, ATSDR calculated mean chemical
concentrations for each stationary air monitor in each of the five groups (Auto GC, TCEQ canisters,
industry canisters, metals and particulate matter, and sulfur compounds). Mean chemical
concentrations were calculated by following the steps outlined in Appendix G. Then,

Refined Screening Step 1: ATSDR determined whether the chemical’s maximum concentration
was above its short-term CV or mean concentration was above its long-term CV, or both. ATSDR
selected these chemicals for public health evaluation, as well as those chemicals with no CVs.

Refined Screening Step 2: For a chemical with a detection rate < 20% at a stationary air
monitor, ATSDR could not calculate the chemical’s mean concentration for that monitoring
station. ATSDR selected these infrequently detected chemicals for public health evaluation if 1)
ATSDR could not calculate the chemical’s mean concentration at any of stationary air monitors
in the group, and 2) the chemical’s method reporting limit (TCEQ data) or detection limit
(industry data) was above the lowest, available long-term CV. ATSDR selected chemicals meeting
these criteria because the agency does not know whether the chemical was consistently present
in air above the long-term CV but below the method reporting limit or detection limit.

Of note, although concentrations at or below CVs are considered low or no risk, concentrations above
these values will not necessarily pose a human health risk.

4.3.3. Screening Results

ATSDR presents the results of its initial screening of Refinery Row air data for each group in Tables 3B—
10B, Appendix B, and its refined screening results® in Tables 11B—22B, Appendix B. Appendix F provides
a detailed description of the screening process for each group. Table 2 summarizes the 39 compounds
chosen for public health evaluation based on ATSDR’s Refinery Row screening process.

13In general, two time periods were used to group data for calculations—chemical data available before 2005 and
those from 2005-2010. Because the AQP network did not begin sampling activities until 2005, ATSDR chose to
separate the industry and TCEQ data into two time periods (pre-2005 and 2005-2010).
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Table 2. Refinery Row Data Screening Results

Compounds of Potential Concern

Maximum Level
above Short-term*

Mean Level above
Long-term* CV

Other Long-term
Considerations’

No Short-term CV

No Long-term CV

CVv
Barium? Arsenic Cadmium 1-Butanol 1-Butanol
Benzene Barium? Chloroprene Chlorine 1-Butene
Cadmium Benzene Cobalt Chloroprene c-2-Butene
Carbon Tetrachloride 1,3-Butadiene 1,2-Dibromoethane Dodecane t-2-Butene
Chloroform Carbon Tetrachloride 1,2-Dichloropropane Furfural Chlorine
- 1,1,2,2-
Chromium Chloroform Ethane Ethane
Tetrachloroethane
1,2-Dibromoethane Chromium 1,1,2-Trichloroethane Propane Lead
Hydrogen Sulfide 1,2-Dichloroethane Vinyl Chloride Propylene 2-Methyl-2-Butene
Isoprene Hydrogen Sulfide 1-Pentene
Lead Naphthalene c-2-Pentene
PM2.s Trichloroethylene t-2-Pentene
Sulfur Dioxide Propane

Toluene

Sulfur Dioxide

*  Short-term exposures refer to chemical exposures that may last only a few minutes or a few hours, to those
that may last for days, weeks, or even a few months. Long-term exposures refer to chemical exposures lasting

a year or more.

T Chemical retained because 1) ATSDR could not calculate the chemical’s mean concentration for any group at
any monitor, and 2) the chemical’s method reporting limit (TCEQ data) or detection limit (industry data) was

above the lowest, available long-term CV.

¥ Chemical levels exceeded CVs for the 1980s metals dataset only.
cv health-based comparison value

PMz2s

particulate matter less than 2.5 microns in diameter

5. Exposure Pathway Evaluation

To determine whether people are 1) now exposed to contaminants, 2) were exposed in the past, or 3)
could be exposed in the future, ATSDR examines the path between a contaminant and a person or group
of people who could be exposed. Completed exposure pathways have five required elements. ATSDR
evaluates a pathway to determine whether all five factors are present. Each of these five factors or
elements must be present for a person to be exposed to a contaminant:

1. A contamination source,

2. Transport through an environmental medium,
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3. An exposure point,

4. A route to human exposure, and

5. People.
In the Refinery Row area, ATSDR considers exposure to ambient air a completed exposure pathway (see
Table 3).
Table 3. Completed Exposure Pathway Elements
Pathway Exposure Pathway Elements Time
Name | goyrces Fate and Transport FalL e Route of Exposed Frame
Exposure Exposure Population
Stack and fugitive .
Refineries, emissions, general gzn@;gﬂy
petrochemical | maintenance and Outdoors in workers z;m d Past,
Ambient Air | facilities, mobile | process upsets, mobile Northern Inhalation visitors t’o the Present,
sources (cars, sources, and other Corpus Christi Refinerv Row Future
trucks, etc.) sources emit volatile area Y
chemicals into the air

Refineries and petrochemical facilities in Northern Corpus Christi release chemicals into the ambient air
through stack and fugitive emissions, general maintenance, and process upsets. Pollutants are also
released from mobile sources, such as cars, trucks, trains, ships, barges, and airplanes. Other sources in
the area, such as gas stations and dry cleaners, also release chemicals to the ambient air. Because
ambient air is a continuous medium (i.e., air is not contained), people living, working, and visiting in the
Refinery Row area are exposed to the ambient air though inhalation; that is, during their daily activities
they breathe in chemicals from the outdoor air.

For the Refinery Row area, ATSDR obtained air monitoring data from three stationary networks (i.e.,
AQP, industry, and TCEQ). Combined, these networks placed air monitors throughout the community
and the Refinery Row area (see Figure 8A, Appendix A). The stationary monitors are where people might
be exposed, such as outdoors near schools, parks and homes, as well as at locations in close proximity to
refinery operations and the ship channel. For each of the stationary air monitors, Table 1B, Appendix B,
includes the monitor name, a general description of the area where the monitor is located, and other
information about the monitor. For the current area descriptions, ATSDR uses these designations:

e Neighborhood—when mostly homes, parks, and schools are near the air monitor,

e Industry—when mostly facilities are located near the air monitor, and

e Industry, Ship Channel—when the air monitor is located close to both facilities and to the ship
channel.

ATSDR notes the area descriptors that identify stationary monitor locations have changed over time.
Past conditions for some areas are different. For example, the Huisache and Poth Lane air monitoring
stations are currently described as “Industry.” About 15 years ago, however, these stations were in an
area ATSDR would designate as “Neighborhood,” and which the local community commonly refers to as
the Oak Park Triangle. The majority of homes in the Oak Park Triangle were bought out in the late 1990s.
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In addition to the stationary air monitors, 24 mobile monitoring events occurred in the Corpus Christi
Refinery Row area. These monitoring events captured air chemical levels at a variety of locations,
including facility fence lines and neighborhoods. These short-term, mobile events provided additional
insight into the levels of chemicals found throughout the Refinery Row area.

Exposure duration will be greatest in areas people frequent more often, such as their homes where they
might engage in outdoor activities (e.g., gardening, lawn mowing, and playing). People are also exposed
at schools and parks, and when they walk, run, and bike near the facilities and near the ship channel.
People who work in the area, at the refineries as well as in other neighborhood businesses, are also
exposed to the ambient air during their daily work activities.

6. Data Analyses and Trends

6.1. Analysis Approach

In Section 4.1, ATSDR provides information on the three currently operating stationary networks
operated by AQP, industry, and TCEQ. For its stationary air monitor data analyses, ATSDR used R
version 3.1.1 [R Core Team 2014], along with various R packages. These analyses allowed ATSDR to

e Estimate a mean concentration for comparison with long-term CVs in its refined screening
analysis (see Section 4.3.2).

e Perform cross-network comparisons of one monitoring network to the others to provide further
insight into data quality (see Section 6.2).

e Describe the temporal, seasonal, and geographic trends that influence chemical air levels along
Refinery Row (see section 6.4).

In general, two periods were used to group data for calculations—chemical data available before 2005
and chemical data from 2005-2010. Because the AQP network did not begin sampling activities until
2005, ATSDR chose to separate the industry and TCEQ data into two time periods (pre-2005 and 2005—
2010) to facilitate comparison between networks and time periods. ATSDR estimated chemical means
and approximate 95% confidence intervals for the two time periods. Two-sided confidence intervals
(i.e., upper and lower confidence intervals) were calculated and used to facilitate comparison between
stations and between time periods.

ATSDR notes that the bias and precision of the mean estimates can be influenced by unique features in
the datasets such as

e Censoring—Chemical concentrations either reported or not reported below a given detection or
reporting limit.

e Sampling design—The frequency and duration of sample collection over time.

e Correlation structure—Chemical concentration measurements can be related to each other in
time or space.

14 R is a free software programming language and software environment for statistical computing and graphics.
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e Seasonality—Chemical concentrations can display consistent changes day-to-day and season-to-
season.

Each of the three stationary air monitoring networks presented unique features that influenced bias and
precision of the estimated means. They each required different approaches to calculating the mean and
estimating the confidence intervals. Appendix G provides further information specific to ATSDR’s data
analyses methods.

6.2. Cross-network Comparisons

The three stationary air monitoring networks measure air quality throughout Refinery Row, and some
monitoring stations are in close proximity to each other. ATSDR compared the measurements made by
one network with measurements made by another. These “cross-network comparisons” provide further
insight into data quality—despite the fact that each network used different measurement devices and
analytical methods, the expected results should show reasonably comparable concurrent measurements
in the nearby locations. Stations farther removed from each other should have less of a relationship,
potentially moderated by wind directions from nearby chemical emission sources that favor one
monitor location over another.

ATSDR selected benzene for its cross-network comparisons. This chemical is of concern to the
community and is often detected above its chronic comparison values. All three networks also
frequently measured benzene at levels above reporting and detection limits. To illustrate its findings,
benzene comparisons between network sites are shown on figures with a “line of equality” to indicate a
relationship that would exist if both compared monitors produced identical data. Data points from sites
that have similar data will fall roughly equally on either side of the line. Data predominantly to the right
or left of this line of equality indicate that one of the monitoring sites had higher concentrations than
the other site.

As part of its analysis, ATSDR also determined whether the relationships of the monitoring sites were
statistically significant, meaning the different measurement devices and analytical methods used by the
networks showed similar benzene levels for concurrent time periods. Appendix G provides the detailed
results of ATSDR’s cross-network comparisons. The following text provides a short summary of these
findings.

6.2.1. Canister Benzene Data Comparisons

ATSDR merged data from three pairs of geographically comparable industry and TCEQ canister sites by
date. Figure 9A, Appendix A, shows the three pairs of canister sites that were cross-compared, which are

e Dona Park (TCEQ) and Up River Road (industry),
e Huisache (TCEQ) and Oak Park Elementary School (industry), and
o Hillcrest (TCEQ) and Crossley Elementary School (industry).

Overall, the benzene levels at one site were correlated with the benzene levels at the other site (i.e., the
sites showed similar benzene levels for concurrent time periods — see Section 2G.1 in Appendix G).
Additionally, the relationships were clearly affected by some sites’ proximity to Refinery Row and by
wind direction.
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6.2.2. Auto GC Benzene Data Comparisons

ATSDR compared AQP’s Oak Park and industry’s Huisache Auto GC benzene data. Figure 10A, Appendix
A, shows wind direction strongly influenced the relationship of benzene measured at one Auto GC
station relative to the other Auto GC station. Although the strength of the relationship varied by wind
direction, ATSDR notes the two Auto GC’s benzene data were correlated regardless of wind direction
(see Section 2G.2 in Appendix G). ATSDR also notes that when winds were from the east-northeast, the
concentrations were consistently higher at the Huisache Auto GC station (as indicated by the data points
being to the left of the line of equality). When the winds were from another direction (i.e., south-
southwest), the relationship between the two benzene measurements was close to one-to-one.

6.2.3. Auto GC and Canister Benzene Data Comparisons

For its cross-network comparisons of benzene data, ATSDR also compared the 24-hour canister data
available from each of the three stationary networks to the Auto GC data available from AQP and
industry for concurrent time periods. Figures 11A-16A, Appendix A, show the sites that were cross-
compared. Overall, ATSDR found positive correlations between the networks, each of which showed
similar benzene measurements on concurrent days despite the use of different devices and analytical
methods. In general, the most significant and strongest data correlations existed between sites that
were geographically closest to each other, such as industry’s Huisache Auto GC and TCEQ's Huisache
canister benzene data.

6.3. Meteorological Trends

TCEQ operates four stations in the Refinery Row area that collect meteorological data. ATSDR looked at
long-term, seasonal, and daily trends that influence chemical air levels along Refinery Row.

6.3.1. Long-term Trends

ATSDR plotted meteorological data from 2000 to 2010 for three stations (Tuloso Midway Middle School,
Huisache, and Hillcrest) and from 2003 to 2010 for the Dona Park station using wind roses to show long-
term trends. These wind roses?® reveal similar patterns from the coast, from Corpus Christi Bay, and up
to 10 miles inland from the bay (see Figure 17A, Appendix A). In general, the predominant wind
direction was from the southeast. Winds were least likely to come from the west and southwest. These
long-term patterns are consistent across all four stations.

6.3.2. Seasonal Trends

In the Corpus Christi Refinery Row area, the winds are similar through the seasons at all monitoring
sites, with the predominant wind direction from the southeast. However, meteorology is subject to
apparent seasonal variation. At all sites, spring and summer have winds predominantly out of the
southeast. In the autumn and winter months, there is still a predominance of winds from the southeast,
but there is also a greater variability in the wind direction, with a greater percent of winds coming from
the north, northwest, and northeast (see Figure 18A, Appendix A).

15 A wind rose is a way of showing average wind direction and speed. These pictures gives a summary of how often
wind comes from a direction towards the weather station (wind from), as well as the wind speed during that
time. The weather station is at the center of a wind rose, so an arrow to the east of the center indicates wind
from the east. The arrows are labeled with a percent, which indicates the percent of time the wind was
coming from that direction at that speed. Relative wind speeds are shown by the color of the arrow.
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The decreased frequency of southeasterly winds during the autumn and winter resulted in more days
with winds blowing towards the monitors located south of Refinery Row. This autumn and winter wind
pattern could result in higher measured chemical concentrations at these monitors during these
seasons. In the winter months, decreased solar radiation and temperature would likely result in less
vertical mixing of chemicals in the air and potentially higher chemical concentrations as well.

During the summer, winds were consistently from the southeast, which would result in Refinery Row
area emissions blowing away from the more populated areas of Corpus Christi. Consequently, lower
chemical concentrations would be expected at the monitors located south of Refinery Row. Higher
temperatures and increased solar radiation would likely increase mixing of chemicals in the air, thereby
diluting chemical concentrations. Wind speeds, which will effect mixing, also exhibited seasonal
patterns—with higher wind speeds during the winter, spring, and late autumn months, and slightly
slower speeds, overall, during the summer and early autumn.

6.3.3. Daily Trends

Regardless of season, wind directions did not appear to vary greatly between day and night. Overall,
average wind speeds were lower at night and showed a slightly more clockwise rotation in spring,
summer and autumn—in other words, the wind direction rotated clockwise slightly at night. Figure 19A,
Appendix A, shows an example of wind roses by day and night for Hillcrest.

6.4. Chemical Trends

ATSDR looked at chemical concentration trends: 1) by wind speed and direction, and 2) according to
location (spatial) and time (temporal). This review looked at trends for several compounds of interest
(i.e., benzene, hydrogen sulfide, particulate matter, and sulfur dioxide). In general, these four
compounds were chosen because of data completeness, potential health impact, and correlation to
other compounds.

ATSDR used bivariate polar plots to analyze how concentrations of a given chemical vary by wind speed
and wind direction. The statistic plotted was the conditional probability function (CPF), which is used to
show the probability that the chemical concentration is within a given interval when the winds are from
a given direction and speed [Uria-Tellaetxe and Carslaw 2014]. In other words, these plots can give clues
on the direction of the sources of a given pollutant in relation to the location of the monitor. Appendix G
provides further information about ATSDR’s use of polar plots.

ATSDR notes that because of the uncertainty in determining the extent to which an individual source at
a specific facility contributes to general air pollution, this public health evaluation does not provide
guantitative estimates of each source’s impact on levels of air pollution. This document does, however,
analyze wind direction and speed in relation to chemical concentrations at the monitoring sites. This
analysis can provide further information on chemical sources, such as how wind direction and speed
impact when Refinery Row-related sources are likely to lead to concentrations in the top quantile?® at
the monitors. CPF plots can also provide some indication whether nearby areas, which may not have
monitors, are likely to be impacted by similar sources.

16 In this section, ATSDR groups concentration data into various equal proportions (called quantiles), including by
quartiles (25%), quintiles (20%), and deciles (10%).
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6.4.1. Benzene

Wind direction and speed trends: ATSDR developed CPF plots for the Auto GC benzene data at
Huisache, Oak Park, and Solar Estates that divided the benzene concentrations into quartile ranges
(0-25%, 25-50%, 50-75%, and 75-100%). This means the agency looked at the relationship of benzene
concentrations and wind direction at lower concentrations (0-25% of the concentration range), at lower-
to-mid concentrations (25-50% of the concentration range), at mid-to-higher concentrations (50-75% of
the concentration range), and at higher concentrations (75-100% of the concentration range). One
would generally expect the higher concentrations (75-100% of the concentration range) to come from
the most significant sources of benzene. To keep the data comparable, 2005-2010 data were used to
develop the polar plots because only Huisache had data prior to 2005.

The polar plots illustrate a strong relationship between the Auto GC measurements and Refinery Row-
related benzene emission sources (see Figures 20A-22A, Appendix A). The patterns of Refinery Row
benzene air emissions shown in these Auto GC figures are consistent with modeling performed by the
University of Texas [UT 2010]. ATSDR also developed CPF polar plots at the TCEQ and industry canister
sites that had benzene data after 2005. For the highest concentration range (75-100%), these canister
sites showed similar benzene concentration patterns with regard to Refinery Row air emissions (see
Figures 23A and 24A, Appendix A).

Spatial and temporal trends: Figure 25A, Appendix A, and Table 11B, Appendix B, show benzene
concentrations at the three Auto GC stations from 2003 through 2010. The Huisache Auto GC station
had the highest levels of benzene and exceeded the acute EMEG/MRL some of the time. The Oak Park
Auto GC showed fewer exceedences of the acute EMEG/MRL than Huisache. The Solar Estates Auto GC
site rarely exceeded the acute EMEG/MRL for benzene. Figures 26A and 27A, Appendix A, show benzene
data scatter plots for the TCEQ and industry canister sampling monitors. Like the Auto GC benzene data,
these canister benzene data plots show the Huisache monitor exceeded the acute EMEG/MRL more
than the other monitors. Appendix G provides additional spatial trends for the TCEQ and industry
canister sites.

Although the Huisache Auto GC recorded the highest average and peak benzene concentrations of the
three Auto GC stations, monthly average concentrations have decreased over the years at Huisache
compared to the other two Auto GC stations (see Figure 28A, Appendix A). These averages are higher
than ATSDR’s CREG of 0.04 ppb, but well below the chronic EMEG/MRL of 9 ppb (which is based on
noncancer effects of benzene). The data for all three stations in this figure show strong seasonality, with
higher concentrations occurring during the winter and autumn months. This is expected, given the
seasonal meteorology in the region and the relative position of the monitors to Refinery Row.

The Huisache and Oak Park Auto GC monitors show a strong diurnal pattern (e.g., concentrations of
benzene increased overnight through the morning and then decreased during the afternoon), but this
pattern was less pronounced at Solar Estates (see Figure 29A, Appendix A). The diurnal pattern is
consistent with the breakdown of benzene through interactions with hydroxyl radicals in sunlight
[ATSDR 2007]. This process could also contribute to the seasonal cycle of benzene concentrations.
Regardless of the day of the week, the diurnal pattern remained consistent.

Benzene average concentrations in the spring and summer months are much less than the average
concentrations during the autumn and winter months. The higher concentrations during the autumn
and winter months were consistent with the finding that there were more days in autumn and winter
with winds blowing toward the monitors located south of Refinery Row.
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6.4.2. Hydrogen Sulfide

Wind direction and speed trends: For the seven Refinery Row monitors, ATSDR used bivariate CPF polar
plots for the top quintile (20%) of hydrogen sulfide concentrations (see Figure 30A, Appendix A). ATSDR
used the top quintile CPF because the lower quintiles did not reveal meaningful trends. To make the
data comparable to each other, the period used to develop these polar plots was 2006 through 2010
(only the latter part of 2005 had data available for hydrogen sulfide at the AQP stations). The polar plot
analysis found only a slight increase in probability of concentrations being in the top quintile range near
the Solar Estates monitor, which is furthest from the ship channel. All other monitors showed varying
levels of increased probabilities of top quintile concentrations when winds were blowing from the
direction of Refinery Row emission sources and the ship channel (see Figure 30A, Appendix A).

Spatial and temporal trends: Trends in hourly hydrogen sulfide levels at the seven monitoring sites
showed sporadically high levels (e.g., above ATSDR’s acute EMEG/MRL) at Huisache and JI Hailey until
2008 (see Figure 31A, Appendix A, and Table 21B, Appendix B). After 2008, the levels at these two
stations became more comparable to other sites. Solar Estates had the lowest average concentrations,
and, relative to the other sites, also had the lowest peak levels of hydrogen sulfide.

Monthly hydrogen sulfide concentrations (see Figure 32A, Appendix A) were never above ATSDR’s
intermediate EMEG/MRL of 20 ppb'’. Monthly average levels over time remained just below the U.S.
EPA’s RfC of 1.4 ppb. Huisache’s monthly average hydrogen sulfide concentrations dropped after 2008
to levels more consistent with the other sites in the area.

Hourly concentrations at every site except Dona Park showed a bimodal pattern in hydrogen sulfide
measurements, that is, concentrations were high in the morning and evening hours (see Figure 33A,
Appendix A). The concentrations were consistent regardless of day of the week.

6.4.3. Particulate Matter

Wind direction and speed trends: ATSDR developed polar plots for PM;s at Dona Park and Huisache
(see Figure 34A, Appendix A). Both sites had higher probabilities of a top quartile PM;s concentrations
when the winds were from the southeast. At Huisache, a smaller increase in probability of a top quartile
concentration occurred when the winds were from the east-northeast as well.

Using PM5 s speciation data from Dona Park, Karnae and John (2011) conducted a study to try to identify
the sources of PM; s at this monitor. They found that secondary sulfates (i.e., sulfur particulates formed
in the atmosphere) account for 30.4% of the PM,.s. Aged sea salt accounts for 18.5%, biomass burns in
South and Central America account for 12.7%, crustal dust (some from Africa) accounts for 10.1%, traffic
accounts for 9.7%, fresh sea salt accounts for 8.1%, industrial sources account for 6%, and oil and
combustion accounts for 4.6%. ATSDR notes that the pattern in its PMys polar plots would be consistent
with long-range transport of the crustal dust and sea salt. Possible PM, s industrial sources to the
northeast could be associated with a higher probability of top quartile PM,s concentrations at Huisache.
But using these data alone, other distant sources cannot be ruled out.

Spatial and temporal trends: Daily measurements of PM, s were taken at Huisache, Dona Park, and
Navigation (see Figure 35A, Appendix A). Only two measurements of PM, s were higher than the 24-

17 ATSDR defines “intermediate” as a duration of 14-365 days.
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hour'® National Ambient Air Quality Standard (NAAQS) of 35 pg/m3. The yearly 98" percentile of yearly
data (averaged over 3 years) did not exceed the 35 pg/m?® NAAQS standard. Average levels of PM,s
were relatively unchanged, with the three-year rolling mean below the NAAQS PM s standard of 12
pg/m3. Annual average levels were, in some years, higher than the World Health Organization guidance
value of 10 pug/m?3. Overall, Huisache measurements were slightly higher than Dona Park. Three-year
rolling statistics were not calculated for Navigation as only three years of data were available.

6.4.4. Sulfur Dioxide

Wind direction and speed trends: ATSDR developed bivariate CPF polar plots for the top decile (10%) of
sulfur dioxide concentrations along Refinery Row. Because sulfur dioxide is primarily an acute inhalation
hazard, ATSDR used the top decile of concentrations for these plots; also, the data at some sites were
too highly censored to allow for lower deciles to be used. To make the data comparable to each other,
the period used to develop these polar plots was 2006 through 2010—only the later part of 2005 had
data available for sulfur dioxide at the AQP stations. The polar plot analysis found that, with the
exception of West End Inner Harbor, the monitors showed increased probabilities of top decile
concentrations when winds were blowing from the direction of Refinery Row emission sources (see
Figure 36A, Appendix A).

Spatial and temporal trends: Although all stations exceeded the acute EMEG/MRL, ATSDR found that
peak sulfur dioxide concentrations from 2000-2010 were several times higher at the Huisache and JI
Hailey monitoring sites than the other monitoring sites along Refinery Row (see Figure 37A, Appendix A).
However, Table 21B, Appendix B, shows the highest concentration was found in the past prior to 2000 at
the Tuloso Midway Middle School. ATSDR also notes increased sulfur dioxide concentrations occurred at
Solar Estates from October 2006 until March 2007, when the winds were from the southeast (see
Section 3G.3 in Appendix G for further information).

Overall, monthly average concentrations for sulfur dioxide have declined from 2003 through 2007, and
then have remained relatively unchanged through 2010 (see Figure 38A, Appendix A). Figure 39A,
Appendix A, shows a general diurnal trend of higher sulfur dioxide levels, with higher levels occurring
during the daytime and generally peaking in the afternoon. Huisache and JI Hailey stations both had
elevated concentrations the morning and evening hours. UT [2013b] observed that vessels in the Corpus
Christi Ship Channel influenced sulfur dioxide levels at JI Hailey and possibly at other sites, with the main
sulfur dioxide source likely from auxiliary engines burning high sulfur fuel. More recently, sulfur dioxide
concentrations have declined at JI Hailey, possibly due to new regulations that went into effect in 2012
on sulfur content in marine vessel diesel fuel [UT 2013b].

6.5. Toxics Release Inventory Emission Observations

In addition to reviewing the site-specific air monitoring data collected in the Refinery Row area, ATSDR
also provides general observations about reported air emissions by the Refinery Row facilities. These
observations are from information in U.S. EPA’s Toxics Release Inventory (TRI) database. TRI provides
estimates of the annual air emissions of many chemicals (see http://www.epa.gov/triexplorer/). TRI
data provide ATSDR staff with a general overview of the potential chemicals in an area. For comparison

18 According to NAAQS, the 98™ percentile of 24-hour average PM2s concentrations in 1 year, averaged over 3
consecutive calendar years, must not exceed 35 pg/m3.
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purposes, ATSDR downloaded data from the TRI system for the years 2000, 2005, and 2010 [USEPA
2012a].

As stated in Section 3.2, 11 facilities in the Refinery Row area are listed in TRI. After gathering the
available point source (i.e., stack) and fugitive air emission release!® data, ATSDR decided to focus its TRI
review on releases of benzene, 1,3-butadiene, chlorine, and chromium compounds. Appendix H contains
ATSDR’s TRI observations about these four compounds as well as notes the TRI dataset’s limitations.
With regard to benzene, some of these observations include

e Eight facilities in the Refinery Row area reported benzene emissions to TRI (see Table 24B,
Appendix B).

e Benzene total air emissions for Nueces County ranked in the top 10 in the United States, steadily
increasing from 9" to 4™ from 2000 to 2010 (see Table 25B, Appendix B).

e For 2000, 2005, and 2010, Flint Hills West and Valero East together contributed more than 50%
of the Nueces County total benzene air emissions reported to TRI (see Figure 40A, Appendix A).

e Except for 2 years, Nueces County fugitive benzene emissions have exceeded point source
benzene emissions (see Figure 41A, Appendix A).

Over the years, awareness has increased of the potential health effects of chemicals released into the
environment. Accordingly, through environmental regulation and advances in air emissions control
technology, releases of chemicals into the environment have greatly reduced.

7. Public Health Evaluation

ATSDR addresses the question of whether exposure to the levels of chemicals detected in and around
Refinery Row could result in harmful health effects. While the relative toxicity of a chemical is
important, the human body’s response to a chemical exposure is determined by several additional
factors, including the

e Concentration (how much) of the chemical the person was exposed to,
e Amount of time (how long) the person was exposed, and
e Route by which the person was exposed (e.g., breathing the chemical).

Lifestyle factors (e.g., occupation and personal habits) strongly affect the likelihood, magnitude, and
duration of exposure. Individual characteristics such as age, gender, nutritional status, overall health,
and genetic constitution affect how the human body absorbs, distributes, uses, and gets rid of a
contaminant. A unique combination of all these factors will determine a person’s physiologic response
to a chemical contaminant and any harmful health effects that person could suffer because of the
chemical exposure.

ATSDR notes that in sensitive persons, low levels of some chemicals in the air might exacerbate
respiratory symptoms. Sensitive persons includes those with preexisting respiratory conditions that

19 Fugitive air emissions are all releases to air that are not released through a confined air stream like a stack.
Fugitive emissions include equipment leaks, evaporative losses from surface impoundments and spills, and
releases from building ventilation systems.
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could lead to any kind of compromised lung function, including asthma, emphysema, influenza, and
chronic bronchitis. Sensitive persons include those with allergic reactions to certain chemicals. Still,
allergic reactions do not exhibit the same relatively predictable dose-response behavior as do
nonallergic reactions. And other factors might affect respiratory health such as cold air and warm,
humid air, which are known to aggravate respiratory ailments in sensitive persons. Increased air
pollution levels in urban areas such as Corpus Christi are known to affect sensitive persons adversely. In
general, whenever air pollution is worse than usual, ATSDR advises sensitive persons to stay indoors as a
protective public health measure. For information on air quality, the AIRNow Web site at
http://airnow.gov/ provides the public with easy access to national air quality information, daily air
quality forecasts, and real-time air quality conditions for over 300 cities across the United States,
including Corpus Christi, Texas. The URL also provides links to more detailed state and local air quality
Web sites.

Corpus Christi residents are exposed to ambient, urban air pollution. Inhalation is the main exposure
route. ATSDR evaluated Refinery Row air data for both short-term and long-term exposures. Short-term
exposures refer to chemical exposures that may last only a few minutes or a few hours, to those that
may last for days, weeks, or even a few months. Long-term exposures refer to chemical exposures
lasting a year or more.

As stated previously, ATSDR compared a chemical’s maximum and mean concentrations with relevant
health guidelines. If a health guideline was exceeded or unavailable, ATSDR conducted a review of the
supporting toxicological research to evaluate the potential for site exposures to cause harm. Reviewing
the basis for an MRL or other health guideline as part of a site-specific analysis in no way diminishes the
importance of the health guideline; rather, it serves as a means of gaining perspective on how strongly
the supporting toxicologic data suggest that harmful exposures have occurred or might occur under site-
specific exposure conditions [ATSDR 2005a].

Two key steps in this analysis are 1) comparing site exposure levels with observed effect levels reported
in critical studies, and 2) considering study parameters in the context of site exposures [ATSDR 2005a].
This analysis requires the examination and interpretation of reliable, substance-specific health effects
data and a review of epidemiologic (human) and experimental (animal) studies. In general, a study
based on human data holds the greatest weight in describing relationships between a particular
exposure and a human health effect. Fewer uncertainties arise regarding potential outcomes
documented in well-designed epidemiologic (i.e., human-based) studies. Therefore, understanding the
strengths and weaknesses of epidemiologic studies helps determine the suitability of a particular study
in supporting and in drawing public health conclusions [ATSDR 2005a].

Insofar as animal data are concerned, ATSDR scientists evaluate their relevance to humans on a case-by-
case basis. Numerous considerations affect the quality of experimental data and their relevance to site-
specific exposures. As a general guide, scientists consider the following factors, as well as many others
not mentioned here:

e How the test animal received its dose (e.g., gavage/water, gavage/oil, water, food, or vapor)
influences the relevance of the findings. Often, the exposure route in experimental studies is
different from the route by which people living near a site could be exposed. These differences
can influence the likelihood of human adverse health effects.
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e The dosing regimen can influence the absorption and ultimately the observed effects. For
example, were animals dosed continuously or intermittently? Were animals dosed over the
short-term or long-term?

e Understanding the biologic changes that ultimately lead to clinical disease in a test animal can
aid in determining how well animal data might predict the same type of adverse effect in
humans. For example, ATSDR might note whether the animal mode of action is plausible in
humans. Metabolic data, if available, could provide insight into whether observed effects might
be unique to, or different from, the study animal compared with humans. In the absence of such
data, ATSDR assumes that similar effects would occur in humans.

Overall, assessing the relevance of available human and animal studies with respect to site-specific
exposures requires both technical expertise and professional judgment. Because of uncertainties
regarding exposure conditions and the adverse effects associated with environmental exposure levels,
definitive answers about whether health effects actually will or will not occur are not always possible.
Nevertheless, providing a framework that puts site-specific exposures and the potential for harm in
perspective is possible, and it is one of the primary goals of ATSDR’s public health evaluation process
[ATSDR 2005al.

In this public health report, ATSDR describes the key points of its site-specific analysis for each of the
chemicals chosen for further evaluation (see Table 2 of Section 4.3.3). For these chemicals, ATSDR
evaluates short-term exposure, long-term noncancer exposure, and cancer risk, as appropriate. In
reality, exposure occurs to multiple chemicals at the same time. Therefore, ATSDR also describes its
approach and assesses the potential health risks from exposure to chemical mixtures (see Section 7.9).

Overall, ATSDR found the air levels of eight compounds (benzene, cadmium, chromium, 1,2-
dibromoethane, hydrogen sulfide, naphthalene, particulate matter, and sulfur dioxide) to be of potential
health concern and describes here its evaluation of these eight compounds. Appendix | contains ATSDR'’s
evaluation of the remaining chemicals chosen for public health evaluation as determined by the
screening process (see Section 4.3.3).

7.1. Benzene

Benzene is a colorless and highly flammable gas component of crude oil, gasoline, and smoke (e.g., from
forest fires, tobacco, and engine exhaust). While benzene commonly enters the environment from both
industrial and natural sources, the majority of U.S. exposures are from tobacco smoke (45%),
automobile exhaust and industry (20%), and other home sources (16%). Home sources include paints
and gasoline stored in the home (e.g., in basements or attached garages) [Wallace 1995; Ott and
Roberts 1998]. Benzene evaporates very quickly into air, where it can react with other chemicals and
break down within a few days [ATSDR 2007].

The most sensitive health endpoint that indicates benzene is harming the body is blood cell
changes—particularly the suppression of the body’s production of white blood cells (acute and chronic
exposure). White blood cells fight off assault from infectious diseases and other substances foreign to
the body. Without this protection, significant long-term exposure to benzene can increase a person’s
chance of infection and of developing cancer. ATSDR has a CREG (0.04 parts per billion (ppb)), an acute
EMEG/MRL (9 ppb), and a chronic EMEG/MRL (3 ppb) for benzene. The U.S. EPA carcinogenic target risk
screening level (SL) is 0.097 ppb and the RfCis 9.4 ppb. TCEQ has a short-term air monitoring
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comparison value (AMCV) of 180 ppb, a noncancer-based long-term AMCV of 86 ppb, and a
carcinogenic-based long-term AMCV of 1.4 ppb for benzene in air.

Short-term exposure: Acute exposure to benzene concentrations as low as 60 parts per million (ppm)
(or 60,000 ppb) have caused neurological effects such as headaches, dizziness, and nausea. In most
cases, these symptoms are reversible with the cessation of exposure [ATSDR 2007]. The ATSDR acute
EMEG/MRL is based on an acute study in mice that found a lowest-observed-adverse-effect level
(LOAEL) of 10.2 ppm (or 10,200 ppb) for a decrease in the production of white blood cells (lymphocytes)
[ATSDR 2007; Rozen et al. 1984]. Adjusting this LOAEL to a human equivalent concentration (HEC)
yielded an adjusted human LOAEL of 2.55 ppm (or 2,550 ppb). After dividing this value by an uncertainty
factor of 300 (10 for using a LOAEL instead of a no-observed-adverse-effect level (NOAEL), 3 for
extrapolating from a mouse study to humans, and 10 for human variability), ATSDR derived an acute CV
of 0.009 ppm (or 9 ppb) [ATSDR 2007].

Benzene is the only VOC to exceed its acute screening CV of 9 ppb in routinely collected samples (i.e.,
continuous and semi-continuous sampling strategy) from stationary air monitors (Auto GC, TCEQ
canisters, and industry canisters groups). The Huisache stationary air monitor recorded benzene
exceedence rates greater than the other stationary air monitors, with the highest rate (6.9%) at
Huisache in the pre-2005 dataset and a maximum level (1,014.02 ppb) in the 2005-2010 dataset®.
Overall, the ATSDR acute benzene CV was exceeded in 2.7% of the routinely collected samples from
these stationary air monitors. For episodically collected samples, the benzene acute CV was exceeded in
15% of the samples from AQP triggered canisters and in 35% of the samples from mobile monitoring.
The maximum concentrations for these two datasets were 407.25 ppb and 370,000 ppb, respectively.

The highest concentration recorded (370,000 ppb) was not in a neighborhood location—it was a 30-
minute canister grab sample?! collected in July 2000 downwind of an air intake on a tank’s
nonoperational thermal oxidizer. The next highest mobile monitoring benzene concentrations of
18,0002 ppb in May 2000 and 3,300 ppb in March 2000 were also not near neighborhood locations.
These benzene concentrations measured in Refinery Row air could potentially cause harmful health
effects related to respiratory irritation and a decrease in various types of blood cells. At the highest
concentration measured, exposure for as little as 30 minutes has caused dizziness, drowsiness, nausea,
headaches, and fatigue [Flury 1928; Midzenski et al. 1992; ATSDR 2007]. These effects are generally
reversible and will lessen with fresh air. All of the samples with benzene concentrations above the
human equivalent LOAEL (2,550 ppb) were collected during mobile monitoring events on facility
properties located outside of any neighborhood. The highest benzene value measured in continuously
collected samples from a stationary air monitor was 1,014.02 ppb. Although this 1,014.02 ppb value is
below the human equivalent LOAEL of 2,550 ppb from animal studies, the studies did not document a

20 |n general, two time periods were used to group data for calculations—chemical data available before 2005 and
those from 2005-2010. Because the AQP network did not begin sampling activities until 2005, ATSDR chose to
separate the industry and TCEQ data into two time periods (pre-2005 and 2005-2010) to facilitate comparison
between networks and time periods.

21 The report indicated that some data did not meet the data quality objectives for the project; therefore the data
have been qualified. For example, the 370,000 ppb value was qualified with a note that “not all data met
precision specifications; on average, data may vary by 180%” [TNRCC 2000d].

22 The data qualifier for the 18,000 ppb concentration indicated blank samples did not meet specifications and data
could be biased by +0.11 ppb.
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NOAEL, and it is possible for health effects to occur at lower concentrations than the LOAEL [ATSDR
2007].

Overall, one stationery monitor (Huisache) and several mobile monitors found maximum benzene levels
infrequently approach and exceed health effect levels. Short-term exposure to the highest
concentrations of benzene measured in Refinery Row air indicates a potential for harmful health effects
during episodic release events from facilities. ATSDR notes that the Huisache stationary air monitor is in
a sparsely populated area, and the mobile monitors recording the highest levels were on or near facility
boundaries. Workers and people walking, running, and biking near the facilities and the ship channel are
the ones who might be exposed to these higher levels of benzene on rare occasions.

Long-term noncancer exposure: The mean concentrations from stationary air monitors in the Auto GC,
TCEQ canisters, and industry canisters groups ranged from 0.21-2.21 ppb. None of the mean values
exceeded noncancer long-term CVs. Thus ATSDR does not expect that long-term exposure to benzene
concentrations in Refinery Row air would cause harmful noncancer health effects.

Cancer risk: Benzene is widely recognized as carcinogenic to humans. Leukemia is the cancer generally
observed in people exposed to benzene. Leukemia is a cancer of the blood or blood forming tissue in the
body. Many studies indicate that leukemia risk rises with increased concentrations of benzene in
ambient air [USEPA 2003a; ATSDR 2007]. The lowest human cancer effect level (CEL) for leukemia
reported in ATSDR’s Toxicological Profile for Benzene [ATSDR 2007] is 300 ppb [Ott et al. 1978]. And
several studies support the U.S. EPA inhalation unit risk (IUR) of 7.8 x 10°® micrograms per cubic meter of
air (ug/m?3)* [USEPA 20033; Rinsky et al. 1981, 1987].

As part of its evaluation, ATSDR calculated cancer risk estimates for chemical carcinogens selected for
further consideration based on the screening process. To calculate cancer risk estimates, each
chemical’s mean concentration?® is multiplied by its U.S. EPA IUR. These cancer risk estimates are
expressed as a probability; that is, the proportion of a population that might be affected by a carcinogen
during a lifetime of exposure (24 hours/day, 365 days/year, for 70 years). The cancer risks associated
with various concentrations of benzene, based on the benzene IUR, are in Table 27B, Appendix B.

For the Auto GC, TCEQ canisters, and industry canisters groups, benzene was detected above the
reporting limit in 99% of the pre-2005 samples and in 97% of the 2005—2010 samples. While the ATSDR
CREG was exceeded in 88% of the samples, it is not uncommon for benzene concentrations to exceed
this screening value. According to U.S. EPA’s 2005 National-Scale Air Toxics Assessment (NATA) [USEPA
2011], the CREG (0.04 ppb) is about an order of magnitude lower than the estimated average benzene
concentrations for the United States (0.332 ppb), for Texas (0.293 ppb), and for Nueces County (0.293
ppb) (see Table 1J, Appendix J). NATA, which models ambient air concentrations from information in the
U.S. EPA National Emissions Inventory (NEI), is U.S. EPA's ongoing comprehensive evaluation of air toxics
in the United States. For several chemicals, ATSDR cites these NATA values, as well as typical levels
found in rural and urban area air in the United States,?* to put site-specific concentrations into
perspective for the reader—not to imply the acceptability of the levels from a public health perspective.

23 For a chemical with a detection rate < 20%, ATSDR could not calculate the chemical’s mean concentration and
instead used the chemical’s 95 percentile value.
24 As reported in ATSDR’s toxicological profiles.
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A recent U.S. EPA assessment of air toxics in the United States also found that annual average benzene
concentrations exceeded the CREG in more than 90% of trend sites used to characterize long-term
benzene changes in outdoor air quality [USEPA 2010b]. Trend sites met specific criteria for data
completeness over the period of record (1994—2009). In all, 22 sites met the criteria for the U.S. EPA
analysis. Spatially, these sites are distributed across the nation, although they tend to be more heavily
representative of larger urban areas, where monitoring is generally more extensive. Figure 2 shows that
the average benzene concentrations for the 22 trend sites decreased from 2.52 pg/m? (or 0.79 ppb) in
1994 to 0.85 pg/m?3 (or 0.28 ppb) in 2009.

Figure 2. Ambient air benzene concentrations in the U.S. (1994-2009)*
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below this line
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Source: This figure is adapted from US Environmental Protection Agency. 2010. Report on the environment.
Ambient concentrations of benzene. Last updated 14 Dec 2010. Available at:
http://cfpub.epa.gov/eroe/index.cfm?fuseaction=detail.viewInd&lv=list.listbyalpha&r=231333&subtop=341.

*  Coverage is from 22 monitoring sites nationwide (out of a total of 339 site measuring benzene in 2009) that
have sufficient data to assess benzene trends since 1994.

ug/m3  micrograms per cubic meter

Mean concentrations from stationary air monitors in the Auto GC, TCEQ canisters, and industry canisters
groups ranged from 0.21-2.21 ppb (or 0.67-7.1 ug/m3) along Refinery Row. Although average benzene
concentrations from the 2005 NATA assessment and the 22 trend sites assessment indicate the CREG
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value is normally exceeded throughout the United States, mean benzene concentrations at some
locations along Refinery Row are higher than the average benzene levels found in these assessments.

The highest Refinery Row mean, which is 2.21 ppb for pre-2005 data, results in an additional cancer risk
of 5.5 in 100,000 for people living in Refinery Row. ATSDR considers 5.5 in 100,000 a low additional
cancer risk (see Table 28B, Appendix B).

ATSDR notes a high level of community concern regarding benzene. ATSDR performed physiologically-
based pharmacokinetic (PBPK) modeling to develop a more complete picture of benzene exposures at
this site. Specifically, ATSDR performed PBPK modeling to compare different exposure scenarios with
benzene blood levels and ambient air levels through dose construction and reconstruction (see
Appendix K). PBPK modeling supports the conclusions ATSDR reaches in this toxicological evaluation
regarding noncancer health effects due to benzene exposures in the Refinery Row area.

7.2. Cadmium

Cadmium is a soft, silver-white metal that occurs naturally in the earth’s crust. Cadmium is not usually
found in the environment as a pure metal, but as a mineral combined with other elements. It is most
often found as complex oxides, sulfides, and carbonates in zinc, lead, and copper ores. Cadmium is used
primarily for the production of nickel-cadmium batteries, in metal plating, and for the production of
pigments, plastics, synthetics and metallic alloys [ATSDR 2012a].

Cadmium enters soil, water, and air by nonferrous metal mining and refining, manufacture and
application of phosphate fertilizers, fossil fuel combustion, and waste incineration and disposal.
Cadmium in air can be transported long distances in the atmosphere. Deficiencies in dietary iron,
calcium, and proteins can influence cadmium absorption into the body. For example, persons with low
iron levels experience higher cadmium absorption [ATSDR 2012a].

Studies of occupational inhalation exposure and accidental ingestion of cadmium-contaminated food
have shown that cadmium can be toxic to humans [ATSDR 2012a]. ATSDR has an acute (0.03 pg/m?3) and
chronic (0.01 pg/m3) EMEG/MRL and CREG (0.00056 pg/m3) for cadmium inhalation. U.S. EPA has a
cadmium carcinogenic SL of 0.0014 pg/m3. TCEQ has a short-term (0.1 pg/m?3) and long-term (0.01
pg/m?3) AMCV. The U.S. Department of Health and Human Services (DHHS) and the International Agency
for Research on Cancer (IARC) classify cadmium as a known human carcinogen, and U.S. EPA classifies
cadmium as a probable human carcinogen.

Short-term exposure: In various animal studies, acute inhalation of cadmium caused respiratory effects
[ATSDR 2012a; NTP 1995]. The acute EMEG/MRL is based on a rat study that found a LOAEL of 88 pg/m3
for respiratory effects (alveolar histiocytic infiltrate and inflammation in alveolar septa) [NTP 1995]. To
achieve the acute EMEG/MRL, this 88-ug/m? concentration was adjusted for intermittent exposure (6.2
hours/day and 5 days/week) and divided by an uncertainty factor of 300 (10 for use of a LOAEL, 3 for
extrapolation from animals to humans with dosimetric adjustment, and 10 for human variability).

In the 1980s metals dataset, cadmium exceeded short-term CVs in 2 of 184 samples, and the maximum
level was 0.175 pg/m?3. As stated in Section 4.1.5, these 1980s data are of unknown quality, and ATSDR
therefore cannot draw definitive health conclusions from them. But to put these levels in perspective,
ATSDR notes that the maximum cadmium level detected was greater than two orders of magnitude
below the animal LOAEL that resulted in respiratory effects.
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For the Dona Park datasets, cadmium was detected above the detection limit in 5.6% of the samples,
with a maximum concentration of 0.06 pg/m?3. Only 1 of 572 samples exceeded the ATSDR acute
EMEG/MRL of 0.03 pg/m3, and no samples exceeded the 0.1 pg/m? TCEQ short-term AMCV. This
maximum cadmium concentration is close to the acute EMEG/MRL value and is more than three orders
of magnitude below the level documented to cause acute respiratory effects in animals. Thus ATSDR
does not expect that short-term exposure to cadmium concentrations in Refinery Row air would cause
harmful health effects.

Long-term noncancer exposure: Because cadmium was detected in less than 20% of the samples, mean
values could not be calculated following the procedures outlined in Appendix G. The highest 95
percentile (0.0059 pg/m?3), which is generally a more conservative value than the mean, was used to
estimate long-term noncancer exposure risk. Because the 95 percentile of the cadmium concentrations
is below the chronic EMEG/MRL and TCEQ long-term AMCV, ATSDR does not expect that long-term
exposure to cadmium concentrations in Refinery Row air would cause harmful noncancer health effects.

Cancer risk: Cadmium caused tumors when administered to experimental animals by inhalation, orally,
or by injection [NTP 2011]. Lung cancers have been documented in both occupationally exposed persons
and experimentally exposed rats [ATSDR 2012a; NTP 2011]. The U.S. EPA IUR of 1.8 x 102 ug/m? is based
on a study that observed increases in tumors of the lung and trachea?, as well as bronchus?® cancer
deaths, in workers at a cadmium smelter [USEPA 1991; Thun et al. 1985]. The cancer risks associated
with various concentrations of cadmium are in Table 27B, Appendix B. Using the cadmium 95"
percentile (0.0059 pg/m?3) at Refinery Row and the U.S. EPA IUR results in an additional cancer risk of 1.1
in 100,000, which ATSDR considers low (see Table 28B, Appendix B).

7.3. Chromium

Elemental chromium occurs naturally in rocks, animals, plants, and soil and has various oxidation states.
The most common oxidation states are trivalent chromium (lll) and hexavalent chromium (VI) [ATSDR
2012b]. Chromium (lIl) is an essential nutrient required for normal energy metabolism. Low levels of
chromium (1) occur naturally in a variety of foods such as fruits, vegetables, nuts, fish, and meats (0.01
to 1.3 milligrams per kilogram (mg/kg)). The U.S. Food and Drug Administration (FDA), however, has not
established a recommended daily allowance (RDA) for chromium [ATSDR 2012b].

Chromium (VI), combined with copper and arsenic, is used as a wood preservative. Chromium is a
component of crude oil and occurs in petroleum refining [IARC 1989]. Ingestion of chromium (VI) can
cause anemia and irritation of the stomach and intestines. Chromium (ll1), however, is much less toxic
and does not appear to cause these problems [ATSDR 2012b]. Chromium (VI) is a known human
carcinogen by the inhalation route of exposure. Little evidence supports any hypothesis that chromium
(1) is carcinogenic [ATSDR 2012b].

Chromium (lll) has an ATSDR intermediate EMEG/MRL of 0.1 pug/m?3. ATSDR has chronic and
intermediate EMEG/MRLs for chromium (VI), which are both set at 0.005 pg/m?3, and a CREG value of 8.3
x 10° pg/m3. U.S. EPA has developed an RfC for particulate chromium (V1) (0.1 pg/m3), an RfC for

25 The trachea (or windpipe) is a wide, hollow tube that connects the larynx (or voice box) to the bronchi of the
lungs.

26 The bronchi (singularly known as bronchus) are the air tubes from the trachea that branch into the left and right
lung.
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dissolved chromium (V1) aerosols (0.008 pug/m3), and a carcinogenic SL of 1.1 x 10 pg/m3 for chromium
(V1). TCEQ has a chromium (VI) short-term (0.1 pug/m3) and long-term (0.01 pg/m3) AMCV. IARC has
designated chromium (ll1) as not classifiable as a human carcinogen, and U.S. EPA holds that its potential
to cause cancer cannot be determined. DHHS, IARC, and U.S. EPA have all designated chromium (VI) as a
human carcinogen.

Although chromium (V1) is believed to be a fraction of the total chromium measured, to arrive at the
most conservative risk estimate, ATSDR treats the total chromium measured in Refinery Row air as
chromium (VI). Note that assuming the measured chromium is all chromium (VI) will likely overestimate
the chromium exposure risk; the actual risk will be lower.

Short-term exposure: Studies of acute exposure to chromium (VI) have shown respiratory system
effects, decreased lung function, and asthma. Respiratory effects have been documented in workers
exposed to concentrations as low as 2 ug/m? [Lindberg and Hedenstierna 1983]. These workers,
however, were exposed for a range of years (average 2.5 years), which is much longer than the “up to 14
days” that ATSDR considers in the derivation of its acute duration comparison values. Occupational
exposures to 25 pg/m? have been documented to cause respiratory effects in fewer than 90 days.
Dermal effects in the form of rashes (dermatitis) can also occur both with ingestion and inhalation of
high concentrations of chromium; but these concentrations have only occurred in occupational settings
[ATSDR 2012b].

Regarding the 1980s metals data, total chromium exceeded the chromium (VI) short-term AMCV about
15% of the time, and the maximum level was 0.731 pug/m?3. As stated in Section 4.1.5, these 1980s data
are of unknown quality. Thus ATSDR cannot draw definitive health conclusions from them. To put these
levels into perspective, however, ATSDR notes only that the maximum total chromium level detected
was below the chromium (VI) levels documented to cause respiratory effects.

In the Refinery Row area, the maximum detected chromium level for the Dona Park datasets of 0.024
pg/m? is below the chromium (V1) short-term AMCV of 0.1 pg/m? and two or more orders of magnitude
below effect levels. Also, as stated previously, chromium (VI) is believed to be a fraction of the total
chromium measured so the actual risk will be lower. Thus ATSDR does not expect that short-term
exposure to chromium levels measured in Refinery Row air would cause harmful health effects.

Long-term noncancer exposure: The U. S. EPA particulate RfC is most likely representative of the
chromium samples collected from Refinery Row air. With regard to the 1980s data, total chromium
means ranged from 0.069-0.12 ug/m?3. As stated previously, these 1980s data are of unknown quality
and ATSDR cannot draw definitive health conclusions from them. To put these levels into perspective,
however, ATSDR notes only that highest mean chromium level (0.12 pg/m?3) is about equal to U.S. EPA’s
particulate chromium (VI) RfC (0.1 pg/m?3).

The highest mean total chromium concentration (0.0017 pg/m?3) for the Dona Park datasets is below the
chromium (VI) ATSDR chronic EMEG/MRL, and the U.S. EPA RfC for particulates and dissolved aerosols.
Also, as stated previously, chromium (VI) is believed to be a fraction of the total chromium measured so
the actual risk will be lower. Thus ATSDR does not expect that long-term exposure to the total chromium
concentrations measured in Refinery Row air would cause harmful noncancer health effects.

Cancer risk: Studies have shown chromium (VI) causes lung cancer in animals and humans [ATSDR
2012b]. The U.S. EPA IUR of 1.2 x 102 (ug/m3)! is based on a study on chromate workers that found an
increased incidence of lung cancer with increased chromium exposure [Mancuso 1975]. The cancer risks
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associated with various concentrations of chromium can be found in Table 27B, Appendix B. Using
highest mean concentration of total chromium from the Dona Park datasets and the chromium (VI) U.S.
EPA IUR results in an additional cancer risk of 2.0 in 100,000, which ATSDR considers low (see Table 28B,
Appendix B). ATSDR notes limitations in its estimate that likely overestimate the cancer risk because
only total chromium levels were available , not the more toxic hexavalent chromium (VI) levels, for the
cancer estimate.

7.4. 1,2-Dibromoethane

1,2-Dibromoethane is a colorless liquid with a mild, sweet odor. It evaporates easily. Once released into
the environment, 1,2-dibromoethane breaks down quickly in air [ATSDR 1992]. Although 1,2-
dibromoethane is mostly manufactured, the U.S. EPA stopped most uses in 1984. This chemical was
used before that date as a pesticide in soils and on fruits and vegetables to kill insects, worms and fruit
flies. It was also used as an additive in leaded gasoline to produce better fuel efficiency.

Background levels in the environment are very low. The air most people breathe contains between
0.01-0.06 ppb of 1,2-dibromoethane [ATSDR 1992]. For the air pathway, TCEQ has a 1,2-dibromoethane
short-term (0.5 ppb) and long-term (0.05 ppb) AMCV, ATSDR has a CREG of 0.00022 ppb, and U.S. EPA
has an RfC of 1.2 ppb and a carcinogenic SL of 0.00053 ppb.

Short-term exposure: Although the effects of people breathing high levels are unknown, animal studies
with short-term exposures to high 1,2-dibromoethane levels showed depression and collapse, indicating
effects on the brain [ATSDR 1992]. 1,2-Dibromoethane was measured in routinely collected TCEQ
canister samples, as well as in episodically collected AQP triggered canister and mobile monitoring
samples. The short-term CV was not exceeded in any TCEQ canisters samples. AQP triggered canister
samples showed 1,2-dibromoethane exceedences in 10 of 13 samples at the Port Grain Elevator
stationary air monitor in an industry-ship channel area, with a maximum concentration of 4.78 ppb.
Mobile monitoring along Refinery Row showed 1,2-dibromoethane levels exceeded the short-term CV in
2 of 292 samples (0.68%), with a maximum of 0.87 ppb.

TCEQ based its short-term CV of 0.5 ppb on the 1,2-dibromoethane National Institute for Occupational
Safety and Health (NIOSH) recommended exposure limit and applied a safety factor of 100 [TCEQ
2013e]. The 1,2-dibromoethane NIOSH value limits workers’ exposure in air to an average of 0.045 ppm
(or 45 ppb) for up to a 10-hour workday over a 40-hour workweek. In 1977, NIOSH recommended
limiting worker exposure to this chemical to a ceiling concentration of 0.13 ppm (or 130 ppb), as
determined over any 15-minute sampling period. ATSDR notes that the recommended exposure limit
and ceiling limit concentrations should be considered protective of healthy workers but not necessarily
protective of the general population, which includes sensitive groups (e.g., the elderly and children).

Overall, the maximum detected concentrations of 1,2-dibromoethane along Refinery Row are one to
two orders of magnitude below the NIOSH value of 45 ppb and two orders of magnitude below the 130-
ppb worker ceiling. This chemical was detected at only one monitor in the AQP triggered canisters group
and the location was not residential. For mobile monitoring, 1,2-dibromoethane was detected above the
short-term CV less than 1% of the time. As such, ATSDR does not expect infrequent exposures to 1,2-
dibromoethane would harm people’s health, including sensitive groups.

Long-term noncancer exposure: Because 1,2-dibromoethane was detected in less than 20% of the TCEQ
canister samples, mean values could not be calculated following the procedures outlined in Appendix G.
The highest 1,2-dibromoethane 95" percentile value from stationary air monitors is 0.01 ppb—generally

38



a more conservative value than the mean. The 1,2-dibromoethane 95™ percentile value of 0.01 ppb is
more than two orders of magnitude below the RfC of 1.2 ppb and just below the TCEQ long-term AMCV
of 0.05 ppb. Thus ATSDR does not expect harmful noncancer health effects from long-term exposures to
1,2-dibromoethane in Refinery Row air.

Cancer risk: DHHS has determined that 1,2-dibromoethane may reasonably be anticipated to be a
carcinogen. The U.S. EPA IUR of 6 x 10™* (ug/m3) ! is based on the same study as the U.S. EPA RfC [NTP
1982]. While cancer has not been reported in workers or other people exposed to 1,2-dibromoethane
for several years, rats and mice that repeatedly breathed, swallowed, or had skin contact with 1,2-
dibromoethane for long periods developed cancer in several organs at concentrations as low as 10 ppm
(or 10,000 ppb) [NTP 1982]. The cancer risk associated with various concentrations of 1,2-
dibromoethane is in Table 27B, Appendix B. As stated previously, ATSDR is using the highest 95t
percentile value from TCEQ canister sampling (0.01 ppb) to evaluate chronic exposures. Using this value
and the U.S. EPA IUR, ATSDR calculated a cancer risk of an additional 4.6 cases per 100,000 persons,
which the agency considers low risk (see Table 28B, Appendix B).

7.5. Hydrogen Sulfide

Hydrogen sulfide is a gas released from both natural and manufactured sources and is known for its
rotten egg odor. Some industrial sources include sewage treatment facilities, manure-handling
operations, pulp and paper mills, petroleum refineries, and food processing plants [ATSDR 2006]. Steel
mills and cement manufacturing facilities can have operations (e.g., wastewater treatment) known to
release hydrogen sulfide gases. Ambient air concentrations of hydrogen sulfide from natural sources are
estimated in the range of 0.11-0.33 ppb, while concentrations in urban areas are often greater than 1
ppb [ATSDR 2006]. These ambient concentrations have no documented health effects. ATSDR has an
acute EMEG/MRL of 70 ppb and an intermediate EMEG/MRL of 20 ppb. The U.S. EPA RfC for hydrogen
sulfide is 1.4 ppb. Hydrogen sulfide has not been shown to cause cancer in humans and is not currently
classified as a carcinogen [ATSDR 2006]. The U.S. EPA, in its most recent cancer assessment, determined
that available data are inadequate to assess the carcinogenic potential of hydrogen sulfide [USEPA
2003b].

Short-term exposure: Brief exposures to hydrogen sulfide concentrations greater than 500 ppm (or
500,000 ppb) can cause a loss of consciousness [Bhambhani and Singh 1991; Bhambhani et al. 1994]. In
most cases, if removed from the exposure, the person regains consciousness without any other effects.
Nevertheless, some persons might suffer permanent or long-term effects such as headaches, poor
attention span, poor memory, and poor motor function. Metabolic effects have also been observed in
humans following inhalation of hydrogen sulfide at concentrations as low as 5 ppm (or 5,000 ppb)
[Bhambhani and Singh 1991; ATSDR 2006].

ATSDR bases its acute hydrogen sulfide EMEG/MRL on health effects (i.e., headache and changes in
respiratory tests suggesting bronchial obstruction) reported in some persons with asthma exposed to
2,000 ppb for 30 minutes [Jappinen et al. 1990]. ATSDR treated this LOAEL with an uncertainty factor of
27 (3 for use of a less serious LOAEL, 3 for human variability, and 3 for database inadequacies). ATSDR
based its intermediate CV on a separate, subchronic study on rats that found a NOAEL of 10 ppm (or
10,000 ppb) for cellular changes in the nasal factory epithelium (or the skin lining the nasal passages)
[Brenneman et al. 2000]. ATSDR converted this NOAEL into a human equivalent dose and treated it with
an uncertainty factor of 30 (3 for use of an animal study and 10 for human variability) to achieve the
intermediate EMEG/MRL.
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In the Refinery Row area, a total of 25 out of 349,528 (0.007%) stationary 1-hour samples exceeded the
ATSDR acute EMEG/MRL. These exceedences were limited to two continuous stationary air monitoring
locations, Huisache and JI Hailey. The maximum hydrogen sulfide concentration measured at Huisache
was 365 ppb, and the maximum concentration at JI Hailey was 342 ppb. The JI Hailey exceedences
occurred over the course of two days in 2007, whereas the Huisache exceedences were spread out over
several years. Although neither monitoring location is a “neighborhood” location comprised mostly of
homes, a few homes remain within % mile of the Huisache location. People who walk, run, and bike near
these facilities and near the ship channel might be exposed to these levels of hydrogen sulfide on rare
occasions. Continuous monitoring of hydrogen sulfide at the other stationary air monitor locations
showed levels below the acute EMEG/MRL.

In all, hydrogen sulfide exceeded the acute EMEG/MRL in 16% of mobile monitoring samples. ATSDR
notes that these samples were collected using various methods and averaging times, in which the acute
EMEG/MRL was exceeded in anywhere from 5-68% of the samples. The maximum hydrogen sulfide
level was 2,000 ppb. Although one study observed a LOAEL of 2,000 ppb in persons with asthma, this
study did not find a NOAEL, and health effects could potentially occur at lower concentrations. Overall,
because maximum levels are at and are approaching the LOAEL, and because health effects could
potentially occur at concentrations lower than the LOAEL, ATSDR concludes that, on rare occasions,
hydrogen sulfide air concentrations along Refinery Row indicate levels that could potentially cause
harmful health effects in sensitive groups (e.g., persons with asthma).

ATSDR also notes that when hydrogen sulfide exceeds its odor threshold, people who live and work
along Refinery Row may experience odor-related health symptoms (see odor discussion in Section N1 of
Appendix N). All stationary air monitors and mobile monitors found hydrogen sulfide above odor
thresholds. Community concern about recurring odors throughout Refinery Row may be associated with
hydrogen sulfide in the ambient air.

Long-term noncancer exposure: The U.S. EPA based its RfC on the same study as the ATSDR
intermediate CV [Brenneman et al. 2000]. For the RfC, U.S. EPA converted the NOAEL into a human
equivalent dose and treated with an uncertainty factor of 300 (3 for use of an animal study, 10 for use of
a subchronic study, and 10 for human variability) to achieve the 1.4-ppb RfC.

Overall, hydrogen sulfide was detected in 63% of the samples. The highest mean at any location (1.44
ppb) is similar to the U.S. EPA RfC, which is considered protective against health effects from chronic
exposure. No other mean concentrations exceeded the RfC. Because the highest mean is very close to
the RfC and about three orders of magnitude below the lowest documented health effect levels, ATSDR
does not expect that long-term exposure to hydrogen sulfide concentrations in Refinery Row air would
cause harmful noncancer health effects.

7.6. Naphthalene

Naphthalene is a white, easily evaporating solid. Naphthalene is a product of burned tobacco and coal
and a natural component of fossil fuels, such as petroleum and coal. Naphthalene’s major commercial
use is as a precursor constituent for the production of polyvinyl chloride (PVC) plastics. The major
consumer products made from naphthalene are moth repellents, in the form of mothballs or crystals,
and toilet deodorant blocks. It is also used for making dyes, resins, leather tanning agents, and the
insecticide carbaryl [ATSDR 2005b]. ]. Naphthalene is a component of crude oil and is a byproduct of
petroleum refining [IARC 1989]. Naphthalene enters the environment mostly from burned wood and
burned fossil fuels in the home, followed by the use of moth repellents. Only about 10% of the
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naphthalene entering the environment is from coal production and distillation. Monitoring studies of
outdoor ambient air levels of naphthalene have reported concentrations in the range of about 0.08—
32.4 ppb, with a median naphthalene concentration of 0.2 ppb reported for urban/suburban air samples
collected from 11 U.S. cities [ATSDR 2005b]. The highest outdoor air concentrations have been found in
the immediate vicinity of certain industrial sources and hazardous waste sites. ATSDR has a chronic
EMEG/MRL of 0.7 ppb, U.S. EPA has an RfC of 0.57 ppb, and Cal. EPA has a carcinogenic SL of 0.014 ppb.
TCEQ has a naphthalene short-term (95 ppb) and long-term (9.5 ppb) AMCV.

Short-term exposure: Naphthalene concentrations did not exceed the TCEQ short-term AMCV. Thus
ATSDR does not expect that short-term exposures to naphthalene concentrations along Refinery Row
would result in harmful health effects.

Long-term noncancer exposure: Only one location detected naphthalene over 20% of the time, allowing
a mean calculation by the methods described in Appendix G. This mean was 0.058 ppb (pre-2005
sampling data), which is an order of magnitude below the ATSDR EMEG/MRL and U.S. EPA RfC. As such,
ATSDR does not expect long-term exposures to the naphthalene levels detected in Refinery Row air to
result in harmful noncancer health effects.

Cancer risk: NTP has classified naphthalene as a reasonably anticipated human carcinogen [NTP 2011].
Although IARC has listed naphthalene as a possible human carcinogen, the U.S. EPA has deemed that its
carcinogenic potential could not be determined. Thus far, only Cal. EPA has developed an IUR for
naphthalene: 3.4 x 10 (ug/m3)?* based on the same studies as the chronic noncancer CVs. These studies
found increased incidences of cancers of the nasal passages at a CEL of 10 ppm (or 10,000 ppb) [Cal EPA
2008; ATSDR 2005b; Abdo et al. 2001; NTP 2000, 1992]. As stated previously, only one location yielded
enough data to calculate the mean, which, at 0.058 ppb exceeds the Cal. EPA 0.014-ppb carcinogenic SL.
The cancer risks associated with various concentrations of naphthalene, based on the Cal. EPA IUR, are
in Table 27B, Appendix B. Using the Cal. EPA IUR, the 0.058-ppb mean corresponds to 1.0 additional case
of cancer per 100,000 persons, a risk that ATSDR considers low (see Table 28B, Appendix B).

7.7. Particulate Matter

The following description of particulate matter (PM) is from the U.S. EPA Integrated Science Assessment
for Particulate Matter [USEPA 2009]:

PM is the generic term for a broad class of chemically and physically diverse
substances that exist as discrete particles (liquid droplets or solids) over a wide
range of sizes. Particles originate from a variety of anthropogenic stationary and
mobile sources, as well as from natural sources. Particles may be emitted directly
or formed in the atmosphere by transformations of gaseous emissions such as
sulfur oxides (SOx), nitrogen oxides (NOx), and volatile organic compounds (VOC).
The chemical and physical properties of PM vary greatly with time, region,
meteorology, and source category.

Particulate matter has been associated with a range of respiratory and cardiovascular health problems.
Health effects linked to exposure to ambient particulate matter include the following: premature
mortality (or death), aggravation of respiratory and cardiovascular disease, aggravated asthma, acute
respiratory symptoms, chronic bronchitis, decreased lung function, and increased risk of heart attack
[USEPA 2009]. There is no specific PM concentration that is a threshold of health effects.
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The size of the PM is directly linked to its potential for causing health problems. U.S. EPA groups PM into
two categories [USEPA 2009]:

e Inhalable coarse particles (PMio), which are between 10 and 2.5 microns in diameter and can
pass through the throat and nose to enter the lungs, and

e Fine particles (PMzs), which are less than 2.5 microns in diameter and can lead to deeper
penetration of the lungs and higher toxicity.

PMyo is primarily produced by mechanical processes such as construction activities, road dust re-
suspension and wind. PM s originates primarily from combustion sources—like wood smoke, motor
vehicle exhaust, and emissions from power plants—and certain industrial processes [USEPA 2009].
Although both can mobilize with wind, PMio is more rapidly deposited and travels shorter distances than
PM, s [Hiranuma et al. 2011]. The risk for various health effects has been shown to increase with
exposure to PM. The lowest concentrations at which adverse health effects have been demonstrated is
not greatly above PM, s background concentrations, which have been estimated to be 3-5 pg/m? in both
the United States and western Europe [WHO 2005].

U.S. EPA’s regulation of PM has evolved over the years with the increasing knowledge of health effects
associated with exposure to PM. In 1971, U.S. EPA first regulated total suspended particulate (TSP). In
1987, U.S. EPA began to regulate PMyg instead of TSP, and PM, s was first regulated in 1997. The most
recent research suggests that PM,sand PMyo are better indicators of exposure to particles than TSP. By
definition, PMois a subset of TSP, and PM,s is a subset of both TSP and PM1o. The current primary
National 