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ARCADIS Corpus Chrisiti, Texas

EXECUTIVE SUMMARY

A baseline risk assessment (BLRA) has been prepared for the Encycle/Texas, Inc.,
(Encycle) facility (the site) in Corpus Christi, Texas, for groundwater and soils at the
site, and surface water and sediment in the Corpus Christi Ship Channel adjacent to the
site. This BLRA was completed under Risk Reduction Standard No. 3 (RRS3) of the
Texas Risk Reduction Rules, pursuant to Section 30: Texas Administrative Code
(TAC), Chapter 335, Subchapters A and S. This Standard requires the completion of a
baseline risk assessment and, as warranted based on potential current or future risks,
the development of preliminary remediation goals (PRGs). This document was
prepared using Texas Natural Resource Conservation Commission (TNRCC) and U.S.
Environmental Protection Agency (USEPA) guidance. On September 1, 2002, the
TNRCC underwent a name change. All statements regarding the agency from here
forward will reflect the new name, Texas Commission on Environmental Quality
(TCEQ), with the exception of actual document references released prior to the name
change.

HUMAN HEALTH RISK ASSESSMENT
Groundwater

Shallow groundwater at the site occurs in two separate water-bearing units, the
Beaumont Formation in the topographically higher southern portion of the site, and the
Fill/Alluvium in the topographically lower northern portion of the site. Water level
data from monitor wells show that groundwater in the Beaumont Formation at the site
flows northerly and discharges into the Fill/Alluvium. Groundwater in the Beaumont
Formation is moderately saline, with a background total dissolved solids (TDS)
concentration between 6,000 and 9,000 mg/L.. Groundwater in the Fil/Alluvium is
saline with a background TDS concentration above 10,000 mg/L.

No constituents in the Fill/Alluvium Water-Bearing Unit were identified as
constituents of potential concern (COPCs) following screening against the adjusted
Risk-Based Screening Values (RBSVs), therefore it was not necessary to calculate
risks for this medium.

The calculated Hazard Index (HI) for hypothetical future adult resident exposure to
groundwater (2) and for hypothetical future child resident exposure to groundwater (3)
from the Beaumont Formation Water-Bearing Unit exceed the regulatory target HI of
1. An Excess Lifetime Cancer Risk (ELCR) for the hypothetical future adult resident
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(and child resident) was not calculated because all of the carcinogenic COPCs have
federal Maximum Contaminant Levels (MCLs) for drinking water, and therefore, in
accordance with TCEQ guidance (TCEQ, 1998), the site concentrations for the COPCs
should be compared to their respective MCLs, but not included in a quantitative risk
calculation (TCEQ, 1998). The maximum concentration or sample quantitation limit
(SQL) of all of the constituents analyzed in groundwater were compared to their
respective RBSVs. Those constituents exceeding their respective RBSVs but not
included in the risk evaluation due to existing federally promulgated MCLs are:
antimony, arsenic, cadmium, cyanide, and selenium. Lead has an action level rather
than an MCL. The action level for lead was exceeded; however as with constituents
with MCLs, lead was not included in the quantitative risk evaluation.

Therefore, as discussed in the recommendations section (Section 20), ingestion of
groundwater from the Beaumont Formation at the site will be further evaluated as part
of the Corrective Measures Study (CMS) for the Encycle facility.

Surface Soil

The calculated HI for a potential current site worker exposure to COPCs (1) in soil 0 to
2 ft below ground surface (bgs) meets the regulatory acceptable target HI of 1. The
calculated ELCR for the potential current site worker exposure to COPCs (9 x 107) is
less than the regulatory acceptable target risk range of 10*to 10,

The calculated HI for a potential current excavation worker exposure to COPCs (1) in
soil 0 to 5 ft bgs is equal to the regulatory acceptable target HI of 1. The calculated
ELCR for the potential current excavation worker exposure to COPCs (1 x 10°) is less
than the regulatory acceptable target risk range of 10*to 10, The calculated ELCR
for the potential current excavation worker exposure to COPCs (1 x 107) is less than
the regulatory acceptable target risk range of 10*to 10,

The calculated HI for an age-averaged hypothetical future child/adult resident exposure
to COPCs (10) in soil 0 to 15 ft bgs is above the regulatory acceptable target HI of 1.
The calculated, cumulative EL.CR for an age-adjusted hypothetical future child/adult
resident (1 x 107) is below the target risk range of 10™ to 10 for cumulative cancer risk.

The HI for age-averaged child/adult resident exposure to surface soil exceeded the
regulatory target. Therefore, it was necessary to calculate PRGs for this scenario. The
Exposure Point Concentrations (EPCs) for arsenic (120 mg/kg) and cadmium (140
mg/kg) exceeded their respective PRGs of 20 mg/kg and 77 mg/kg. Because no
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USEPA -verified toxicity values exist for lead, the risks associated with exposure to
lead cannot be evaluated using conventional risk assessment methods. The TCEQ’s
pre-calculated clean-up value for residential exposure to lead is 500 mg/kg and the
value for commercial/industrial exposure is 1,600 mg/kg. The concentration of lead in
soils 0 to 15 ft bgs (1,300 mg/kg) exceeds the TCEQ’s pre-calculated clean-up value of
500 mg/kg for residential exposure. Calculations evaluating potential current risks to
site workers and excavation workers exposed to soil indicate that no unacceptable
regulatory risk is present to those receptors with the exception of lead. The 95 percent
upper confidence limit (UCL) concentrations of lead in soils 0 to 2 ft bgs (2,700
mg/kg) and 0 to S ft bgs (1,800 mg/kg) exceed the TCEQ health-based clean-up value
of 1,600 mg/kg for commercial/industrial land use.

Therefore, as discussed in the recommendations section (Section 20), exposure to
arsenic, cadmium, and lead in soils will be further evaluated as part of the CMS for the
Encycle facility.

Surface Soil Protective of Groundwater

The potential for cross-media contamination (from soil to groundwater) was evaluated
in this BLRA. The available groundwater data from the Encycle facility indicate that
only very limited leaching of constituents from soil has occurred in the past. Although
some of the soil samples at the site contain concentrations of some constituents above
the adjusted groundwater protection — industrial medium-specific concentrations
(GWP-Ind MSCs), an evaluation of the leaching potential of the COPCs by the
synthetic precipitation leaching procedure (SPLP) analyses indicated that the residual
concentrations of the COPCs, with the exception of cadmium, in soils should not
represent a significant continuing release source to the groundwater. Therefore, as
discussed in the recommendations section (Section 20), leaching of cadmium in soil to
groundwater will be further evaluated as part of the CMS for the Encycle facility.

Surface Water

Exposure to surface water concentrations by an adult consuming fish caught locally
was evaluated in the BLRA even though swimming, wading, recreational fishing, and
boating are prohibited in the Corpus Christi Ship Channel. The rationale is that fish are
not constrained by institutional boundaries and may travel freely in and out of the
channel and may be caught outside of the restricted area after having been exposed to
surface water constituents in the channel. This evaluation did not result in an
unacceptable risk to human health. The calculated HI for a potential current adult
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exposure to surface water COPCs via fish tissue ingestion (1) meets the regulatory
acceptable target HI of 1. An ELCR could not be calculated for surface water exposure
via fish tissue ingestion because the COPCs included in the evaluation are all classified
by USEPA as non-carcinogens.

SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT

A screening-level ecological risk assessment (SLERA) was conducted for the
groundwater, soils, sediment, and surface water associated with the facility in a manner
consistent with the TCEQ Ecological Risk Guidance (TCEQ, 2001). The SLERA used
the analytical results from the sampling of environmental media during the RFI and
Phase II RFI soil, sediment, and surface water sampling events. Soils were analyzed
for metals and cyanide. Corpus Christi Ship Channel sediments, pore water and
surface water were analyzed for metals. Background concentrations of metals in soil,
surface water and sediment, and the TCEQ’s ecological screening benchmarks were
used to eliminate from this study those chemical compounds that were not likely to
pose a risk of adverse ecological effects at the site. A smaller list of chemicals of
potential ecological concern (COPECs) was identified through this step in the SLERA
process. The COPECs were evaluated further in the effects characterization and risk
characterization steps.

The environmental conditions and ecosystems of the site were examined. An
ecological conceptual site model was created to identify significant potential exposure
pathways. These efforts led to the selection of four wildlife receptors that are
potentially sensitive to the toxic effects of the COPECs and meant to be representative
of many components of the involved food webs at the site. These receptors are the
white footed mouse, great blue heron, raccoon, and red-tailed hawk.

The hazard quotient methodology used in this SLERA characterizes the potential risks
of adverse effects from the COPECs at the site to the representative ecological
receptors. To evaluate fish, invertebrates and plants, the concentration in soil, sediment
and water is divided by the applicable TCEQ benchmark intended for the protection of
these receptors to calculate the hazard quotient. To evaluate wildlife effects, the
estimated total oral daily dose is divided by the toxicity reference value to compute the
hazard quotient. If the concentration/dose rate that represents the estimated exposure is
greater than the benchmark/toxicity reference value, then the hazard quotient will be
greater than one. A hazard quotient greater than one for a SLERA does not indicate
that the COPEC is causing adverse effects to the representative ecological receptors at
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the site. Rather, a hazard quotient greater than one indicates that further evaluation of
the exposure to the particular COPEC is warranted.

The results of the wildlife risk characterization and uncertainty evaluation for the site
conservatively demonstrates that there is no unacceptable risk of adverse effects to the
representative wildlife receptors or their related food webs from exposure to the
COPEC:s detected in soil, sediment and surface water; and additional evaluation of
these media is not considered necessary to protect the representative wildlife receptors
or their related food webs.

Soil concentrations for the following metals, however, do exceed their respective
TCEQ screening benchmarks for the protection of soil invertebrates and terrestrial
plants: arsenic, bismuth, cadmium, chromium, cobalt, copper, cyanide, lead,
manganese, mercury, nickel, selenium, silver, thallium, and zinc. Based on direct
observations of terrestrial plants at the facility, no evidence of adverse impacts are
present. Also, metals in soil that exceed PRGs in the Human Health Risk Assessment
(arsenic, lead, cadmium) will be addressed in the CMS. Therefore, additional
investigation of soil invertebrates and terrestrial plants at the Encycle facility is not
warranted.

The comparison of the sediment and sediment pore water concentrations to the
appropriate screening values in concert with the sediment acid volatile
sulfide/simultaneously extracted metals (AVS/SEM) results, and the comparison of the
pore water concentrations to reported adverse effects levels indicates that several
metals in sediment (i.e., antimony, arsenic, cadmium, copper, lead, manganese,
mercury, selenium, thallium, tin and zinc) will require further evaluation in a CMS.
The area of affected sediments to be addressed in the CMS are located between the
Ship Channel shoreline (rip rap) directly north of the 01 Landfill and the dredge line
approximately 60 feet north of the shoreline. Metals concentrations in sediment
beyond a distance of 60 feet north of the shoreline decrease rapidly and approach
background concentrations. The area beyond a distance of 60 feet from the shoreline
also corresponds to a sharp increase in water depth resulting from dredging operations
for navigational purposes in the Corpus Christi Ship Channel.
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1. Introduction

Following TCEQ approval in a January 15, 2004 letter, Encycle/Texas, Inc. (Encycle)
retained ARCADIS G&M, Inc. (ARCADIS) to complete a baseline risk assessment
(BLRA) for the Encycle facility in Corpus Christi, Texas. The BLRA provides an
evaluation of potential risks associated with current constituent concentrations and
potential exposures to groundwater and soils at the site, and surface water and sediment
in the Corpus Christi Ship Channel adjacent to the site. The BLRA provides a basis for
determining concentrations of chemicals that can remain in groundwater, soils, surface
water, and sediment that are protective of human health and the environment. These
activities are being conducted according to the Texas Risk Reduction Rules (30 Texas
Administrative Code [TAC] 335, Subchapters A and S) as specified in Section VILB. of
the October 1999 Consent Decree issued to Encycle and ASARCO, Inc.

1.1 Scope of Risk Assessment

This assessment was completed according to the Risk Reduction Standard No. 3 (30
TAC 335.561), TCEQ guidance (1998; 2001), and appropriate U. S. Environmental
Protection Agency (USEPA) guidance referenced in the Risk Reduction Rules. The
scope of this assessment includes evaluating baseline risks to human health and the
environment using analytical data from samples of groundwater, soils, surface water,
and sediment. The concentrations of constituents in groundwater, soils, surface water,
and sediment were evaluated directly by laboratory analyses of groundwater, soil,
surface water, and sediment samples.

1.2 Organization of Report

This baseline risk assessment report is divided into twenty-one sections, including the
Executive Summary, this introduction, and the following sections:

e Section 2, Site Characterization, briefly describes the Encycle facility and
operations, summarizes the history of the facility, and reviews the previous soil,
groundwater, surface water, and sediment investigations.

e Section 3, Data Summary, summarizes the occurrence of constituents in
groundwater, soils and surface water, identifies the constituents of potential
concern, and discusses the physical and chemical properties influencing constituent
migration.

e Section 4, Toxicity Assessment, identifies information on the inherent toxicological
properties of the constituents detected in groundwater, soils, and surface water and
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describes the toxicity values used to evaluate the carcinogenic and systemic toxicant
effects of the COPCs on exposed receptors.

Section 5, Exposure Assessment, discusses potential exposure pathways and
receptors exposed to constituents detected in groundwater, soils, and surface water.
This section evaluates the mechanisms by which potential receptors are exposed to
constituents of potential concern.

Section 6, Risk Characterization, identifies the combination of exposure scenarios
and toxicity values used to assess risks and summarizes the potential risk to human
health from exposure to constituents detected in groundwater, soils, and surface
water. This section also presents the method used to calculate Preliminary
Remediation Goals (PRGs) and compare these PRGs to present constituent levels in
the groundwater, soils, and surface water.

Section 7, Ecological Risk Assessment, assesses the risks to ecological receptors
from exposure to affected media.

Section 8, Site Background, briefly describes the Encycle facility operations and
land use, and identifies the ecological habitats present on-site and in surrounding
areas.

Section 9, Tier I Exclusion Criteria Checklist, is intended to aid the TCEQ in
determining whether or not any further ecological evaluation is necessary at a site.

Section 10, Constituent Characterization, summarizes the occurrence of
constituents in soils, sediment, and surface water, identifies the constituents of
potential concern, and summarizes past soil, sediment and surface water
investigations. Some of the same data summaries and occurrence tables generated
in the human health portion of the BLRA will be utilized in this section.

Section 11, Use of Ecological Screening Benchmarks, compares concentrations of
measured chemicals in environmental media at the Encycle site to ecological
screening benchmarks. The ecological screening benchmarks are meant to
conservatively represent the upper limit of chemical concentrations that will not
cause adverse effects to populations or communities of exposed biota inhabiting
the environmental medium that are considered to be the most exposed within a
given food web.

Section 12, Communities, Feeding Guilds, and Representative Species, identifies
communities, feeding guilds, and representative species that may be supported by
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habitats present at the site and are important to the development of the ecological
conceptual site model. Additionally, exposure estimation and measures of effect
will be determined based on the identification of such levels of ecosystem
organization for the site.

e Section 13, Ecological Conceptual Site Model, identifies and discusses, in
narrative and pictorial form, complete and significant potentially complete
exposure pathways on-site. The exposure pathways connect the source of the
contamination in the environmental media to the exposed or potentially exposed
wildlife receptors. The ecological conceptual site model will be based on the
details about exposure pathways within ecological food chains provided in the
conceptual food webs.

¢ Section 14, Fate and Transport/Ecotoxicological Profiles, presents the fate and
transport processes for each COPEC, and discuss whether the COPECs are
expected to persist or degrade in the environment. The mechanisms of toxic action
associated with each COPEC will be presented in the COPEC-specific
ecotoxicological profiles.

e Section 15, Screening-Level Ecological Exposure Characterization, estimates the
potential exposure of the measurement receptors. A number of variables must be
considered in predicting exposures to biota including bioavailability,
bioaccumulation/bioconcentration potential, home range, body weight, dietary
fractions, and ingestion rates for food, soil, sediment, and water.

e Section 16, Screening-Level Ecological Effects Characterization, predicts whether
adverse effects are likely to be occurring to wildlife at the site, by characterizing
the ecological effects that might be possible. The characterization will be done by
collecting and evaluating literature information about the potential toxicological
effects of the COPECs on biota, and extrapolating this information to the
representative wildlife receptors at the site.

s Section 17, Screening-Level Ecological Risk Characterization, characterizes the
potential risks of adverse effects from the COPECs at the site to the representative
wildlife receptors.

e Section 18, Calculation of Media Cleanup Standards for Ecological Receptors,
provides medium-specific protective levels intended for ecological receptors if it is
determined an unacceptable risk exists. Uncertainties in the SLERA, the
interpretation of the SLERA results are aided by a recognition and understanding
of the source and nature of the known set of uncertainties that can influence the
risk characterization results.

1-3
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e Section 19, Uncertainties in the BLRA, the interpretation of the BLRA results are
aided by a recognition and understanding of the source and nature of the known set
of uncertainties that can influence the risk characterization results.

¢ Section 20, Conclusions and Recommendations, provides results and conclusions
for the HHRA and the SLERA.

e Section 21, References Cited.
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2. Site Characterization
2.1 Site Description

The Encycle facility (site) is approximately 108 acres in size and is located at 5500 Up
River Road in Corpus Christi, Nueces County, Texas. The facility is bordered by the
Corpus Christi Ship Channel to the north; McBride lane and Valero Refining (formerly
Coastal Refining) to the east; Up River Road, a gasoline service station, and vacant lots
to the south; and a 54-acre public grain elevator to the west. The site location is
presented in Figure 2-1. As shown on Figures 2-1 and 2-2, the 108-acre Encycle
facility includes 16.8 acres in the western portion of the site that is leased to Encycle
and is referred to herein as the “Meaney Tract”. A Union Pacific Railroad right-of-
way ranging in width from approximately 100 to 150 feet runs east-west near the
northern end of the site. The remainder of the site is owned by Encycle.

The site was originaily developed by American Smelting and Refining Company (now
ASARCO, Inc.) in 1941 to process mineral ores for the production of high grade zinc.
The facility began operation in 1942 and produced high grade zinc from sulfide ore
concentrations using electrolyte purification circuits and pyro-metallurgical processes.
Facility operations expanded in 1956 to increase production of zinc, and the zinc
products including high grade zinc, continuous galvanizing grade zinc, and zinc alloys.
Cadmium and zinc sulfate powder were other by-products produced at the facility.

The facility was shut down during 1985 and the site was inactive from 1986 until 1988
(ARCADIS, 2002).

The facility was operated by Encycle from 1988 through 2002 as a commercial waste
management facility treating primarily inorganic hazardous and non-hazardous
material for the purpose of recycling, reclamation, and reduction in volume using
hydro-metallurgical processes. Products have included copper, lead, zinc, nickel,
chromium, cobalt, and silver-bearing materials (ARCADIS, 2002). Facility operations
ceased in 2003, and final facility closure activities are currently in progress.

The site is located within an industrialized area of Corpus Christi, Texas between the
Corpus Christi Ship Channel and Up River Road (Figure 2-1). The ship channel is
heavily industrialized and is a high traffic navigational segment that is periodically
maintained (dredged) for navigational purposes. The ship channel is tidally influenced
and is approximately 1,000 feet in width adjacent to the Encycle facility.

There are 21 solid waste management units (SWMUs) and areas of concern (AOCs) at
the Encycle facility. A summary of each SWMU is as follows:
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e 01 Landfill - An approximate 5.8-acre Class I non-hazardous landfill that was
covered with a clay cap and closed during 1986.

¢ Eastand West Lagoons — Active storm water storage lagoons consisting of an
approximate 0.5-acre West Lagoon with an 80-millimeter high-density
polyethylene (HDPE) liner and an approximate 3.5-acre East Lagoon with a
clay bottom. The East and West Lagoons are connected via a concrete
spillway, and both lagoons have 9-foot-high perimeter concrete walls. The
sediments above the HDPE liner in the West Lagoon, and the sediments and
affected soils in the East Lagoon were excavated and disposed of offsite at an
the US Ecology Texas landfill between November 2003 and March 2004 in
accordance with the TCEQ-approved December 1999 Closure Plan for the
East and West Lagoons.

e Waste Pile — An approximate 3.9-acre grass and brush-covered area formerly
used during the 1970s and early 1980s for drying of neutralization plant sludge
that may have contained metals. The former waste pile area is currently
empty, and is located on the Meaney Tract.

o Railroad Tracks Area — Several parallei railroad tracks approximately 500 feet
in length located on both the north and south sides of Product Storage Building
C. The railroad tracks were used during ASARCO operations for transport of
zinc ore concentrates and zinc products. The railroad tracks were used by
Encycle for rail transport and unloading of metal-bearing materials received
from off-site sources, and for loading of products.

e Feed Tank 1 — A 22,500-gallon wooden and brick tank located within a
concrete secondary containment area that extends to approximately 10 feet
below grade. Feed Tank 1 was used during ASARCO operations for leaching
of zinc oxide material, and was used by Encycle for slurrying of solid waste
materials as part of the recycling process.

¢ Feed Tank 2 — A 24,000-gallon wooden and brick tank located within a
concrete secondary containment area that extends to approximately 10 feet
below grade. Feed Tank 2 was used during ASARCO operations for leaching
of zinc oxide material, and was used by Encycle for slurrying of solid waste
materials as part of the recycling process.

¢ Road Leading to the West of Building C — A concrete road approximately 20
feet in width and 1,000 feet in length extending from Product Storage Building
C on the west to the Old Casting Building on the east. The road was used
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during ASARCO operations for vehicular transport of zinc ore concentrates
and zinc products. The road was used by Encycle for vehicular transport of
metal-bearing materials.

e  Grain Elevator — An off-site, public grain elevator on an approximate 54-acre
tract located directly west of the Encycle facility. No wastes or products at the
Encycle facility were stored or managed at the grain elevator property.

o Former Sludge Drying Beds — An approximate 200-foot by 60-foot concrete
slab with 18-inch-high perimeter walls. The former sludge drying beds are
currently empty, and were previously used for drying of wastewater treatment
system sludge until the early 1990’s.

e Reactor Clarifier — Two above-ground steel tanks (400,000-gallon and
570,000-gallon capacity, respectively) currently used for the settlement of
solids and sludge from wastewater.

o  Facility No. 1 — An approximate 50,000 square foot building used during
ASARCO operations for purification of zinc sulfate solution in tanks and other
process equipment. Facility No. 1 was used by Encycle for wastewater
treatment and for storage and processing of hazardous and non-hazardous
metal-bearing materials. The metal-bearing materials were stored in
containers, and processing occured in tanks and filter presses. Final facility
closure activities for permitted and non-permitted units in Facility No. 1 are
currently in progress.

e Facility No. 2 - An approximate 54,000 square foot building used during
ASARCO operations for leaching of zinc ore concentrates in tanks and other
process equipment. Facility No. 2 was used by Encycle for storage and
processing of non-hazardous metal-bearing materials. The metal-bearing
materials were stored in containers, and processing occured in tanks and filter
presses. Final facility closure activities for non-permitted units in Facility No.
2 are currently in progress. There are no permitted units in Facility No. 2.

¢ Facility No. 3 - An approximate 15,000 square foot building used during
ASARCO operations for pre-leaching of zinc ore concentrates in tanks and
other process equipment. Facility No. 3 was currently used by Encycle for
storage and processing of hazardous and non-hazardous metal-bearing
materials. The metal-bearing materials were stored in containers, and
processing occurs in tanks and filter presses. Final facility closure activities
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for permitted and non-permitted units in Facility No. 3 are currently in
progress.

e  West Cell House — An approximate 40,000 square foot building used during
ASARCO operations for electrowinning of zinc in lined concrete tanks filled
with electrolytic solutions consisting of zinc sulfate and sulfuric acid. The
West Cell House is currently inactive and has not been used during Encycle
operations,

¢ NOR 43 Building — An approximate 12,000 square foot building used during
ASARCO operations for melting of zinc using natural gas-fired furnaces, and
casting the molten metal in various sized moldings to produce metallic zinc
product. The NOR 43 building is currently used for storage of non-hazardous
materials.

¢ Product Storage Building (Building C) — An approximate 55,000 square foot
building used during ASARCO operations for storage of incoming feedstock
consisting of granular concentrated zinc oxide or zinc sulfide ore concentrates.
The building was used by Encycle for storage of bulk solids in concrete
storage bins. Final facility closure aciivities for Product Storage Building C
are currently in progress.

e Product Storage Bins (Numbered Bins) — An approximate 30,000 square foot
building used during ASARCO operations for storage of incoming feedstock
consisting of granular concentrated zinc oxide or zinc sulfide ore concentrates.
The building was currently used by Encycle for storage of bulk solids in
concrete storage bins. Final facility closure activities for the Product Storage
Bins were conducted between November 2003 and January 2004. The Final
Closure Certification Report for the Product Storage Bins was submitted to the
TCEQ Waste Permits Division on February 2, 2004, and approved by the
TCEQ on March 11, 2004.

e Building North of Facility 2 (3-sided bin) — An empty, 750 square foot
concrete slab formerly used during ASARCO operations for storage of
intermediate zinc-bearing materials.

e Old Casting Building — An approximate 20,000 square foot building used
during ASARCO operations for melting of zinc using natural gas-fired
furnaces, and casting the molten metal in various sized moldings to produce
metallic zinc product. The Old Casting Building is currently used for storage
of non-hazardous materials.
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e Storm Sewer System — Approximately 2 linear miles of underground piping
accessed via approximately 200 storm drains with metal grates. The storm
sewer system is used to collect and gravity-drain storm water into a concrete
storm water sump that pumps the storm water into the South Demin Tank.
When the South Demin Tank is full, the storm water in the concrete storm
water sump flows into the West Lagoon. The storm sewer piping was
mapped, cleaned, and repaired during 2000 and 2001 as part of the TCEQ-
approved closure activities for the East and West Lagoons.

e Boneyard — A former 1,660 cubic yard soil and debris pile that had been
located in the northwest portion of the facility. Samples of the soil and debris
pile were collected during 2000 and 2001 as part of the RFI. Following receipt
of the analytical data, the soil and debris were removed from the site and
disposed of at the Texas Ecologists (now US Ecology Texas) landfill in
Robstown, Texas. The boneyard is currently empty and unpaved (i.e., earthen
and grass-covered), and is located on the Meaney Tract.

For the purposes of the human health risk assessment, soils were evaluated on a site-
wide basis, and no distinction between SWMU/AOC soils was made in the evaluation.

2.2 Surrounding Land Use

Immediately surrounding land use is predominately commercial/industrial.
Undeveloped, grass-covered tracts are also present south of the site on the south side of
Up River Road.

2.3 Previous Investigations

The data used in this BLRA were generated during numerous sampling investigations
conducted at the facility over a number of years (1986 thru 2004). A brief description
of these investigations is presented in the following paragraphs.

Prior to initiating the facility-wide RFI in June 2000, several other environmental
investigations have been conducted at the Encycle facility, including (1) installation of
a groundwater monitoring system around the closed 01 Landfill in 1986 and 1987, (2)
conducting an RFI of three SWMUSs (01 Landfill, East and West Lagoons, Waste Pile)
in 1993, (3) conducting a soil investigation in the railroad tracks and Feed Tank No. 2
areas in 1993 and 1994 as part of an Administrative Order, (4) installing a groundwater
monitoring system around the East and West Lagoons in 1999, and (5) conducting
closure activities for the East and West Lagoons as detailed in the December 1999
Closure Plan for the East and West Lagoons.
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The facility wide RFI was conducted between 2000 and 2002, and included
investigation of 21 solid waste management units (SWMUs). Four SWMUs (waste
pile, boneyard, East and West Lagoons, 01 Landfill) were further investigated during
February 2003 as part of the Phase I RFI. A Phase II RFI addendum also was
conducted during 2003 and included sediment sample collection from the Corpus
Christi Ship Channel. Additional sediment and surface water samples were collected
from the Corpus Christi Ship Channel during January and February 2004 to obtain data
for this BLRA and the upcoming Corrective Measures Study.

A summary of these environmental investigations is provided below.

Following closure of the 01 Landfill, a groundwater monitoring system consisting of
four monitor wells (MW-2 through MW-5) was installed around the perimeter of the
01 Landfill during 1986 and 1987. Monitor well locations are shown on Figure 4-1.
Groundwater samples were collected annually from the monitor wells between 1986
and 1992 for analysis of arsenic, copper, lead, zinc, pH, and conductivity. The
groundwater analytical data showed the shallow groundwater was saline, and metal
concentrations were low to non-detectable. Discontinuation of groundwater
monitoring around the 01 Landfill was approved by the TCEQ in a May 29, 1992
letter. Additional details regarding the 01 Landfill groundwater monitoring program
are provided in reports submitted to the TCEQ entitled “ASARCO Landfill Closure
Groundwater Monitoring” dated March 1986, and “ASARCO Monitor Well
Installation and Groundwater Sampling” dated February 1987.

A RCRA Facility Assessment (RFA) was conducted at the site by the Texas Water
Commission (now TCEQ) on July 24, 1987. In response to the RFA, Encycle
submitted an RFI Work Plan to the TCEQ on December 22, 1988 for three SWMUs:
the 01 Landfill, the Waste Pile Area, and the storm water lagoons (East and West
Lagoons). The RFI was approved with modifications by the TCEQ on November 6,
1992. The RFI was conducted by K.W. Brown Environmental Services during 1993.
The 1993 RFI included soil sample collection and analysis from:

e Seven soil borings around the perimeter of the 01 Landfill (soil borings B-9
through B-12 and B-30 through B-32);

e  Six soil borings within the East Lagoon (soil borings B-24 through B-29);

¢ Five soil borings around the perimeter of the West Lagoon (soil borings B-13
through B-17); and

e Six soil borings in the Waste Pile Area (soil borings B-18 through B-23).
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Soil boring locations are shown on Figure 4-2. Two monitor wells (MW-6 and MW-7)
also were installed during the RFI, and groundwater samples were collected from the
monitor wells for laboratory analysis. The conclusions of the 1993 RFI were that total
arsenic, cadmium, copper, lead, manganese, and zinc concentrations in soil exceeded
background levels in portions of the 01 Landfill, East and West Lagoons, and Waste
Pile areas. The concentrations of total nickel in soil also exceeded background levels
in portions of the 01 Landfill and East and West Lagoons areas, but not in the Waste
Pile Area. The 1993 RFI also concluded that no appreciable releases of metals to
groundwater occurred from the three SWMUs investigated. Additional details
regarding the 1993 RFI are provided in the September 1993 report submitted to the
TCEQ entitled “RCRA Facility Investigation Report for Solid Waste Management
Units at Encycle/Texas, Inc., Corpus Christi, Texas.”

A soil investigation was conducted during 1993 and 1994 in two areas of the Encycle
facility as part of an Administrative Order issued to Encycle by the TCEQ on
November 6, 1992. These two areas are the railroad tracks area directly northeast of
Product Storage Building C, and the area directly northwest of Feed Tank No. 2. Soil
sample analytical data showed that the concentrations of metals (arsenic, barium,
cadmium, chromium, copper, lead, manganese, nickel, silver, tin and zinc) in several
surface soil samples collected in these two arcas exceeded background concentrations.
Metals concentrations in soil declined with depth and attenuated to background
concentrations within 6 feet below ground surface. Soils in these two areas with metal
concentrations above TCEQ Risk Reduction Standard No. 2 (RRS2) medium specific
concentrations (MSCs) were excavated and disposed of at an offsite authorized landfill.
Additional details regarding the Administrative Order soil sampling and excavation
program are provided in a letter report submitted to the TCEQ on November 7, 1994.
The TCEQ approved Administrative Order activities in letters dated April 10, 1993,
June 29, 1993, and November 3, 1995.

A groundwater monitoring program for the East and West Lagoons was initiated
during 1999 in accordance with Part VILA, Paragraph 36 of the Consent Decree. The
groundwater monitoring program includes groundwater sample collection from two
hydraulically upgradient monitor wells (MW-3 and MW-10) and three hydraulically
downgradient monitor wells MW-6, MW-8, MW-9). Monitor well locations are
shown on Figure 5. Groundwater samples were collected from the monitor wells
quarterly during 1999 and semiannually beginning in 2000. The groundwater
monitoring data collected to date shows the shallow groundwater was saline, and metal
concentrations are low to non-detectable. The concentrations of total metals (arsenic,
barium, cadmium, chromium, lead, mercury, selenium, silver) in the groundwater
samples collected hydraulically downgradient of the East and West Lagoons generally
have been within the range of background values, and have consistently been below
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the TCEQ RRS2 adjusted groundwater MSCs (adjusted for saline groundwater in
accordance with 30 TAC Chapter 335.559(d)(3)). Additional details regarding the
groundwater monitoring system for the East and West Lagoons are provided in Annual
Groundwater Monitoring Reports submitted to the TCEQ on July 17, 2000, August 23,
2001, August 16, 2002, and August 25, 2003.

A Closure Plan for the East and West Lagoons was submitted to the TCEQ on
December 29, 1999 as specified in Section VILA. of the Consent Decree, and the
Closure Plan was approved by the TCEQ on March 30, 2000. Closure plan activities
that have been completed include mapping, cleaning, and repair of the storm sewer
system piping; collection of rinsate samples from the storm sewer system piping
demonstrating that the piping has been decontaminated; collection of sediment samples
above the West Lagoon HDPE liner and above the East Lagoon clay bottom,; collection
of soil samples from the East Lagoon clay bottom and subsurface soils; removal
(excavation) of sediment above the West Lagoon HDPE liner and above the East
Lagoon clay bottom, and excavation of soils from the East Lagoon clay bottom that
exceed target cleanup levels specified in the approved Closure Plan. During sediment
removal above the West Lagoon HDPE liner, three tears were identified at the base of
the liner, and soil samples were collected directly below the tears during November
2003. Soil sample analytical data below the West Lagoon HDPE liner is summarized
in Appendix B. Following soil sample collection, the tears in the HDPE liner were
repaired during November 2003.

A facility-wide soil and groundwater investigation was conducted during the Phase I
RFI between 2000 and 2002. The Phase I RFI included advancement of two
geotechnical soil borings, 12 lithologic soil borings, 173 soil sample borings, and
eleven new monitor wells (MW-11 through MW-21). RFI monitor well and soil
boring locations are shown on Figures 4-1 and 4-2, respectively, and soil and
groundwater analytical data are summarized in Appendix A and B, respectively.
Additional details regarding the Phase I RFI are provided the August 2002 report
submitted to the TCEQ entitled “RCRA Facility Investigation Report.”

As requested in December 12, 2002 TCEQ letter regarding the Phase I RFI, a Phase II
RFI was conducted during February 2003. The Phase IT RFI involved additional soil
delineation at four SWMUSs (waste pile, boneyard, East and West Lagoons, 01
Landfill). The results of the Phase II RFI are provided in the May 2003 report
submitted to the TCEQ entitled “Phase Il RCRA Facility Investigation Report.”

As requested in the September 4, 2003 TCEQ letter regarding the Phase II RFI,
sediment samples were collected from the Corpus Christi Ship Channel north of the
Encycle 01 Landfill. Thirty-six sediment samples (SED-1 through SED-36) were
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collected north of the 01 Landfill during September and October 2003, and sediment
sample locations are shown on Figure 4-3. Sixteen background sediment samples
(BKG-N1 through BKG-N8, BKG-S1 through BKG-S8) also were collected from the
Corpus Christi Ship Channel during September 2003. The sediment sample analytical
data showed that the concentrations of several metals in sediment adjacent to the 01
Landfill exceeded background concentrations. Metals concentrations in sediment
generally decreased with distance away from the 01 Landfill and approach or reached
background concentrations within 60 feet of the Ship Channel shoreline (rip rap) north
of the 01 Landfill. Sediment sample analytical results are summarized in Appendix E.
The sediment sample results are also discussed in more detail in the December 2003
report submitted to the TCEQ entitled “Phase II RCRA Facility Investigation Report
Addendum — Sediment Sample Results.”

Sediment, sediment pore water, and surface water samples were collected from the
Corpus Christi Ship Channel during January and February 2004 to obtain analytical
data for use in the BLRA and the upcoming Corrective Measures Study. Four
sediment samples (SED-1, SED-4, SED-7, SED-10) were collected adjacent to the
Encycle 01 Landfill in two-foot water depths on January 30, 2004 for analyses of
metals in the sediment and in the sediment pore water. Sediment and pore water
sample locations are shown on Figure 4-4. Sediment pore water analytical results are
provided in Appendix D, and sediment sample analytical results are provided in
Appendix E. Copies of the analytical laboratory reports for the sediment and pore
water samples are provided in Appendix L.

Eight surface water samples were collected from the Corpus Christi Ship Channel on
February 16, 2004 for total and dissolved metals analyses. Four surface water samples
(SED-1, SED-4, SED-7, SED-10) were collected adjacent to the Encycle 01 Landfill at
the same locations as the January 30, 2004 pore water samples, and the other four
surface water samples were background samples (BKG-1 through BKG-4) collected at
least Y2-mile from the Encycle facility. Surface water sample locations are shown on
Figure 4-4. These surface water samples were collected using a clean stainless steel
bacon-bomb sampler with a manually operated bottom-opening valve. The surface
water samples were each collected in water depths of two feet at a point one foot above
the sediment and one foot below the water surface. Surface water sample analytical
results are summarized in Appendix C, and copies of the analytical laboratory reports
are provided in Appendix H. These surface water, sediment, and sediment pore water
analytical results are discussed in more detail in Sections 3 through 20 of this BLRA.
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Final facility closure activities for the permitted and non-permitted units at the Encycle
facility are currently in progress. These closure activities are being conducted in
accordance with the November 1999 Closure Plan entitled “Final Facility Closure and
Post-Closure Plan for Permitted, Interim-Authorized, and Planned Permitted Units” as
revised on February 4, 2000; the November 1999 Closure Plan for non-permitted units
entitled “Final Facility Closure and Post-Closure Plan for Non-Permitted Units” that
was approved by the TCEQ on April 27, 2000; the Facility Permit No. HW-50221-001
issued by the TCEQ on September 27, 2002; and the 2003 Agreed Final Judgment. As
part of the approved closure plans, soil samples are being collected below cracks in the
concrete floors of these units. To date, soil samples have been collected below the
concrete floors of the Containment Building and Facility No. 3. Soil sample analytical
data is summarized in Appendix B.
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3. Data Summary

This section describes the occurrence of constituents detected in groundwater, soil, and
surface water at the facility. Groundwater data from the Fill/Alluvium Formation
Water-Bearing Unit and the Beaumont Formation Water-Bearing Unit were evaluated
separately.

3.1 Data Reduction

The data were reduced and analyzed for use in the BLRA according to the guidelines
provided by the USEPA (1989a) and the TCEQ (TNRCC, 1998) as described below:

¢ Constituents that were not detected in a particular medium and that had detection
limits less than their respective commercial/industrial medium-specific
concentration were eliminated from further analysis for that group.

» All analytical results reported as detections were used at the reported value,
including laboratory estimated data (J-qualified).

o For constituents within a data group reported as non-detected (non-detects), the
sample quantitation limit (SQL) was used as a proxy concentration rather than
using zero or eliminating the data point.

¢ For groundwater and surface water data, the greater of the SQL or the detected
concentration was used as the EPC when the analyte was detected in less than 100
per cent of samples

o For soil data, the 95 percent upper confidence limit (UCL) was used as the
exposure point concentration (EPC) for those compounds that were analyzed in ten
or more samples. For those compounds that were analyzed for in less than 10
samples, the maximum reported concentration (detected value or SQL, whichever
is greater) was used as the EPC.

The results of the statistical analyses are presented in the constituent occurrence tables
(Tables 3-1 through 3-7). The information in these tables includes for each detected
constituent:

¢ The frequency of detection (ratio of the number of detects to the total number of
samples in that group);
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¢ The range of SQLs used as proxy concentrations for non-detects in the statistical
calculations;

e The range of detected values;

e  The total range of detected values and SQL values;
¢ The average detected value;

e  The arithmetic mean;

e The 95 percent upper confidence level (UCL) on the arithmetic mean (assuming a
one-tailed distribution); and

¢ The exposure point concentration (EPC) used in the risk calculations for COPCs.

Both mean and UCL concentrations were calculated using proxy concentrations for
non-detects.

The one-sided UCL s a statistical number calculated using the following formula:

- S*1t0.05,01

UCLss = x + \/ﬁ

where:
n sample size (number of data points);
s sample standard deviation;
to.0s, n.10.05 critical value for the t,, distribution;
UCLys 95 percent upper confidence level for the mean; and

X sample mean (average).

If the samples were selected randomly from the facility, there is a 95 percent chance
that the arithmetic mean concentration at each of the areas lies below the UCL
concentration. A high level of confidence (95 percent) is used to compensate for the
uncertainty involved in representing the site conditions with a finite number of
samples.

3-2
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3.2 Occurrence in Groundwater Samples

Shallow groundwater at the site occurs in two separate water-bearing units, the
Fil/Alluvium Formation Water-Bearing Unit and the Beaumont Formation Water-
Bearing Unit. Each of these units is examined individually in the following sections.

3.2.1 Fill/Alluvium Formation Water-Bearing Unit

Groundwater samples from the Fil/Alluvium Formation Water-Bearing Unit were
collected between 1986 and 2003 from 8 monitor wells at the site (MW-2, MW -3,
MW-4, MW-5, MW-6, MW-8, MW-9, and MW-10). Groundwater from the
Fil/Alluvium Formation Water-Bearing Unit was analyzed for 19 inorganic
constituents. Of these 19 inorganic constituents, 16 were detected. The results of the
sampling from the Fill/Alluvium Formation Water-Bearing Unit are summarized
statistically in Table 3-1. All of the groundwater analytical data are summarized in
Appendix A.

3.2.2 Beaumont Formation Water-Bearing Unit

Groundwater samples from the Beaumont Formation Water-Bearing Unit were
collected from 12 monitor wells between 1993 and 2002. These Beaumont Formation
monitor wells are MW-7, MW-11, MW-12, MW-13, MW-14, MW-15, MW-16, MW-
17, MW-18, MW-19, MW-20, and MW-21. Groundwater from this unit was analyzed
for 19 inorganic constituents. A total of 14 out of the 19 inorganic constituents
analyzed for were detected. Table 3-2 statistically summarizes the data collected from
the Beaumont Formation Water-Bearing Unit.

3.3 Occurrence in Soil Samples

The results of all of the sampling events taken together from the following reports are
used to evaluate risk from exposure to soils at the facility:

e RCRA Facility Investigation Report, Encycle/Texas, Inc., Corpus Christi, Texas.
August (ARCADIS Geraghty & Miller, 2002);

¢ Phase Il RCRA Facility Investigation Report, Encycle/Texas, Inc., Corpus Christi,
Texas. May (ARCADIS Geraghty & Miller, 2003);

The results of the above sampling events, taken together, have delineated the lateral
and vertical extent of releases to soils of the COPCs. Samples from various sampling

events were analyzed for different parameters, resulting in varying sample frequencies.
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For the purposes of this risk assessment, the samples from the affected soils were
divided into two depth intervals: surface and total (surface to water table). As defined
in the Risk Reduction Rules, the surface interval is classified as follows: samples
collected between 0 and 2 feet below ground surface (ft bgs) for site worker exposure;
samples collected between 0 and 5 ft bgs for excavation worker exposure; and samples
collected between 0 and 15 ft bgs for residential exposure. For the total group, all
samples collected from 0 feet to the top of the water table were evaluated.

3.3.1 Total Soil

The total soil group includes the 932 soil samples in the data set between ground surface
and the lower water-bearing unit, collected between 1993 and 2003 from a total of 210
borings. Soil samples were analyzed for 19 inorganic constituents with varying
frequencies. The total soil data set includes detections of all 19 inorganic constituents.
The results of soil sampling at the facility are presented statistically in Table 3-3. A
summary of the soil analytical results is presented in Appendix B.

3.3.2 Surface Soil 0 to 2 ft bgs

The surface soil data set for site worker exposure is comprised of all soil samples
collected between 0 and 2 feet below ground surface. A total of 221 out of the 932 soil
samples were from the 0 to 2 ft depth interval. Surface soil samples were analyzed for
19 inorganic constituents, all of which were detected. The results of the surface soil
sampling are summarized statistically in Table 3-4. '

3.3.3 Surface Soil 0 to 5 ft bgs

The surface soil data set for excavation worker exposure is comprised of all soil
samples collected between 0 and 5 feet below ground surface. A total of 373 out of the
932 soil samples were from the 0 to 5 ft depth interval. Surface soil samples were
analyzed for 19 inorganic constituents, all of which were detected. The results of the
surface soil sampling are summarized statistically in Table 3-5.

3.3.4 Surface Soil 0 to 15 ft bgs

The surface soil data set for residential exposure is comprised of all soil samples
collected between 0 and 15 feet below ground surface. A total of 815 out of the 932
soil samples were from the 0 to 15 ft depth interval. Surface soil samples were
analyzed for 19 inorganic constituents, all of which were detected. The results of the
surface soil sampling are summarized statistically in Table 3-6.
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3.4 Occurrence in Surface Water Samples

The surface water data set is comprised of four samples (SED-1, SED-4, SED-7, SED-
10) collected in February 2004 along the south shoreline of the Corpus Christi Ship
Channel adjacent to the 01 Landfill. Surface water samples were analyzed for 14 total
and dissolved metals. Five total metals were detected in surface water. The total metals
data used for the human health risk assessment is summarized statistically in Table 3-7.

3.5 Selection of Constituents of Potential Concern

The COPC:s for the human health risk assessment were identified following USEPA
(1989a) and TCEQ (TNRCC, 1998) guidance. The term "constituent of potential
concern" does not indicate that risk is attributable to the constituent discussed at the
concentration detected during sampling. The term is used by the USEPA to describe
those constituents on which the risk assessment will focus. Conclusions concerning
risk are made only following the quantitative risk assessment.

3.5.1 COPC Selection in Groundwater

COPCs in each of the groundwater-bearing units were selected by comparing the
greater of the maximum detection or maximum SQL for each constituent to the Risk-
Based Screening Value (RBSV) for groundwater. If the RBSV was exceeded, then the
compound was retained as a COPC. For the Fill/Alluvial Formation Water-Bearing
Unit, the RBSVs were adjusted by 100x to reflect the saline conditions of the water-
bearing unit per RRR citation 30 TAC Chapter 335.559(g).

None of the inorganic constituents anélyzed in the Fill/Alluvial Formation Water-
Bearing Unit exceeded their respective adjusted RBSVs, therefore no constituents were
identified as COPCs.

For the Beaumont Formation Water-Bearing Unit, the following constituents were
selected as COPCs: antimony, arsenic, cadmium, cyanide, lead, manganese, and
selenium. It is important to note that antimony was not detected in groundwater and the
maximum SQL was below the site specific background value for antimony in
groundwater. Lead was detected in one out of forty-four samples and neither the
detection or associated SQLs exceeded the site specific background concentration for
lead.
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3.5.2 COPC Selection in Soil

All constituents analyzed for in soil were detected in all of the soil depth ranges
considered in this risk assessment (i.e., 0 to 2 ft bgs; 0 to 5 ft bgs; and 0 to 15 ft bgs).
For COPC selection purposes, the greater of the maximum detected value and
maximum SQL was used. The respective maximum concentrations for each depth
interval were compared to the soil RBSVs. If an exceedence occurred then the
constituent was retained as a COPC.

The following constituents were selected as COPCs in soil for potential current site
worker and excavation worker exposure: antimony, arsenic, barium, cadmium, cobalt,
copper, manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc.

The following constituents were selected as COPCs in soil for hypothetical future
residential exposure: antimony, arsenic, barium, cadmium, cobalt, copper, manganese,
mercury, nickel, selenium, silver, thallium, vanadium, and zinc.

3.5.3 COPC Selection in Surface Water

The greater of the maximum detected concentration or maximum SQL for constituents

analyzed in surface water were compared to their respective GW-Res MSC values as a

conservative measure. Only antimony was detected above the GW-Res MSC, however,

all of the detected constituents were retained as COPCs for risk calculation.

The COPCs for surface water are: antimony, copper, manganese, nickel, and zinc.
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4. Toxicity Assessment

Risk associated with exposure to chemical constituents is a function of the toxicity and
expostre dose. In assessing human-health risks, a distinction is made between non-
carcinogenic and carcinogenic effects. This section discusses these two categories of
toxic effects and the general approach to deriving toxicity values used to calculate
human-health risk for each. For potential carcinogens, the current default regulatory
guidelines (USEPA, 1996) use an extremely conservative approach that assumes any
level of exposure to a carcinogen hypothetically could cause cancer. This is contrary to
the traditional toxicological approach, which still is applied to non-carcinogenic
chemicals, where finite thresholds are identified below which toxic effects have not
been observed or demonstrated. In general, a threshold approach is used to derive
toxicity values protective of non-cancer endpoints and a non-threshold approach that
assumes risk at any level of exposure, is used to derive toxicity values that can be used
to relate exposure to estimate lifetime risk.

It is worth noting that the USEPA is in the process of revising the classification scheme
for carcinogens. As announced in the Federal Register on March 3, 2003, the Draft
Final Guidelines for Carcinogen Risk Assessment (February 2003) were made
available for public comment. The public comment period ended June 2, 2003.
According to the USEPA, the revisions are intended to make greater use of the
increasing scientific understanding of the mechanisms that underlie the carcinogenic
process.

4.1 Non-Carcinogenic Effects

For many non-carcinogenic effects, protective mechanisms must be overcome before
the effect is manifested. Therefore, a finite dose (threshold), below which adverse
effects will not occur, is believed to exist for non-carcinogens. A single compound
might elicit several adverse effects depending on the dose, the exposure route and the
duration of exposure. Chemicals may exhibit toxic effects at the point of application or
contact (local effect), or they may exhibit systemic effects after they have been
distributed throughout the body. Most chemicals that produce systemic toxicity do not
cause similar degrees of toxicity in all organs. They exhibit the major toxicity on one
or two target organs.

For a given chemical, the dose or concentration that elicits no effect when evaluating
the most sensitive response (the adverse effect which occurs at the lowest dose) in the
most sensitive species is referred to as the “no observed adverse effect level”
(NOAEL). The NOAEL is used to establish toxicity values (called reference doses
[RfDs] for oral exposures and reference concentrations [RfCs] for inhalation
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exposure). The RfD and RfC are estimates of a daily exposure level that is unlikely to
cause non-carcinogenic health effects. Therefore, exposure levels must exceed a
threshold dose to produce toxic effects. Chronic RfDs and RfCs are used to assess
long-term exposures ranging from 7 years to a lifetime. Chronic RfDs and RfCs are
used to evaluate the potential current and future site worker. Chronic RfDs and RfCs
are provided on Table 4-1.

While the RfD is an estimated dose of a chemical that will not cause adverse health
effects, the RfC is an estimated concentration in air that will not cause adverse health
effects. The RfC accounts for the dynamics of the respiratory system, diversity
between species and the difference in physical and chemical properties of chemical
constituents. Therefore, parameters such as deposition, clearance mechanisms and the
physical and chemical properties of the inhaled agent are considered in the
determination of the effective dose delivered to the target organ. Consistent with
TCEQ guidance, the RfD and RfC values used in this risk assessment were obtained
from the TCEQ, or if toxicological data were not available from the TCEQ, the
Integrated Risk Information System (IRIS) (2002) and Health Effects Assessment
Summary Tables (HEAST) (USEPA, 1997a) were used.

Whenever possible, route-specific toxicity values are used; however, toxicity values for
dermal exposure are not available (appropriate toxicity data are scarce). Therefore, the
oral reference doses are adjusted to an absorbed dose, using the constituent-specific
oral absorption efficiency, as recommended by the USEPA (1989). The oral RfD is
multiplied by the constituent-specific oral absorption efficiency value to calculate an
adjusted RfD. Oral absorption efficiency values are shown on Table 4-2. Per TCEQ
guidance, if the oral absorption efficiency value is greater than 50 percent then the oral
absorption efficiency is assumed to be 100 percent (TNRCC, 1999). The adjusted
RfDs are shown in Table 4-3. When calculating dermal exposure to COPCs from soil,
the adjusted RfD is multiplied by a dermal absorption efficiency value. When
calculating dermal exposure to COPCs from groundwater, permeability coefficients are
used instead of dermal absorption efficiency. Permeability coefficients can be found on
Table 4-4.

4.2 Carcinogenic Effects

The induction of cancer in humans and in animals by chemicals proceeds through a
complex series of reactions and processes. As with non-carcinogenic effects,
chemicals may exhibit their toxic effects at the point of application or contact (local
effect), or they may exhibit systemic effects after they have been distributed throughout
the body. In the case of carcinogens, the target organ is the site of tumor formation or
effected organ system (e.g., leukemias, lymphomas, etc.).
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Chemical constituents are classified as known, probable or possible human carcinogens
based on a USEPA weight-of-evidence scheme in which chemicals are systematically
evaluated for their ability to cause cancer in humans or laboratory animals. The
USEPA classification scheme (USEPA, 1996) contains six classes based on the weight
of available evidence, as follows:

A Known human carcinogen;
Bl  Probable human carcinogen -- limited evidence in humans;

B2  Probable human carcinogen -- sufficient evidence in animals and inadequate
data in humans;

C Possible human carcinogen -- limited evidence in animals;
D Inadequate evidence to classify; and
E Evidence of non-carcinogenicity.

Constituents in Classes A, B1, B2, and C generally are included in risk assessments as
potential human carcinogens; however, Class C carcinogens may be evaluated on a
case-by-case basis (USEPA, 1989a).

Currently, the USEPA uses the linearized multistage model for extrapolating cancer
risk from high doses associated with occupational exposure or laboratory animal
studies to low doses typically associated with environmental exposures. The model
provides a 95 percent upperbound estimate of cancer incidence at a given dose. The
slope of the extrapolated curve, called the cancer slope factor (CSF), is used to
calculate the probability of cancer associated with an ingested dose. Inhalation
exposures are evaluated using the inhalation unit risk factor (UR;). The unit risk is the
expected excess cancer risk resulting from continuous, lifetime exposure to air
containing 1 microgram per cubic meter (ug/m?) of the chemical constituent. CSFs
and UR;s used in this risk assessment are taken from the Texas Risk Reduction
Program (2002b) or if necessary, IRIS (2002) or HEAST (USEPA, 19972a). CSFs and
UR;s are derived from the assumption that any dose level has a probability of causing
cancer. The cumulative dose, regardless of the exposure period, determines the risk;
therefore, separate CSFs and UR;s are not derived for subchronic and chronic exposure
periods. CSFs and URis for the COPCs are shown on Table 4-5.

Whenever possible, route-specific toxicity values are used; however, toxicity values for
dermal exposure are not available (appropriate toxicity data are scarce). Therefore, the
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oral toxicity values are adjusted to an absorbed dose, using the constituent-specific oral
absorption efficiency, as recommended by the USEPA (1989a). Oral absorption
efficiency values are shown on Table 4-2. Per TCEQ guidance, if the oral absorption
efficiency value is greater than 50 percent than the oral absorption efficiency is
assumed to be 100 percent (TNRCC, 1999). The adjusted CSFs are shown in Table 4-
3. When calculating dermal exposure to COPCs from the affected soil, the adjusted
CSFs are multiplied by a dermal absorption efficiency value. When calculating the
dermal exposure to COPCs from groundwater, permeability coefficients are used
instead of a dermal absorption coefficient. Permeability coefficients can be found on
Table 4-4.

4.2.1 Inorganics
Of the inorganic constituents selected as COPCs, only cadmium and nickel are

identified as potential carcinogens, however only for inhalation, not for ingestion. The
available CSFs and UR;s for the carcinogenic COPCs are shown on Table 4-5.

422 lead

The USEPA has not developed toxicity values for lead. Lead is classified by the

USEPA as a B2 carcinogen, however is regulated to protect against neurological effects.

The TCEQ has calculated a health-based value of 1,600 mg/kg for lead in soil that is
protective of industrial/commercial exposure conditions and a value of 500 mg/kg that
is protective of residential exposure. The health-based value for commercial/industrial
exposure and the health-based value for residential exposure were calculated using the
USEPA Model for Assessing Risks Associated with Adult Exposures to Lead in Soil
(USEPA, 1996) and the USEPA Lead Uptake/Biokinetic Model (USEPA, 1996),
respectively. The Model assumes no threshold, even though this is a non-cancer
endpoint. If soil lead concentrations are below the health-based value, then lead is not
considered to represent a risk to the associated receptor.
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5. Exposure Assessment

This section addresses the potential for human exposure to constituents detected in the
groundwater, soil and surface water at the facility. This section identifies the potential
receptors, exposure points, exposure routes and potentially complete exposure
pathways considered in the BLRA. Subsequent sections of the BLRA combine the
results of the exposure assessment with constituent-specific toxicity information to
characterize potential risks.

Exposure can occur only when the potential exists for a receptor to directly contact
released constituents or when a mechanism exists for the released constituents to be
transported to a receptor. Without exposure, there is no risk; therefore, the exposure
assessment is one of the key elements of a risk assessment. An exposure pathway is
defined by four elements: (1) a source and mechanism of constituent release to the
environment; (2) an environmental transport medium for the released constituent; (3) a
point of potential contact with the contaminated medium (the exposure point); and (4)
an exposure route at the exposure point. The objective of the exposure assessment is to
estimate the types and magnitudes of exposure to the COPCs known (through
sampling) to occur in soil and groundwater.

In accordance with TCEQ guidance for human health risk assessment (TNRCC, 1998),
the soil EPC for a COPC is the maximum concentration (either a detected value or a
SQL value) if the data set had less than 10 data points. If the data set had 10 or more
data points, the 95% UCL can be used as the EPC. The EPC for the groundwater and
surface water COPCs are the maximum of the detected concentration and the SQL.
EPCs are assumed to remain constant over the expected exposure period. Use of the
maximum detected concentration is likely to be a conservative assumption, as the
sampling events were biased and exposure in most cases would be to a range of
concentrations that are likely to be less than the maximum concentration, and levels of
certain constituents are expected to decrease with time. The physical and chemical
properties of COPCs affect intermedia transfer rates, migration potential, and future
concentrations. A summary of the physical and chemical properties of the COPCs, as
well as a discussion of potential migration pathways, is presented to provide a more
thorough evaluation of the protectiveness of assumed exposure point concentrations.

5.1 Physical and Chemical Properties of Constituents of Potential Concern

An evaluation of the environmental fate and transport of constituents is important to
understanding the current and future distribution of constituents in various media, the
migration of constituents between various media and potential future migration
pathways and exposure routes. The environmental fate and transport of constituents

EncycleBLRA Report 5-1



Baseline Risk Assessment

Encycle/Texas, Inc.,
ARCADIS Corpus Chrisiti, Texas

are dependent on the physical and chemical properties of the constituents, the
environmental transformation processes affecting the constituents and the media
through which they are migrating. The physical and chemical properties of COPCs
affect intermediate transfer rates, migration to off-site exposure points and future
concentrations. The primary physical and chemical properties of the COPCs and their
influence on the potential for migration and persistence of the COPCs are discussed
below. Then, the mechanisms of migration for the COPCs with regard to source
characterization, potential migration pathways and potential for inter-media transfer are
discussed.

The physical and chemical properties summarized in Table 5-1 for the inorganic
COPCs include molecular weight, Henry's Law Constant, soil-water partition
coefficient (Ky), diffusivity, solubility, vapor pressure and octanol-water partition
coefficient (K,y). For metals, many of these properties are not measurable or are
dependent upon ionic state; therefore, for the metal COPCs only available properties
are included in Table 5-1.

The solubility of a compound in water is the maximum or saturated concentration of
the compound in pure water at a specific temperature, pH and pressure. The higher the
solubility value, the greater the tendency of a constituent to dissolve in water. Highly
soluble constituents are generally mobile in soil. Soluble compounds may be leached
from soils into groundwater. As shown in Table 5-1, inorganics have solubilities
ranging from 0 to 100,000 mg/L (only cyanide and thallium exceed 1 mg/L); therefore,
they are not likely to be very mobile. Pure metals generally are insoluble, but they may
form salts and complexes that can be soluble; therefore, the solubility depends on the
form of the inorganic constituent, as well as the presence of other constituents.

Volatilization of a constituent from an environmental medium depends on the vapor
pressure, water solubility, soil and water partitioning and diffusion coefficient. Vapor
pressure, a relative measure of the volatility of constituents in their pure state, is an
indication of the rate of volatilization. The diffusion coefficient can be used as a
means to predict the rate at which a compound moves through the environment.
Molecular diffusion is determined by both molecular properties (e.g., size and weight)
and by the presence of a concentration gradient, which means that molecules of a
chemical will migrate from an area of high concentration to an area of low
concentration. Solubility and vapor pressure generally decrease with increasing
molecular weight. Highly soluble compounds generally have lower volatilization rates
from water unless they also have high vapor pressures. Inorganic constituents,
especially metals, generally have both low solubility and low vapor pressure, therefore
they are not considered to be volatile.
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The Henry's Law Constant, combining vapor pressure with solubility and molecular
weight, can be used to estimate releases from water to air. Compounds with Henry’s
Law Constants in the range of 10” atmospheres-cubic meters per mole (atm-m*/mol)
and greater can be expected to volatilize readily from water; those with values ranging
from 10 to 10”° atm-m*/mol are associated with possibly significant volatilization,
although not as readily as more volatile compounds, while compounds with values less
than 10”° atm-m’/mol will only volatilize from water slowly and to a limited extent
(Howard, 1989; Lyman et al., 1990). In evaluating volatilization, USEPA guidance
recommends including constituents with a Henry’s Law Constant value greater than
10” and a molecular weight less than 200 grams per mole (g/mol) (USEPA, 1991a).
None of the inorganic constituents examined in this risk assessment meet the
volatilization criteria.

The potential for a constituent to adsorb to soil particles will affect migration through
soil. Sorption to soil reduces volatilization, leaching and biodegradation. The term
“sorption” includes adsorption (constituent bound to the outside of soil particles) and
absorption (constituent distributed throughout the particle matrix). A chemical that is
adsorbed is not as mobile because it is not easily released from the particle.
Conversely, a chemical that is absorbed is more easily released and therefore, more
mobile. The K reflects the propensity of a compound to adsorb to the organic matter
found in the soil. Soil with a high organic content will adsorb more organic
constituents than soil with a low organic content, therefore retarding mobility. High
values of Kq4, coupled with low solubility characterize organic constituents with low
leaching potential (low mobility), and such constituents tend to remain adsorbed to
soil.

In summary, inorganics such as those found at the Encycle facility are not readily
volatile, tend to adsorb onto soils, and are generally insoluble in water under neutral or
slightly alkaline conditions. They can become more soluble under increasingly acidic
conditions.

5.2 Potential Mechanisms of Migration

There are several mechanisms through which constituents may migrate at the facility.
The constituent-containing soil can act as a source of constituents to other
environmental media. Migration into air potentially can occur via volatilization from
soil or fugitive dust emissions from soil; and migration from soil to groundwater
potentially can occur by percolation of infiltrating rainwater that dissolves the COPCs
in soil. The mechanisms of migration are discussed in this section from a conceptual
standpoint together with a discussion of constituent persistence and transformations
that may occur in the source or transport medium.
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5.2.1 Migration in Soil

Constituents migrate in the subsurface soil primarily in the dissolved aqueous phase.
Solubility in water, the tendency to bind to soil and organic carbon, type of soil
(particle size distribution, clay content, organic material content, porosity and
permeability) and the depth to groundwater are significant factors in determining the
potential for COPCs to leach from soil to groundwater. The more soluble constituents
may migrate through soil to shallow groundwater with infiltrating precipitation. The
more volatile constituents, or those strongly adsorbed to dust, may migrate into air.
Typically, organic constituents with high water solubilities and low K,s are
particularly susceptible to these phenomena. The inorganic constituents detected in
soil at the Encycle site have low solubilities and a high affinity to adsorb to soil;
therefore, they are not considered very mobile.

The nature of the site soils significantly affects transport within the soil. Clays and
minerals exhibit adsorptive behavior, while organic matter is capable of both
adsorption and absorption. Coarse sands are very poor at sorbing chemicals. Because
sorption is an equilibrium process, some of the sorbed constituents may "desorb" from
the particles into the dissolved phase and be released into the soil moisture and be
transported with infiltrating precipitation. These dissolved constituents then may again
become sorbed to aquifer materials, followed by dispersion by groundwater transport.

The retardation factor, which provides an estimate of the rate of constituent migration,
1s determined by site-specific factors including soil density, effective porosity and the
fraction of organic carbon. Increasing either the fraction of organic carbon in the soil,
soil density or the organic carbon partition coefficient would increase the retardation
factor and therefore, decrease the rate of migration from soil to groundwater,

The migration of inorganic chemicals from and through soil to groundwater is
influenced by soil characteristics and water movement. Soil parameters of importance
are cation and anion exchange capacities of the soil (i.e., the interaction between
positively and negatively charged ions), organic carbon content, pH, oxidation-
reduction potential and porosity. In general, positively charged inorganic constituents
(cations) will be retarded by clays, which exhibit an overall negative charge.

5.2.2 Migration Into Air

There are two processes controlling migration of constituents into air. Organic
constituents may volatilize and migrate into the air, or constituents adsorbed to surface
soil may migrate into the air through the generation of dust either through wind erosion

or mechanical disturbance. Constituents released into the atmosphere are subject to
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transport and dispersion by prevailing winds. The COPCs that have high Henry’s Law
Constants, vapor pressure and solubility and low K,s are more likely to be associated
with the water or vapor phases than remain in soil; thus, these constituents could
migrate into air via vapor emissions. Any vapors reaching the ground surface would
be quickly dispersed into ambient air, thereby reducing the potential for significant
exposure. The inorganic constituents detected have low Henry’s Law Constants, vapor
pressure and solubility, therefore vapor migration into air is not likely.

5.2.3 Migration Into Groundwater

The purpose of this section is to provide an assessment of whether constituents in soils
represent a significant continuing release source to the affected groundwater beneath
the facility.

The maximum concentrations for the soil constituents were compared to the residential
use groundwater protection medium-specific concentrations for saline groundwater
(Adj. GWP-Res MSCs). Twelve constituents had maximum concentrations that
exceeded their respective Adj. GWP-Res MSC. Those constituents are: antimony,
arsenic, cadmium, chromium, copper, lead, manganese, mercury, nickel, selenium,
thallium, and zinc. Several soil samples with elevated total metals concentrations were
analyzed for leachable metal concentrations using the synthetic precipitation leaching
procedure (SPLP). SPLP metal concentrations were generally low. With the exception
of cadmium in several soil samples, SPLP metal concentrations did not exceed the Adj.
GW-Res values for residential exposure to saline groundwater. The SPLP data
indicates the mobility of metals in soil at the site is relatively low. SPLP data is
presented with the soil analytical data in Appendix B.

The topographically higher southern half of the site is located on the Beaumont
Formation, and shallow groundwater in the Beaumont Formation is moderately saline.
The topographically lower northern half of the site is located on fill and spoil materials
and alluvium (fill/alluvium), and shallow groundwater in the fill/alluvium is saline.
Groundwater from the Beaumont Formation flows into the fill/alluvium, which
contains naturally saline groundwater.

5.2.4 Migration In Groundwater

Based on the groundwater data, constituents are either present in low concentrations or
non-detectable in groundwater at the facility. Given the low mobility of inorganics in
sotls, these low levels are not expected to increase significantly over time as the
inorganics potentially leach to groundwater.
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5.2.5 Biodegradation and Biotransformation Processes

Biological and chemical processes occurring in the affected media can be important in
determining the ultimate fate of the constituents at the areas of interest. The extent and
rates of these reactions, however, are difficult to predict. Microorganisms naturally
occurring in soils are able to use several organic compounds as a food source,
degrading the components ultimately to carbon dioxide and water (Kostecki and
Calabrese, 1989). In most cases, an organic contaminant is not broken down
immediately and/or completely to carbon dioxide and water by a bacterium, but is
metabolized to an intermediate compound, which is in turn further degraded. The
metabolites isolated depend primarily on the time at which the reaction is monitored.
Factors which contribute to the degree to which biodegradation occurs include:
biodegradability rates, toxicity to microbial populations, available nutrients, pH,
temperature, dissolved oxygen content, production of intermediates and the effects of
mixtures. In general, these intermediate metabolites are more soluble than the parent
compound and are, therefore, more mobile and more likely to be found away from the
original source.

The inorganic compounds will not undergo degradation in soil and may persist,
although their form may change depending on pH and availability of their ions.
However, elevated inorganic concentrations typically decrease with time as a result of
transport and associated dispersion processes.

5.3 Conceptual Site Model

The characteristics of the Encycle facility, the distribution of the COPCs in the
affected media, and the understanding of the processes that affect fate and transport
were used to develop a conceptual site model. The purpose of a conceptual site
model is to provide an overview of the release sources, release mechanisms,
exposure pathways, exposure points and receptors. The conceptual site models for
the soil and groundwater is depicted schematically on Figure 5-1. Historical, current,
and future conditions for the facility are considered in the conceptual site model.

5.3.1 Potential Human Exposure Pathways and Receptors

The human exposure pathways identified as potentially complete for each of the
affected media (i.e., groundwater, soil, or surface water) at the facility include:

¢ Hypothetical future adult resident exposed to site-specific constituents in
groundwater from a future on-site water well via ingestion and dermal contact;
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e Hypothetical future child resident exposed to site-specific constituents in
groundwater from a future on-site water well via ingestion and dermal contact;

e Potential current site worker exposed to site-specific constituents in surface soil (0
to 2 ft bgs) via incidental ingestion, dermal contact and inhalation of vapors and
particulates;

e Potential current excavation worker exposed to site-specific constituents in surface
and subsurface soil (0 to 5 ft bgs) via incidental ingestion, dermal contact and
inhalation of vapors and particulates;

¢ Hypothetical future on-site resident exposed to site-specific constituents in surface
soil (0 to 15 ft bgs) via incidental ingestion, dermal contact and inhalation of
vapors and particulates; and

e Potential current adult exposure to site-specific constituents in surface water via
fish tissue ingestion.

Potential risks to potential current workers associated with exposure to groundwater
were not evaluated in the BLRA. There currently are no drinking water wells at the
facility to facilitate an ingestion pathway and groundwater in the Beaumont Formation
is deep enough (i.e., greater than 15 ft bgs) such that an excavation worker would not
encounter groundwater during normal excavation activities. Additionally, no water
wells are located within a %-mile radius of the site and water for the site and
surrounding area is provided by the City of Corpus Christi municipal water supply.
Potential risks to direct exposure to surface water and sediments associated with the
facility were not evaluated in the BLRA due to strictly enforced restrictions.
Swimming, wading, recreational fishing, and boating are prohibited in the Inner Harbor
where the Corpus Christi Ship Channel and Encycle facility are located (e-mail
correspondence between Sarah Kowalski, Port of Corpus Christ Authority, and Ken
Brandner, ARCADIS). As stated previously, risks to surface water via fish tissue
ingestion were evaluated using the rationale that fish travel freely in and out of the
channel and may be caught outside the prohibited area.

Potential exposure by an occasional visitor would be infrequent and short. The
potential risk associated with this type of transient exposure is likely to be significantly
less than that of a site worker because of the duration of exposure. Therefore, this type
of exposure scenario is not warranted and is not included in the BLRA.
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5.3.1.1 Exposure Point Concentrations

A basic conservative assumption underlying all exposure calculations was that the
EPCs would remain constant throughout the exposure period. Natural attenuation
processes were not considered. Over the entire chronic exposure period, the
concentrations will likely be reduced by naturally occurring processes. Therefore,
using the lesser of the maximum concentration (i.e., detected concentration or SQL)
and the 95 percent UCL concentration in soil (calculated using proxy concentrations
for non-detects) as the representative EPC over the entire exposure period will result in
an overestimation of exposure. For groundwater and surface water, the EPC is the
greater of the maximum detected concentration and the maximum SQL.

5.3.1.2 Exposure Assumptions and Equations

This section presents the exposure assumptions used to estimate average daily intakes
and risks posed by the COPCs identified in Section 3.0 (see Table 5-2). Unless
otherwise noted in Table 5-2, standard TCEQ default exposure assumptions were used
where appropriate; however, site-data and professional judgment were used to develop
some exposure assumptions. Workplace controls (e.g., use of personal protective
equipment and clothing and OSHA training), which act to reduce exposure, were not
factored into this BLRA.

Current risk assessment guidance requires that the averaging period used to calculate
average daily exposure doses depend on the toxic effect (cancer or non-cancer). For
cancer effects, the total cumulative dose was averaged over a lifetime (70 years),
whereas the total cumulative dose was averaged over the exposure period for non-
cancer effects. The approach for carcinogens is based on the assumptions that any
dose may induce a response (non-threshold), and that a given dose has the same
probability of inducing a response regardless of the exposure period. In other words, a
higher dose received over a short exposure period is equivalent to a lower dose
received over a lifetime, as long as the total dose is the same.

Potentially complete human exposure pathways identified include: (1) hypothetical
future on-site adult resident exposure to groundwater via ingestion, and dermal contact;
(2) hypothetical future on-site child resident exposure to groundwater via ingestion,
and dermal contact; (3) potential current site worker exposure to soils via incidental
ingestion, dermal contact, and inhalation of fugitive dust and inhalation of vapors; (4)
potential current excavation worker exposure to soils via incidental ingestion, dermal
contact, and inhalation of fugitive dust and inhalation of vapors; (5) hypothetical future
resident exposure to soils via incidental ingestion, dermal contact, and inhalation of
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fugitive dust and inhalation of vapors; and (6) potential current adult exposure to
surface water via fish tissue ingestion.

5.3.1.3 Hypothetical Future Adult and Child Resident Scenarios — Groundwater Exposure

Currently there are no drinking water wells at the Encycle facility. This condition is not
expected to change in the future based on past, present, and anticipated future land use
for the site and surrounding area. However, hypothetical future on-site resident
exposure to groundwater from a hypothetical future well installed on the property was
evaluated in this BLRA. Hypothetical future adult and child residents were assumed to
be exposed to groundwater at a future on-site well via direct ingestion, and dermal
contact. Residential exposure assumptions for groundwater exposure reflect current
USEPA and TCEQ default values (USEPA, 1989a,c; 1991a,b; 1992a; TAC, 1993;
TNRCC, 1998; 1999). The exposure assumptions for an adult resident and child
resident (when different) exposed to groundwater are listed below and summarized in
Table 5-2:

(1) Body weight of 70 kilograms (kg) (adult resident), 15 kg (child resident)
(USEPA, 1991a);

(2) Exposure frequency of 350 days per year (USEPA, 1991a);

(3) Exposure period of 33 years (adult resident), 6 years (child resident) (TNRCC,
1998);

(4) Ingestion rate of 2 liters of groundwater per day (L/day) (adult resident), 0.64
L/day (child resident) (TCEQ recommended values);

(5) Exposure time for groundwater contact of 1 hour per day (hr/day) (adult
resident), 0.58 hr/day (child resident) (EPA, 2001);

(6) Exposed skin surface area of 18,000 square centimeters (cm”) (adult resident),
6,600 cm’ (child resident) (EPA, 2001);

(7)  Averaging period of 70 years (25,550 days) for carcinogenic effects (adult and
child resident) and 33 years (12,045 days) for non-carcinogenic effects (adult
resident), 6 years (2,190 days) for non-carcinogenic effects (child resident)
(TCEQ recommended values); and

(8)  Constituent-specific permeability coefficient.
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The equations used to estimate hypothetical future adult and child resident exposure to
groundwater are presented in Table 5-4.

5.3.1.4 Potential Current Site Worker and Excavation Worker Scenarios - Soil Exposure

Currently, those soil areas at the Encycle facility that are not covered by buildings,
pavement, equipment, or other structures represent potential exposure points. Site
workers and excavation workers could be exposed to soil through incidental ingestion,
dermal contact, and inhalation of vapors and fugitive dust. Site worker and excavation
worker exposure assumptions for soil exposure reflect current USEPA and TCEQ
default values (USEPA 1989a,c; 1991a,b; TAC, 1993; TNRCC, 1999). The exposure
assumptions for a site worker and excavation worker (when different) exposed to soil
are listed below and summarized in Table 5-2:

(1) Body weight of 70 kilograms (kg) (USEPA, 1991a);

(2) Exposure frequency of 250 days per year (site worker) (USEPA, 1991a); 5 days
per week (excavation worker) (professional judgement);

(3) Exposure period of 25 years (site worker) (USEPA, 1991a); 12 weeks
(excavation worker) (professional judgement);

(4) Ingestion rate of 50 milligrams of soil per day (mg/day) (site worker); 480
mg/day (excavation worker) (TCEQ recommended values);

(5)  Soil adherence rate of 0.2 mg/cm*/day;

(6) Exposed skin surface area of 2,500 square centimeters (cm?) for the skin surface
area of the face, neck, hands, and lower arms (TCEQ recommended value);

(7)  Averaging period of 70 years (25,550 days) for carcinogenic effects (site worker
and excavation worker); 25 years (9,125 days) for non-carcinogenic effects (site
worker) (USEPA, 1989a); or 84 days for non-carcinogenic effects (excavation
worker) (TCEQ recommended values and professional judgement); and

(8) Constituent-specific absorption efficiency.

The equations used to estimate current and hypothetical future site worker exposure to
soil are presented in Table 5-5.
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5.3.1.5 Hypothetical Future Age-Averaged Child/Adult Resident Scenarios - Soil Exposure

Hypothetical future residents occupying the property could be exposed to surface soil
through incidental ingestion, dermal contact, and inhalation of vapors and fugitive dust.
Age-averaged child/adult resident exposure assumptions for soil exposure reflect
current USEPA and TCEQ default values (USEPA 1989a,c; 1991a,b; TAC, 1993;
TNRCC, 1999). For carcinogenic effects age-averaged exposure parameters are used.
For non-carcinogenic effects child exposure parameters are used. The exposure
assumptions for age-averaged child/adult resident exposed to soil are listed below and
summarized in Table 5-2:

(1) Body weight of 15 kilograms (kg) (USEPA, 1991a);
(2) Exposure frequency of 350 days per year (USEPA, 1991a);
(3) Exposure duration of 6 years (USEPA, 1991a);

(4) Ingestion rate of 200 milligrams of soil per day (mg/day) (TCEQ recommended
value);

(5)  Soil adherence rate of 0.2 mg/cm’/day;

(6) Exposed skin surface area of 2,200 square centimeters (cm®) (TCEQ
recommended value);

(7)  Age-adjusted soil oral intake factor of 114 mg-yr/kg-day (TNRCC, 1998)

(8) Averaging period of 70 years (25,550 days) for carcinogenic effects and 6 years
(2,190 days) for non-carcinogenic effects (USEPA 1989a), 12,045 days for non-
carcinogenic effects of cadmium only (TCEQ recommended value); and

(9) Constituent-specific absorption efficiency.

The equations used to estimate age-averaged hypothetical future child/adult resident
exposure to soil are presented in Table 5-6.

5.3.1.6 Potential Current Adult Scenario - Fish Ingestion

Currently, swimming, wading, recreational fishing, and boating are prohibited in the
Inner Harbor where the Corpus Christi Ship Channel and Encycle facility are located
(e-mail correspondence between Sarah Kowalski, Port of Corpus Christ Authority, and
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Ken Brandner, ARCADIS), therefore, direct exposure to surface water in the ship
channel adjacent to the facility was not evaluated as a complete pathway. However, for
the purposes of this risk assessment the assumption was made that fish exposed to
surface water off-shore of the facility can swim freely in and out of the reach of the
channel that is adjacent to the facility and may be caught by recreational fishermen
outside of the channel. Adult exposure assumptions for surface water via fish tissue
ingestion reflect current USEPA and TCEQ default values (USEPA 1991a; TAC,
1993; TNRCC, 1999). Bioconcentration factors were taken from the Superfund
Chemical Data Matrix (1997), Agency for Toxic Substances and Disease Registry
(1996), and USEPA (1999). The exposure assumptions for the fish ingestion by an
adult engaged in recreational fishing are listed below and summarized in Table 5-2:

(1) Body weight of 70 kilograms (kg) (USEPA, 1991a);
(2) Exposure frequency of 350 days per year (USEPA, 1991a);
(3)  Exposure period of 33 years (TCEQ recommended value);

(4) Ingestion rate of 0.015 kilograms of locally caught saltwater fish per day
(kg/day) (TNRCC, 1993);

(5) Averaging period of 70 years (25,550 days) for carcinogenic effects and 33 years
(12,045 days) for non-carcinogenic effects (TCEQ recommended value); and

(6) Constituent-specific bioconcentration factor.

The equations used to estimate current adult exposure to surface water via fish tissue
ingestion are presented in Table 5-7.
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6. Risk Characterization

This section discusses the potential risks to human health associated with exposure to
constituents in soil, groundwater, and surface water at the Encycle facility, using the
exposure scenarios presented in the previous section. The estimated exposure doses
are combined with toxicity values presented in Section 4.0 to quantitatively identify
potential risks to human health.

6.1 General Principles

A distinction is made between non-carcinogenic and carcinogenic effects, and two
general criteria are used to describe risk: the hazard quotient (HQ) for non-
carcinogenic effects and the excess lifetime cancer risk (ELCR) (for Class A, B, or C
carcinogens). HQs were calculated for all COPCs, and ELCRs were calculated for
only the carcinogenic COPCs. A brief discussion of HQs, ELCRs, and the criteria
for interpreting these values is provided below.

The HQ is the ratio of the estimated exposure dose to the RfD, or the estimated air
concentration to the RfC. This ratio is used to evaluate systemic toxicant effects
associated with exposure to a constituent. An HQ of 1 or less indicates that the
estimated exposure dose is at or below acceptable levels for protection against non-
carcinogenic effects. If the HQ exceeds 1, there may be regulatory concern for
potential non-carcinogenic effects. However, the HQ does not provide the probability
of an adverse effect as does the ELCR. An HQ greater than 1 indicates that the
estimated exposure dose for that constituent exceeds the RfD, but it does not
necessarily imply that adverse health effects will occur, because RfDs typically are set
an order of magnitude or more below the NOAEL as discussed in Section 4.0.
Furthermore, the level of concern does not increase linearly with increasing HQs
because RiDs have different levels of confidence, are based on different toxic effects,
and do not consider the slope of the dose-response curve. HQs for each constituent
may be summed to derive a total non-carcinogenic hazard index (HI).

Current regulatory methodology (USEPA, 1989a) advises summing HIs across
exposure routes for all media to derive a "Total Site HI." However, if the HI

exceeds 1, constituents may be grouped according to critical toxic effects, and HIs may
be calculated separately for each effect. This grouping by toxic effects or target organ
was not done in this BLRA because none of the HIs exceeded 1. The USEPA has
indicated that when the HI calculated for a site is less than 1, action generally is not
warranted (USEPA, 1991¢). The TCEQ uses a HI of 1 as a goal for managing
systemic risks as part of site cleanups.
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The ELCR is an estimate of the increased risk or probability of developing cancer that
results from exposure to constituents in affected media. The ELCR is an upperbound
estimate; therefore, the true risks are less than those presented. The ELCR, equal to the
product of the exposure dose and the CSF or UR,, is estimated for each known,
probable, or possible carcinogenic constituent. The risk values provided in this report
are indications of the increased risk, above that applying to the general population,
which may result from the exposure scenarios described in Section 5.0.

Current regulatory methodology assumes that EL.CRs can be summed across routes
and media of exposure and COPCs to derive a "Total Site Risk" (USEPA, 1989a).

The TCEQ uses the 10™*(1 in 10,000) to 10°® (1 in 1,000,000) ELCR range as a “target
range” within which the agency strives to manage the cumulative ELCRs as part of site
cleanups. The TCEQ has promulgated a policy that states that the ELCR for any one
single COPC must not exceed 10°°. If the cumulative ELCR exceeds the target range
(i.e., cumulative ELCR greater than 10™) or the ELCR for any one COPC exceeds the
target goal of 107 for single COPC risk, then PRGs must be calculated pursuant to
TCEQ policy.

6.2 Human-Health Risk

A discussion of the calculated human health risks for groundwater, soil and surface
water is presented in the following sections.

6.2.1 Groundwater

When calculating human health risks for groundwater exposure, the TCEQ states in the
1998 Consistency Memorandum, as well as in Section 335.563(h) of the Risk
Reduction Rules, it is not necessary to include in the cumulative risk calculation
COPCs that have promulgated MCLs under the Safe Drinking Water Act. It is assumed
that the individual MCLs are considered to be protective of human health even in
situations where a receptor is exposed to drinking water with multiple contaminants
present at their respective MCLs. Following this guidance, only those COPCs that do
not have MCLs and exceeded the appropriate standard, in this case the RBSV, were
included in the calculations. COPCs that have MCLs and were not included in the risk
calculations are discussed in the sections below.

6.2.1.1 FilllAlluvium Formation Water-Bearing Unit

No constituents in the Fill/Alluvium Formation Water-Bearing Unit were identified as
COPC:s following screening against the adjusted RBSVs for groundwater, therefore it
was not necessary to calculate risks for this media.
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6.2.1.2 Beaumont Formation Water-Bearing Unit

The calculated HI for hypothetical future adult resident exposure to groundwater (2)
exceeds the regulatory target HI of 1 (Table 6-1).

The calculated HI for hypothetical future child resident exposure to groundwater (3)
exceeds the regulatory target HI of 1 (Table 6-2).

An ELCR for the hypothetical future adult resident (and child resident) was not
calculated because all of the carcinogenic COPCs have federal MCLs, and therefore, in
accordance with TCEQ guidance (1998 Consistency Memorandum), the site
concentrations for the COPCs should be compared to their respective MCLs, but not
included in a quantitative risk calculation (TCEQ, 1998). The maximum concentration
or SQL of all of the constituents analyzed in groundwater were compared to their
respective MCLs (Table 3-2). Those constituents exceeding their respective MCLs but
not included in the risk evaluation are: antimony, arsenic, cadmium, cyanide, and
selenium. Lead has an action level rather than an MCL. The action level for lead was
exceeded, however as with COPCs with MCLs, lead was not included in the risk
evaluation.

The only COPC included in the risk calculations for future hypothetical exposure for
adult residents and future hypothetical exposure for child residents to groundwater in
the Beaumont Formation Water-Bearing Unit is manganese. The HIs for hypothetical
future adult resident exposure as well as child resident exposure to groundwater from
the Beaumont Formation Water-Bearing Unit exceed the target goal of 1 for noncancer
risks, and are considered to be unacceptable. It is important to note, however, that the
risk to the background concentration of manganese (i.e., 7.6 mg/L) is essentially equal
to the risk to the manganese concentration in groundwater (i.e., 7.7 mg/L) from the
Beaumont Formation Water-Bearing Unit. Therefore, potential risks from impacted
groundwater from the Beaumont Formation Water-Bearing Unit are not significantly
different than the risks from naturally occurring groundwater.

6.2.2 Soil

Human health risks to soil were evaluated for a site worker exposed to surface soil at a
depth of 0 to 2 ft bgs; an excavation worker exposed to surface/subsurface soil at a
depth of 0 to 5 ft bgs; and for an age-averaged child/adult resident exposed to surface
soil at a depth of 0 to 15 ft bgs. These risks are discussed individually below.
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6.2.2.1 Potential Current Site Worker

The calculated HI for a potential current site worker exposure to COPCs (1) in soil
meets the regulatory acceptable target HI of 1.The calculated EL.CR for the potential
current site worker exposure to COPCs (9 x 107) is less than the regulatory acceptable
target risk range of 10*to 10 (Table 6-3).

The COPCs that were included in the risk calculation for potential current site worker
exposure to surface soils are: antimony, arsenic, barium, cadmium, cobalt, copper,
manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc. Arsenic
was the primary contributor to the HI. Cadmium and nickel were the only contributors
to the ELCR.

6.2.2.2 Potential Current On-Site Excavation Worker

The calculated HI for a potential current excavation worker exposure to COPCs (1) in
soil meets the regulatory acceptable target HI of 1.The calculated ELCR for the
potential current excavation worker exposure to COPCs (1 x 10”) is less than the
regulatory acceptable target risk range of 10to 10°°. (Table 6-4).

The COPCs that were included in the risk calculation for potential current excavation
worker exposure to surface/subsurface soils are: antimony, arsenic, barium, cadmium,
cobalt, copper, manganese, mercury, nickel, selenium, silver, thallium, vanadium, and
zinc. Arsenic was the primary contributor to the HI. Cadmium and nickel were the
primary contributors to the ELCR.

6.2.2.3 Hypothetical Future On-Site Resident

The calculated HI for an age-averaged hypothetical future child/adult resident exposure
to COPC:s (10) in soil is above the regulatory acceptable target HI of 1. The calculated
ELCR for the hypothetical future child/adult resident exposure to COPCs (1 x 107) is
less than the regulatory acceptable target risk range of 10™to 10 (Table 6-5).

The COPCs that were included in the risk calculation for hypothetical future on-site
resident exposure to surface soils are: antimony, arsenic, barium, cadmium, cobalt,
copper, manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc.
Arsenic was the primary contributor to the HI. Cadmium and nickel were the primary
contributors to the ELCR. The calculated HI for hypothetical future child/adult resident
exposure to surface soils exceeds the target goal of 1 for noncancer risks, and is
considered to be unacceptable.
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6.2.3 Fish Ingestion

The calculated HI for a potential current adult exposure to surface water COPCs via
fish tissue ingestion (1) meets the regulatory acceptable target HI of 1. It was not
possible to calculate an ELCR for exposure to surface water via fish tissue ingestion
because all of the COPCs identified are classified as non-carcinogens (Table 6-6).

The COPCs that were included in the risk calculation for potential current adult
exposure to surface water via fish tissue ingestion are: antimony, copper, manganese,
and zinc. Antimony was the primary contributor to the HI.

6.2.4 Exposure to Lead

Because no USEPA -verified toxicity values exist for lead, the risks associated with
exposure to lead cannot be evaluated using conventional risk assessment methods. The
TCEQ’s pre-calculated clean-up value for residential exposure to lead is 500 mg/kg
and 1,600 mg/kg for commercial industrial exposure. The concentrations of lead in
soils 0 to 2 ft bgs (2,700 mg/kg) and 0 to 5 ft bgs (1,800 mg/kg) exceed the pre-
calculated TCEQ clean-up value of 1,600 mg/kg for commercial industrial exposure.
The concentration of lead in soils 0 to 15 fi bgs (1,300 mg/kg) exceeds the TCEQ’s
pre-calculated clean-up value of 500 mg/kg for residential exposure.

6.3 Preliminary Remediation Goals

TCEQ guidance (Section 30: TAC, Chapter 335, Subchapters A and S) states that PRGs
must be calculated for an individual COPC if its ELCR exceeds 1 x 10, or its HQ
exceeds 1, or if the cumulative ELCR for all COPCs exceeds 1 x 10, or the cumulative
HI exceeds 1. The potential exposure to groundwater from the Beaumont Formation
Water-Bearing Unit by a future hypothetical adult resident and child resident, as well as
the age-averaged hypothetical future child/adult resident exposure to surface soils,
resulted in HIs in excess of the target risk goals for each receptor. Therefore, PRGs
were calculated for each of the COPCs that were included in the risk calculations for
those hypothetical future scenarios.

Two methods can be used to calculate the PRGs. The first method involves combining
the intake levels of each chemical receptor from all of the routes of exposure (i.e.
inhalation, dermal, and incidental ingestion) for a particular medium and manipulating
the site-specific risk equation to solve for the concentration. However, a simplified
ratio method based on site-specific exposure data can be completed when the site
specific risk has previously been calculated (USEPA, 1995). The ratio is between the
target risk and calculated risk from a specific COPC and medium using the EPC as a
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multiplier. This ratio method was used to calculate PRGs for this BLRA. In the PRG
calculation tables (Tables 6-7, 6-8, and 6-9), an asterisk “*” next to a PRG indicates
that the COPC EPC exceeds the respective PRG.

The COPC PRGs presented in the BLRA may be compared to maximum detected
media concentrations that reflect current conditions. Comparison of scenario-specific
PRGs to individual COPC concentrations is a valid approach to evaluate the necessity
for risk management and to help evaluate the need for remedial activity at the site.

The results of the PRG calculations for each media are presented in the following
sections.

6.3.1 Beaumont Formation Water-Bearing Unit

The EPC and PRG for hypothetical future adult resident exposure to groundwater from
the Beaumont Formation Water-Bearing Unit are provided in Table 6-7. The EPC for
manganese (7.7 mg/L) exceeded the calculated PRG (4.7 mg/L).

The PRG for hypothetical future child resident exposure to groundwater from the
Beaumont Formation Water-Bearing Unit are provided in Table 6-8. The EPC for
manganese (7.7 mg/L) exceeded the calculated PRG (2.6 mg/L). It is important to note
that even though the concentration of manganese exceeds the calculated PRG, it is only
slightly above the site-specific background concentration for manganese of 7.6 mg/L.

6.3.2 Soil 0 to 15 ft bgs

The EPCs and PRGs for age-averaged hypothetical future child/adult resident exposure
to surface soils are provided in Table 6-9. The EPCs for cadmium (140 mg/kg) exceeds
the calculated PRG of 77 mg/kg. The concentrations of arsenic (120 mg/kg) and lead
(1,300 mg/kg) exceed their respective TCEQ health-based clean-up values of 20 mg/kg
and 500 mg/kg for residential exposure. The EPCs for all of the remaining COPCs are
below their respective PRGs (Table 6-9).
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7. Ecological Risk Assessment

This section of the report contains a screening-level ecological risk assessment
(SLERA) for the Encycle site. The site includes 21 SWMUs discussed in the RCRA
Facility Investigation Report (ARCADIS 2002). This SLERA has been prepared in
accordance with Section VILB. of the Consent Decree issued to Encycle/Texas, Inc.,
and ASARCO, Inc., which was entered in the United States District Count for the
Southern District of Texas on October 6, 1999.

The SLERA follows the methodology outlined in the guidance for conducting
ecological risk assessments issued by the Texas Commission on Environmental
Quality (TCEQ, 2001). The Texas Risk Reduction Program (TRRP) Rule (30 TAC
§350) cites the general outline and minimum requirements for an ecological risk
assessment. The TRRP Rule states that properties with suspected contamination under
the jurisdiction of the TCEQ’s corrective action programs need to evaluate the
potential hazards to human health and the environment.

The objectives of the SLERA are the following:

a) Compare conservative, representative media concentrations to the guidance
ecological screening benchmarks in order to eliminate from further
consideration any contaminants in environmental media that is not likely to
cause adverse effects to the biota of the local ecosystem(s);

b) Consider the significant and likely exposure pathways by which constituents
of potential ecological concern (COPECs) in the media can affect the biota of
the local ecosystem(s);

c) Roughly estimate, with marked conservatism, the magnitude of exposure and
toxicological effects to representative biota of the local ecosystem(s);

d) Use the hazard quotient methodology to dismiss additional COPECs from
further consideration, and discuss the likelihood of adverse ecological effects
being caused by the remaining COPECs; and

e) Provide risk management recommendations to mitigate any potential adverse
effects caused by chemical contamination of environmental media at the
affected properties.
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8. Site Background
8.1 Site Description

The site is located within a heavily industrialized area of Corpus Christi, Texas
between the Corpus Christi Ship Channel and Up River Road (Figure 2-1). The
Corpus Christi Ship Channel is located directly north of the site, and the ship channel
enters Corpus Christi Bay approximately 4 miles east of the site. The ship channel in
the site area is industrialized and is a high traffic navigational segment that is
periodically maintained (dredged) for navigational purposes.

The biological diversity and productivity of the Corpus Christi Bay system, including
the Corpus Christi Ship Channel, is threatened by anthropogenic activities, including
oil and gas production, petrochemical refining, industrial expansion, shipping, surface
mining, agricultural development, reduction and redirection of surface water flows,
navigation channel dredging, and urbanization. The Inner Harbor (i.e., ship channel)
covers approximately 2 square miles of surface area and receives the discharges of one
municipal and 44 industrial permitted outfalls (TWC, 1992). Historically, discharges
from chemical and petrochemical facilities, as well as spills from shipping transfer
activities, have been sources for the deposition of heavy metals and organic pollutants
in sediments (Barrera et al., 1995).

8.2 Ecological Habitat

Information on land cover on-site and in the vicinity of the affected areas was obtained
from U.S. Geological Survey topographical maps, U.S. Corps of Engineers Final
Environmental Impact Statement for the Corpus Christi Ship Channel, and on-site field
visits. Land cover types are presented in Figure 2-3 and are classified as follows:

e Open Water includes streams, rivers, lakes, and estuaries.

o Emergent Wetland includes areas with herbaceous aquatic vegetation such as a
cattail marsh (Typha spp.).

e Shrub/Scrub land cover is upland dominated by woody vegetation less than six
meters in height.

o Agriculture/Open Urban land cover encompasses primarily agricultural fields
and areas of weedy, dense herbaceous vegetation including various grasses
(Cynodon dactylon.) and wildflowers.

8-1

EncycleBLRA Report



Baseline Risk Assessment

Encycle/Texas, Inc.,
ARCADIS Corpus Chrisiti, Texas

e Urban land cover includes industrial, commercial, and residential land use.
e Barren areas consist of exposed soil devoid of vegetation.

The following sections provide detail on the terrestrial habitat, aquatic habitat, land use
and habitat in the surrounding area, and threatened and endangered species
information.

8.2.1 Terrestrial Habitat

The Encycle property measures approximately 108 acres, however not all of it is easily
accessible to wildlife. The Encycle plant (production area) is characterized as urban
land use, and comprises approximately 73 acres of the 108 total acres. The plant
production area is enclosed by a fence and is further separated from the lower coastal
area (fill/alluvium) by a steep, vegetated embankment. There were no large trees
within the site; however a few small trees/shrubs are present along the fenceline at the
north end of the plant production area, in the Waste Pile Area located in the southwest
corner of the site, and adjacent to the East and West Lagoon perimeter concrete wall.
The land cover outside of the plant production area (which comprises approximately
35 acres of the Encycle property plus the 54-acre Grain Elevator) is predominantly
weedy, dense herbaceous vegetation including various grasses (Panicum spp). The 01
Landfill is a 5.8-acre landfill that was covered with a clay cap and closed in 1986. The
landfill is located in the northeast corner of the site and is currently covered with dense
grass, providing suitable habitat for wildlife. The Grain Elevator (west of Encycle),
Boneyard (northwest comer of site), Waste Pile and the open area along the railroad
tracks right-of-way north of the Encycle plant production area are all covered with
grasses or shrubs and offer limited habitat to wildlife. Direct observations and/or
physical signs of shore birds and raccoons (Procyon lotor) were noted during the site
visit. Photographs of the site are provided in Appendix F.

8.2.2 Aquatic Habitat

The East and West Lagoons are located between the ship channel and the Encycle
plant production area. The East Lagoon is approximately 3.5 acres and has an earthen
bottom. The West Lagoon is approximately 0.5 acres in size, and has a concrete wall
and a polyethylene liner on the bottom and supports no vegetation. The sediments
above the West Lagoon HDPE liner, and the sediments and affected clay bottom of the
East Lagoon were remediated (excavated) between November 2003 and March 2004
as part of the approved closure plan for the East and West Lagoons. However, the
lagoons will continue to be used for storage of storm water from the Encycle plant
production area. During the January 30, 2004 site inspection, numerous water fowl
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species (gulls, terns, shorebirds) were observed using the lagoon area as a resting point
(see Appendix F, photograph 6).

The Corpus Christi Ship Channel is located north of the site and measures
approximately 1000 feet wide at that point. The channel is approximately 9 miles in
length and enters into Corpus Christi Bay approximately 4 miles east of the Encycle
facility. Banks are lined with cement rip-rap in the vicinity of the site and a small
depositional area is located along the south bank in the extreme northeast corner of the
property. Water depths measure two feet or less near the shoreline and increase rapidly
at approximately 10 feet from the shore. Sediment observed during the January 30,
2004 sampling event was silty to sandy clay and clayey fine sand with large amounts
of bivalves measuring 1-2 cm in length. Oysters were also observed attached to the
rip-rap along the shoreline. No aquatic vegetation was observed along the ship channel
shoreline. The use classification of the ship channel is non-contact recreation and
intermediate aquatic life (30 TAC Chapter 307.10). The Corpus Christi Ship Channel
is heavily industrialized with high navigational traffic.

8.2.3 Surrounding Land Use and Habitat

Surrounding land use is predominately industrial. Major petroleum and other various
processing refineries line the Corpus Christi Ship Channel. However, on a regional
scale, this area is located within a large coastal estuarine ecosystem. The surrounding
coastal area, or the Corpus Christi Bay complex, lies within the southeastern portion of
the Gulf Prairies and Marshes vegetational region (Gould, 1975). The bay complex is
classified as “the low marshes with tide water influence”. It is a highly adaptive
community that changes in response to the fluctuating environmental conditions
(Army Corps of Engineers [ACE], 2003). Vegetational habitats include submerged
aquatic vegetation, coastal wetlands, open water/reef habitat, and coastal shore habitat.
The area is semi-arid and hot with marked deficiency of moisture for plants (ACE,
2003). Wildlife habitats found within this area include upland prairies, salt marsh and
seagrass beds, and tidally influenced lowlands.

Wildlife present in the Corpus Christi Bay Complex include numerous species of
snakes (western diamondback rattlesnake, ground snake) and other reptiles (western
glass lizard), and many birds (herons, gulls, shorebirds, wading birds) both regional
and migratory. Texas is one the most significant waterfow] wintering regions in North
America with three to five million waterfowl annually wintering in the state (Texas
Coastal Management Program (TCMP), 1996). Terrestrial mammals likely to occur in
the Corpus Christi Bay Complex include the black tailed jack rabbit (Lepus
californicus), common raccoon, striped skunk (Mephitis mephitis), and coyote (Canis
latrans) (ACE, 2003).

EncydeBLRA Report 8-3



Baseline Risk Assessment

ARCADIS Encycle/Texas, Inc.,

Corpus Chrisiti, Texas

8.2.4 Threatened and Endangered Species

Information on threatened and endangered species in the Corpus Christi Bay Complex
was obtained from the Final Environmental Impact Statement (EIS) for the Corpus
Christi Ship Channel Improvements Project (ACE, 2003). County lists of special
species provided by the Texas Parks and Wildlife Biological Conservation Data
System (TXBCD) and the most recent list of threatened and endangered species of
Texas by county provided by the Fish and Wildlife Service (FWS) were reviewed for
production of the Final EIS. TXBCD data files were also reviewed in order to obtain
specific species’ locations within the study area. Listed endangered and threatened
species and species of concern determined by the Corps of Engineers as potentially
occurring in the Corpus Christi Bay complex and tabulated in Table 3.6-1 of the EIS
are presented in Table 8-1. A number of federally listed endangered and threatened
species of reptiles, birds, and mammals utilize the estuary ecosystem for migratory,
wintering, or resident habitat (Barrera et al., 1995); however, because of the present
and historical industrial land use of the site and the immediate surrounding land use of
the ship channel, listed species are not expected to occur on the Encycle property. Two
species, one plant and one bird, may be exceptions because of their habitat preferences.
A species of concern, the Texas windmillgrass (Chloris texana) has been recorded in
Nueces County along the Gulf Coast. It prefers silty and sandy loam soils which are
found on the Encycle site. The federally and state endangered brown pelican
(Pelecanus occidentalis) has been observed utilizing the Inner Harbor for foraging
(Barrera et al., 1995). No threatened, endangered, or species of concern were observed
during the January 30, 2004 site inspection.
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9. Tier 1 Exclusion Criteria Checklist

The Tier I Exclusion Criteria Checklist is intended to aid the TCEQ in determining
whether or not any further ecological evaluation is necessary at a site. This SLERA,
which supersedes the Tier I Checklist, has been prepared in accordance with the
Consent Decree which requires the completion of a baseline risk assessment that shall
“identify and evaluate risk for all potential receptors, and if necessary, identify and
evaluate corrective measure alternatives and recommend appropriate corrective
measure(s) to protect human health and the environment”. Therefore, the completion
of the Tier 1 Exclusion Criteria Checklist is considered unnecessary and is not
included with this report.
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10. Constituent Characterization

This section describes the occurrence of constituents detected in surface water, pore
water, soil, and sediment at the Encycle site.

The data were reduced and analyzed for use in the SLERA according to the guidelines
provided by the TCEQ (1999, 2001) and EPA (1989, 1995), as described below:

e All analytical results reported as detections were used at the reported value,
including laboratory estimated data (J-qualified).

¢ For constituents within a data group reported as non-detected (non-detects),
one-half of the sample quantitation limit (SQL) was used as a proxy
concentration rather than using zero or eliminating the data point. In instances
where one-half of the SQL exceeded the maximum detected concentration for
that constituent in that data group (i.e., as in an unusually high SQL), the
maximum detect was used as the proxy value for that non-detect.

e For duplicate soil samples, the result for each sample was used as a separate
data point. Due to the non-homogenous nature of the soil and sediment,
samples were not averaged.

The results of the statistical analyses are presented in the constituent occurrence
tables (Tables 10-1 through 10-5). The information in these tables includes:

the frequency of detection (ratio of the number of detects to the total number
of samples in that group);

e the percent of detects;

e the range of SQLs used as proxy concentrations for non-detects in the
statistical calculations;

¢ the range of detected values; and

e the arithmetic mean; arithmetic mean concentrations were calculated using
proxy concentrations for non-detects.
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10.1 Data Compilation

Analytical data used in this SLERA are provided in Appendix A, B, C, D, and E. Data
sources and constituent concentrations are summarized below. Soil, sediment, and
surface water sample locations are presented in Figures 4-2, 4-3 and 4-4, respectively.

Over 300 soil samples from 0 to 5 feet below ground surface (bgs) have been collected
from the site from 1993 to the present. Below is a brief description of the soil sampling
events. A more detailed discussion of the investigations is presented in the 2002 RFI
(ARCADIS, 2002) and the 2003 Phase II RFI (ARCADIS, May 2003).

s In May and June 1993, K.W. Brown Environmental Services (KW Brown)
sampled soil from 0 to 5 feet bgs from the 01 Landfill perimeter, Waste Pile
Area, East Lagoon, and West Lagoon perimeter. Samples were analyzed for
metals including arsenic, cadmium, copper, lead, manganese, nickel and zinc.
This investigation was part of the 1993 RFI (KW Brown, 1993).

¢ In June and July 2000, ARCADIS, in accordance with the RFI Work Plan
(ARCADIS, 2000), collected soil from 0 to 5 feet (bgs) in a plant wide
sampling event. Sampled areas included Building C, Former Sludge Drying
Beds, North and South Demin Tanks, Old Casting Building, Landfill 01,
Storm Sewer, Boneyard, Waste Pile Area, and the East and West Lagoons.
Samples were analyzed for total metals.

¢ In November 2001, ARCADIS installed RFI step out soil borings on the
Union Pacific Railroad Company Right-of-Way. Samples were collected (0 to
4 bgs) from the right-of-way as well as the 01 Landfill (step out), Old Casting
Building, East and West Lagoons (step out), the Boneyard and the Grain
Elevator (west of Encycle). Samples were analyzed for total metals.

¢ In February 2003, soil was collected from 0 to S feet bgs from the Waste Pile
(step out), East and West Lagoons (step out) and the Grain Elevator. Samples
were analyzed for total metals.

e In September 2003, 12 sediment samples were collected from the Corpus
Christi Ship Channel close to (within 40 feet) of the south shoreline. Sediment
was sampled from 0 to 6 inches in depth and analyzed for total metals.
Concentrations of metals in one or more samples exceeded site-specific
background except for chromium and cyanide.

10-2
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e In October 2003, 24 additional sediment samples (SED-13 through SED-36)
were collected (0 to 6 inches in depth) radially outward (further north) of
sediment samples SED-1 through SED-12 to complete the delineation of
affected sediment associated with the Encycle 01 Landfill. These additional
sediment samples included samples from the center of the Ship Channel and
near the north shoreline in water depths of up to 53 feet. The sediment
samples were analyzed for total metals. Cadmium, copper, manganese,
mercury and zinc concentrations exceeded site-specific background in one or
more samples.

¢ In January and February 2004, sediment and surface water samples were
collected from previous sampling locations SED-1, SED-4, SED-7, and SED-
10 near the south shoreline of the Corpus Christi Ship Channel adjacent to the
01 Landfill in water depths of 2 feet. Four background surface water samples
also were collected from the ship channel during this time. The sediment
samples were collected from 0 to 6 inches and analyzed for total metals,
simultaneously extracted metals (SEM), acid volatile sulfide (AVS), and total
organic carbon. All metals exceeded site-specific background sediment
concentrations in one or more samples. Pore water was extracted from the
sediment and analyzed for dissolved metals. Surface water was analyzed for
total and dissolved metals. In surface water, dissolved antimony and
manganese exceeded dissolved background concentrations in one or more
samples. Total manganese and total nickel concentrations in the surface water
sample from SED-1 exceeded their associated total background
concentrations. For two surface water samples (SED-1, SED-4), dissolved
antimony was detected at concentrations greater than the corresponding total
antimony concentrations. Due to this discrepancy, the samples were
reanalyzed and yielded similar results. The March 29, 2004 laboratory case
narrative in Appendix H states the reason for the discrepancy between total
and dissolved antimony is due to a high sodium concentration in the samples.
The original concentrations reported by the laboratory were used in this risk
assessment.
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11. Use of Ecological Screening Benchmarks

Per the TCEQ ERA guidance, the first step of a SLERA is the comparison of
environmental concentrations to ecological screening benchmarks. The ecological
screening benchmarks used are those found in Tables 3-2 through 3-4 of the TCEQ
ERA guidance. The details of their literature sources and mathematical derivation can
be found in Appendix A of the ERA guidance. The ecological screening benchmarks
are meant to conservatively represent the upper limit of constituent concentrations that
will not cause adverse effects to exposed biota inhabiting the environmental medium.
The exception is bioaccumulative constituents that may cause greater exposure to
certain species of higher trophic levels in the food chains of the food web. The list of
bioaccumulative constituents and elements are in Table 3-1 of the guidance. Non-
bioaccumulative constituents in an environmental medium that have concentrations
below the ecological screening benchmarks can be considered to be of no further
ecological concern for that environmental medium and can be eliminated from
additional evaluation in the ERA process. Measured constituents in an environmental
medium, bioaccumulative or not, that have concentrations below site-specific
background concentrations can likewise be eliminated. Measured constituents in an
environmental medium that have concentrations above the ecological screening
benchmarks, or that are considered bioaccumulative and are above the background
concentrations, are labeled chemicals of potential ecological concern (COPECs) and
are evaluated further in the SLERA.

11.1 Water

The occurrence summary information and comparison of measured surface water
concentrations to background concentrations and ecological screening benchmarks is
presented in Tables 10-1 and 11-1. Specific parameters have screening values for the
dissolved portion of water and some have values for the total concentration. Since both
dissolved and total concentrations were measured for the site, the appropriate
concentration was compared to the screening value. The results show there are no
constituents retained as a COPEC in surface water. Arsenic, cadmium, cobalt, copper,
lead, mercury, nickel, selenium, silver, thallium, tin and zinc were eliminated from
further evaluation because their maximum concentrations did not exceed the
background upper tolerance limit (UTL). Total nickel was detected above the
background UTL in one surface water sample (SED-1). However, the TCEQ
screening benchmark for nickel is based on the dissolved nickel concentration (TCEQ,
2001), and dissolved nickel was not detected in any of the samples.

Manganese concentrations in the surface water samples from SED-1 exceed
background but do not exceed the ecological screening benchmark, and manganese is
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not bioaccumulative. Therefore, manganese is eliminated from further evaluation.
Dissolved antimony concentrations in the surface water samples from SED-1 and
SED-2 exceeded background. However, the TCEQ screening benchmark for antimony
is based on the total antimony concentration (TCEQ, 2001) which did not exceed
background.

11.2 Sediment

The occurrence summary information and comparison of measured sediment
concentrations to background concentrations and ecological screening benchmarks is
in Tables 10-3 and 11-2. The results show that metals (antimony, arsenic, cadmium,
cobalt, copper, lead, manganese, mercury, nickel, selenium, silver, thallium, tin and
zinc) will be retained as COPECs and further evaluated, because of sediment screening
value exceedances or lack of ecological benchmarks for this medium. Thallium is the
only sediment COPEC that lacked a screening value and it did exceed the background
concentration. It is interesting to note however, that the maximum thallium
concentration (0.9 mg/kg) only slightly exceeds the site-specific background UTL for
the ship channel sediment (0.88 mg/kg). Bioaccumulative COPECs that will be
evaluated in sediment include cadmium, copper, mercury, nickel, selenium, and zinc.

For cadmium, copper, lead, nickel, and zinc, SEM data are also considered in this
SLERA. Occurrence summary information is presented in Table 10-3. The SEM-AVS
approach is further discussed in Section 16. As a third line of evidence, concentrations
of dissolved metals in sediment pore water are compared in this SLERA to TCEQ
ecological screening criteria (2001) developed for surface water, consistent with the
equilibrium partitioning approach (EPA, 2000a,b,). Pore water occurrence summary
information is presented in Table 10-2. Sediment pore water is further discussed in
Section 16. Site-specific analyses (i.e., AVS/SEM, pore water) were conducted on
selected near-shore sediment samples from the Corpus Christi Ship Channel adjacent
to the Encycle site to determine the degree of bioavailability posed by the metal
COPECs.

11.3 Soil

The occurrence summary information and comparison of measured surface and total
soil concentrations to background concentrations and ecological screening benchmarks
is presented in Tables 104, 10-5, 11-3 and 11-4. Surface soil is defined in this SLERA
as soil collected from 0 to 0.5 feet bgs while total soil is defined as soil collected from
0 to 5 feet bgs. The results show that all constituents (antimony, arsenic, barium,
bismuth, cadmium, chromium, cobalt, copper, cyanide, lead, manganese, mercury,
nickel, selenium, silver, thallium, tin, vanadium and zinc) for both surface and total
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soils will be retained as COPECs and further evaluated, due to an exceedance of
screening values or a lack of ecological benchmarks for this medium. Bismuth and
cyanide lacked ecological soil screening values and therefore were retained for further
evaluation. Both constituents did exceed site-specific background concentrations.
Bioaccumulative compounds, as listed in the TCEQ guidance were also retained for
food web evaluation. Bicaccumulative COPECs in soil include cadmium, chromium,
copper, lead, mercury, nickel, selenium, and zinc.
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12. Communities, Feeding Guilds, and Representative Species

Identification of communities, feeding guilds, and representative species that might be
supported by habitats present at the site is important to the development of the
ecological conceptual site model (Section 13). Additionally, exposure estimation and
measures of effect are determined based on the identification of such levels of
ecosystem organization for the site. This is the second required element of the TCEQ
Tier 2 SLERA process. The TCEQ guidance for ERAs defines ecological
communities as those that reside in environmental media potentially contaminated by
the COPEC:s: soil invertebrates, terrestrial vegetation, benthic invertebrates, water-
column invertebrates, algae, and rooted aquatic vegetation. Feeding guilds are
primarily meant to describe broad aggregations of various species that share a common
feeding strategy (e.g., herbivores) and often have similar physiological characteristics
and related taxonomy (e.g., mammals or raptors). The representative species are the
“selected ecological receptors of interest (ROIs)” used in the SLERA to evaluate the
magnitude of exposure, type of adverse effects, and presence of risk to the feeding
guild or community they represent at the site.

Assessment endpoints are explicit expressions of the environmental value that is to be
protected, operationally defined by an ecological entity (e.g., fish, birds, mammals) and
its attributes (e.g, community structure, survival, growth, reproduction). Assessment
endpoints are selected based on ecological relevance, susceptibility (which is a
combination of toxicological sensitivity and potential for exposure), and relevance to
management goals. Assessment endpoints are listed in Section 17 for terrestrial and
aquatic communities.

A measurement endpoint is defined as a measurable ecological characteristic that is
related to the valued characteristic chosen as the assessment endpoint, and is a measure
of biological effects. In some cases, it is possible to directly measure the assessment
endpoints selected for evaluation (e.g., surveys of biological community quality).
Direct measurement of assessment endpoints minimizes the need to extrapolate
between the measurement and the goal. Comparisons of estimated exposures with
toxicological information for each COPEC facilitate the interpretation of biological
community data and serve as the primary measurement endpoint where biological
community data are not available. Thus, more than one measurement endpoint may be
selected for a given assessment endpoint. Measurement endpoints are discussed in this
section for terrestrial and aquatic communities.
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12.1 Terrestrial Communities

Terrestrial ecological communities within the Encycle property include soil
invertebrates, terrestrial vegetation, omnivorous mammals and carnivorous birds. The
site covers barren areas that lack vegetation within the Encycle plant and areas outside
the main plant that offer large grassy and vegetative areas as well as open water that are
easily accessible to wildlife. This lower coastal area sits between the main Encycle
plant and the Corpus Christi Ship Channel and contains the 01 Landfill and East and
West Lagoons (Figure 2-3). There are no large trees within the entire property and
only small shrubs and brush within the coastal area and the Waste Pile. The Grain
Elevator and Boneyard are currently covered with sparse vegetation.

The terrestrial conceptual food web (Figure 12-1) for the site was adapted from Figure
3-5, Example Texas Upland Forest Food Web, included in the TCEQ ERA guidance.
Even though there are no large trees on the site the upland forest example best
approximates the vegetation of the site. A species inventory was not performed at the
affected properties, but it is likely that not all of the species noted in Figure 12-1
inhabit or frequent the Encycle property due to the size and industrial setting of the
surrounding lands. It is possible, however, that at least one species of some of the
depicted feeding guilds frequents the site, especially the lower coastal area, on
occasion and may be exposed to soil COPECs. The depicted feeding guilds are the
following: herbivorous mammals, herbivorous birds, omnivorous amphibians/reptiles,
omnivorous mammals, omnivorous birds, carnivorous mammals, carnivorous reptiles,
and carnivorous birds. Some of the feeding guilds are not being directly evaluated for
exposure and adverse effects, and the reasoning is as follows:

¢ Herbivorous and Omnivorous Birds: The species of these feeding guilds are not
anticipated to be as exposed to the soil COPECs, either directly or indirectly, as the
carnivorous birds. The carivorous birds’ guild, being higher in trophic level,
exhibits higher biomagnification of bioaccumulative COPECs and, thus, would be
more greatly exposed than herbivorous or omnivorous birds. Therefore, the use of
a representative receptor from the camivorous birds feeding guild to estimate the
potential for adverse effects should be protective of the herbivorous and
omnivorous birds’ guilds.

e Herbivorous Mammals: The species of this feeding guild are not anticipated to be
as exposed to the bioaccumulative COPECs as the omnivorous mammals that are
at a higher trophic level in the food chain. Omnivorous mammals typically have
larger foraging ranges than herbivorous mammals and therefore would be more
likely to be exposed to a larger area of affected soil within the Encycle property.
Additionally, some members of the omnivorous mammals’ guild have higher
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incidental soil ingestion rates than species of the herbivorous mammals’ guild,
increasing their exposure.

e Omnivorous Amphibians/Reptiles: Literature data for exposure parameters and
toxicological effects to these taxa are lacking at this time. There would be a great
amount of uncertainty in attempting to quantify exposure and the potential for
adverse effects.

e Carnivorous Mammals: The species of the omnivorous feeding guild are more
likely to occur on-site for a longer duration and derive a larger portion of their diet
than any carnivorous mammals that might access the site. Most typical carnivorous
mammals, such as the coyote or red fox have home ranges that are significantly
larger than the site, and as such it is unlikely that they could derive a significant
portion of their diet from the Encycle site. The non-production areas of the site
(e.g., Landfill 01) that contain some amount of vegetative cover comprise
approximately 89 acres of the total 162 acre site, including the 54-acre grain
elevator property. Home ranges of 1,920 acres to 19,840 acres (3 to 31 square
miles) have been reported for coyotes (Bekoff, 1978), and for red fox, home ranges
have been reported from 193 acres to 4,860 acres (78 to 1,967 hectares) (EPA,
1993). Additionally, the site is enclosed by a fence on three sides and by the ship
channel to the north, and surrounding land use 1s industrial with high road and
navigational traffic. For these reasons, it is unlikely that camivorous mammals
access the site on a regular basis, and even if exposure does occur, it is most likely
of a transient nature. Therefore, it was not considered necessary to include this
guild in the quantitative evaluation.

e Carnivorous Reptiles: Literature data for exposure parameters and toxicological
effects to the reptile taxon are lacking at this time. There would be a great amount
of uncertainty in attempting to quantify exposure and the potential for adverse
effects.

The representative species that have been chosen to be the terrestrial ROIs for their
respective feeding guilds are noted in Figure 12-1 by asterisks. They are the following:

e  White Footed Mouse (Burrowing Omnivorous Mammals feeding guild);
e Raccoon (Non-Burrowing Omnivorous Mammals feeding guild); and

¢ Red-tailed Hawk (Carnivorous Birds).
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The assessment endpoint for each of the feeding guilds represented by the selected
ROlIs is the following: sustainable productivity of the guild and the viability of other
guilds that are primarily dependent on the selected guild. Other assessment endpoints
include terrestrial invertebrate community structure and function; and terrestrial plants
community structure and reproduction. The corresponding measurement endpoints are:

e For terrestrial invertebrates and plants: comparison of COPEC concentrations in
soil to benchmark concentrations intended for the protection of earthworms and
plants; and

¢ For the ROIs: comparison of the predicted intake of COPECs in soil and biota to
toxicity reference values (TRVs). It is assumed that the raccoon is exposed to
surface soil while the burrowing white footed mouse and carnivorous red tailed
hawk are exposed to total soil.

12.2 Aquatic Communities

Aquatic ecological communities within and adjacent to the Encycle property include
benthic invertebrates, fish, and wading/shore birds. The Corpus Christi Ship Channel is
a highly navigated, tidally influenced, ship channel that is maintained (dredged)
approximately every three to five years (ARCADIS, 2003). The banks of the ship
channel are covered with rip-rap down to the low-tide water line where oysters are
abundant, and the sediment is silty to sandy clay. A portion of the sediment is
composed of bivalve shells. Other macroinvertebrates were not observed during the
site visit. Water depths in the ship channel range from approximately 2 feet near the
shore to over 50 feet in the center of the channel. Rooted aquatic vegetation was not
observed during the site visit, however algae was present on the rip-rap along the water
line. Riparian vegetation consists of weeds and various grasses. Aquatic habitat areas
are depicted in Figure 2-3.

The East and West Lagoons are permitted active storm water retention lagoons and are
considered an on-site SWMU. The West Lagoon is approximately 0.5 acre with an 80-
millimeter high-density polyethylene (HDPE) liner and the East Lagoon is
approximately 3.5 acres with an earthen bottom. The East and West Lagoons are
periodically dry during drought conditions but generally contain water throughout most
the year. They are connected via a concrete spillway and both have 9 foot high
perimeter concrete walls. As described previously, the lagoons are permitted storm
water retention lagoons that have been recently remediated in accordance with the
approved Closure Plan for the East and West Lagoons. Therefore, in accordance with
TCEQ guidance (TCEQ, 2001) these permitted storm water impoundments meet the
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TCEQ’s exclusion criteria for an incomplete pathway and do not warrant further
evaluation in this SLERA.

The aquatic conceptual food web (Figure 12-2) for the Corpus Christi Ship Channel
was adapted from Figure 3-11, Example Texas Estuarine/Wetland Food Web, included
in the TCEQ ERA guidance. A species inventory was not performed in the ship
channel, but it is likely that not all of the species noted in Figure 12-2 inhabit or
frequent the area due to the industrial setting of the site and surrounding lands. It is
possible, however, that at least one species of some of the depicted feeding guilds
frequent the ship channel on occasion and may be exposed to sediment and surface
water COPECs. The depicted feeding guilds are the following:
herbivorous/planktivorous fish, herbivorous mammals, herbivorous birds, omnivorous
fish, omnivorous amphibians/reptiles, omnivorous mammals, omnivorous birds,
carnivorous fish, carnivorous amphibians/reptiles, carnivorous mammals, carivorous
shore birds, and carnivorous birds. Some of the feeding guilds are not being directly
evaluated for exposure and adverse effects, and the reasoning is as follows:

o Herbivorous/Planktivorous Fish: This feeding guild is expected to exist in the
Corpus Christi Ship Channel. However, toxicological information in the form of
dose and effects for fish, as a general taxonomic group, are deficient in the
scientific literature at this time. Thus, quantifying the potential for adverse effects
(i.e., computing hazard quotients) from the COPECs is not possible.

e Herbivorous Mammals: The species of this feeding guild are not likely to be as
exposed to the sediment and surface water COPECs, either directly or indirectly, as
the omnivorous mammals’ guild. The omnivorous mammals’ guild, for the most
part, tends to consume more sediment and surface water incidental to their feeding
habits (i.e., feeding on aquatic food items in the ship channel). The omnivorous
mammals, being higher in trophic level, exhibit higher biomagnification of
bioaccumulative COPECs and, thus, would be more greatly exposed than
herbivorous mammals. Therefore, the use of a representative receptor from the
omnivorous mammals feeding guild to estimate the potential for adverse effects
should be protective of the herbivorous mammals’ guild.

e Herbivorous Birds: The species of this feeding guild are not anticipated to be as
exposed to the sediment and surface water COPEC:s, either directly or indirectly, as
carnivorous shore birds. The carnivorous shore birds guild, being higher in trophic
level, exhibits higher biomagnification of bioaccumulative COPECs and, thus,
would be more greatly exposed than herbivorous birds. Therefore, the use of a
representative receptor from the carivorous shore birds feeding guild to estimate
the potential for adverse effects should be protective of the herbivorous birds’
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guild. In addition, aquatic vegetation is not present at the site at sufficient amounts
to support herbivorous species.

Omnivorous Fish: Species of this feeding guild are expected to exist in the ship
channel. Toxicological information in the form of dose and effects for fish, as a
general taxonomic group, are deficient in the scientific literature at this time. Thus,
quantifying the potential for adverse effects (i.e., computing hazard quotients) from
the COPECs is not possible.

Omnivorous Amphibians/Reptiles: Literature data for exposure parameters and
toxicological effects to these taxa are lacking at this time. There would be a great
amount of uncertainty in attempting to quantify exposure and the potential for
adverse effects.

Omnivorous Birds: The species of this feeding guild are not anticipated to be as
exposed to the sediment and surface water COPECs, either directly or indirectly, as
camivorous shore birds. The carnivorous birds’ guild, being higher in trophic
level, exhibits higher biomagnification of bioaccumulative COPECs and, thus,
would be more greatly exposed than omnivorous birds. Therefore, the use of a
representative receptor from the carnivorous birds feeding guild to estimate the
potential for adverse effects should be protective of the omnivorous birds’ guild.

Carnivorous Fish: Species of this feeding guild are expected to exist in the Corpus
Christi Ship Channel. However, toxicological information in the form of dose and
effects for fish, as a general taxonomic group, are deficient in the scientific
literature at this time. Thus, quantifying the potential for adverse effects (i.e.,
computing hazard quotients) from the COPECs is not possible.

Carmnivorous Amphibians/Reptiles: Literature data for exposure parameters and
toxicological effects to the reptile taxon are lacking at this time. There would be a
great amount of uncertainty in attempting to quantify exposure and the potential
for adverse effects.

Camivorous Birds: The species of this feeding guild are not anticipated to be as
exposed to the sediment and surface water COPEC:s, either directly or indirectly, as
carnivorous shore birds. The carnivorous shore birds are more likely to occur at
the site and for longer durations than carnivorous birds and therefore have a higher
exposure of COPECs. The use of a representative receptor from the carnivorous
shore bird feeding guild to estimate the potential for adverse effects should be
protective of the carnivorous birds’ guild.

12-6
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Carnivorous Mammals: The species of the omnivorous feeding guild are more
likely to occur on-site for a longer duration and derive a larger portion of their diet
than any carnivorous mammals that might access the site. Most typical carnivorous
mammals, such as the coyote or red fox have home ranges that are significantly
larger than the site, and as such it is unlikely that they could derive a significant
portion of their diet from the Encycle site. The non-production areas of the site
(e.g., Landfill 01) that contain some amount of vegetative cover comprise
approximately 89 acres of the total 162 acre site, including the 54-acre grain
elevator property. Home ranges of 1,920 acres to 19,840 acres (3 to 31 square
miles) have been reported for coyotes (Bekoff, 1978), and for red fox, home ranges
have been reported from 193 acres to 4,860 acres (78 to 1,967 hectares) (EPA,
1993). Additionally, the entire site is enclosed by a fence on three sides and by the
ship channel to the north, and surrounding land use is industrial with high road and
navigational traffic. For these reasons, it is unlikely that carnivorous mammals
access the site on a regular basis, and even if exposure does occur, it is most likely
of a transient nature. Therefore, it was not considered necessary to include this
guild in the quantitative evaluation.

The representative species that have been chosen to be the aquatic ROIs for their
respective feeding guilds are noted in Figure 12-2 by asterisks. They are the
following:

¢ Great Blue Heron (Carnivorous Shore Birds); and

¢ Raccoon (Omnivorous Mammals).

The assessment endpoint for each of the feeding guilds represented by the selected
ecological ROIs is the following: sustainable productivity of the guild and the viability
of other guilds that are primarily dependent on the selected guild. Other assessment
endpoints include benthic macroinvertebrate community structure and function; and
fish community survival and reproduction. The corresponding measurement endpoints

are:

For benthic macroinvertebrates: comparison of COPEC concentrations in pore
water to benchmarks intended for the protection of aquatic life; and comparison of
sediment COPEC concentrations associated with adverse effects on
macroinvertebrates;

For fish: comparison of COPEC concentrations in surface water to benchmarks
intended for the protection of aquatic life; and

12-7
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e For omnivorous and carnivorous wildlife: comparison of the predicted intake of
COPEC:s in sediment, surface water, and biota to toxicity reference values (TRVs).

12-8
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13. Ecological Conceptual Site Model

An ecological conceptual site model is meant, in narrative and pictorial form, to
identify and explain the complete and significant potentially complete exposure
pathways. The exposure pathways connect the source of the contamination in the
environmental media to the exposed or potentially exposed wildlife receptors. The
ecological conceptual site model is based on the details about exposure pathways
within ecological food chains provided in the conceptual food webs (Section 12).
Additional details about the fate and transport of the COPECs within the environmental
media are provided in the following section (Section 14).

13.1 Terrestrial Habitat

The ecological conceptual site model for the upland habitat on the Encycle property is
illustrated in Figure 13-1. COPECs from aerial deposition, surface runoff from areas
within the plant, and waste disposal in landfills can lead to a secondary source of
COPEC:s in soil. This secondary affected media can lead to direct exposure of biota
via soil ingestion (i.e., white footed mouse) and soil contact by small animals and
terrestrial invertebrates, and root and leaf surface uptake by terrestrial plants. In turn,
indirect exposure to other animals can occur via food chain exposure to directly-
exposed organisms. These higher trophic-level animals can include terrestrial
omnivores that frequent the Encycle property.

13.2 Aquatic Habitat

The ecological conceptual site model for the aquatic habitat on or adjacent to the
Encycle property is illustrated in Figure 13-2. The soil COPECs in portions of the site
are capable, to varying degrees, of leaching to groundwater beneath the site or being
carried via surface runoff into the surface water and sediment of the Corpus Christi
Ship Channel. These secondary affected media can lead to direct exposure of biota via
sediment and surface water ingestion (i.e. raccoon) and direct contact in the ship
channel. In tum, indirect exposure to other animals can occur via food chain exposure
to directly-exposed organisms. These higher trophic-level animals can include
terrestrial and aquatic omnivores, carnivores, and piscivores that frequent the ship
channel.

13-1
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14. Fate and Transport/Ecotoxicological Profiles

Details of the fate and transport, as well as the ecotoxicological properties, of the
COPEC:s are provided in Appendix G, Ecotoxicological Profiles.
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15. Screening-Level Ecological Exposure Characterization

A characterization of ecological exposures fulfills the guidance’s (TCEQ, 2001)
requirements 5 and 7 and it is necessary to estimate the potential risk of adverse effects
to the measurement receptors. A number of variables must be considered in predicting
exposures to biota. The exposure variables used in this SLERA are bioavailability,
bioaccumulation/ bioconcentration potential, home range, body weight, dietary
fractions, and ingestion rates for food, soil, and water. A detailed discussion of these
variables is included in Section 15.1.

Tables 15-1 and 15-2 contain the input exposure variables and bioaccumulation/
bioconcentration factors (BAF, BCF) for the total oral dose equation that will be used
for the various measurement receptors. The exposure input variables used in this
SLERA are not site-specific, with the exception of the refined estimate of the area use
factor.

15.1 Wildlife Exposure Input Variables

Information in the scientific literature was used to choose the most appropriate values
for the input variables included in the total oral dose equation. For the most part,
secondary sources such as the EPA (1993) Wildlife Exposure Factors Handbook and
the draft EPA (1999) Screening Level Ecological Risk Assessment Protocol for
Hazardous Waste Combustion Facilities were reviewed and the most relevant values
were chosen for the input variables. Preference was given to studies that: 1) were
conducted within Texas or the southeast region of the U.S., and/or; 2) were conducted
in habitat similar to the site and its surroundings, and/or; 3) had larger sample sizes,
while meeting the other two criteria. The lowest or highest values found in the
literature for a given input variable were not automatically chosen. When ranges of
values, and no average value, were provided for a particular study, the geometric mean
(if the range spanned one order of magnitude or more, otherwise an arithmetic mean
was computed) of the minimum and maximum value was computed and used for the
input variable.

It is often difficult to extrapolate literature information concerning the degree of
bioavailability of various constituent compounds to environmental conditions at a
particular site. Bioavailability of COPEC:s to the representative wildlife receptors was
conservatively assumed to be 100 percent for both the maximum and refined estimates
of exposure.
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The approaches used to identify appropriate values for these exposure parameters are
described below.

The area use factor (AUF) is meant to account for the likelihood of exposure,
depending on whether the representative wildlife receptor’s foraging or home range is
larger or smaller than the site. The conservative estimate of exposure includes the
conservative assumption for each representative wildlife receptor that its foraging
range is equivalent to the areal extent of the site. The refined estimate of exposure
includes literature information, when available, about a representative wildlife
receptor’s approximate foraging range. Thus, the receptor’s AUF is less than 100
percent or one when the receptor’s foraging range is larger than the site (e.g., the red-
tailed hawk receptor, raccoon). The receptor’s AUF cannot be greater than 100 percent
when the receptor’s foraging range is less than the site (e.g., the white footed mouse
receptor). '

The values used for the various representative wildlife receptors’ body weight (BW)
exposure input variable were the provided arithmetic mean. Per TCEQ guidance, the
mean body weight value was used for the conservative and the refined estimates of
exposure.

Information regarding the dietary preferences of the representative wildlife receptors
was obtained mostly from the secondary literature (EPA, 1993). For an initial
screening effort, the number of dietary items was kept to a minimum and adjusted to
reflect what is known about the site’s environmental conditions and habitat quality. In
other words, not every possible food chain was analyzed, but primary food items are
included. Dietary fraction values were not altered for the refined estimate of exposure.

The ingestion rates (IRs) for food, soil, and water were computed based on the body
weight variable, and the study-based values or allometric equations provided in EPA
(1993). The use of the generic equations to compute the values for the ingestion rate
input variable was used when provided studies were not applicable to the site. The use
of the equations is technically defensible and at times less susceptible to the biases
involved with choosing one study over another. Soil and sediment ingestion is assumed
to occur only if the ROI’s feeding strategy promotes the incidental ingestion of soil or
sediment (i.e., white footed mouse, raccoons). For the remaining wildlife ROIs (e.g.,
red-tailed hawk), the equation is modified to exclude (soil/sediment concentration [C]
x soil/sediment ingestion rate [IR;]). EPA (1993) cites data from Beyer on soil and
sediment ingestion rates, which were unpublished at the time EPA released its (1993)
guidance but were subsequently published by Beyer, et al. (1994). Hence, for this
SLERA, soil and sediment ingestion rates are obtained from Beyer, et al. (1994).
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Beyer, et al. (1994) present rates of soil and sediment ingestion as a percentage of
ingested food, on a dry weight basis. For this ERA, COPEC concentrations and
ingestion rates for soil and sediment are presented on a dry weight basis, but for
wildlife food items these parameters are presented on a wet weight basis. Therefore,
for the purpose of calculating soil and sediment ingestion rates (IRs), the food
ingestion rates described above are multiplied by a wet to dry weight conversion factor
of 0.2 prior to applying the soil and sediment intake rates developed by Beyer, et al.
(1994).

Likewise water ingestion is assumed to occur only if the ROI’s feeding strategy
promotes the incidental ingestion of sea water. In this SLERA, the great blue heron is
assumed to incidentally ingest the salt water from the Corpus Christi Ship Channel. For
the remaining wildlife ROISs, the equation is modified to exclude (water concentration
[Cw] x water ingestion rate [IR,,]). EPA (1993) cites data on water ingestion rates for
the great blue heron. The ingestion rate is considered conservative since the heron
would not drink sea water intentionally; the water ingested would be incidental while
eating fish.

15.2 Dose Calculation

The potential for bioconcentration and bioaccumulation between trophic levels and
through the food chains of a food web is an important consideration for estimating
exposures to the representative wildlife receptors. These processes are incorporated in
the oral daily dose equations of this SLERA. The values used were applied such that
there is a conservative, but simplified, representation of COPEC uptake via food chains
to the wildlife receptors. The same values are used for both the maximum and refined
estimates of exposure.

Exposure of wildlife receptors is evaluated in this SLERA by calculating the average
daily intake of COPECs, generally based on the methodology described by EPA (1993)
in the Wildlife Exposure Factors Handbook. Daily intake calculations are required
because wildlife are exposed via multiple pathways, including diet, incidental surface
water ingestion, and incidental soil ingestion. The following basic equation is used to
calculate daily intakes for avian and mammalian receptors.

lC, xP, x IR, )+(C, x P, x IR, )+(C; x P, x IR, )+ (C, x IR, ) + (C, x IR, )|x AUF
BW

Dose =

Where:
Dose = daily intake (mg/kg-day)
C;= concentration of COPEC in fish (mg/kg)
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P¢= portion of diet as fish (unitless)

IR; = food ingestion rate (kg/day)

C, = concentration of COPEC in plants (mg/kg)

P, = portion of diet as plants (unitless)

C; = concentration of COPEC in invertebrates (mg/kg)
P; = portion of diet as invertebrates (unitless)

C,, = concentration of COPEC in water (mg/L)

IR,, = water ingestion rate (L/day)

C; = concentration of COPEC in soil/sediment (mg/kg)
IR, = soil/sediment ingestion rate (kg/day)

AUF = area use factor (unitless)

BW = body weight (kg)

15.2.1 Exposure Concentrations

For the maximum scenario exposure calculations, the maximum detected
concentrations for soil, sediment, or surface water (Cs, Cw) were used to represent the
exposure concentrations. However, the maximum site concentration for each COPEC
may not be representative of potential exposure because terrestrial animals, with the
exception of plants, move across affected areas, thereby coming into contact with
various concentrations of constituents. Therefore, mean concentrations were used to
represent the exposure concentrations in the refined scenario exposure calculations.
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16. Screening-Level Ecological Effects Characterization

16.1 Effects Characterization for Metals

The screening-level ecological effects evaluation involves the identification of
screening values and background concentrations for each detected constituent in each
environmental medium at the site. As noted above, the screening values applied in the
SLERA include those defined in TCEQ guidance for ecological risk assessments
(TCEQ, 2001). For constituents that do not have values in the guidance, National
Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables
(SQIRTs) (1999) and US EPA Region 5 Ecological Screening Levels (August 2003)
were used.

One of the limitations in conducting SLER As is the lack of robust ecotoxicity data.
Although screening values are available from a variety of sources, no individual set of
screening values is applicable to the variety of systems encountered in the natural
environment. However, conservative screening values provide a starting point for the
ERA, in that they may provide an indication of the worst-case measure of the potential
for adverse impacts.

The screening values and background concentrations for surface water, sediment and
soil are summarized in Tables 11-1 through 11-4. It should be noted that these tables
present only highly conservative screening values, as is appropriate for a SLERA
(TCEQ, 2001). These tables do not show the ranges of values that are available from
a variety of other regulatory and scientific sources.

16.1.1 Identification of Screening-Level Exposure Estimates

Exposure estimates for the SLERA are the maximum detected concentrations for each
constituent for each environmental medium (TCEQ, 2001). This conservative
approach is appropriate for a screening-level effort. Maximum exposure estimates are
presented in Tables 11-1 through 11-4 for surface water, sediment, and soil.

16.1.2 Screening-Level Risk Calculations

HQs are calculated in this SLERA by dividing the exposure estimates (i.e., the
maximum concentrations) by the conservative screening values. HQ values are highly
conservative surrogates for the assessment endpoints, which are the sustainability of
populations of benthic and aquatic organisms, small mammals, birds, and terrestrial
plant communities. HQ values equal to or less than a value of 1 (to one significant
figure) indicate that adverse ecological impacts are unlikely (EPA, 1997). HQ values
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greater than 1 indicate that further evaluation is warranted. Therefore, the constituents
with HQ values greater than 1, and have concentrations above background, are carried
forward as COPCs. Tables 11-1 through 11-4 present the HQ values for surface water,
sediment, and soil.

16.1.3 Refinement

The refinement of the COPECs identified in the SLERA is necessary to help focus
further risk assessment activities on the constituents that pose the greatest potential
risks to ecological receptors (EPA, 1997). It is intended as an “incremental iteration of
exposure, effects, and risk characterization” (EPA, 2001). The outcome of this
screening is that constituents are either excluded as COPECs or retained for further
evaluation in the risk assessment process. The refinement of surface water was not
necessary since the initial screening process using maximum concentrations eliminated
all constituents from further evaluation.

The process for refining COPECs is appropriate for the type of exposures that are
likely to occur for ecological receptors exposed to constituents in sediment, and soil
associated with the site. This process consists of the comparison of EPCs (i.e.,
arithmetic mean) with conservative SLERA screening values. Tables 16-1 through 16-
3 present the refinement process of COPECs for sediment and soil.

16.1.4 Metal Bioavailability in Sediment

Concentrations of dissolved metals in sediment pore water are compared to TCEQ
ecological screening criteria (2001) developed for surface water, consistent with the
equilibrium partitioning approach (EPA, 2000a,b). This approach provides more
information about the bioavailability and potential toxicity of metals in sediment than
the evaluation of total metal concentrations. However, it is subject to two significant
sources of uncertainty (EPA, 2000a): (1) pore water extraction procedures such as
centrifugation can result in an overestimation of the metal concentrations occurring in
the pore water of undisturbed sediment, and (2) characteristics of pore water, such as
elevated concentrations of dissolved organic carbon, can reduce the bioavailability of
metals in pore water compared with water-only exposures. These sources of
uncertainty will tend to result in an overestimation of risks. Comparison of measured
pore water concentrations (maximum and refined) to ecological screening benchmarks
are presented in Tables 164 and 16-5. The results show that manganese, mercury, and
selenium in pore water are retained for further evaluation. Manganese is retained due to
an exceedance of background and its ecological screening value. Mercury and
selenium are both considered bioaccumulative in water and have concentrations
exceeding surface water background UTLs. Thallium is bioaccumulative in water but
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was not at concentrations above background and therefore is eliminated. Antimony,
arsenic, cobalt, and tin are not bioaccumulative and have concentrations below surface
water screening values. These constituents were eliminated from further evaluation.

The results of SEM and AVS analyses are interpreted according to EPA (2000a)
guidelines for assessing the risk of sediment toxicity due to mixtures of six divalent
metals: cadmium, copper, lead, nickel, silver and zinc. These guidelines are based on
an understanding of the primary factors controlling the concentrations of these metals
in sediment pore water. Whereas total organic carbon (TOC) is recognized as the key
factor controlling the partitioning (i.e., bioavailability) of hydrophobic organic
constituents in sediment, the most important factor controlling the bioavailability of
these metals is the concentration of AVS. Thus, if the concentration of AVS is greater
than the concentration of SEM in sediment on a molar basis, the metals are not present
in the pore water and do not cause toxicity (Ankley, Di Toro et al., 1996; EPA, 2000a).
This premise has been shown to hold true in toxicity tests of sediments collected from
sites contaminated primarily with metals (Hansen, Berry et al., 1996). The
interpretation of SEM and AVS analyses is not subject to the potential (conservative)
biases described above, associated with pore water extraction and pore water
composition. However, loss of AVS during sampling is a potential source of
conservative bias.

A recent refinement of the SEM/AVS approach addresses the role of TOC as a
secondary factor controlling the bioavailability of these metals, in sediments where
SEM concentrations exceed the concentrations of AVS. As described by EPA (2000a),
one can predict with 90 percent confidence that sediment toxicity due to metals will not
occur if the organic-carbon normalized concentration of “excess” metals ((ESEM-
AVSY/1,) is less than 130 pmol per gram organic carbon (umol/gOC). Similarly,
sediment toxicity is expected with 90 percent confidence if (ESEM-AVS)/f,. exceeds
3,000 pmol/gOC. The likelihood of toxicity associated with intermediate values is
uncertain. These effects benchmarks for (ESEM-AVS)/f, are applied in the SLERA on
a sample-by-sample basis. Results are presented in Table 16-6.

16.2 Effects Characterization for Wildlife

In order to predict whether adverse effects are likely to be occurring to wildlife at the
site, it is necessary to characterize the ecological effects that might be possible. The
characterization can be done by collecting and evaluating literature information about
the potential toxicological effects of the COPECs on biota, and extrapolating this
information to the representative wildlife receptors at the affected properties. The
collection of this information fulfills Requirement 5 of TCEQ’s guidance (TCEQ,
2001).
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Toxicological information about the COPECs was obtained from the published
scientific literature, primarily from secondary sources (i.e., EPA, 1999, Sample et al.,
1996). It is assumed that the studies included in secondary sources have already
undergone a peer review and, thus, can be considered reliable and relevant to
conditions at the site. The best study among those reviewed was used to compute the
toxicity reference value (TRV). Appropriate scientific studies were found in the
published literature for all of the representative wildlife receptors, but not for each of
the COPECs. Uncertainty, or safety, factors were used to account for the uncertainty
of extrapolation of laboratory results to conditions appropriate for field exposures at the
site. The uncertainty factor values were obtained from TCEQ guidance (2001) for
conducting ecological risk assessments [Calabrese and Baldwin (1993), and Army
Corps of Engineers (ACE, 1996)]. The uncertainty factors are divided into the test
dose rate to compute a lower, thus more conservative, TRV. That is, all test dose rates
were converted to chronic no-observed-adverse-effects-level (NOAEL) endpoints. The
endpoints were then scaled from the test species body weight to the body weight of the
particular wildlife receptor (Sample and Arenal, 1999) to achieve the NOAEL TRV
for the representative wildlife receptors. The TRVs, and the information used to
compute them, are listed in Tables 16-7 through 16-10. Section 16.2.1 describes the
methodology used to calculate TRVs.

16.2.1 Toxicity Reference Value Derivation

Extrapolation Factors (EFs) and uncertainty factors (UFs) are identified for this
SLERA based on three characteristics of the experimental conditions associated with
the test species dose: a) the duration of exposure; b) the endpoint measured; and c)
differences in body weights among test and receptor species (Sample and Arenal,
1999; Sample, et al., 1996; Opresko, et al 1994). The TRV is then calculated as
follows:

Test Species Dose x Body Weight EF
Duration UF x Endpoint UF

TRV =

The derivation of test species dose, UFs and EFs used in this SLERA is described in
the following subsections.

16.2.1.1 Test species dose
Critical toxicological values are identified for use in this SLERA from carefully

qualified literature references. In cases where preferred toxicological endpoints are not
available, other toxicity values are used, but additional UFs may be incorporated. All
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toxicological values chosen for TRV derivation are presented on a milligram COPEC
per kilogram body weight per day (mg/kg-day) basis. These units allow comparisons
among organisms of different body sizes (Sample, et al., 1996).

The test species dose is a daily dose of a constituent associated with a particular
endpoint and effect. In some cases, this dose is explicitly stated within the study; in
other cases, only partial or related information is available. For studies that report an
effects level as a concentration in food or drinking water, but do not report specific
body weights or feeding rates of the test species, default weights (Sample, et al., 1996)
are used to derive the test species dose:

CxIR

Dose =

where;

Dose = test species dose of COPEC (mg/kg-day)

C = concentration of COPEC in food or water (mg/kg)

IR = ingestion rate of food or water by the test species (kg/day)
BW =body weight of the test species (kg).

16.2.1.2 Uncertainty factors

In order to ensure a SLERA is protective of chronic effects on wildlife, duration
uncertainty factors are used where toxicity data are available only from subchronic or
acute studies. Chronic studies occur over the lifetime or a majority of the lifespan of
the test organism, generally longer than one year for mammals and ten weeks for birds.
Additionally, studies in which the test organism is dosed during a critical life stage
(e.g., gestation) are grouped with chronic duration studies. Subchronic studies include
exposures of two weeks to one year for mammals or two to ten weeks for birds that do
not occur during a critical life stage. Acute studies typically have exposures of less
than two weeks. NOAELSs and lowest-observed-adverse-cffects-levels (LOAELSs) are
usually reported from chronic and subchronic studies, with acute studies often
reporting frank effect levels (FELs; e.g., LD50 data). Test species doses from chronic
studies are used preferentially over data from acute and subchronic studies.

Additional endpoint UFs are used in this SLERA to account for uncertainties in
extrapolation between effect- and no-effect levels. In this SLERA, both the NOAEL
and LOAEL were applied in the TRV calculation (Tables 16-7 through 16-10). As
necessary, a LOAEL test species dose was estimated from a NOAEL value. Ifa
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LOAEL was provided in Sample et al (1996), additional endpoint UFs are not
applicable in deriving a TRV. However, if a LOAEL was not provided by Sample et
al, an endpoint UF of 5, along with a duration UF and an EF as described below, was
applied to NOAEL values to estimate the LOAEL TRV (ACE, 1996); this factor is
considered conservative (TCEQ, 2001).

16.2.1.3 Body-weight extrapolation factor

Body weight scaling factors are used in this ERA to account for differences in species
sensitivity based on the body sizes of mammalian test species and ROIs (Sample and
Arenal, 1999). Numerous studies have shown that many physiological functions, such
as metabolic rates and responses to chemicals, are a function of body size for
mammals. Smaller mammals have higher metabolic rates and are usually more
resistant to chemicals because of more rapid rates of detoxification. Sample and
Arenal (1999) developed body weight scaling methods for numerous chemicals, based
on an extensive compilation of toxicity data for multiple mammals. Dosimetric
differences between the mammalian test species and wildlife receptors are accounted
for using:

B t 1-b
Ww

NOAEL,, = NOAEL for the mammalian wildlife ROI (mg/kg-day)
NOAEL, = NOAEL for the mammalian test species (mg/kg-day)
BW = test species body weight (kg)

BW,= wildlife ROI body weight (kg)

b = chemical-specific allometric scaling factor.

4
NOAEL, = NOAEL, x (-B

Where:

Where chemical-specific scaling factors are unavailable, default allometric scaling
factors of 0.94 and 1.2 are used for mammals and birds respectively, based on the
average scaling factor among the chemicals evaluated by Sample and Arenal (1999).
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17. Screening-Level Ecological Risk Characterization

The ecological risk characterization for the Encycle site incorporates the results of the
chemical analyses and the wildlife evaluation. Site chemistry is evaluated first through
the mathematical comparison of exposure and effects estimates. If the initial risk
estimation identifies a potential risk, the magnitude and nature of the risk is further
examined, based on an analysis of uncertainties and biases in the exposure and effects
assessments.

17.1 Surface Water, Sediment, and Soil

e After the refinement process of comparing the EPCs to screening values, the
following COPECs could not be eliminated from further evaluation. All
exceeded the screening value or could not be excluded because a screening
value was not available for comparison (Tables 16-1 through 16-3).

e Surface water: none

¢ Sediment: antimony, arsenic, cadmium, copper, lead, manganese, mercury,
selenium, thallium, tin and zinc; and

¢ Soil: arsenic, cadmium, bismuth, cadmium, chromium, cobalt, copper,
cyanide, lead, manganese, mercury, nickel, selenium, silver, thallium, and
zinc.

Function and structure of terrestrial invertebrates, terrestrial plants, and fish were
evaluated based on the comparison of applicable media to screening values intended
for the protection of the ROI. Based on those results, arsenic, cadmium, bismuth,
cadmium, chromium, cobalt, copper, cyanide, lead, manganese, mercury, nickel,
selenium, silver, thallium, and zinc may represent potential risks to terrestrial
invertebrates and plants. However, there was no gross evidence of stress (e.g.,
dead/dying plants, spotting and discoloration of leaves and stems, chlorosis, stunted
growth) to the terrestrial vegetation observed at the site during the site visit and as
discussed in the Uncertainties Section, there is a significant amount of uncertainty and
lack of site-specificity associated with the screening values. Additionally, there were
no areas at the site that were devoid of vegetation (i.e., there was vegetation present in
those areas not covered by pavement, buildings, gravel, or roadways). Natural,
undisturbed soils that lack vegetative cover are often an indication of phytotoxic
conditions in the soil. However, this condition was not observed at the site. Based on
direct observations of the existing plant communities at the site and the lack of any
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observable impact, there is no evidence to suggest that soil conditions at the site are
causing adverse effects to the terrestrial plant and invertebrate communities at the site.

Since no constituents were retained for surface water, no unacceptable risks to fish are
expected.

The ecological screening values used in this SLERA are extremely conservative and
are not meant to be used as remediation clean up numbers. Further evaluation of
sediment conditions is necessary to determine the potential impact of constituents to
the sediment dwelling organisms.

17.1.1 SEM/AVS and Sediment Pore Water

Impacts to benthic invertebrates were evaluated by two types of analyses: comparison
of concentrations in pore water to screening values intended for the protection of
aquatic life, and SEM/AVS analysis discussed below. Based on the pore water results
from the near-shore sediment samples, a potential risk to benthic life exists from
manganese, mercury, and selenium. Again, the ecological screening values used for
comparison are extremely conservative. Further evaluation is necessary to determine
the potential impact of constituents to benthic invertebrates.

Sediment samples were collected for SEM/AVS analysis along the south shoreline of
the ship channel adjacent to the site, to determine the bioavailability of metals to
aquatic life (i.e., benthic invertebrates). Results are presented in Table 16-6. The
(ZSEM-AVS)/{, results for all four samples were reported above the effects
benchmark of 130 pmol/gOC. Additionally, since the results all exceeded 3,000
pmol/gOC, sediment toxicity is expected with 90 percent confidence at the four
sediment sampling locations (i.e., SED-1, SED-4, SED-7 and SED-10). Benthic
invertebrate community structure and function is potentially at risk due to high levels
of available metals.

17.2 Wildlife Risk Characterization

To estimate ecological risks to mammalian and avian ROIs, wildlife hazard quotients
(HQ) are calculated for each ROI and each COPEC. A wildlife HQ is the ratio of the
measure of exposure (e.g., measured concentration or modeled dose) to a literature-

based value (with comparable units) that is associated with no adverse effects (TRV):

_ Exposure

Hi
© TRV
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Where:

HQ = hazard quotient (unitless)

Exposure = daily intake (mg COPEC/kg body weight-day)

TRV = COPEC toxicity reference value (mg COPEC/kg body weight-day)

In general, HQ values equal to or less than one indicate that there is no ecological risk,
while HQ values greater than one suggest that ecological risk is possible, contingent on
the degree of certainty in the variables and methods used to calculate the HQ.
Although HQ values much greater than one can be assumed to describe risks that are
more severe than those associated with HQs that slightly exceed one, HQ values
should not be interpreted literally or as probabilities. For example, an HQ of 0.5 does
not reflect a 50 percent probability of adverse effects and an HQ of 4 does not
necessarily indicate adverse effects twice as bad as those associated with an HQ of 2.
Given the paucity of data available on effects of chemical mixtures on wildlife, risks
due to different classes of chemicals are not assumed to be additive.

The results of the risk characterization, and the required input data, for the various
representative wildlife receptors are contained in Tables 17-1 through 17-7. The
COPEC:s that exhibit HQ values less than one when a NOAEL toxicity reference value
1s used are not considered to pose any unacceptable risk to the representative wildlife
receptors and, by extension, the ecosystem of the site. These COPECs are dismissed
from further consideration.

In instances where the total oral dose rate that represents the estimated exposure is
greater than the NOAEL TRV, then the HQ will be greater than one. A hazard
quotient greater than one does not indicate that the COPEC is causing adverse effects
to the representative wildlife receptors at the site, rather, a HQ greater than one
indicates that further evaluation of the exposure to the particular COPEC is warranted.
For those COPECs with NOAEL HQ values exceeding one, hazard quotients are
computed using a lowest-observed-adverse-effects-level (LOAEL) TRV and less
conservative exposure assumptions. A LOAEL HQ less than 1 may be eliminated
based on sufficient supporting information included in the receptor sections below and
the Uncertainty Section (Section 18). LOAEL HQs greater than 1 provide reasonable
basis for further evaluation either in a sensitivity analysis, additional sampling, or to
begin remedial planning, as ecological impacts may be expected. Options for further
evaluation, such as additional focused sampling or remediation, are considered in the
risk management process. The risk characterization portion of the SLERA fulfills
requirements 6 and 7 of the TCEQ’s guidance.
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All bioaccumulative COPECs were evaluated for each receptor even though certain
constituents are not considered applicable in certain media (i.e., lead is only
bioaccumulative in soil (Table 15-2)).

17.2.1 Great Blue Heron

The maximum and refined no-observed-adverse-effects-level hazard quotients
(NOAEL HQs) for mercury, thallium and zinc exceeded 1 for the great blue heron or
carnivorous shore birds feeding guild' (Table 17-1). To further evaluate these risks,
LOAEL HQ values for mercury, thallium and zinc were calculated; all were less than
or equal to 1. These results are considered conservative because the dose to the ROI
incorporated maximum surface water exposure concentrations, a 100% diet of fish
from the ship channel, and water ingestion even though any ingestion of sea water
would be incidental. Additionally, mercury and thallium were reported as not-detected
in surface water; the exposure concentrations used in the model are equal to % the
maximum SQL. The result infers that carnivorous shore birds are very likely not
subject to adverse impacts from the COPECs.

17.2.2 Red Tailed Hawk

Using maximum COPEC concentrations in surface soil, the maximum scenario
NOAEL HQ values for all COPECs evaluated exceeded 1 (Table 17-2). However, in
the refined scenario (Table 17-3), a more realistic, yet conservative EPC was applied
(i.e., arithmetic mean). Under this scenario, only the refined NOAEL HQ for zinc
exceeded 1 (HQ=10). The refined zinc LOAEL HQ equaled 1. Since carnivorous birds
are unlikely to frequent the plant area of the site to forage, due to regular anthropogenic
activity associated with active industrial land use and the presence of buildings, above-
ground tanks and piping, concrete pavement, gravel, etc. in the plant area, risks from
zinc to these birds is considered low. Additionally, the area of vegetated land on the
site that would be capable of supporting prey species is limited (approximately 89
acres) and therefore limits the area available for foraging and consequently, exposure.
The result infers that carnivorous birds are very likely not subject to adverse impacts
from the COPECs.

' Note: In accordance with TCEQ Guidance (2001), zinc bioaccumulation is not considered
applicable in water.
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17.2.3 White Footed Mouse

The maximum scenario NOAEL HQ of 1 was exceeded by all evaluated metals except
chromium (both +3 and+6) %, mercury and nickel® (Table 17-4). This scenario may be
applicable in hot spots inside the plant area; however a more realistic exposure
concentration for the site is the EPC (i.e., average concentration). In the refined
scenario (Table 17-5), NOAEL HQ values for cadmium, copper, thallium and zinc
exceeded 1. However, the LOAEL HQ values calculated for these metals did not
exceed 1. The white footed mouse was used to represent burrowing omnivorous
mammals and therefore the calculated dietary dose included soil ingestion along with a
vegetation and invertebrate diet. The refined NOAEL HQ values that exceeded 1 were
all less than 10 and the LOAEL HQ values were all equal to or less than 1. The result
infers that omnivorous mammals are very likely not subject to adverse impacts from
metals.

17.2.4 Raccoon

The maximum NOAEL HQ values for cadmium, copper, lead, selenium, thallium and
zinc exceeded 1 for the omnivorous mammals’ guild (Table 17-6). However, under the
refined scenario (Table 17-7), only the NOAEL HQ value for cadmium exceeded 1
(HQ=2). The refined LOAEL HQ value for cadmium did not exceed 1. The raccoon
was used to represent non-burrowing mammals with a larger range than a mouse and a
diet that includes fish and incidental sediment ingestion along with terrestrial
invertebrates and plants. Since the NOAEL HQ for cadmium exceeded 1, risks to this
guild are possible if the raccoon foraged entirely on the affected area, which more than
likely, it does not. The result infers that omnivorous mammals are very likely not
subject to adverse impacts from metals.

In summary, based on the hazard quotient results, there does not appear to be any
unacceptable risks to wildlife receptors at the Encycle property. Constituents with
NOAEL HQ values that exceeded 1 include cadmium, copper, thallium and zinc; all
were less than or equal to 10. No LOAEL HQ values exceeded 1. Therefore, due to the

? Total chromium was analyzed in on-site soil and the present form is currently unknown.
Therefore, because the toxicity of Cr+3 and Cr+6 differ dramatically, both forms were
evaluated.

* Note: In accordance with TCEQ Guidance (2001), thallium bioaccumulation is only
applicable in water.
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conservativeness and uncertainty applied to this evaluation, risks to wildlife at the site
are not expected. Additionally, no adverse effects on plants and wildlife were observed
during the site visit; all observed species appeared normal and healthy.
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18. Calculation of Media Cleanup Standards for Ecological Receptors

The Encycle/Texas, Inc. site in Corpus Christi, Texas is being evaluated under the Risk
Reduction Rule’s Standard 3 (RRS 3). As such, if there were a finding of unacceptable
ecological risk, then media cleanup standards would need to be calculated to provide
adequate protection of ecological receptors. In lieu of protective concentration levels
that need to be calculated under the Texas Risk Reduction Program to provide
adequate protection to ecological receptors, calculation of media cleanup standards,
when necessary, satisfies requirement 9 of the TCEQ’s 2001 guidance.

The results of the wildlife risk characterization and uncertainty evaluation for the site
conservatively demonstrates there is no unacceptable risk of adverse effects to the
representative wildlife receptors (i.e., white footed mouse, great blue heron, raccoon,
and red-tailed hawk) or their related food webs from exposure to the COPECs detected
in soil, sediment and surface water; and additional evaluation of these media is not
considered necessary to protect the representative wildlife receptors or their related
food webs. Therefore, there are no media cleanup standards for soil, sediment, or
surface water required for closure under RRS 3 for these receptors.

Soil concentrations for the following metals, however, do exceed their respective
TCEQ screening benchmarks for the protection of soil invertebrates and terrestrial
plants: arsenic, bismuth, cadmium, chromium, cobalt, copper, cyanide, lead,
manganese, mercury, nickel, selenium, silver, thallium, and zinc. Based on direct
observations of terrestrial plants at the facility, no evidence of adverse impacts are
present. Also, metals in soil that exceed PRGs in the Human Health Risk Assessment
(arsenic, lead, cadmium) will be addressed in the CMS. Therefore, additional
investigation of soil invertebrates and terrestrial plants at the Encycle facility is not
warranted.

The comparison of the sediment and sediment pore water concentrations to the
appropriate screening values in concert with the sediment AVS/SEM results, and the
comparison of the pore water concentrations to reported adverse effects levels indicates
that several metals in sediment (i.e., antimony, arsenic, cadmium, copper, lead,
manganese, mercury, selenium, thallium, tin and zinc) will require further evaluation in
a CMS. The area of affected sediments to be addressed in the CMS are located
between the Ship Channel shoreline (rip rap) directly north of the 01 Landfill and the
dredge line approximately 60 feet north of the shoreline. Metals concentrations in
sediment beyond a distance of 60 feet north of the shoreline decrease rapidly and
approach background concentrations. The area beyond a distance of 60 feet from the
shoreline also corresponds to a sharp increase in water depth resulting from dredging
operations for navigational purposes in the Corpus Christi Ship Channel.
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19. Uncertainties Analysis

This risk assessment was based largely on standard, regulatory, default, exposure
assumptions, which tend to be very conservative and likely overestimate actual risk.
These assumptions are discussed in Section 5.3. The uncertainties present in this risk
assessment are discussed below.

19.1 Uncertainties in the Human Health Risk Assessment

This BLRA assumed that the analytical data accurately reflect the nature and extent of
COPCs in groundwater, soil, and surface water at the Encycle facility. It is likely that
the maximum concentrations used as EPCs in the exposure calculations overestimate
actual current or future exposure point concentrations.

Exposure scenarios also contribute uncertainty to the risk assessment. Actual exposure
frequencies are unknown, and estimates were based on the available conservative
guidance and judgment. Exposure doses were calculated based on the assumption that
the current conditions would remain stable throughout the exposure period and that site
workers would be regularly and periodically exposed for a period of years. This
simplifies reality because natural attenuation processes are expected to reduce
constituent concentrations over time. If the source is eliminated or reduced, natural
attenuation processes will reduce constituent concentrations and the likelihood of
exposure, thus reducing risks for the hypothetical future exposure scenarios. It is
unlikely that site workers would be exposed to UCL or maximum constituent
concentrations in surface soils for such an extended period of time.

The toxicity values and other toxicological (health effects) information used in this
report are associated with uncertainty. Toxicity values used by the USEPA are
typically 10 to 10,000 lower than the lowest concentration documented to produce
adverse health effects. Most health effects information was developed using laboratory
animals exposed to high doses, and the extrapolation to the low exposures for humans
is difficult, producing significant uncertainty, however not all of the COPCs in this
assessment have toxicity values based on animal data. Although differences in
absorption, distribution, metabolism, excretion and target organ sensitivity between
species are well documented, available data are usually insufficient to allow
compensation for these differences. Most laboratory studies strictly control as many
factors as possible, yet the human population is genetically diverse and affected by a
variety of diets, occupations, pharmaceuticals and other factors. Reported toxicity
values are subject to change as more information becomes available. For these reasons,
current methods used to develop toxicity values are conservative and probably
overestimate risk.
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USEPA (1989a) guidance states that it is not appropriate to use the oral slope factor to
evaluate risks associated with dermal exposure to carcinogens that cause skin cancer
through a direct action at the point of application. Additionally, the USEPA is
currently re-evaluating the assessment of chemical exposure by the dermal route
(USEPA, 1992). The USEPA’s interim guidance on dermal exposure from soil
recommends that the quantitative risk calculations not be completed for most
chemicals (USEPA, 2001). USEPA has stated that dermal exposure to compounds
other than dioxins, polychlorinated biphenyls and cadmium should be treated
qualitatively in the uncertainty section of the risk assessment. The USEPA plans to
finalize the dermal interim guidance after receiving comments from the Office of
Health and Environmental Assessment in the Office of Research and Development and
the Science Advisory Board. Until this guidance is finalized, the potential risk from
dermal contact with soil and groundwater will be conservatively estimated by
converting the administered oral dose to an absorbed dermal dose. This approach was
used in this risk assessment. However, this likely overestimates the risk associated
with dermal exposure to the COPCs in soils and groundwater at the site.

Recent research on the mechanisms of carcinogenesis suggests that use of the
linearized multistage model may overestimate the cancer risks associated with
exposure to low doses of chemicals.

There is also considerable uncertainty associated with the toxicity of mixtures. For the
most part, data about the toxicity of chemical mixtures are unavailable. Rather,
toxicity studies generally are performed using a single chemical. Chemicals present in
a mixture can interact chemically to yield a new chemical, or one can interfere with the
absorption, distribution, metabolism, or excretion of another. Chemicals also may act
by the same mechanism at the same target organ, or can act completely independently.
This risk assessment assumes that toxicity is additive; the ELCRs and HQs were each
summed across chemicals. This approach assumes that the mixture of constituents
does not result in synergistic or antagonistic interactions.

Because of the uncertainty associated with risk assessment, conservative methods were
used in estimating EPCs, exposure doses and toxicity values. Therefore, risk estimates
in this report likely overestimate actual risks for the pathways evaluated.

19.2 Uncertainties in the Screening Level Ecological Risk Assessment

Uncertainties are an inherent part of any SLERA. The interpretation of the SLERA
results are aided by a recognition and understanding of the source and nature of the
known set of uncertainties that can influence the risk characterization results. An

evaluation of the uncertainties fulfills requirement 8 of the TCEQ’s 2001 guidance.
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There are several sources of known uncertainty in the SLERA process, including: 1)
uncertainty in the adequacy of the sampling design used and analytical results; 2)
uncertainty in the conceptual site model used; 3) uncertainty in the food web model
used; 4) uncertainty in the exposure input variables and toxicity reference values
obtained from the scientific literature; and 5) uncertainty in the degree of natural
variability associated with environmental conditions and processes at the affected
properties.

The sampling design for the site was based on knowledge of historical practices and
locations of contaminated materials and environmental media. Therefore, the purpose
of the sampling designs was to collect samples of environmental media from areas
within the site that were as highly contaminated as possible. Additionally,
concentrations of some metals (i.e., zinc) may be overly conservative because of the
use of possible data outliers in the assessment. The outcome from such a sampling and
analysis design is an increase in the value of the exposure point concentration for the
representative wildlife receptors that may contribute to an overestimation of risk.

The conceptual site model, as well as the food web models, was carefully considered
before its implementation in the SLERA. Site observations by trained personnel, as
well as experience from previous similar projects, provided information that led to the
creation of an appropriate conceptual site model. Likewise, default food web examples
were selected from the TCEQ’s guidance and refined to slightly more suitable versions
for the site. Several trophic levels were evaluated against the knowledge of what is
believed to be the dominant food chains for the wildlife receptors that may exist at the
site.

The uncertainty in the exposure input variables is expected to err on the side of
conservatism, due to the values chosen for the total oral dose rate equation. The
exception might be the area use factor values used in the refined estimates of exposure.
It is not known if the literature values are completely relevant to the environmental
conditions at the site, due to the differences from study conditions in habitat quality,
degree of human disturbance, and climate. The other source of literature input to the
dose estimates, the toxicity reference values, may hold some of the same types of
uncertainty, due to the differences between study conditions and the environmental
conditions at the site. It is believed that the use of uncertainty factors has adequately
and conservatively accounted and compensated for these uncertainties.

Another source of uncertainty related to toxicity of the COPECs is the site-specific
applicability of the screening benchmarks used to screen the soil data for potential
effects on soil invertebrates and terrestrial plants. For example, most of the plant
protective screening benchmarks are based on laboratory studies, and not field studies.
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Additionally, most of the plant benchmarks are based on studies on the effects each
metal has on growth of individual plants (rather than population — or community-level
impacts), the majority of which are crops (e.g., ryegrass, fescue, wheat, oats, corn,
radish, and lettuce). An exceedance of a screening value does not imply that an adverse
effect will occur in plants at a site. Phytotoxicity is a complex interplay of chemical
concentrations, soil chemistry, soil physical properties, and the physiology of the
specific plant species under investigation. Therefore, the use of the screening
benchmarks can be misleading because concentrations of some micronutrients that
may stimulate growth in one soil type may reduce growth in another soil type at the
same concentrations. Several other factors, including soil pH, can affect the solubility,
and therefore bioavailability, of metals to plants (Kabata-Pendias and Pendias, 1992).
In acidic soils, at soil pH less than approximately 5.0, the solubility of many metals
increases, which in turn increases bioavailability and influences plant toxicity (Kabata-
Pendias and Pendias, 1992). For these reasons, the exceedance of a benchmark should
not be interpreted as directly indicative of phytotoxic conditions at the site.

The last source of uncertainty previously listed is that of natural variability in
environmental conditions and the responses of ecological receptors. While it is
important to recognize this source of uncertainty, if only to acknowledge that
ecological risk assessments are rough approximations of reality, natural variability is
very difficult to quantify. No attempt was made, either through field experimentation
at the site or via extensive literature searches, to estimate the degree or pervasiveness
of natural variability in the environmental conditions and ecosystems associated with
the site. It is believed, though, that the careful consideration employed throughout the
process and the use of conservatism at several steps in the process has produced highly
reliable risk characterization results that are reasonably and appropriately conservative
for a SLERA.
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20. Conclusions and Recommendations
20.1 Human Health Risk Assessment Conclusions

The findings and conclusions of the human health risk assessment can be summarized
as follows:

Adult Resident - Beaumont Formation Water-Bearing Unit Groundwater
Exposure Scenario

e The calculated HI for a hypothetical future adult resident is 2, which exceeds the
non-cancer goal of 1 used by the TCEQ. Manganese was the only COPC included
in the hazard calculation (Table 6-1).

e An ELCR for the hypothetical future adult resident was not calculated because all
of the carcinogenic COPCs have federal MCLs, and therefore, in accordance with
TCEQ guidance (1998 Consistency Memorandum), the site concentrations for the
COPCs should be compared to their respective MCLs, but not included in a
quantitative risk calculation (TCEQ, 1998). The maximum concentration or SQL
of all of the constituents analyzed in groundwater were compare to their respective
MCLs. Those constituents exceeding their respective MCLs but not included in the
risk evaluation are: antimony, arsenic, cadmium, cyanide, lead, and selenium.

The HI for adult resident exposure to groundwater from the Beaumont Formation
Water-Bearing Unit exceeded the regulatory goal, therefore, it was necessary to
calculate a PRG for this scenario. The EPC for manganese in groundwater is 7.7 mg/L
which exceeds the calculated PRG of 4.7 mg/I. (Table 6-7). It is important to note,
however, that the risk associated with the background concentration of manganese (7.6
mg/L) is essentially equal to the risk to manganese in groundwater from the Beaumont
Formation Water-Bearing Unit. Therefore, potential risks from impacted groundwater
from the Beaumont Formation Water-Bearing Unit are not significantly different than
the risks from naturally occurring groundwater.

Child Resident — Beaumont Formation Water-Bearing Unit Groundwater
Exposure Scenario

e The calculated HI for a hypothetical future child resident is 3, which exceeds the
non-cancer goal of 1 used by the TCEQ. Manganese was the only COPC included
in the hazard calculation (Table 6-2).

-1
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e An ELCR for the hypothetical future child resident was not calculated because all
of the carcinogenic COPCs have federal MCLs, and therefore, in accordance with
TCEQ guidance (1998), the site concentrations for the COPCs should be compared
to their respective MCLs, but not included in a quantitative risk calculation
(TCEQ, 1998). The maximum concentration or SQL of all of the constituents
analyzed in groundwater were compared to their respective MCLs. Those
constituents exceeding their respective MCLs, or action level in the case of lead,
but not included in the risk evaluation are: antimony, arsenic, cadmium, cyanide,
lead, and selenium.

The HI for child resident exposure to groundwater from the Beaumont Formation
Water-Bearing Unit exceeded the regulatory goal, therefore, it was necessary to
calculate a PRG for this scenario. The EPC for manganese in groundwater is 7.7 mg/L
which exceeds the calculated preliminary remediation goal of 2.9 mg/L (Table 6-8). As
mentioned previously, it is important to note that the risk associated with the
background concentration of manganese (7.6 mg/L) is essentially equal to the risk to
manganese in groundwater from the Beaumont Formation Water-Bearing Unit.
Therefore, potential risks from impacted groundwater from the Beaumont Formation
Water-Bearing Unit are not significantly different than the risks from naturally
occurring groundwater.

Site Worker - Surface Soil Exposure Scenario

e The calculated, cumulative HI for a potential current site worker is 1, which is equal
to the non-cancer goal used by the TCEQ (Table 6-3). Arsenic is the primary
contributor to the HIL.

e The calculated, cumulative ELCR for a potential current site worker (9 x 107) is
less than the target risk range of 10 to 10" for cumulative cancer risk (Table 6-3).
Cadmium and nickel were the only contributors to the ELCR.

Excavation Worker - Surface Soil Exposure Scenario
e The calculated, cumulative HI for a potential current excavation worker is 1, which

is equal to the non-cancer goal used by the TCEQ (Table 6-4). Arsenic was the
primary contributor to the HI.
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e The calculated, cumulative ELCR for a potential current excavation worker
(1 x 10°®) is less than the target risk range of 10 to 10 for cumulative cancer risk
(Table 6-4). Cadmium and nickel were the primary contributors to the ELCR.

Age-Averaged Hypothetical Future Child/Adult Resident - Surface Soil
Exposure Scenario

o The calculated, cumulative HI for an age-averaged hypothetical future child/adult
resident is 10, which is above the non-cancer goal used by the TCEQ (Table 6-5).
Arsenic was the primary contributor to the HI.

e The calculated, cumulative ELCR for an age-adjusted hypothetical future
child/adult resident (1 x 10™) is below the target risk range of 10* to 10" for
cumulative cancer risk (Table 6-5). Cadmium and nickel were the primary
contributors to the ELCR.

The HI for age-averaged child/adult resident exposure to surface soil exceeded the
regulatory goal, therefore, it was necessary to calculate PRGs for this scenario. The
EPC:s for arsenic (120 mg/kg) and cadmium (140 mg/kg) exceeded their respective
PRGs of 20 mg/kg and 77 mg/kg (Table 6-9). The EPCs for all of the remaining COPCs
are below their respective PRGs (Table 6-9).

Adult - Surface Water Exposure Scenario

e The calculated, cumulative HI for a current adult exposure to surface water via fish
tissue ingestion is 1, which is equal to the non-cancer goal used by the TCEQ
(Table 6-6). Antimony was the primary contributor to the HI.

e It was not possible to calculate an ELCR for current adult exposure to surface water
via fish tissue ingestion because all of the COPCs included in the evaluation are
classified as non-carcinogenic.

Soil Protective of Groundwater

The potential for cross-media contamination (from soil to groundwater) was evaluated
in this BLRA. The available groundwater data from the Encycle facility indicate that
leaching of a few of the constituents from soil has occurred in the past. Although some
of the soil samples at the site contain concentrations of some constituents above the
adjusted GWP-Ind MSCs, an evaluation of the leaching potential of the COPCs by
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SPLP analyses indicated that the residual concentrations of most of the COPCs, with
the exception of cadmium, in the soils should not represent a significant continuing
release source to the groundwater.

20.2 Screening-Level Ecological Risk Assessment Conclusions

The results of the SLERA and uncertainty evaluation for the site conservatively
demonstrates there is no unacceptable risk of adverse effects to the representative
wildlife receptors or their related food webs from exposure to the COPECs detected in
soil, sediment and surface water; and additional evaluation of these media is not
considered necessary to protect the representative wildlife receptors or their related
food webs.

Soil concentrations for the following metals, however, do exceed their respective
TCEQ screening benchmarks for the protection of soil invertebrates and terrestrial
plants: arsenic, bismuth, cadmium, chromium, cobalt, copper, cyanide, lead,
manganese, mercury, nickel, selenium, silver, thallium, and zinc. However, based on
direct observations of terrestrial plants at the facility, no evidence of adverse impacts
are present. Also, metals in soil that exceed PRGs in the Human Health Risk
Assessment (arsenic, lead, cadmium) will be addressed in the CMS. Therefore,
additional investigation of soil invertebrates and terrestrial plants at the Encycle facility
is not warranted.

The comparison of the sediment and sediment pore water concentrations to the
appropriate screening values in concert with the sediment AVS/SEM results, and the
comparison of the pore water concentrations to reported adverse effects levels indicates
that several metals in sediment (i.e., antimony, arsenic, cadmium, copper, lead,
manganese, mercury, selenium, thallium, tin and zinc) will require further evaluation.
The area of affected sediments to be further evaluated are located between the Ship
Channel shoreline (rip rap) directly north of the 01 Landfill and the dredge line
approximately 60 feet north of the shoreline. Metals concentrations in sediment
beyond a distance of 60 feet north of the shoreline decrease rapidly and approach
background concentrations. The area beyond a distance of 60 feet from the shoreline
also corresponds to a sharp increase in water depth resulting from dredging operations
for navigational purposes in the Corpus Christi Ship Channel.
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20.3 Recommendations

Based on the results of the BLRA, preparation of a CMS is recommended for the
Encycle facility. The CMS will identify and evaluate potential remedial alternatives
for the releases at the Encycle facility that have been documented in the BLRA to pose
potential risks above regulatorily acceptable levels as follows:

Releases of antimony, arsenic, cadmium, cyanide, lead, manganese, and
selenium to groundwater in the Beaumont Formation at the site.

Releases of arsenic, cadmium, and lead to soils at the site.

Releases of antimony, arsenic, cadmium, copper, lead, manganese, mercury,
selenium, thalliuin, tin, and zinc to sediments located between the rip rap
shoreline directly north of the 01 Landfill and the dredge line approximately
60 feet north of the rip rap shoreline.

The CMS will involve the following activities prior to preparation of the CMS report:

Negotiations with the owners of the 16.8-acre leased property (Meaney
Tract) regarding institutional controls (i.e., deed recordation) for the leased

property.

Collection of additional soil samples in the areas of the facility affected by
arsenic, cadmium and lead above the PRGs to more precisely delineate the
horizontal and vertical extent of arsenic, cadmium, and lead that will require
remediation.

Collection of representative soil samples from the soils affected by arsenic,
cadmium and lead above the PRGs, and collection of sediment samples
adjacent to the 01 Landfill for pilot-scale treatability tests to evaluate
potential in-situ or ex-situ metal fixation/stabilization agents to reduce the
mobility of metals. The fixation/stabilizing agents to be evaluated may
include pozzolan-portland cement, kiln dust, and lime-fly ash mixtures.

Collection of additional sediment samples adjacent to the 01 Landfill below a
depth of six inches to determine the vertical extent of metals in sediment.

20-5
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¢ Collection of additional sediment samples to conduct sediment toxicity
testing to determine the bioavailability of COPECs in the sediment.

Following collection of the data described above, a CMS report will be prepared and
will include the following elements:

e Introduction/Purpose

e Description of Current Conditions

e Corrective Action Objectives and Media Cleanup Standards

e Corrective Measures Pilot Study Results

¢ Identification, Screening and Development of Corrective Measure Alternatives
e Evaluation of a Final Corrective Measure Alternative

e Public Involvement Plan

* Progress Reports

¢ Proposed Schedule

Documents that may be referenced in the CMS Report include those listed in Appendix
A (Corrective Action Reference List) in the Consent Decree.

Following TCEQ authorization to proceed, the CMS soil and sediment sampling and
pilot testing activities will be conducted, and will require approximately 90 days to
complete. The CMS report will then be prepared and will require approximately 30
days to complete. Therefore, the CMS report will be submitted to the TCEQ within
120 days following TCEQ approval to proceed.
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Table 4-2. Dermal and Oral Absorption Efficiencies, Encycle/Texas, Inc.,

Corpus Christi, Texas.

Absorption Efficiency

Constituents Oral Dermal
Inorganics

Antimony 1.5E-01 1.0E-02
Arsenic 9.5E-01 3.0E-02
Barium 7.0E-02 1.0E-02
Cadmium 2.5E-02 1.0E-03
Cobalt 8.0E-01 1.0E-02
Copper 5.7E-01 1.0E-02
Cyanide 5.0E-01 1.0E-02
Lead (inorganic) 1.5E-01 1.0E-02
Manganese 6.0E-02 1.0E-02
Mercury 7.0E-02 1.0E-02
Nickel 4.0E-02 1.0E-02
Selenium 5.0E-01 1.0E-02
Silver 4.0E-02 1.0E-02
Thallium 1.0E+00 1.0E-02
Vanadium 2.6E-02 1.0E-02
Zinc 2.0E-01 1.0E-02
Reference: TCEQ, 2003.
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Table 4-4. Permeability Coefficients for Constituents of Potential Concern,
Encycle/Texas, Inc., Corpus Christi, Texas.

Constituent Permeability Coefficient
(cm/hr)

Inorganics

Antimony 1.0E-03

Arsenic 1.0E-03

Barium 1.0E-03

Cadmium 1.0E-03

Cobalt 4.0E-04

Copper 1.0E-03

Cyanide 1.0E-03

Lead 1.0E-04

Manganese 1.0E-03

Mercury 1.0E-03

Nickel 2.0E-04

Selenium 1.0E-03

Silver 6.0E-04

Thallium 1.0E-03

Vanadium 1.0E-03

Zinc 6.0E-04

Reference: USEPA, (2001).

cm/hr Centimeters per hour.
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Table 5-2. Receptor-Specific Exposure Parameters, Encycle/Texas, Inc., Corpus Christi, Texas.
Potential Current Hypothetical Future
Age-Averaged
Site Child/Adult Resident Resident

Excavation Worker Worker Resident Adult Child
Parameter (units)
ATc (days) 25,550 25,550 25,550 25,550 25,550
ATnc (days) 84 9,125 2,190 12,045 2,190
BW (kg) 70 70 15 70 15
EF (days/year) - 250 350 350 350
EFx (days/week) 5 - - - -
ED (years) - 25 6 33 6
EPx (weeks) 12 - - - -
ETgw (hours/day) - - - 0.58 1.
IFo (mg-yr/kg-day) - - 114 - -
IRfish (kg/day) - - - 0.015 -
IRgw (L/day) - - - 2 0.64
IRs (mg/day) 480 50 200 - -
SAR (mg/cm*/day) 0.2 0.2 0.2 - -
SSAgw (cm?) - - - 18,000 6,600
SSAs (cm?) 2,500 2,500 2,200 - —
References: TCEQ, 1999a; USEPA, 1989a,c; 1991a,b.
ATc Averaging time period for cancer risk.
ATnc Averaging time period for non-cancer risk.
BW Body weight.
cm? Square centimeter.
EF Exposure frequency.
ED Exposure duration.
ETgw Exposure time for ground water contact.
IFo Age-adjusted oral intake factor.
IRfish Ingestion rate of fish.
IRgw Ingestion rate of groundwater for hypothetical future site worker.
IRs Incidental ingestion rate of soil.
kg Kilogram.
L Liter
mg Milligram.
SAR Soil-to-skin adherence rate.
SSAgw Skin surface area for groundwater contact.
SSAs Skin surface area for soil contact.

ARCADIS
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Table 5-4. Risk and Hazard Equations with Sample Calculations for Hypothetical Future Resident
Adult or Child Exposure to Groundwater, Encycle/Texas, Inc., Corpus Christi, Texas.

ROUTE-SPECIFIC RISKS:

Oral:

ELCR, 3 EPCy,y x IRy x EF x EP

or HQ, BW x (AP or APy.) x [(1/CSE)) or RfD ]
Dermal:

ELCR 4 _ EPCgy x SSA x PC x (0.001 L/cm®)xET x EF x EP

or HQ, BW x (AP or APy.) x [(1/CSF,)or RiD, ]
Inhalation:

ELCR, = EPCs;yw x VEy, x EF x EPx1000ug/mg

(AP.) x [1/UR;]
HO. = EPC;y x VE, x EF x EP
' (APyc) x [RfC]
CANCER RISK:
ELCR = ELCR, + ELCR, + ELCR;
NON-CANCER RISK:
HI =HO, +HQ,+HQ;,
where
APc Averaging period for cancer effects (25,550 days).
APnc Averaging period for non-cancer effects (days); EP x 365 days/year.
BW Body weight (kg) (Table 5-2). '
CSF Cancer slope factor for oral (CSF,) or dermal (adjusted to an absorbed dose, CSF,) exposure (inverse
of milligrams per kilogram per day [mg/kg/day]). (Table 4-3).

EF Exposure frequency (days/year) (Table 5-2).
ELCR Excess lifetime cancer risk (unitless).
ET Exposure time (hours/day) (Table 5-2).
EP Exposure period (years) (Table 5-2).

EPCgw Exposure point concentration in groundwater (milligrams per liter [mg/L](Table 3-2).
HQ Hazard quotient (unitless).

IRw Incidental ingestion rate of groundwater (liters/day) (Table 5-2).

NC Non-carcinogenic.

PC Permeability constant (centimeters per hour [cnvhour]) (Table 4-4)

RfC Subchronic reference concentration for inhalation exposure (mg/m’) (Table 4-1).
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Table 5-4. Risk and Hazard Equations with Sample Calculations for Hypothetical Future Resident
Adult or Child Exposure to Groundwater, Encycle/Texas, Inc., Corpus Christi, Texas.

RfD Chronic reference dose for oral (RfD,) or dermal (adjusted to an absorbed dose, RfD,) exposure
(mg/kg/day) (Table 4-3). _

SSA Exposed skin surface area (square centimeters [cm’]) (Table 5-2).

UR; Unit cancer risk for inhalation exposure (inverse of microgram per cubic meter [ug/m’]") (Table 4-5).

VFy Volatilization factor (0.5 L/m*) (USEPA, 1991a). '

SAMPLE CALCULATION: Manganese - Adult

CANCER RISK:
ELCR, = 7.7mg/L x 2L x 350days/yr x 33 yrs
70kg x (25,550days) x [(1/NC)]
=NC
FLCR ; = 7.7 mg/L x 18000 c¢m*x 0.001 covhr x 0.001 L/ cm*x 0.58 hr/day x 350 days/ yr x 33 yrs

70 kg x 25,550 days x [(1/NC)]

ELCR; = Not calculated for inorganic constituents.

ELCR =NC+NC=NC

NON-CANCER RISK:
HQ, = 7.7mg/L x 2L x 350days/yr x 33 yrs
’ 70kg x (12045 days) x [(0.14 mg/kg/day)]
=1.5
HQ, = (7.7 mg/L)x (18000 cm*) x (0.001 cm/hr) x (0.001 L/cm®) x (0.58 hr/day) x (350 days/yr)x (33 yrs)
¢ (70 kg) x (12045 days) x (0.0084 mg/kg/day)

=1.3x10"
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Table 5-4. Risk and Hazard Equations with Sample Calculations for Hypothetical Future Resident
Adult or Child Exposure to Groundwater, Encycle/Texas, Inc., Corpus Christi, Texas.

HQ; = Not calculated for inorganic constituents.

HI=1.5+13x10"=2
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Table 5-5. Risk and Hazard Equations with Sample Calculations for Potential Current Worker
Exposure to Soil, Encycle/Texas, Inc., Corpus Christi, Texas.

ROUTE-SPECIFIC RISKS:

Oral:
ELCR, or HQ, = EPC; x IRy x EF x EP

UC, x BW x (AP, or AP.) x [(1/CSE,) or RfD, ]
Dermal:

EPC; x SSA x SAR x ABS x EF x EP
UC, x BW x (AP, or AP, x [(1/CSE,) or RfD, ]

ELCR, or HQ, =

Inhalation:

EPCg x (1/PEF) x EF x EP
(APC or APy yx[(UC »/UR i ) or RfC]

ELCR; or HQ, =

where:
3 /hr
PEF = Q/Cx 600 sec
RPF x (1- G) x (Um/Ut) x F
Cancer Risk:

ELCR =ELCR,, +ELCR, +ELCR,

Non-Cancer Risk:

HI=HQ_ +HQ, +HQ,

where:

ABS  Dermal absorption efficiency (Table 4-2).

AP:  Averaging period for cancer effects (days) (Table 5-2).

APyc  Averaging period for non-cancer effects days; (EP x 365 days/year)(Table 5-2).

BW  Body weight (kg) (Table 5-2).

CSF  Cancer slope factor for oral (CSF,) or dermal (adjusted to an absorbed dose, CSF,)
exposure (kg-day/mg; inverse of mg/kg/day) (Table 4-3).

EF Exposure frequency (days/year) (Table 5-2).

ELCR Excess lifetime cancer risk for oral (ELCR,), dermal (ELCRy), inhalation (ELCR;) or total
(ELCR) exposure (unitless).

EPCs Exposure point concentration (mg/kg) (Table 3-4).

EP Exposure period (years) (Table 5-2).
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Table 5-5. Risk and Hazard Equations with Sample Calculations for Potential Current Worker
Exposure to Soil, Encycle/Texas, Inc., Corpus Christi, Texas.

Fy Function of Ut/Um (0.41) (unitless); F, = 0.18 x [8x” + 12x] x exp[-(x?)], where x =
0.886 x (Ut/Um).

G Fraction of vegetative cover (unitless) (0.5) (default).

HI Hazard index (unitless); sum of the HQs.

HQ  Hazard quotient for oral (HQ,), dermal (HQ,), or inhalation (HQ,) (unitless).

IR Ingestion rate of soil (mg/day) (default) (Table 5-2).

NC  Non-carcinogenic.

PEF  Particulate emission factor (m*/kg) (calculated).

Q/C  Emission flux per unit concentration (40.69 g/m*/sec)/(kg/m>)(default for 30 acre site).

RfC  Reference concentration for inhalation exposure (mg/m’) (Table 4-1).

RfD  Reference dose for oral (RfD,) or dermal (adjusted to an absorbed dose, RfD,) intake
(mg/kg/day) (Table 4-3).

RPF  Respirable particle fraction (0.036 g/m’/hr) (default).

SAR  Soil adherence rate (mg/cm?’/day) (Table 5-2).

SSA  Exposed skin surface area (2,500 cm®) (Table 5-2).

UC,  Unit conversion #1 (10° mg/kg).

UC,  Unit conversion #2 (0.001 mg/ug).

Um  Wind speed (5.4 m/sec) (site specific, Corpus Christi, Texas; www.ncdc.noaa.gov).

Ur; Unit cancer risk for inhalation exposure (m*/ug) (Table 4-5).

Ut Equivalent threshold value of windspeed at 7 meters (11.32 m/sec) (default).

SAMPLE CALCULATION: Cadmium - Site Worker

x = 0.886x [(11.32 m/sec)/(5.4 m/sec)|=1.87

F, = 0.18x[(8x1.87) + (12x 1.87]x exp[(1.872)] = 0.4076

(3,600 sec/hr)
(0.036 g/m2 /hr)x (1-0.5)x[(5.4 m/sec)/(11.32 m/sec)]3 x (0.4076)

PEF =[40.69 (g/m 2 /sec)/(kg/m> )] x

=1.88x108 m3/kg

CANCER RISK:

_ (270 mg/kg) x (50 mg/day)x (250 day/yr)x (25 yrs)
(10% mg/kg) x (70 kg) x (25,550 days)x NC

ELCR

= NC
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Table 5-5. Risk and Hazard Equations with Sample Calculations for Potential Current Worker
Exposure to Soil, Encycle/Texas, inc., Corpus Christi, Texas.

_ (270 mg/kg) x (2,500 cm? )% (0.2 mgjcmz/day) x(0.001) x (250 days/yr) x (25 yrs)
(10% mg/kg) x (70 kg) x (25,550 days) x NC

ELCR d

=NC

_ (270 mg/kg) x (1/1.88 108 m>/kg) x (250 day/yr) x (25 yrs)
(25,550 days) x (0.001/ 0.0018)

ELCR ;

= 63107 ©

ELCR = (NC) + (NC) +(6.3x10) = 6x10°¢

NON-CANCER RISK:

HQ - (270 mg/kg) x (50 mg/day) x (250 days/yr)x (25 yrs)

(o]

(10% mg/kg)x (70 kg) x (9125 days)x (0.001)

=13x10" !

_ (270 mg/kg)x (2,500 cm? ) x (0.2 mg/cm? /day) x (0.001) x (250 days/yr)x (25 yrs)

HQ
d (10% mg/kg)x (70 kg) x (9125 days)x (0.000025)
=5.3x107
HO., = 270 meke) x (1/1.88x 108 m3/kg) x (250 days/yr) x (25 yrs)
i (9125 days) x (0.0002)
=49x1073

HI=(13x10"1)+(5.3x10?)+(4.9x10"3)=1x10"!
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Table 5-6. Risk and Hazard Equations with Sample Calculations for Future Hypothetical Age-
Averaged Future Child/ Adult Resident Exposure to Soil, Encycle/Texas, Inc., Corpus

Christi, Texas.

ROUTE-SPECIFIC RISKS:

Oral:

_ EPC, x IFox EF
UC, x (AP, ) x[(1/CSE,)]

ELCR,

HQ, = EPCg x IR x EF x EP
° UC,xBWx AP, x[RiD,]

Dermal:

EPC x ABSx IFd x EF
UC, x (AP, x[(1/CSF,)]

ELCR, =

_ EPC; xSSA xSAR x ABS x EF x EP
UC, xBWx AP, x[RfD, ]

HQ,

Inhalation:

EPC x (1/PEF) x EF x EP
(AP, )x[(UC,/UR.)]

ELCR i<

EPC g x (I/PEF) x EF x EP
AP x[RfC]

HQ ;
where:

3,600 sec/hr

PEF = Q/Cx
RPFx (1- G) x (Um/Ut)> xF_

Cancer Risk:

ELCR =ELCR, +ELCR, +ELCR,

Non-Cancer Risk:

HI=HQ0+HQd+HQi

where:

ABS  Dermal absorption efficiency (Table 4-2).
APc  Averaging period for cancer effects (days) (Table 5-2).
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Table 5-6. Risk and Hazard Equations with Sample Calculations for Future Hypothetical Age-
Averaged Future Child/ Adult Resident Exposure to Soil, Encycle/Texas, Inc., Corpus

Christi, Texas.

APnc  Averaging period for non-cancer effects (days); (EP x 365 days/year)(Table 5-2).

BW  Body weight (kg) (Table 5-2).

CSF  Cancer slope factor for oral (CSF,) or dermal (adjusted to an absorbed dose, CSF,)
exposure (kg-day/mg; inverse of mg/kg/day) (Table 4-3).

EF Exposure frequency (days/year) (Table 5-2).

ELCR Excess lifetime cancer risk for oral (ELCR,), dermal (ELCRy), inhalation (ELCR;) or total
(ELCR) exposure (unitless).

EPCs Exposure point concentration (mg/kg) (Table 3-4).

EP Exposure period (years) (Table 5-2).

F, Function of Ut/Um (0.41) (unitless); F, = 0.18 x [8x + 12x] x exp[-(x’)], where x =
0.886 x (Ut/Um).

G Fraction of vegetative cover (unitless) (0.5) (default).

HI Hazard index (unitless); sum of the HQs.

HQ  Hazard quotient for oral (HQ,), dermal (HQ,), or inhalation (HQ,) (unitless).

IFd Age-adjusted intake factor for dermal exposure[(mg-yr)/(kg-day)].

IFo Age adjusted intake factor for oral exposure [(mg-yr)/(kg-day)].

IR, Ingestion rate of soil (mg/day) (default) (Table 5-2).

NC Non-carcinogenic.

PEF  Particulate emission factor (m*/kg) (calculated).

Q/C  Emission flux per unit concentration (40.69 g/m’/sec)/(kg/m’)(default for 30 acre site).

RfC  Reference concentration for inhalation exposure (mg/m’) (Table 4-1).

RfD  Reference dose for oral (RfD,) or dermal (adjusted to an absorbed dose, RfD,) intake
(mg/kg/day) (Table 4-3).

RPF  Respirable particle fraction (0.036 g/m’/hr) (default).

SAR  Soil adherence rate (mg/cm*/day) (Table 5-2).

SSA  Exposed skin surface area (2,500 cm®) (Table 5-2).

UC,  Unit conversion #1 (10° mg/kg).

UC,  Unit conversion #2 (0.001 mg/ng).

Um  Wind speed (5.4 m/sec) (site specific, Corpus Christi, Texas; www.ncdc.noaa.gov).

Ur; Unit cancer risk for inhalation exposure (m*/ug) (Table 4-5).

Ut Equivalent threshold value of windspeed at 7 meters (11.32 m/sec) (default).

SAMPLE CALCULATION: Nickel — Child/Adult Resident

x =0.886 x [(11.32 m/sec)/(5.4 m/sec)]=1.87

F, = 0.18x[(8x1.87°)+ (12x1.87]x exp[(1.87%)] = 0.4076

(3,600 sec/hr)
(0.036 g/m2/11r) x(1-0.5)x[(5.4m/sec)/(11.32 m/sec)]3 x (0.4076)

PEF =[40.69 (g/m2 /sec)/(kg/m> )] x

=1.88x108 m3/kg
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Table 5-6. Risk and Hazard Equations with Sample Calculations for Future Hypothetical Age-
Averaged Future Child/ Adult Resident Exposure to Soil, Encycle/Texas, Inc., Corpus
Christi, Texas.

CANCER RISK:

_ (170 mg/kg) x (114(mg - yr)/(kg - day)) x (350 day/yr)
(10 mg/kg) x (25,550 days) x NC

ELCR
o

= NC

_ (170 mg/kg) x(0.001) x (300(mg — yr)/(kg — day)) x (350 days/yr)
ELCR d= 3
(10" mg/kg) x (25,550 days) x NC

=NC

ELCR . - (170 me/ke) x (1/1.88 x 108 m3/&kg) x (350 day/yr) x (6 yrs)
i (25,550 days) x (0.001/ 0.00048)

- 3.6x10" 8

ELCR = (NC) +(NC)+(3.6x10%)=3.6x10"*

NON-CANCER RISK:

_ (170 mg/kg) x (200 mg/day) x (350 days/yr)x (6 yrs)
(10® mg/kg) x (15kg) x (2190 days)x (0.02)
1

HQ

0

=1.1x10"

_ (170 mg/kg) % (2,200 cm? )% (0.2 mg/cmz/day) % (0.01) x (350 days/yr)x (6 yrs)
(106 mg/kg) x (15 kg) x (2190 days) x (0.0008)

HQd
=6.0x107

_ (170 mg/kg) x (1/1.88 x 108 m3/kg) x (350 days/yr) x (6 yrs)
i (2190 days) x (0.0002)

HQ

=43x107°3
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Table 5-6. Risk and Hazard Equations with Sample Calculations for Future Hypothetical Age-
Averaged Future Child/ Adult Resident Exposure to Soil, Encycle/Texas, Inc., Corpus
Christi, Texas.

HI=(1.1x10"1)+(6.0x10?) + (4.3x10"3)=1.7x10"1
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Table 5-7. Risk and Hazard Equations with Sample Calculations for Potential Current Adult
Exposure to Surface Water by Fish Ingestion, Encycle/Texas, Inc., Corpus Christi, Texas.

CANCER RISK:

EPC,, x BCFx IR, x EFx EPx CSF,
BW x AP,

ELCR =

NON-CANCER HAZARD:

_EPC_ xBCFxIRg, x EFxEP
BWx AP, xRID_]

HQ

where:

APc  Averaging period for cancer effects (days) (Table 5-2).

APyc Averaging period for non-cancer effects days; (EP x 365 days/year) (Table 5-2).
BW  Body weight (kg) (Table 5-2).

CSF  Cancer slope factor for oral (CSF,) exposure (kg-day/mg; inverse of mg/kg/day) (Table 4-3).
BCF  Fish bioconcentration factor (L/kg) (Table 5-1)

EF Exposure frequency (days/year) (Table 5-2).

ELCR Excess lifetime cancer risk exposure (unitless).

EPC;, Exposure point concentration in surface water (mg/L) (Table 3-7).

EP Exposure period (years) (Table 5-2).

HQ  Hazard quotient (unitless).

IRsn,  Ingestion rate of fish (kg/day) (Table 5-2).

NC Non-carcinogenic.

RfD  Reference dose for oral (RfD,) intake (mg/kg/day) (Table 4-3).

SAMPLE CALCULATION: Copper

CANCER RISK.:

ELCR = (0.04 mg/L)x (710 L/kg) x (0.015 kg/day) x (350 days) x (33 yrs)x NC
(70 kg) x (25,550 days)

= NC

NON-CANCER HAZARD:

_ (0.04 mg/L)x (710 L/kg) x (0.015 kg/day) x (350 days/yr)x (33 yrs)
(70 kg) x (12045 days) x (0.04 mg/kg/day)

HQ

~1.5x10" !

G:\ENV\Encycle\Reports\BLRA\Tab5-7fish ingest.doc Page 1 of |



m _ Q<U m< 1Jog o8e Jd $IIB-SY - M OS[X'SI[ED ™ ASTY FPASUT\ VY TE\SHOAMIOAOUNANT:D

“(SQH a1 Jo wns) xopuf piezey H
“ua8ouroIBd € SB PajenieAd JoN ON “18)eMpunold U1 uonenussuos jurod ainsodxg Yot
‘a[qeorjdde joN d¥YN "SI 190UBD QUMY SSIOXT Riegict
-1931] Jad swesSyA /3w -a]qeoridde JoN —
Jusponb prezey OH symuny K10jendal s]qeideooe spasdxas TH PAE[NOE) o

[ %001 | 2 xx IH €101 | [ %0 [ dvN ADTA [EIOL ]
%001 00+39°1 - 10-9¢'1 00+4S°1 - ON - ON ON LL asaueduely
§3raesiouy

H 10H POH °OH AOTH NOTd PdOTE LR E
IH piezeq uonerequ] [eULSg 1810 p:lgc sty uoneyeyu] Jeuia(g 1810 (1/3w) JuaMISUO]
@01, pale[nare) SYsTY oyroadg-a1n0y [l paje[noje) SYspY og10adg-anoy a8Dda

lasg | MIYZYH YHONVO-NON ] weorg | S AHONYO |

'sexa] ‘13slayd sndio) “iu) ‘sexa1/s)340u3 ‘UoIIBWIO JUOWNESg '131EMPUNOLS 0} 8insodx3 JUapisay 3 NPY aJning [B2118Y10dAH Joj suolle|nd|e) pJezeH pue ysiy  'L-9 d|qe}



m _ a<ux< 13o o8e d $310-533 A D\S|X'SO[)) ASTY 2]0A0uF\ VY 1G\SHOda Y\R[OAOUNANTO

"(SOH 2 Jo wins) Xapuy pIezer] H
‘Ta80uIdIed B SB PI)BN[BA JON JON “JoyeMpunoId Ul uonenuaouod yutod ansodxy a3D43a
*ajqeordde JoN JVYN “}SLI I00UED SUINIJI] SSSOXT Nege!
3031 Jod sweIB1IIA /8w -a]qeordde JoN —
‘Juanonb prezey OH ‘s Ksoye[ndal ajqeldaooe spasdxa [H pare[nofe) o

| %001 | £ »+ IH 8101 , | | %0 | dvN 4014 180l |
%001 00+39C — 10-36'¢ 00+3¢'C - ON - ON ON L asaueSue
§o[uesiou]

H I0H POH OOH RRBE! NOTH PYOTH MO T
IH piezey uonereyuy [ewiag 1810 ¥O19 sty uone[eyu] UL 18I0 (1/8w) jusmysua)
[e10L pate[nofe) SYSTY oIoadg-aInoy oL paremO[ED) SysTY onpoadg-a1noy m3Dda

wossed | @IVZVH YHONVO-NON | weonag | NS YHONVO ]

'sexa] ‘1Isuyd sndio) “ou) ‘sexa/a]£ou3 ‘uojlewlO4 JuOWNEAg ‘191BMPUNOID 0} 3UNsodx3 1UIPISAY P|iyD a4ning |ed11aylodA 1oy suopend[R) piezey pue ysiy  "Z-9 3|qel



m _ Q<U~_< 130 | e8egq MS-DSS-I0S\SIX'SI[BD ST ARASUT\ VA TS HOR YW IOAUNANT-D
"(SDH o1 JO wns) Xapur prezey] H
‘u330UI0IEd B S PIJENBAS JION ON "a0BJINS PUnoIs Mo[aq 1994 s3qy
"a[qe[IeAs JON VN 110s U uonenuaduos jutod ammsodxyg sDda
‘werdoqry 1od surerSyigN S8 “{SLI 190TeD SWITIOJI] SS9OXFT Regil
Jusnonb prezey OH -a1qeorjdde JoN -
‘3%/8wr w1 pajuasaid 218 SUORRNUIIUO))
[ %001 | I IH 1810] | [ %oo0r | Lo-d6 DA [e)0L |
%€ 20-36'¢ VN 20-4¢'l 20-99'C - ON ON ON ON 00091 duz
%1 €0-4L'8 £0-3S°1 £0-dL'S £0-9§°1 - ON ON ON ON 1T wnipeueA
%Z 20-98°'C $0-9S°1 £0-4S°C T0-9s°T - ON ON ON ON I'v wiey L
%1 0-9L1 €0-3L'8 £0-46'S €0-9¢°T - ON ON ON ON- 144 1AL
%0 £0-49°¢ $0-4E'S $0-48'C €0-48°T - ON ON ON ON 6¢ Wnmuseg
%¢E 70-98°¢ €0-H4L9 20-9¢€'T €0-d1°6 %L L0-FET L0-9€'T ON ON 0LE [S0IN
%< 20-d1T $0-49'9 °0-4¢°1 £0-48'8 - ON ON ON ON 149 Amazepy
%Pl 10-98°1 10-39°1 20-4¢'! €0-dL'L - ON ON ON ON 002z asoueSuey
%b zo-g8y 70-90'1 £0-at'¢ 0-av'e - ON ON ON ON 008°C 33ddop
%S 20-91'9 20-98'¢ $0-39'T £0-99'C - ON ON ON ON 0zt HEqeD
%S1 10-96'1 €036y 0-de’s 10-°¢°1 %EL LO~FE9 L0-9¢9 ON ON 0Lt wnupe)
%] £0-95°'8 €0-99'C £0-46°¢ €0-9v'T - ON ON ON ON 0s¢ wnieg
%y 10-95°S VN 10-9€°1 10-9Ty - ON ON ON ON 092 SruIsIyY
%S T0-aLS $0-30°C 20-9¢'T 20-9p'e - ON ON ON ON 8T Auowruy
$SuEsIou]
TH 10H POH oOH o014 ite pC1 PIOTd 030714

IH prezep uonerequy [euS (T ) 40714 RS uoneeyu] e 810 (34/3w) JUSMRPSUODH

[0l  pajenored SYSTY dh102dG-In0y @0l palemoed s3sTy ogroadg-ainoy sOdd

1soreg | QIVZVH YFONYO-NON | jusoseg | MSRI YHONVD |

'sexa) ‘1s1y) sndiod oy ‘sexa /3)2Adu3 (sBq 1 7 03 0) |10S 03 3INSOAXT JINJOA B}S JUILIND [BIIUILOG JOJ SUOIIR|NDIED PieZeH puR Jsiy

‘€-9 3|qel



M_D<Um< 1301 98eg #0-DSSTIOS\SX SABY ST SPANUT\Y Y TENSHOdNY\IPAOUPANTD
'(sDH a1 J0 Wns) Xapul prezey H
‘uaSouroIes v se pojeneAs 10N ON *90BJINS PUNOIZ M0J3q 199 sfqy
"3]qe[iRAE JON VN [10S UT UOERUSOU0D jutod aInsodxg sDda
weidory Jod surerSiA 38w “)SU I90UBO SWINaJI] $Sa0Xg ADTE
Jusnonb prezey OH *s1qeoijdde JoN -
“8yy/8wt ur payuasald are STORRIUIIUOY)
[ %001 | I IH [®0L | [%wo001 T “60-d1 WO [#I0L
%t 20-96'¢ VN €0-96°1 20-9L¢ - ON ON ON ON 006°6 sz
%0 £0-99°'S $0-90'¥ €0-9S°1 €0-9L'¢ - ON ON ON ON X4 wnIpeue A
%y 20-40°§ so-dal'e y0-4d1'S 096’y - ON ON ON ON St wnyreqy
%0 €0-46°S €0-9p'1 v0-d¥'6 €0-99°¢ - ON ON IN ON 91 ToALIS
%0 £0-490'9 PO-91°1 $0-d1°9 £0-36°S - ON ON ON ON 97 wnia[ag
%l <0-48°1 €0-430°1 €0-95°¢ 20-9y°'1 %bT or-dee o1-de'e ON ON (0} 24 [9¥OIN
% 20-9L°T S0-38'1 £0-95°¢ 20-3¥'T - ON ON ON ON €9 Amota]y
%y 20-9¢'y 20-98'C €0-97'C 20-d¢'l - ON ON ON ON 009°1 asoueBuey
%y T0-40'S £0-346°1 $0-40°¢ 048y - ON ON ON ON 00L°1 1addop
%l <0-de’l £0-47°6 SO-dI'v £0-46'¢ - ON ON ON ON (1244 1eqoD
%61 10-3¥'C $0-9L'8 £0-3¥'6 10-9¢'C %9L 60-30'1 60~30'1 ON ON 002 Wnnupes
%! £0-46'9 $0-46'S v0-d1°8 £0-45°S - ON ON IN ON (0143 wnireg
%bS 10-49°9 VN 20-90'C 10-9%'9 - ON ON ON ON 0Ll Swiesiy
%P 0-41's $0-30°¢ €0-9€°¢ 0-98'y - ON ON ON ON Ll Auowmuy
STEsTou]
H 1OH POH OOH RRPE NOTH PYOTH Y014

IH piezeH uonesyup [euLg 810 q013 ySTY uoysBYUl reuaq [eIO (8x/8u) JUINNSUC)

1e10], pajenore) SYSTY oYroadg-anoy @0l pajenore) sYSTY oy109dg-91noy sDda

wedlad | MIVZVH JIONVI-NON | wedreg [T ST YHONVD ]

"sexa] Nsiyd sndiod “ouj ‘sexar/epAdug ‘(s6q 3 § 01 0) 105 03 24NSOAXF JINIOAA UOIIRARIXT JUBIIND [BIJUSIOJ JO) SUOIIRINI(ED) pJeZel pue dsiy  'v-9 3|qel



SIaVvOouv

130 1 38eg

SOIAB-DSS-108\SIX'SI[ED ISR S1OAUT Y TASHOdNRIPASTIANTD

"U2Z0UIOIRD € S8 PIJBNIBAS JON DN *20BJINS Punoid mo[aq 1954 s3qy
"3[qR[IBAR JON VN *(83/3w) 108 wr uoyenUadU0d Jutod sinsodxyg sDdd
‘wrexoqy 1ad suwrISijIN By/Bw “JSU 100WRD SUINDJI] SS30XY MOTR
‘Juanjonb prezey OH -s1qeorjdde JoN -
‘(SOH o1 Jo wins) xaput prezey H “syuy] Axojein8al ojqeidaoce spesoxa [H PAIe[no[E) -~
[ %001 [ o1 »+ IH I8)0L | woor [ Lo-d1 AOTH 18I0 {
T 10-9¥'C VN 20-9¥'C 10-92°C - ON ON ON ON 001°S ourz
%1 0-dL'8 £0~39°7 20-d6'¢ 20-99°'v - ON ON ON ON 4 Wnipsue A
%S 10-9¢°S $0-99°1 0401 10-9g1°¢ - ON ON ON ON [43 wnirey L
%1 0-ay's £0-41'9 0-dL1 70-g1't - ON ON ON ON 4! RANS
%0 0-aLy $0-99'¥ £0-90°1 20-99't - ON ON ON -ON 81 wniusfag
%t 10-8L1 £0-de'v 20-90°'9 10-91°1 %bl 80-39'¢ 80-39°¢ ON ON 0L1 PAOIN
%€ 10-99°C S0-98°L 70-92'9 10-90°C - ON ON ON ON oY Aoty
%¢e 10-36'C 10-9¢'1 20°3v'y 10°97'1 - ON ON ON ON 00€°1 asaueduey
%t 10-50'% £0-91°9 €0-dp'8 10-38°¢ - ON ON ON ON 00Z°1 Jaddop
%1 °0-gre 70-48'¢ $0-90°L 70-497'¢ - ON ON ON ON 0s1 Neqod
%81 00+38°'1 £0-99°¢ 20-d6'C 00+38°1 Y%9L LO-FT1 L0-31'1 ON ON oyl wuniuper)
%l 70-90'3 £0-dee 70-498'1 20-38's - ON ON ON ON 143 wnueg
%SS 00+4S°S VYN [0-3v'e 00+41°S - ON ON ON ON 0zl1 JluLsly
%P 10-3L°¢ $0-30°1 (A4 10-97°¢ - ON ON ON ON 01 Avouryuy
$HIUEEIoU]
IH I0H POH oOH ¥OTd DT P¥OTd 04014

IH preze uonereyu] JeuLg 1810 40714 Asry uone[eyu] [euuaq 1810 (8%4/8ur) uamnsuo)

el pasenore) SySTY o1y102dg-ainoy [el0], pajenore) SYSTY oly10edg-oInoy sOdd

wedrd | QIVZVH J9ONVI-NON ] woiag | ST JHONVYO |

'sexal ‘isiyd sndiod "duj ‘sexa 1/aPpAdug (s6q 14 g1 03 0) 110§ 03 3insodx3 IUBPISAY INPY/PIIYD Bining jeopsyiodAH pabeisay-aby Joj suone|ndjen piezeH pue dsiy  '§-9 djqel



siavoyvy 130 1 98eg SaIB-YSLd- NS\STX SO[E) ST 2[OAOUT\Y Y TENSHOMMIIASUMANK:D

‘weiSory 1od s1931] 31
*9SOP J0UAIJAI [BIO oard Jusnonb prezey OH
‘uaBouroIes v s8 pajenjeAs JON ON (sOH 23 JO wms) Xopul prezey H
-91qeordde 10N dVN (L~€ 91qB1L) ‘1018 20BJINS UI UOLRRULOUOI Juled ainsodxy msHdd
“Jay1 Jad sweaSiIA /S "YSLI J90UBD JUISJI] SS9OXT qo1d
‘Kep 1od weiSorny 1od sweiBiA Kep/3y/8w *J0J0€] UOTIBIUIIUG01q YSif d04d

[ %o0r | I IH el | [ %0 | d¥N WOTF[B0), |
% £0-95°6 10-40°¢ - ON ON 9Tl o oz
%01 0-39° 70-90'T - ON ON 8L L0'0 [939IN
%1 €0-36'S 10-9v°'1 - ON ON 001 y0'0 asouedue
%97 10-9S°'T 20-90'y - ON ON 01L 00 1addo)
%T9 10-gs'¢ ¥0-40'Y - ON ON ov L10°0 Auowmuy
sopuesaouj

IH JoT1d
IH piezey (Aep/3xy/3ur) ¥OT1d Asry {Kep/B>/Bw) @¥D (1/3w) Juamnsu0D
[ei0l Paje[nofe’) oard [e10L pajenofesn) 048D 40d msDAE

waoidd | SIOHAAT YAONVO-NON | weorag [ S10d449 YAONYD |

'sexa) ‘1suyd sndiod auj ‘sexa/a13/ug ‘uolsabul anssi) Ysid BIA 191eAN 3DLLINS 01 3UNsodXT YNPY IULIND |RIIUSI0J S04 SUOIIRINDRD PieZRH PUR JSIY  '9-9 3jqel



SIAVOHY 13Jo 1 e8eg S[X's0[eD YSTY S[AOUENY Y TENS OIS PAURMANED

Jusrjonb pivzey jedre] OHL juanionb prezey OH
YSLI 100uBd 308181, 4oL "YSU 130U8D SIAJI] SSPOXH DT
'syeod uonmwipewas Areunmriarg odd ‘(z-¢ 2198.L) (1/8u) 15j8MPUNOIS Ul UOHBRUIOUOD JUSNIHSUOD) odd
"ua3ourored B 8 PAJBNIBAS JON ON (1 = DHL) X0¥d oy pue (0T = YDL) DYJ 2ys Jo wamrurm sy g (]
‘1a)] Tad swreIBnIA /8w O J WU 34} SPaadxs DJdd *
*  00+HL'Y 00+dL'¥ T 00+d¢ ON 90-d1 ON UL asousgusy
SHuE3Iou]
(1/8m) (1/3u)
(/3w) SU5Ad OHL CH CISRE 931 Riegict (1/8w) JUSTYSUOD
(] 044 odd
L SIS WADNYO-NON o ST HIONVO |

'sexa] ‘135D sndiod "ouf ‘sexa]/a|dAdug ‘uoijewiod JUOWNEeag ‘J31EMPUNOID O} 3JNsodX3 JUBPISaY INPY 3ining [ed13ayiodAH 10} suolie|nd[ed DYd  "L-9 8|qel



SIAvONVY 13071 288g S[X'S9TR) ST S[OASUY I TANSHOd N [IASUMANE D

quarjonb piezey 19318, OHlL

jusnjonb prezsy OH
YSU To0uBo Jo8I8], MOL "YSUI I80UBO SUIAJT SS9OXH OTH
's{rod uoymipawral A1surutjarg oNd (Z-¢ 21q81) (1/8u1) 1918MPUNOIT Ul UOLIRHUIOUOD JUINIYSUOD od"
"u330uro180 B S8 PAJEN[BA3 JON ON {1 = DHL) *oud oy pue (.07 =JOL) DY Y3 Jo wnwiurus iy, [e]
“1091] Jad sweiBIIA /3w DY d WNWIU 913 Spaddxa DJH *
« 00+d6C 00+H6'T 1 00+3¢ DN 90-d1 ON L'L assuBSuBy
SHuesIou]
(/3w) (y/3uwr)
(y3w) u5Ed OHL TH e TOL L (1/3w) 1uatyysuoy
(el ©34a odd
[ SIS WADNVYO-NON 1 ST JAONVO |

'sexal ‘1sy) sndioy "ouj ‘sexa/a124oul ‘Uoljewliod JUowneag ‘ialeMpUNCIS 01 ainsodx3 JUBPIsIY PiIYd 3inind [BdaYlodAY Joj suolleindied DYd  "g-9 8|del



m ] Q<U behvd 1Jo 7 ed8g DYISTINY-110S\SIX $9T2) HSR S[IAUTNY I TANSHOAS TR 2AURANHD

59BJIns punoId mojaq 1934 s3qy
“YSII JOOUBO STLNSJI] SSOXH MO
(9-¢ s1qB1) '(8/3wr) [10S Ul UOBIJUSIUOS JUSTYHSUOY o4d
"otuafouroIs) o)

‘Jwayondb prezey 1a818], OHL (8661 ‘171 Ioquiadag uo SBjIBg J3of WOl

JSUI Jo0UBo 39818 d01 LSBTV [8LUSNPU] /[BI0I3UII0)) J0F SpIepus)s dnusa[)) [10S OTUSIY,

's[803 uonmIpatal Areurmrjald onld POIHIUL WRPUBIOWISA] 201J3013UT) 1010311J 2aun0axg OFDL 9y £q
*aruagournIso-uoN ON PaYsIIqe]sa S[2a9] dnUBA[D 3 UO paseq ST OTuasIe 103 DSIA PUI-TVS YL [a]
we13opy Iad sweIIA 33w (T = OHL) *"od 2 pue (.07 = ¥OL) DYJ 2Y Jo WUy oy, (e]
Jusnonb prezey OH "0 WNWIUIW Y3 $pasdxa DJg *
y0+d1°C YO+H1'T 1 10-97 ON 90-91 ON 001°S owz
70+d6'C °0+d6°T 1 T0-d6 ON 90-d1 ON ST WipeuB A
00+d1'9 00+HT'9 1 10-H¢§ ON 90-d1 ON A3 wnireyL,
TO+ETT To+dT'T T 20-d¢ ON 90-d1 ON 4! laans
T0+d8'¢E TO+ES8'E 1 20-HS$ ON 90-d1 ON 81 wnus[ag
To+H8'6 T0+H8'6 1 1097 £0+38'Y 90-d1 80-gv oLt I9OIN
10+d8°T T0+H8'T T 10-3¢ ON 90-d1 ON N4 AmoaN
eo+day'y £0+dpy'y T 10-9¢ ON 90-41 ON 00€T asauB3UBN
€0+H0'E €0+80°€ I T0-ay ON 90-91 ON 00Z°7 Taddop
£0+H1'T e0+d1'T 1 20-dL ON 90-d1 ON 0T N8qodD
* 10+8L°L T0+EL°L 1 00+47 £0+H¢E'T 90-d1 L0-91 orl wnimpe)
t0+HO'Y £0+d0'Y 1 20-d8 ON 90-d1 ON 0z¢ sy
« [a]10+H0T 10+82°C 1 00+85 ON 90-HI ON 0z1 JMuIsIV
10+9L'T 10+HL'T 1 10-3y DN 90-d1 ON 01 Avowyuy
SSIEITOUT

/) @yam)
(8y/3ur) SuHEd OHI OH BIONE DL LH (3/8w) usmnsuo)
[e] O34 0dd
| SISTY YHONVO-NON | ISR HHONVD |

'sexay 1Sy sndio) “ouj ‘sexs/3)2Aou3 ‘(s6q 33 §1-0) |10S 01 ainsodx3 uaplsay HNPY/PIIYD 34nind |e313eyjodAH pabelaay-aby 104 SUOIIEINDIED DYd  6-9 3|qeL



Table 8-1

ENDANGERED, THREATENED, AND SPECIES OF CONCERN

POTENTIALLY OCCURRING IN THE PROJECT AREA,
NUECES AND SAN PATRICIO COUNTIES, TEXAS'

Common Name® Scientific Name FWS TPWD
AMPHIBIANS
Sheep frog Hypopachus variolosus T
Black-spotted newt Notophthalmus meridionalis T
South Texas siren Siren sp. ! * T
Rio Grande lesser siren Siren intermedia texana SOC *
BIRDS
Brown pelican Pelcanus occidentalis E E
Reddish egret Egretta rufescens * T
White-faced ibis Plegadis chihi * T
Bald eagle Haliaeetus leucocephalus T/PDL T
Northern gray hawk Buteo mitidus maximus SOC *
White-tailed hawk Buteo albicaudatus * T
Ferruginous hawk Buteo regalis SOC *
American peregrine hawk Falco peregrinus anatum * E
Artic peregrine falcon Falco peregrinus tundrius * T
Black rail Lateralus jamaicensis SOC *
Whooping crane Grus americana E E
Piping plover Charadrius melodus T T
Mountain plover Charadrius montanus PT *
Eskimo curlew Numenius borealis E E
Sooty tern Sterna fuscata SOC T
Black tern Chilidonias niger SOC *
Loggerhead shrike Lanis ludovicianus SOC *
Cerulean warbler Dendroica cerulea SOC *
Texas olive sparrow Arremonops rufivirgatus SOC *
Texas Botteri's sparrow Aimophila botteri texana SOC T
Sennett's hooded oriole Icterus cucullatus sennetti SOC *
Audubon's oriole Icterus graduacauda audubonii SOC *
Wood stork Mycteria americana * T
FISH :
Opossum pipefish Microphis brachyurus * T
MAMMALS
Southern yellow bat Lasiurus ega * T
Maritime pocket gopher Geomys personatus maritimus SOC *
Red wolf (extirpated) Canus rufus E E
Ocelot Leopardus pardalis E E
Jaguarundi Herpailurus yagouaroundi E E
West Indian manatee Trichechus manatus E E
REPTILES
Loggerhead sea turtle Caretta caretta T T
Green sea turtle Chelonia mydas T T
Leatherback sea turtle Dermochelys coriacea E E
Atlantic hawksbill sea turtle Eretmochelys imbricata E E
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Table 8-1

ENDANGERED, THREATENED, AND SPECIES OF CONCERN
POTENTIALLY OCCURRING IN THE PROJECT AREA,

NUECES AND SAN PATRICIO COUNTIES, TEXAS'

Status
Common Name’ Scientific Name’ FWS TPWD

Texas tortoise Gopherus berlandieri * T
Kemp's Ridley sea turtle Lepidochelys kempii E E
Texas diamondback terrapin Malaclemys terrapin littoralis SOC *
American alligator Alligator mississippiensis T/SA *
Texas homned lizard Phrynosoma cornutum * T
Scarlet Snake Cemophora coccinea * *
Timber/ canebrake rattlesnake Crotalys horridus * T
Indigo snake Drymarchon corais * T
Northemn cat-eyed snake Leptodeira septentrionalis * T
Gulf saltmarsh snake Nerodia clarkii SoC *
PLANTS

Black-laced cactus Echinocereus reichenbachii var, E E
South texas ambrosia Ambrosia cheiranthifolia E E
Slender rush-pea Hoffmanseggia tenella E E
Lila de los llanos Echeandia chandleri SOC *
Texas windmill grass Chloris texana SoC *
Theiret's skullcap Scutellaria thieretii SOC *
Roughseed sea-purslane Sesuvium trianthemoides SOC *
Welder machaeranthera Psilactis heterocarpa SoC *
Mathis spiderling Boerhavia mathisiana SOC *
INSECTS

Maculated manfreda skipper Stallingsia maculosus SOC *

(Note: Table is a reproduction of Table 3-6.1 in the Final Environmental Impact Assessment for the Corpus

Christi Ship Channel Improvements Project produced by the U.S. Corps of Engineers in April 2003.)

! According to FWS (1995), TPWD (1997) and TXBCD (1999).

2 Nomenclature follows AOU (1998), Collins (1990), Hatch et al. (1990), and

Jones et al. (1997)

: FWS - U.S. Fish and Wildlife Service; TPWD - Texas Parks and Wildlife Department

E Endangered; in danger of extinction E/SA, T/SA - No longer biologically threatened or
endangered but because of the similarity of appearance to other protected species, it is
necessary to restrict commercialactivities of specimens taken in the USA to ensure the
conservation of similar species that are biologically threatened or endangered.

T Threatened; severly depleted or impacted by man.

* Not listed.
PDL  Proposed delisting.

PT Federally proposed threatened.

SOC Species of concern - species for which there is some information showing
evidence of vulnerability but not enough data to support listing at this time.

References:

American Omithologist’s Union (AOU). 1998. Check-list of North American birds. 7th edition. Allen Press, Lawrence,

Kansas. 829 pp.

Collins, J.T. 1990. Standard common and current scientific names for North American amphibians and reptiles. Third ed.
Society for the Study of Amphibians and Reptiles, miscellaneous publications,Herpetological Circular No. 19. 41 pp.
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Table 8-1

ENDANGERED, THREATENED, AND SPECIES OF CONCERN
POTENTIALLY OCCURRING IN THE PROJECT AREA,

NUECES AND SAN PATRICIO COUNTIES, TEXAS'

Status®

Common Name> Scientific Name® FWS TPWD

Hatch, S.L., K.N. Gandhi, and L.E. Brown. 1990. Checklist of the vascular plants of Texas. TAES, Texas A&M University.
College Station, Texas. 158 pp.

Jones, C., R.S. Hoffmann, D.W. Rice, M.D. Engstrom, R.D. Bradley, D.J. Schmidly, G.A. Jones, and R.J.Baker. 1997.
Revised checklist of North American mammals north of Mexico, 1997. Occ. Papers, Museum of Texas Tech University,
Number 173. 19 pp.
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Table 10-1
Occurrence of Surface Water Constituents
Encycle/Texas, Inc.
Corpus Christi, Texas

Frequency Percent Range of SQLs Range of Detects
Detects / Total Detection Min - Max Min - Max Arithmetic Mean
[Constituent Frequency (mg/l) (mg/l) (mg/)
|IDissolved Metals
Antimony 2/ 4 50% 0.003 - 0.003 0.012 - 0.055 0.018
Arsenic 0/4 0% 0.005 - 0.005 ND 0.005
Cadmium 1/4 25% 0.0025 - 0.0025 ND 0.0025
Cobalt 0/4 0% 0.005 - 0.005 ND 0.005
Copper 4/ 4 100% NA 0.01 - 0.02 0.015
Lead 0/4 0% 0.005 - 0.005 ND 0.005
Manganese 3/4 75% 0.005 - 0.005 0.01 - 0.03 0.014
Mercury 0/4 0% 0.001 - 0.001 ND 0.001
Nickel 0/4 0% 0.005 - 0.005 ND 0.005
Selenium 0/4 0% 0.005 - 0.005 ND 0.005
Silver 0/4 0% 0.0025 - 0.0025 ND 0.003
Thallium 0/4 0% 0.001 - 0.001 ND 0.001
Tin 0/ 4 0% 0.01 - 0.01 ND 0.01
Zinc 4/ 4 100% NA 0.06 - 0.09 0.078
[Total Metals
Antimony 1/4 25% 0.003 - 0.003 0.017 0.0065
Arsenic 0/4 0% 0.005 - 0.005 ND 0.005
Cadmium 0/4 0% 0.0025 - 0.0025 ND 0.0025
Cobalt 0/4 0% 0.005 - 0.005 ND 0.005
Copper 2/4 50% 0.005 - 0.005 0.02 - 0.04 0.018
Lead 0/4 0% 0.005 - 0.005 ND 0.005
Manganese 4/ 4 100% NA 0.02 - 0.04 0.025
Mercury 0/4 0% 0.001 - 0.001 ND 0.001
Nickel 2/4 50% 0.005 - 0.005 0.01 - 0.07 0.023
Selenium 0/4 0% 0.005 - 0.005 ND 0.005
Silver 0/4 0% 0.0025 - 0.0025 ND 0.003
Thallium 0/ 4 0% 0.001 - 0.001 ND 0.001
Tin 0/ 4 0% 0.01 - 0.1 ND 0.01
Zinc 4/ 4 100% NA 007 - 0.11 0.09

Notes:

mg/l  Milligrams per liters.

SQLs  Practical sample quantitation limits where the analyte was not detected.
Min  Minimum.

Max  Maximum.

NA SQL is not listed because all sample results exceed the SQL.

ND Not Detected.
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Table 10-2
Occurrence of Pore Water Constituents
Encycle/Texas, Inc.
Corpus Christi, Texas

Frequency Percent Range of SQLs Range of Detects
Detects / Total Detection Min - Max Min - Max Arithmetic Mean
onstituent Frequency (mag/) (mg/l) (mg/)
Antimony 4/ 4 100% NA 0.0026 - 0.356 0.11
Arsenic 4/ 4 100% NA 0.011 - 0.028 0.017
Cobalt 2/ 4 50% 0.003 0.008 - 0.021 0.0085
Mercury 4/ 4 100% NA 0.0013 - 0.016 0.008
Manganese 4/ 4 100% NA 0.154 - 31 84
Selenium 4/ 4 100% NA 0.0019 - 0.011 0.008
Thallium 4/ 4 100% NA 0.00003 - 0.0003 0.00012
Tin 0/ 4 0% 0.001 ND 0.0005

Notes:

mg/l  Milligrams per liter.

SQLs  Practical sample quantitation limits where the analyte was not detected.
Min  Minimum.

Max  Maximum.

NA SQL is not listed because all sample results exceed the SQL.

ND Not Detected.
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Table 10-3

Occurrence of Sediment Constituents
Encycle/Texas, Inc.
Corpus Christi, Texas

Frequency Percent Range of SQLs Range of Detects
Detects / Total Detection Min - Max Min - Max Arithmetic Mean
I(onstituent Frequency (mg/kg) (mg/kg) (mg/kg)
Metals
Antimony 1722 50% 04 - 04 04 -97 9.1
Arsenic 16/ 22 73% 25 -25 6.0 - 83 16
Cadmium 37/ 40 93% 05 -05 1.0 - 189 29
Cobalt 22/ 22 100% NA 6.4 - 211 62
Copper 40/ 40 100% NA 19.0 - 2,580 300
Lead 22/ 22 100% NA 9.0 - 3,530 360
Manganese 40/ 40 100% NA 76.0 - 14,900 1,700
Mercury 36/ 40 90% 0.025 - 0.025 0.1 - 195 0.76
Nickel 22/ 22 100% NA 7.0 - 162 27
Selenium 9/ 22 41% 04 - 0.6 1.2 - 100 1.8
Silver 117 22 50% 0.25 - 0.25 0.2 - 6.1 0.96
Thallium 8/ 22 36% 0.25 - 2.5 0.2 - 09 0.97
Tin 9/ 22 41% 25 - 265 5.0 - 619 54
Zinc 40 / 40 100% NA 66.0 - 36,400 4,100
Simultaneously Extracted Metals (SEM)
Cadmium 4/ 4 100% NA 55.6 - 374 190
Copper 3/4 75% 0.1 - 01 144 - 52 23
Lead 4/ 4 100% NA 303 - 119 75
Nickel 4/ 4 100% NA 32 -23 15
Silver 0/4 0% 0.1 - .15 ND 0.13
Zinc 4/ 4 100% NA 8,350 - 22,500 16,000
|Acid Volatile Sulfide (AVS) 47 4 100% NA 96 - 2,610 900

Notes:

mg/kg Milligrams per kilogram.

SQLs  Practical sample quantitation fimits where the analyte was not detected.
Min  Minimum.

Max  Maximum.

NA SQL is not listed because all sample results exceed the SQL.

ND Not Detected.
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Table 10-4
Occurrence of Surface Soil Constituents (a)
Encycle/Texas, Inc.
Corpus Christi, Texas

Frequency Percent Range of SQLs Range of Detects
Detects / Total Detection Min - Max Min - Max Arithmetic Mean
Constituent Frequency (mag/kg) (mg/kg) (mg/kg)
|Inorganics
Antimony 134/ 189 71% 04 -04 0.8 - 606 19
Arsenic 120/ 173 69% 25 -25 5.0 - 8,018 150
Barium 136/ 136 100% NA 56.0 - 1,665 310
Bismuth 36 / 150 24% 2 -5 4.0 - 142 8.1
Cadmium 191/ 207 92% 05 -1.25 1.0 - 3,911 220
Chromium 188 / 189 99% 25 -25 7.6 - 4,691 94
Cobalt 140 / 158 89% 25 -25 5.0 - 14,450 160
Copper 194 / 194 100% NA 5.0 - 104,400 1,500
Cyanide 48 / 141 34% 0.02 - 0.05 00 - 21 0.5
Lead 188 / 189 99% 25 -25 6.0 - 65,760 1,800
Manganese 204 / 204 100% NA 126.0 - 37,520 1,600
Mercury 129/ 184 70% 0.025 - 0.025 0.1 - 213 34
Nickel 159 / 161 99% 25 -25 5.2 - 18,280 200
Selenium 7317172 42% 04 -04 0.9 - 1,620 14
Silver 124/ 183 68% 0.25 - 0.25 0.5 - 352 18
Thallium 53/ 158 34% 05 -10 1.0 - 20 2.3
Tin 89/ 153 58% 25 -25 5.0 - 2,073 50
Vanadium 141/ 143 99% 25 -25 7.0 - 88 20
Zinc 190/ 190 100% NA 28.0 - 239,900 13,000
Notes:

mg/kg Milligrams per kilogram.

SQLs  Practical sample quantitation limits where the analyte was not detected.
Min  Minimum.

Max  Maximum.

NA SQL is not listed because all sample results exceed the SQL.

a. Surface soil is defined as 0 to 0.5 feet below ground surface.
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Table 10-5

Occurrence of Total Soil Constituents (a)
Encycle/Texas, Inc.
Corpus Christi, Texas

Frequency Percent Range of SQLs Range of Detects
Detects / Total Detection Min - Max Min - Max Arithmetic Mean
Constituent Frequency (mg/kq) (mg/kg) (mg/kqg)
llinorganics
Antimony 219/ 333 66% 04 - 0.75 0.8 - 606 12
Arsenic 194 / 290 67% 25 -25 5.0 - 8,018 110
Barium 190 / 190 100% NA 56.0 - 1,665 310
Bismuth 50/ 216 23% 2 -25 4.0 - 142 6.7
Cadmium 308 / 360 86% 05 - 1.25 1.0 - 3911 160
Chromium 325/ 327 99% 25 -25 7.0 - 4,691 62
Cobalt 216/ 248 87% 25 -25 5.0 - 14,450 110
Copper 339/ 341 99% 25 -25 5.0 - 104,400 1,100
Cyanide 557 195 28% 0.02 - 0.05 00 - 21 04
Lead 306/ 311 98% 25 -25 5.7 - 65,760 1,300
Manganese 363 / 363 100% NA 26.0 - 37,520 1,200
Mercury 178/ 293 61% 0.025 - 0.025 0.1 - 363 38
Nickel 260 / 267 97% 25 -25 5.1 - 18,280 120
Selenium 99 / 257 39% 04 -25 0.9 - 1,620 14
Silver 169 / 299 57% 0.25 - 0.25 0.5 - 352 12
Thallium 91/ 256 36% 05 - 10 1.0 - 20 2.1
Tin 120/ 237 51% 25 -25 5.0 - 2,073 38
Vanadium 192 / 195 98% 25 -25 7.0 - 88 22
Zinc 372/ 372 100% NA 14.0 - 239,900 7,900
Notes:

mg/kg Milligrams per kilogram.
SQls  Practical sample quantitation limits where the analyte was not detected.

Min  Minimum.
Max  Maximum.

NA  SQLis not listed because all sample results exceed the SQL.
a. Total soit is defined as O to 5 feet below ground surface.
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Table 11-1
Surface Water Risk Characterization and Identification of COPECs
Encycle/Texas, Inc.
Corpus Christi, Texas

Maximum Surface Water
Concentration in | Background 95% | Screening Value COPEC? (d)
[Constituent Surface Water UTL (a) Maximum HQ (¢) (yes/no) Rationale
(mg/L) (mg/L) (mg/L) (unitless)
IMetals
Antimony 0.017 0.09 0.5 e 0.03 no < Background; HQ £ 1
Arsenic 0.005 0.005 0.078 0.1 no < Background; HQ <1
Cadmium 0.0025 0.0025 0.01 0.3 no < Background; HQ < 1
Cobalt 0.005 0.005 1.5 b,e 0.003 no < Background; HQ < 1
Copper 0.02 0.047 0.0036 6 no < Background
Lead 0.005 0.005 0.0053 09 no < Background; HQ <1
Manganese 0.04 0.02 0.12 b,e 0.3 no HQ<1
* Mercury 0.001 0.001 0.0011 e 0.9 no < Background; HQ < 1
Nickel 0.005 0.005 0.0131 0.4 no < Background; HQ < 1
* Selenium 0.005 0.005 0.136 e 0.04 no < Background; HQ < 1
Silver 0.0025 0.0025 0.00011 20 no < Background
* Thallium 0.001 0.001 0.0213 e 0.1 no < Background; HQ £ 1
Tin 0.01 0.01 0.073 b,e 0.1 no < Background; HQ < 1
Zinc 0.09 0.097 0.0842 1 no < Background; HQ <1
Notes:

COPEC Constituent of Potential Ecological Concern.

HQ Hazard Quotient.

mg/L  Milligrams per liter.

NA Not available.

UTL Background Upper Tolerance Limit.

* Constituent is considered bioaccumulative by the TCEQ (TCEQ, 2001; Table 3.1).

Screening values are Marine Surface Water Ecological Benchmarks (TCEQ 2001) unless otherwise noted.

No marine benchmark is available; screening value that is presented is a freshwater benchmark (TCEQ 2001).

The maximum HQ is the ratio of the maximum constituent concentration to the water screening value. HQs are rounded to 1 significant digit.
Designated as a COPEC if the concentration for a non-bioaccumulative constituent is greater than background and either (1) the HQ is

greater than one or (2) the constituent lacks an ecotoxicity screening value, or if the concentration for a bioaccumulative constituent is greater than background.
e Values are for total metals; all others are for dissolved metals.

apow
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Table 11-2
Sediment Risk Characterization and Identification of COPECs
Encycle/Texas, inc.
Corpus Christi, Texas

Maximum Background 95% UTL|  sadiment
Concentration in | (north - south side of | sereening COPEC? (e)
Constituent Surface Sediment channel) Value (a) | Maximum HQ (d) (yes/no) Rationale
(mg/kg) (mg/kg) (mg/kg) (unitless)
North South
Metals
Antimony 97 04 - 04 2.0 f 50 YES HQ > 1
Arsenic 83 95 - 25 8.2 10 YES HQ > 1
* Cadmium 189 24 - 25 1.2 200 YES > Background; bioaccumulative
Cobalt 211 193 - 155 50 b 4 YES HQ > 1
* Copper 2580 233 - 284 34 80 YES > Background; bioaccumulative
Lead 3530 504 - 437 46.7 80 YES HQ > 1
Manganese 14900 249 - 115 460 f 30 YES HQ> 1
* Mercury 20 0.093 - 0.093 0.15 100 YES > Background; bicaccumulative
* Nickel 162 476 - 420 209 8 YES > Background; bioaccumulative
* Selenium 10 114 - 04 1.0 C 10 YES > Background; bioaccumulative
Silver 6 0.25 - 0.25 1.0 6 YES HQ > 1
Thallium 0.9 088 - 0.25 NA NA YES No Screening Value
Tin 619 25 - 25 3.4 C 200 YES HQ > 1
* Zinc 36400 165 - 165 150 200 YES > Background; bioaccumulative
Notes:

COPEC Constituent of Potential Ecological Concern.

HQ

mg/kg Milligrams per kilogram.

NA
uTL

*

panp oo

Hazard Quotient.

Not available.

Upper Tolerance Limit.
Constituent is considered bioaccumulative by the TCEQ (TCEQ, 2001; Table 3.1).

Marine benchmarks are from TCEQ (2001) unless otherwise noted.
No screening benchmark available in TCEQ guidance (2001). Value shown is the USEPA Region 5 Ecological Screening Level (August 2003).

No screening benchmark available in TCEQ guidance (2001). Value shown is the NOAA SQIRT Apparent Effects Threshold (AET) (NOAA, 1999).

The maximum HQ is the ratio of the maximum constituent concentration to the sediment screening value. HQs are rounded to 1 significant digit.

Designated as a COPEC if the concentration for a non-bioaccumulative constituent is greater than background and either (1) the HQ is

greater than one or (2) the constituent lacks an ecotoxicity screening value, or if the concentration for a bioaccumulative constituent is greater than background.
No marine benchmark is available; screening value that is presented is a freshwater benchmark (TCEQ 2001).
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Surface Soil Risk Characterization and Identification of COPECs (a)

Table 11-3

Encycle/Texas, Inc.
Corpus Christi, Texas

. Site Specific
Maximum Background . .
. Concentration in Concentrations (b) Soil Screening | Maximum HQ | COPC? (e)
[Constituent Surface Soil Value (¢} (d) (yes/no) Rationale
{mg/kg) (mg/kg) (mg/kg) (unitless)
inorganics
Antimony 606 0.77-0.8 5 100 YES HQ > 1
Arsenic 8,018 16.7 37 200 YES HQ>1
Barium 1,665 202-720 500 3 YES HQ > 1
Bismuth 142 49 NA NA YES No Screening Value
* Cadmium 3,911 1.7 29 100 YES > Background; Bioaccumulative
* Chromium 4,691 14.9-35.9 0.4 10000 YES > Background; Bioaccumulative
Cobalt 14,450 9.7 20 700 YES HQ > 1
* Copper 104,400 40.3 61 2000 YES > Background; Bioaccumulative
Cyanide 21 0.24 NA NA YES No Screening Value
* Lead 65,760 109 50 1000 YES > Background; Bioaccumulative
Manganese 37,520 334 500 80 YES HQ> 1
* Mercury 213 0.09 0.1 2000 YES > Background; Bioaccumulative
* Nickel 18,280 258 30 600 YES > Background; Bioaccumulative
* Selenium 1,620 0.89 1.0 2000 YES > Background; Bioaccumulative
Silver 352 0.5-0.54 2.0 200 YES HQ>1
Thallium 20 1.0-1.02 1.0 20 YES HQ > 1
Tin 2,073 7.65 50 40 YES HQ>1
Vanadium 88 15.7-35.6 2 40 YES HQ > 1
* Zinc 239,900 15.7-35.7 120 2000 YES > Background; Bioaccumulative
Notes:
COPEC Constituent of Potential Ecological Concern.
HQ Hazard Quotient.
mg/kg Milligrams per kilogram.
NA Not available.
* Constituent is considered bioaccumulative by the TCEQ (TCEQ, 2001; Table 3.1).
a. Surface soil is 0 to 0.5 feet below ground surface.
b. TCEQ approved concentrations from O to 0.5 feet and when not available, lithology specific concentration ranges for clay/silt strata (ARCADIS RFI 2002
RFI Report).

an

Screening values are taken from TCEQ 2001.
The maximum HQ is the ratio of the maximum constituent concentration to the soil screening value. HQs are rounded to 1 significant digit.

Designated as a COPEC if the concentration for a non-bioaccumulative constituent is greater than background and either (1) the HQ is
greater than one or (2) the constituent lacks an ecotoxicity screening value, or if the concentration for a bioaccumulative constituent is greater than

background.
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Total Soil Risk Characterization and Identification of COPECs (a)

Table 11-4

Encycle/Texas, Inc.
Corpus Christi, Texas

. Site Specific
Maximum Background
_ Concentration in Concentrations (b) Soil Screening | Maximum HQ | COPEC? (e)
Constituent Surface Soil Value (¢) (d) (yes/no) Rationale
(mg/kg) (mg/kg) (mg/kg) (unitless)
linorganics
Antimony 606 0.77-0.8 5 100 YES HQ >1
Arsenic 8,018 16.7 37 200 YES HQ > 1
Barium 1,665 202-720 500 3 YES HQ>1
Bismuth 142 49 NA NA YES No Screening Value
* Cadmium 3,911 11.7 29 100 YES >Background; Bioaccumulative
* Chromium 4,691 14.9-35.9 04 10000 YES >Background; Bicaccumulative
Cobalt 14,450 9.7 20 700 YES HQ>1
* Copper 104,400 40.3 61 2000 YES >Background; Bioaccumulative
Cyanide 21 0.24 NA NA YES No Screening Value
* Lead 65,760 109 50 1000 YES >Background; Bioaccumulative
Manganese 37,520 334 500 80 YES HQ > 1
* Mercury 363 0.09 0.1 4000 YES >Background; Bioaccumulative
* Nickel 18,280 25.8 30 600 YES >Background; Bioaccumulative
* Selenium 1,620 0.89 1.0 2000 YES >Background, Bioaccumuiative
Silver 352 0.5-0.54 2.0 200 YES HQ > 1
Thallium 20 1.0-1.02 1.0 20 YES HQ > 1
Tin 2,073 7.65 50 40 YES HQ>1
Vanadium 88 15.7-35.6 2 40 YES HQ > 1
* Zinc 239,900 NA 120 2000 YES >Background; Bioaccumulative
Notes:
COPEC Constituent of Potential Ecological Concern.
HQ Hazard Quotient.
mgkg  Milligrams per kilogram.
NA Not available.
* Constituent is considered biocaccumulative by the TCEQ (TCEQ, 2001; Table 3.1).
a. Total soil is 0 to 5 feet below ground surface.
b. TCEQ approved concentrations from 0 to 0.5 feet and when not available, lithology specific concentration ranges for clay/silt strata (ARCADIS RFI 2002
RFI Report).
C. Screening values are taken from TCEQ 2001.
d The maximum HQ is the ratio of the maximum constituent concentration to the soil screening value. HQs are rounded to 1 significant digit.

Designated as a COPEC if the concentration for a non-bioaccumulative constituent is greater than background and either (1) the HQ is greater
than one or (2) the constituent lacks an ecotoxicity screening value, or if the concentration for a bioaccumulative constituent is greater than background.
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Bioaccumulation Factors for Bioaccumulative COPECs in Surface Soil, Sediment, and Surface Water

Table 15-2

Encycle/Texas Inc., Corpus Christi, Texas

Constituent (a) Applicable BCFi (b) BCFv () BCFf (d) BAFm (e)
Media (invertebrate) (vegetation) (fish) {mammal)
Cadmium Sediment, Soil 9.6E-01 () 1.1E-01  (9) 907 (h) 2.8E-02 (i)
Copper Sediment, Soil 4.0E-02 () 8.0E-02 (g) 710 (h) 5.0E-01 ()
Lead Soil 3.0e-02 () 9.0E-03 (g) 0.09 (h) 1.56-02 (i)
Mercury Water, Sediment, Soil 22801 () 1.8E-01  (g) 11,168 (h) 1.384+01 (i)
Nickel Sediment, Soil 2.0E-02 (f) 1.2E-02 (g) 78 (h) 3.0E-01 (i)
Selenium Water, Sediment, Soil 2.2E-01 () 5.0E-03 (g) 129 (h) 7.5E-01 (i)
Thallium Water 2.2E-01  (f) 8.0t-04 (g) 10,000 (h) 2.0E400 (i)
Zinc Sediment, Soil 5.6E-01 (f) 3.0E-01 (g) 2059 (h) 5.0E400 (i)

Notes:
BAF
BCF
Log Kow
(a)

()

©

(d)

(e

4]

(@

(h)
@

Bioaccumulation Factor.
Bioconcentration Factor (unitless); BCF = (Tissue Concentration)/(Media Concentration).

Log of the octanol-water partition coefficent.

Constituents identified as bioaccumulative COPECs are included.
BCFi denotes BAF for terrestrial invertebrates.

BCFv denotes BAF for terrestrial vegetation.

BCFf denotes BAF for fish.

BAFm denotes BAF for mammals.
EPA 1999, Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities.
BCFs for vegetation were obtained from Baes et al., 1984. Values for uptake into leafy material, stem, and straw

were used. Dry weight values were converted to wet weight (each was multiplied by 0.2, assuming vegetation was

80 % moisture).

BCFs for fish were obtained from EPA, 1999.
BAFs for small mammals were estimated from biotransfer factors (BTFs) presented in Baes et al. (1984). BTFs were
converted to BAFs by multiplying by an average food ingestion rate of 50 kg/day. BAF values were assumed to be

wet weight.
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Table 16-4
Sediment Pore Water Risk Characterization
Encycle/Texas, Inc.
Corpus Christi, Texas

Maximum Surface Water Surface Water
Concentration in | Background 95% | Screening Value COPEC? (d)
Constituent Pore Water UTL (a) Maximum HQ (c) (yes/no) Rationale
(mg/l) (mg/L) (mgh) (unitless}

Dissolved Metals
Antimony 0.356 0.09 0.5 e 0.7 no HQs1
0.028 0.005 0.078 04 no HQ=s1

Arsenic

Cobalt 0.021 0.005 1.5 b,e 0.01 no HQ s 1

Manganese 31 0.02 0.12 b.e 300 YES HQ>1
* Mercury 0.016 0.001 0.0011 e 10 YES > Background; Bioaccumulative
* Selenium 0.011 0.005 0.136 e 0.08 YES > Background; Bioaccumulative
* Thallium 0.0003 0.001 0.0213 b,e 0.01 no < Background; HQ <1

Tin 0.001 0.01 0.073 e 0.007 no HQ =1

Notes:

COPEC Constituent of Potential Ecological Concern.

HQ Hazard Quotient.

mg/t  Milligrams per liter.

NA Not available.

utL Background Upper Tolerance Limit.

* Constituent is considered bioaccumulative by the TCEQ (TCEQ, 2001; Table 3.1).

Screening values are Marine Surface Water Ecological Benchmarks (TCEQ 2001) unless otherwise noted.

No marine benchmark is available; screening value that is presented is a freshwater benchmark (TCEQ 2001).

The maximum HQ is the ratio of the maximum constituent concentration to the water screening value. HQs are rounded to 1 significant digit.
Designated as a COPEC if the concentration for a non-bioaccumulative constituent is greater than background and either (1) the HQ is
greater than one or (2) the constituent lacks an ecotoxicity screening value, or if the concentration for a bioaccumulative constituent is greater than background.

e. Values are for total metals; all others are for dissolved metals.
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