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Executive Summary 
Former El Paso Smelter Site 

Executive Summary 

This Tier 2 Screening Level Ecological Risk Assessment (SLERA) has been conducted 
in accordance with the Guidance for Conducting Ecological Risk Assessments at 
Remediation Sites in Texas (TCEQ, 2001). This report represents the area-specific 
SLERA for the affected property at Former El Paso Smelter Site (Site) as illustrated in 
Figure 1. A Tier 1 Exclusion Checklist was completed for the Site indicating that habitat 
for ecological receptors was present at the East Mountain Assessment Area (AA) and 
South Arroyo area of the East Property AA triggering the completion of this SLERA. 
The results of this SLERA indicate that ecological-based protective concentration level 
(PCLs) are appropriate to protect ecological receptors in the South Arroyo area and will 
be incorporated into the Response Action Plan (RAP) for the Site.  

The Former El Paso Smelter Site covers an area of approximately 430 acres within the 
city limits of El Paso, Texas (Figure 1). The property is bisected by Interstate Highway 
10 (I-10) and U.S. Highway 85 (Paisano Drive). The Site has been home to several 
smelting operations: a lead smelting plant began operations in 1887; following a fire, 
the plant was reconstructed in 1902. In 1910 a plant was constructed to produce 
copper by smelting concentrates. Lead and copper smelting along with other metals 
processing activities were conducted between the turn of the century and late 1990s. 
ASARCO began closing plant components in 1982 through 2005 when ASARCO 
declared Chapter 11 Bankruptcy. As part of the bankruptcy proceedings between 
ASARCO, the U.S. Department of Justice and the State of Texas, an agreed remedy 
was developed for the Site and documented in the 2009 Expert Report prepared by 
TCEQ (2009). 

Based on the results of the Tier 1 checklist, communities of ecological receptors 
potentially exposed to metals in soil are limited to terrestrial receptors, while aquatic 
receptors may be exposed to metals in groundwater discharging to the Rio Grande. 
The short-tailed shrew, American robin, mourning dove, desert cottontail, raccoon, red 
fox, and red-tailed hawk are the selected terrestrial receptors for this SLERA. Reptile 
receptors, including the diamondback rattlesnake, are evaluated in the uncertainty 
analysis. Data from historical and present site investigations have been used to identify 
chemicals of concern (COCs) and calculate exposure point concentrations in soil. The 
consumption of food sources potentially contaminated by affected soil is the primary 
exposure pathways for terrestrial receptors. Incidental ingestion of soil is also 
evaluated as a complete pathway. 

Concentrations of arsenic and selenium in groundwater discharge from the Site may 
pose a potential hazard to aquatic receptors in the Rio Grande. The ecological 
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receptors are recommended for consideration when developing groundwater PCLs for 
the Site as part of the affected property assessment and RAP preparation. 

Hazard quotients (HQs) were calculated for these receptor species based on estimates 
of ingestion of food sources impacted by COCs and the direct ingestion of COCs in 
soil. HQs for antimony, arsenic, cadmium, copper, lead, selenium, and zinc exceed 
unity (1) for all receptors using no observable adverse effect level (NOAEL) endpoints 
under the most-conservative scenario at the East Mountain AA. The less-conservative 
scenario using lowest observable adverse effect level (LOAEL) endpoints indicated 
that copper is the only COC to exceed acceptable risk levels surface soil at the East 
Mountain AA. The relatively poor habitat conditions as well as the low uptake of metals 
from slag in soil at smelting site indicate that copper in surface soil at the East 
Mountain AA is not likely to pose an unacceptable risk to ecological receptors. No 
ecological-based PCLs are recommended for copper in surface soil at the East 
Mountain AA. 

HQs for arsenic, cadmium, copper, lead, selenium, and zinc exceed unity (1) for all 
receptors using NOAEL endpoints under the most-conservative scenario at the South 
Arroyo. The less-conservative scenario using LOAEL endpoints indicated that copper 
and zinc are the only COCs to exceed acceptable risk levels surface soil at the South 
Arroyo. The hazard indices (HIs) for exposure to multiple metals in soil of the South 
Arroyo provide the basis for calculation of ecologically-based PCLs for arsenic, 
cadmium, copper, lead, and zinc in soil and subsurface soil at the site. The ecological 
PCLs will be included in the affected property assessment and RAP for the Site.  
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1. Introduction 

1.1 Purpose 

The screening level ecological risk assessment (SLERA) is a tool to systematically 
evaluate the potential for site conditions to pose an unacceptable risk to ecological 
receptors in accordance with the TCEQ risk assessment guidelines (TCEQ, 2010). 
This SLEAR has been prepared for assessment areas (AAs) that have failed a portion 
of the Tier 1 Ecological Checklist for the Former ASARCO El Paso Smelter Site (Site) 
including the East Mountain AA, the South Arroyo within the East Property AA, and 
groundwater discharges from the site to the Rio Grande. This document presents the 
results of the area-specific SLERA for each of these AAs, which has been completed 
due to the presence of potential habitat within the Affected Property of the Site. 
Chemicals of concern (COCs) at concentrations above their respective benchmarks 
and background levels are present in surface soil from locations with potential habitat 
within the East Mountain AA, the South Arroyo, and Rio Grande. 

The Site is located in El Paso, Texas along in the Rio Grande as illustrated in Figure 1. 
Concentrations of COCs exceed background and benchmark concentrations in habitat 
area within the East Mountain AA and the South Arroyo of the East Property AA. This 
report briefly summarizes the site characterization data, risk assessment model, 
assumptions, results, and conclusions of the area-specific SLERA these areas. The 
results of this SLERA and supporting data incorporate all 10 required elements defined 
in the Texas Risk Reduction Program (TRRP) (§350.77(c)): 

1. Ecological Benchmarks: Compare maximum concentrations of non-
bioaccumulative COCs to ecological benchmarks to eliminate COCs that do not 
pose an unacceptable potential ecological risk. COC screening is presented in 
Section 2.6. 

2. Communities: Identify habitat, major feeding guilds, and representative species to 
model potential risk posed by COCs in environmental media. Habitat, feeding 
guilds, and receptor species are presented in Section 2.1 through 2.3. 

3. Conceptual Model: Develop a conceptual model for the SLERA, including 
ecological receptors and COC profiles that depict COC movement through the 
environment. A conceptual model and exposure pathways are presented in 
Sections 2.4 and 2.5. 

4. COC Fate and Transport: Determine chemical, physical, and toxicological 
parameters for each of the COCs not screened out of the SLERA process. 
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Chemical, physical, and toxicological data for COCs will be summarized in the site-
wide SLERA. 

5. Input Data for Quantitative Risk Assessment: Summarize the exposure and toxicity 
data used as input for the quantitative risk assessment. These are discussed in 
Section 4.. 

6. Conservative Hazard Quotients: Calculate conservative hazard quotients without 
modifying potential exposure to COCs based on site-specific characteristics. The 
conservative analysis uses the most conservative toxicity reference values (TRVs) 
and allows for the removal of potential COCs that do not pose a risk to the 
environment. The conservative hazard quotients are discussed in Section 5.2.1.  

7. Less Conservative Hazard Quotients: Calculate “more realistic” hazard quotients 
for each COC that has a hazard quotient greater than 1 in the conservative hazard 
quotient evaluation. Less conservative hazard quotients are presented 
Section 5.2.2.  

8. Uncertainty Analysis: Discuss the major areas of uncertainty associated with the 
SLERA. The uncertainty analysis is presented in Section 5.3. 

9. Protective concentration level (PCL) Development: For COCs not eliminated, 
calculate ecological PCLs establishing COC concentrations in affected 
environmental media that pose an acceptable potential ecological risk. PCL 
development for ecological receptors is presented in Section 6. for surface soil at 
the Site. 

10. Recommendation: Provide a recommendation for managing potential ecological 
risk, if any, at the affected property. Recommendations are presented in Section 7.. 

1.2 Background 

The Former El Paso Smelter Site covers an area of approximately 430 acres within the 
city limits of El Paso, Texas (Figure 1). The property is bisected by Interstate Highway 
10 (I-10) and U.S. Highway 85 (Paisano Drive). There are small non-contiguous 
properties in the vicinity of the site. The western-most boundary of the site is bordered 
by the Rio Grande River on the border with Mexico. Over the course of years, the site 
has been home to several smelting operations: a lead smelting plant began operations 
in 1887; following a fire, the plant was reconstructed in 1902. In 1910 a plant was 
constructed to produce copper by smelting concentrates. Lead and copper smelting 
activities were expanded in the 1930s and a Godfrey roaster was added for the 
production of cadmium oxide. A zinc plant was added in 1948 and an antimony plant 
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and sinter plant with unloading and bedding systems were added in the 1970s. In 
1982, ASARCO began closing plant components, starting with the zinc plant. The lead 
plant was closed in 1985 and some structures were remodeled as a mobile equipment 
shop and storage/pilot plant. The antimony plant ceased operation in 1986. In 1992, 
the cadmium plant closed (Hydrometrics, 1998). The copper smelter continued to 
operate until February 1999. In 2005, ASARCO declared Chapter 11 Bankruptcy. As 
part of the bankruptcy proceedings between ASARCO, the U.S. Department of Justice 
and the State of Texas, an agreed remedy was developed for the Site and documented 
in the 2009 Expert Report prepared by TCEQ (2009). 

As illustrated in Figure 1, the site can be divided into five general areas: 1) the property 
east of I-10 (East Property and East Mountain Area); 2) the Plant Site; 3) the Parker 
Brothers Arroyo (including the Ephemeral Pond, Fines Pile, and Boneyard); 4) the La 
Calavera property (borders small residential neighborhood to the north); and 5) the 
floodplain. Each of the five areas has their own characteristics with respect to historical 
land use, contamination sources, and potential receptors. The property east of I-10 is 
divided into two distinct portions based on geography, topography, and potential land 
use. The East Mountain Area occupies approximately 107 acres on the southern 
portion of the property east of I-10 and is characterized as a bed rock outcropping with 
very steep, rocky slopes; no groundwater; sparse vegetation; and poor, isolated habitat 
surrounded by I-10 and commercial/industrial land use limiting access to this portion of 
the property and, therefore, is not attractive to ecological receptors. The East Mountain 
Area has no historic and little potential land use due to steep rocky slopes and brittle 
rock surfaces. The source of COCs in the East Mountain Area is historic deposition of 
smelter emissions including arsenic, cadmium, copper, lead, mercury, and zinc. The 
northern portion of the property east of I-10 (East Property) is characterized as an 
alluvial basin with the only on-site sensitive habitat comprising approximately 24 acres 
along an intermittent stream bed with extensive vegetation as illustrated in Figure 3. 
The habitat has been designated the South Arroyo and is within the 100-year floodplain 
limiting future development. The future land use plan has set aside the South Arroyo 
from future development. The East Property has a centrally-located, historic waste 
disposal area in the upland portion of the alluvium. This area was used for disposal of 
materials from the smelter site as well as slag. The waste materials have provided a 
source of metals to soil and groundwater in the East Property. Waste materials were 
covered providing a source of metals to groundwater, but little potential for direct 
contact with ecological receptors. There are no groundwater seeps to the surface in the 
East Property, all surface water flow coming from precipitation runoff. The channel 
intermittent surface water dies completely between precipitation events, which typically 
occur during summer rain season from July through September. The East Property 
was also impacted by historic deposition of smelter stack emissions. Other than the 
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portion of the south arroyo within the 100-year floodplain, the East Property will be re-
developed for either residential or commercial/industrial land use. 

1.3 Environmental Setting 

The Site lies between approximately 3,700 and 4,140 feet above mean sea level and 
consists of highly disturbed industrial areas west of I-10 and relatively undisturbed 
areas east of I-10. The area east of I-10 consists of a bedrock outcropping creating the 
East Mountain area with highest elevations to the south and an alluvial basin with a 
central ridge used for waste and slag stock piling to the north.  

The climate in the El Paso area is arid, characterized by very low precipitation and 
relative humidity. Winters are cool; summers are hot and dry. Temperatures range from 
above 100 degrees Fahrenheit in the summer months to below freezing temperatures 
in the winter. Sand and dust storms occur during the spring, which is the windiest 
season. 

El Paso is situated in the arid southwest, where annual precipitation averages about 
8 inches, most of which occurs during the summer rainy season between April and 
September. The precipitation events are typically characterized as intense storms with 
high intensity rainfall over relatively short time intervals. The high intensity flow events 
associated with storms leads to severe erosion in upland areas with little standing 
water in drainages.  

The Site is located in El Paso County within the Rio Grande Valley floodplain in the 
Basin and Range Physiographic Province of western Texas. The habitat is described 
as foothill desert scrub. It is situated in the Rio Grande (or El Paso) Canyon between 
the Franklin Mountains to the northeast and the Sierra de Juarez to the southwest in 
Mexico. The Rio Grande flows along the western boundary of the Site from the Mesilla 
Basin (Bolson). Approximately 2 miles upstream of the Site, the valley narrows and 
forms El Paso Canyon. This canyon is approximately 3 miles long and widens into the 
Hueco Bolson about 1 mile downstream from the Site.  

The groundwater resource at the Site is a Class 2 Groundwater Resource. 
Groundwater is not currently used for any applications. Groundwater at the Site occurs 
within an unconfined alluvial aquifer with a saturated thickness ranging from 
approximately 8 to 60 feet underlain by a regional, less-permeable bedrock unit. 
Groundwater in the alluvial aquifer flows west and southwest through the Site toward 
the Rio Grande. Groundwater from the Site ultimately discharges to the Rio Grande 
and sections of the American Canal. There are no natural groundwater seeps to 
surface water in the upland portion of the Site. 
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2. Problem Formulation 

The property east of I-10 is divided into two distinct portions based on geography, 
topography, and potential land use. The East Mountain Area occupies the southern 
portion of the property east of I-10 and is characterized as a bed rock outcropping with 
very steep, rocky slopes; no groundwater; sparse vegetation; and poor, isolated habitat 
surrounded by I-10 and commercial/industrial land use limiting access to this portion of 
the property and, therefore, is not attractive to ecological receptors. The East Mountain 
Area has no historic and little potential land use due to steep rocky slopes and brittle 
rock surfaces. The source of COCs in the East Mountain Area is historic deposition of 
smelter emissions including arsenic, cadmium, copper, lead, mercury, and zinc. The 
northern portion of the property east of I-10 (East Property) is characterized as an 
alluvial basin with the only on-site sensitive habitat along an intermittent stream bed 
with extensive vegetation designated the South Arroyo. The habitat is within the 
100-year floodplain limiting future development and has been set aside from future 
development. The East Property has a centrally-located, historic waste disposal area in 
the upland portion of the alluvium. This area was used for disposal of materials from 
the smelter site as well as slag. The waste materials have provided a source of metals 
to soil and groundwater in the East Property. Waste materials were covered providing 
a source of metals to groundwater, but little potential for direct contact with ecological 
receptors. Few areas have surface waste pile deposits with COCs including arsenic, 
cadmium, copper, lead, selenium, and zinc. These waste piles, as well as runoff from 
the East Mountain AA serve as the source of COCs to surface soil in the South Arroyo. 

There are no groundwater seeps to the surface in the East Property, all surface water 
flow coming from precipitation runoff. The channel intermittent surface water dies 
completely between precipitation events, which typically occur during summer rain 
season from July through September. The East Property was also impacted by historic 
deposition of smelter stack emissions. Other than the portion of the south arroyo within 
the 100-year floodplain, the East Property will be re-developed for either residential or 
commercial/industrial land use. 

2.1 Flora and Fauna 

El Paso is located within the Chihuahuan Desert with the Site being composed of a 
foothill desert scrub biome. Creosote bush (Larrea tridentata) is prominent with other 
common plants in this northern portion of the Chihuahuan Desert include shrubs 
such as Four-winged Saltbush (Atriplex canescens), Mariola (Parthenium incanum), 
and Honey Mesquite (Prosopis glandulosa) (UTEP, 2014). Various grasses occur 
commonly, including Black Grama (Bouteloua eriopoda) and Tobosa Grass (Hilaria 
mutica). 
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The Chihuahuan Desert is rich in animal life. Some typical animals, many of which 
also occur outside of the desert region, include the Desert Cottontail (Sylvilagus 
audubonii), Black-tailed Jack Rabbit (Lepus californicus), Cactus Mouse 
(Peromyscus eremicus), Kit Fox (Vulpes macrotis), Cactus Wren (Campylorhynchus 
brunneicapillus), Greater Roadrunner (Geococcyx californianus), Mojave Rattlesnake 
(Crotalus scutulatus), Coachwhip snake (Masticophis flagellum) (UTEP, 2014). 

2.2 Protected Species 

The threatened and endangered species list for El Paso County was evaluated as part 
of an Endangered Species Assessment (ESA) consultation with the United States Fish 
and Wildlife Service (USFWS) and documented in a letter presented in Attachment 1. 
Six species are federally listed or are candidates for federal listing and an 
additional nine species are state-listed only (see Table 1 of Attachment 1). The 
evaluation approved by the USFWS concludes that threatened and endangered 
species are not likely to be present at the Site and are not at risk from 
remediation activities at the Site.  

2.3 Representative Species 

The Site is located in an area generally considered foothills desert scrub habitat. The 
affected property at the East Mountain AA is limited to surface soil for the entire 
property is composed of bedrock outcropping without subsurface soil or groundwater. 
The South Arroyo includes surface soil, subsurface soil, and surface water from the 
intermittent drainage with standing water following multiple precipitation events in 
September 2014. There are no groundwater seeps in South Arroyo. The communities 
of potentially exposed ecological receptors are limited to terrestrial receptors. 
Terrestrial receptors are exposed to COCs in soils and food chain. Evaluation of reptile 
and amphibian receptors is required by TCEQ guidance for ecological risk 
assessments (TCEQ, 2014). There is, however, less toxicological data for these 
species compared to mammalian and avian species. As a result, a high degree of 
uncertainty is associated with the evaluations of reptiles and amphibians.  

The short-tailed shrew, mourning dove, American robin, desert cottontail, raccoon, red 
fox, and red-tailed hawk were selected as terrestrial receptors for this SLERA. These 
receptors represent mammalian and avian omnivores, herbivores, and carnivores. 
Species were selected based on the availability of exposure data presented in the 
Wildlife Exposure Factors Handbook (USEPA, 1993). The desert cottontail is similar to 
the eastern cottontail although lower body weights ranging from approximately 0.9 to 
1.3 kilograms (kg). 
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2.4 Conceptual Site Model 

The COCs present in the soil at Site include metals in soil and present in groundwater 
that discharges to the Rio Grande. Figure 2 provides an illustration of the sampling 
locations of the affected property at the East Mountain AA. A summary of the analytical 
results for metals in surface soil [0 to 0.5 feet below ground surface (bgs)] of the East 
Mountain AA is presented in Table 1. Metals reported in soil samples from the East 
Mountain AA include antimony, arsenic, barium, cadmium, chromium, cobalt, copper, 
lead, mercury, nickel, selenium, silver, and zinc. Figure 3 provides an illustration of the 
sample locations for soil samples collected from the South Arroyo. A summary of 
detected metals in surface soil samples are presented in Table 2. Since the South 
Arroyo lies within the alluvial basin, subsurface soil samples (0.5 to 5 feet bgs) were 
collected at many locations. Table 2a provides a summary of the analytical results for 
subsurface soil. Finally, one surface water sample was collected from a ponded 
location following a precipitation along the intermittent drainage in the South Arroyo at 
sampling location SSA1 as illustrated in Figure 3. The surface water sample was 
collected over 48 hours following the precipitation event indicating surface water 
conditions rather than storm water runoff as described in TCEQ guidance 
(TCEQ, 2010). 

COCs are present in groundwater at the Site, which ultimately discharges to the Rio 
Grande River. Monitoring wells located adjacent to the Rio Grande are illustrated in 
Figure 4. Table 3 provides a summary of metals reported in groundwater samples from 
these wells. Groundwater data collected during regular semi-annual monitoring events 
conducted in 2012 and 2013 were used to assess potential risk to aquatic receptors in 
the Rio Grande. The assessment of potential impacts to aquatic receptors will be 
performed by comparison to ecological benchmarks and surface water quality criteria 
as presented in Texas Surface Water Quality Standards rules (30 TAC 307). 

Terrestrial ecological receptors can be exposed to COCs in surface soil by direct 
contact and by uptake in the food chain. The movement of potential COCs through the 
environment with respect to exposure to ecological receptors includes: 

• Direct incidental ingestion with soil 

• Uptake from soil by plants and animals 

• Movement through the food chain 

Figure 5 provides an illustration of the conceptual model for movement of COCs 
through the environment at the Site. 
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2.5 Exposure Routes 

Food sources potentially contaminated by affected soil are considered the primary, 
complete exposure pathways. Dermal and inhalation exposure routes are not 
considered in this SLERA due to limited toxicity information and the lesser significance 
of these exposure routes relative to ingestion of food and soil. Intermittent water 
sources are assumed to be present in the drainage of the South Arroyo following 
precipitation events. Intake estimates of COC from drinking water are included in the 
risk assessment conservatively assuming availability year-round. The presence of 
surface water in the arid environment of the Site does not allow for development of 
aquatic food-chain considerations. 

Exposure routes quantitatively evaluated in the SLERA include: 

Surface Soil: 

• Incidental ingestion by direct contact 

• Ingestion of plants and soil invertebrates that have taken up COCs from soil 

• Ingestion of animals (prey) that have taken up COCs from soil and food sources 

Surface water in South Arroyo: 

• Incidental ingestion by direct contact 

2.6 COC Screening Analysis 

The COC screening analysis for the Site was performed using a two-step process: 
1) comparison to benchmark; and 2) background screening levels. The first step was to 
compare concentrations of potential COCs to established benchmark screening levels 
for soil. COCs that were classified as bioaccumulative in either soil were retained if the 
concentration of the COC exceeded the background level, whether or not the 
benchmark concentrations were exceeded. The second step was to compare analytical 
results for potential COCs detected in any environmental medium from current and 
historical sampling events to background concentrations. Maximum concentrations of 
metals in soil and sediments were compared to State-wide background concentrations 
for metals presented in TRRP (30 TAC 350.51(m)). 
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2.6.1 Soil 

Table 1 provides summaries of the analytical results for surface soil samples at the 
East Mountain AA. As shown on Table 1, a total of 43 surface soil samples were 
collected and analyzed for metals. Metals analyzed for in surface soil include antimony, 
arsenic, barium, cadmium, chromium, cobalt, copper, lead, mercury, nickel, selenium 
silver, and zinc. Arsenic, cadmium, chromium, copper, lead, mercury, selenium, and 
zinc have reported concentrations that exceeded its soil screening level in surface soil. 
Soil screening levels for metals in surface soil were obtained from the revised 
Table 3-4 ecological benchmark soil concentrations in the Guidance for Conducting 
Ecological Risk Assessments at Remediation Sites in Texas (TCEQ, 2014). Surface 
soil data for cadmium and silver have no State-wide background soil concentrations for 
comparison. Bioaccumulative COCs were retained if they exceeded background 
concentrations; however, these COCs were retained based on their concentrations 
relative to benchmarks. COCs identified for quantitative risk assessment include: 
antimony, arsenic, cadmium, chromium, copper, lead, mercury, selenium, and zinc.  

Table 2 presents a summary of COCs reported in surface soil samples from the South 
Arroyo. Soil samples were analyzed for the same suite of metals reported for the East 
Mountain AA. A total of 43 surface soil samples were collected and analyzed for 
metals. Antimony was only analyzed for in four of 43 samples collected from the South 
Arroyo. One sample location, E140-35, was collected from soil influenced by an 
existing waste pile, which has been removed as part of the remedial actions on the 
East Property. The concentration of antimony in this sample was 80 milligrams per 
kilogram (mg/kg), which is approximately 80 times greater than the surrounding soil. 
The antimony result is considered an outlier influenced by the presence of waste that 
will be addressed by the remedial alternative. Due to the relatively low density of 
antimony data in the area and the point source nature of the reported result for the soil 
sample from E140-35, antimony has not been retained as a COC for the South Arroyo. 
COCs identified for quantitative risk assessment include: arsenic, cadmium, chromium, 
copper, lead, mercury, selenium, and zinc. 

2.6.2 Subsurface Soil 

Thirty-nine samples were analyzed for metals as subsurface soil samples from the 
South Arroyo. A summary of analytical results for metals in subsurface soil samples is 
presented in Table 2a along with benchmark screening levels. Concentrations of 
arsenic, cadmium, copper, lead, selenium, and zinc exceeded their respective 
benchmarks; however, chromium and mercury were retained as COCs based on their 
bioaccumulative classification. 
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2.6.3 Surface Water 

One surface water sample was collected from location SSA-1 approximately one week 
following multiple precipitation events in September 2014. Although standing water was 
sampled, pooled water is short-lived at the Site, where the intermittent stream acts 
primarily as a storm water drainage feature. The exposure point concentrations (EPCs) 
for metals in Table 5 are based on the single sample result using analysis of total metal 
concentrations. 

2.6.4 Groundwater 

Fifty-five groundwater samples were analyzed for metals as part of the semi-annual 
groundwater monitoring program for 2012 and 2013. A summary of analytical results 
for metals in groundwater samples is presented in Table 3 along with benchmark 
screening levels based on those published in Table 3.2 of Texas guidance 
(TCEQ, 2014). Concentrations of arsenic, cadmium, copper, lead, thallium, selenium, 
and zinc exceeded their respective benchmarks. 

Section 9 - Tier 2 Screening Level Ecological Risk Assessment 10 



 

 
 
Tier 2 Screening Level 
Ecological Risk 
Assessment 

Former El Paso Smelter Site 
3. Exposure Assessment 

Exposure was determined using reasonably conservative assumptions to minimize the 
potential for overlooking ecological risks. Applicable exposure variables (e.g., food 
ingestion rates and body weight) were determined using information from the Wildlife 
Exposure Factors Handbook (USEPA, 1993), Toxicological Benchmarks for Wildlife 
(Sample et al., 1996), USEPA Region 6: Screening Level Ecological Risk Assessment 
Protocol for Hazardous Waste Combustion Facilities (USEPA, 1999), and the 
Guidance for Conducting Ecological Risk Assessments at Remediation Sites in Texas 
(TCEQ, 2001). 

3.1 Exposure Point Concentrations 

The analytical results for surface soil, subsurface soil, and groundwater are presented 
in Tables 1, 2, 2a, and 3, respectively, and are used to calculate EPCs for this SLERA; 
therefore, non-detected concentrations are reported as the sample detection limit as 
required under TRRP (30 TAC §350.51(n)).  

The EPCs for ecological receptors in surface soil, subsurface soil, and groundwater are 
based on calculating the 95 percent upper confidence limit (95% UCL) on the 
arithmetic average concentration of each COC in each respective medium. These UCL 
concentrations were calculated using the USEPA ProUCL Version 4.1.00 software. 
ProUCL was also used to calculate summary statistics including mean, median, 
standard deviation, and variance. Finally, ProUCL was used to calculate population 
statistics and to make recommendations on the correct statistic to be used for each 
COC in each medium. Table 5 provides the statistical summaries for COCs in each 
media. The statistical output from the ProUCL software is presented in Attachment 2. 

Table 5 presents the EPCs for each COC in each exposure medium. The surface 
water EPC is based on a single surface water sample from a ponded area following 
precipitation events in September 2014. In some cases, where the data set was not 
sufficient to conduct a statistical analysis, the maximum concentration was used as the 
default EPC.  

The EPC for selenium is based on a subset of data reported for samples from the 
South Arroyo. Historical soil samples designated as BL, BH11, SSAI, and EP were 
collected by ASARCO in the late 1990s and early 2000s. Selenium for these samples 
were reported as non-detect at the reporting level of 10 mg/kg. Subsequent data 
collected in 2012 using the E140 and SA designations indicate that selenium 
concentrations are generally much lower than 10 mg/kg. Only two samples collected 
from locations E140-35 and BH11-2 had an elevated concentration of selenium above 
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the 10 mg/kg reporting limit at 84.3 mg/kg and 11 mg/kg, respectively. As previously 
stated for antimony, the soil sample at E140-35 was influenced by the presence of a 
waste pile and is not representative of a soil conditions at the Site. The 84.3 mg/kg 
result, therefore, was removed from the data set to calculate the EPC for selenium. In 
addition, the 26 results reported as undetected at 10 mg/kg were removed as well. The 
EPC for selenium in soil is 3.14 mg/kg using this approach and is consistent with 
selenium in surface soil around the Site.  

The EPCs are used to model risk due to direct exposure to COCs in surface soil and 
subsurface soil, as well as exposure to COCs due to transfer through food webs. The 
EPCs for groundwater are compared directly to surface water quality criteria derived 
using methodology presented in Texas regulations (30 TAC 307) and summarized in 
Table 4. 

3.2 COC Concentrations in Exposure Media 

The only complete exposure pathway for terrestrial ecological receptors to COCs at the 
Site is through historically impacted surface soil and subsurface soil. EPCs are 
generally based on the 95% UCL on the arithmetic average or maximum 
concentrations. Soil concentrations and uptake factors (UFs) were used to estimate the 
concentrations of COCs in on-site plants and soil invertebrates to serve as the basis for 
COC intake for individual representative species. Table 6 provides a summary of the 
UCL concentrations for COCs in surface soil, plant UFs, invertebrate UFs, and 
concentrations of COCs estimated in both plants and soil invertebrates. 

3.3 Oral Doses for Receptor Species 

3.3.1 Calculation of Food Intake Rates by Receptor Species 

Food intake rates and soil ingestion rates for terrestrial receptors have been calculated 
using the methodology presented in Section 3.1 of the Wildlife Exposure Factors 
Handbook (USEPA, 1993). All food intake rates are based on equations presented in 
Nagy et al. (1987) for bird and mammal receptors. Equations are presented in Table 8. 
Exposure assumptions are based on values presented in the Wildlife Exposure Factors 
Handbook (USEPA, 1993) except for mourning dove. The exposure assumptions for 
the mourning dove were obtained from the U.S. Army Center for Health Promotion and 
Preventative Medicine (USACHPPM, 2004). 

Table 7 provides a summary of calculations and the intake rates for the selected 
receptor species. Soil ingestion fractions were based on values published by Sample 
and Suter (1994) except for the American robin. The soil ingestion fraction for the robin 
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of 0.028 published by Sample and Suter assumed only 28 percent of the robins diet 
was composed of soil invertebrates. The authors applied this percentage of the soil 
ingestion fraction of 10.4 percent for the Woodcock published by Beyer et al. (1994).  

Sample and Suter (1994), state the Woodcock obtains 100 percent of its diet from soil 
invertebrates, therefore, has a higher soil ingestion fraction than the robin. This risk 
assessment assumes the robin’s diet is 50 percent soil invertebrates. Accepted values 
for soil ingestion rates in robins range from approximately 5 percent to 10 percent of 
the robin’s food ingestion rate. Based on these observations, the robin’s soil ingestion 
fraction has been set at 7.5 percent or the mid-point of the range. 

All dry-weight-based food ingestion rates were used to derive dry-weight-based soil 
ingestion rates. Dry-weight based food ingestion fractions were then converted to 
wet-weight-based factors by dividing the dry weight-based factor by the approximate 
dry-weight percentage of the receptor’s diet. It is assumed that the respective moisture 
contents in the receptor’s diets were as published in the USEPA Combustion Guidance 
(USEPA, 1999). 

3.3.2 Oral Dose for Short-tailed Shrew 

To calculate the oral dose, the concentrations of the COCs in each exposure medium 
plants, invertebrates, surface water, surface soil and/or subsurface soil were multiplied 
by the respective intake factors. COC daily dose from soil was calculated assuming 
most of the exposure is from the higher of the exposure concentration between the 
surface soil and subsurface soil sample results. The food ingestion rate for the short-
tailed shrew (0.66 KgWW/kg-day) was calculated as per the method described in 
Section 3.3.1. The total dose from food ingestion was calculated assuming 88 percent 
of the shrew’s diet from soil invertebrates and 12 percent from plants. All of the plant 
material ingested by the shrew was assumed to have 80% water by weight, no seeds 
were assumed in the shrew’s diet. 

Water ingestion rates for the short-tailed shrew are summarized in the Wildlife 
Exposure Factors Handbook (USEPA, 1993). The average water ingestion rate for the 
shrew is 0.223 L/kg-day. The final exposure route was the ingestion of COCs adsorbed 
to soil. The soil ingestion rate for the short-tailed shrew of 0.0189 KgDW/Kg-day was 
calculated as described in Section 3.3.1. Based on these exposure assumptions, the 
dose for the short-tailed shrew was calculated using the following equation: 
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Equ. 1: 

( ) ( ) ( ) ( )WaterWaterSoilSoilPlantPlantFoodInvertInvertFood CIRCIRCFIRCFIRDose ****** +++=  

where: 
IRFood =  Food ingestion rate for short-tailed shrew (0.66 KgWW/Kg-day) 
FInvert =  Fraction of diet composed of invertebrates (0.88 KgDW 

soil/KgWWTissue) 
CInvert =  Concentration of COC in soil invertebrates (mg/KgWW) 
FPlant =  Fraction of diet composed of plant material (0.12) 
CPlant =  Concentration of COC in plants (mg/KgWW) 
IRSoil =  Incidental ingestion rate of soil (0.0189 KgDW/Kg-day) 
CSoil =  Concentration of COC in soil (mg/KgDW) 
IRWater =  Ingestion rate of water (0.223 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Table 8 presents a summary of the daily doses for individual COCs for each ingestion 
pathway and a total COC daily dose. 

3.3.3 Oral Dose for Mourning Dove 

Exposure dose to the mourning dove follows the same approach as presented for the 
Short-tailed Shrew based on the equation for all birds published by Nagy (1987). The 
food ingestion rate for the mourning dove (1.0 KgWW/Kg-day) was calculated as 
described in Section 3.3.1. The total dose from food ingestion was calculated assuming 
96.1 percent of the dove’s diet is from seeds, 2.8 percent soil invertebrates and 
1.1 percent is from plants (USACHPPM, 2004). Plant uptake factors are based on dry 
weight concentrations. As a result, conversions from dry-weight to wet-weight were 
required. Moisture contents of different portions of seed, invertebrate, and plant tissues 
were obtained from the Wildlife Exposure Factors Handbook (USEPA, 1993). 
Generally, most edible portions of invertebrates and plants have approximately 84 and 
80 percent moisture content, respectively. Seeds, however, have a much lower 
moisture content of 9.3 percent. 

Water ingestion rate is 0.122 L/Kg-day (USACHPPM, 2004). The final exposure route 
was the ingestion of COCs adsorbed to soil. The soil ingestion rate for the dove of 
0.0117 KgDW/Kg-day was derived as described in Section 3.3.1. Based on these 
exposure assumptions, the dose of a COC to a mourning dove was calculated using 
the following equation: 
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Equ. 2: 

( ) ( ) ( ) ( ) ( )WaterWaterSoilSoilInvertInvertFoodPlantPlantFoodSeedSeedFood CIRCIRCFIRCFIRCFIRDose ******** ++++=

 
where: 

IRFood =  Food ingestion rate for mourning dove (1.0 KgWW/Kg-day) 
FSeed =  Fraction of diet composed of seeds (0.961) 
CSeed =  Concentration of COC in soil seeds (mg/KgWW) 
FPlant =  Fraction of diet composed of plant material (0.011) 
CPlant =  Concentration of COC in plants (mg/KgWW) 
FInvert =  Fraction of diet composed of soil invertebrates (0.028) 
CInvert =  Concentration of COC in seeds (mg/KgWW) 
IRSoil =  Incidental ingestion rate of soil (0.0117 KgDW/Kg-day) 
CSoil =  Concentration of COC in soil (mg/KgDW) 
IRWater =  Ingestion rate of water (0.122 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Table 9 presents a summary of the daily doses for the individual COCs for each 
ingestion pathway and a total COC daily dose for the mourning dove. 

3.3.4 Oral Dose for American Robin 

The food ingestion rate for the American robin (0.65 KgWW/Kg-day) was calculated as 
described in Section 3.3.1. The total dose from food ingestion was calculated assuming 
50 percent of the robin’s diet is from soil invertebrates and 50 percent is from plants 
(USEPA, 1993). Plant uptake factors are based on dry weight concentrations. As a 
result, conversions from dry weight to wet weight were required. Moisture contents of 
different portions of plant tissue were obtained from the Wildlife Exposure Factors 
Handbook (USEPA, 1993). Generally, most edible portions of the plants have 
approximately 80 percent moisture content. Seeds, however, have a much lower 
moisture content of 9.3 percent. Based on diet fractions for the American robin 
presented in Wildlife Exposure Factors Handbook (USEPA, 1993), robins are assumed 
to consume 95 percent plant material and 5 percent seed. 

Water ingestion rates for the robin are summarized in the Wildlife Exposure Factors 
Handbook (USEPA, 1993). The average water ingestion rate for the robin is 
0.14 L/Kg-day. The final exposure route was the ingestion of COCs adsorbed to soil. 
The soil ingestion rate for the American robin of 0.0107 KgDW/Kg-day was derived as 
described in Section 3.3.1. Based on these exposure assumptions, the dose of a COC 
to an American robin was calculated using the following equation: 
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Equ. 3: 

( ) ( ) ( ) ( ) ( )WaterWaterSoilSoilSeedSeedFoodPlantPlantFoodInvertInvertFood CIRCIRCFIRCFIRCFIRDose ******** ++++=
 
where: 

IRFood =  Food ingestion rate for American robin (0.65 KgWW/Kg-day) 
FInvert =  Fraction of diet composed of invertebrates (0.5) 
CInvert =  Concentration of COC in soil invertebrates (mg/KgWW) 
FPlant =  Fraction of diet composed of plant material (0.5*0.95) 
CPlant =  Concentration of COC in plants (mg/KgWW) 
FSeed =   Fraction of diet composed of seeds (0.5*0.05) 
CSeed =  Concentration of COC in seeds (mg/KgWW) 
IRSoil =  Incidental ingestion rate of soil (0.0107 KgDW/Kg-day) 
CSoil =  Concentration of COC in soil (mg/KgDW) 
IRWater =  Ingestion rate of water (0.14 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Table 10 presents a summary of the daily doses for the individual COCs for each 
ingestion pathway and a total COC daily dose for the American robin. 

3.3.5 Oral Dose for Desert Cottontail 

To calculate the oral dose, the concentrations of the COCs in each exposure medium 
(plants, surface water, surface soil and/or subsurface soil) were multiplied by the 
respective intake factors. COC daily dose from soil was calculated assuming most of 
the exposure is from the higher of the exposure concentration between the surface soil 
and subsurface soil sample results. Exposure doses for food ingestion were calculated 
for the desert cottontail using the equations listed below. The food ingestion rate for the 
desert cottontail is 0.56 KgWW/Kg-day based on calculations presented in 
Section 3.3.1. 

Equ. 4: 

( ) ( ) ( )WaterWaterSoilSoilPlantPlant CIRCIRCIRDose *** ++=  

where: 
IRPlant =  Food ingestion rate for desert cottontail (0.58 KgWW/Kg-day) 
CPlant =  Concentration of COC in plants (mg/KgWW) 
IRSoil =  Incidental ingestion rate of soil (0.00441 KgDW/Kg-day) 
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CSoil =  Concentration of COC in subsurface soil (mg/KgDW) 
IRWater =  Ingestion rate of water (0.10 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Water ingestion rates are based on the eastern cottontail summarized in the Wildlife 
Exposure Factors Handbook (Sample and Suter, 1994). The average water ingestion 
rate for the cottontail is 0.098 L/Kg-day. The final exposure route was the ingestion of 
COCs adsorbed to soil. The soil ingestion rate for the desert cottontail was estimated 
using the approach described in Section 3.3.1. The water ingestion rate and the soil 
ingestion rate are already normalized to the body weight of the desert cottontail.  

Table 11 presents a summary of the daily doses for individual COCs for each ingestion 
pathway and a total COC daily dose. 

3.3.6 Oral Dose for Raccoon 

The food ingestion rate for the raccoon (0.22 KgWW/kg-day) was calculated as per the 
method mentioned in Section 3.3.1. The total dose from food ingestion was calculated 
assuming 85 percent of the raccoon’s diet from soil invertebrates and 15 percent from 
plants. All of the plant material ingested by the raccoon was assumed to have 
80 percent water by weight, no seeds were assumed in the raccoon’s diet. 

Water ingestion rates for the raccoon are summarized in the Wildlife Exposure Factors 
Handbook (USEPA, 1993). The average water ingestion rate for the raccoon is 
0.082 L/kg-day. The final exposure route was the ingestion of COCs adsorbed to soil. 
The soil ingestion rate for the raccoon of 0.00457 KgDW/Kg-day was calculated as 
described in Section 3.3.1. Based on these exposure assumptions, the dose for the 
raccoon was calculated using the following equation: 

Equ. 5: 

( ) ( ) ( ) ( ) ( )WaterWaterSoilSoilPlantPlantFoodInvertInvertFoodFishFishFood CIRCIRCFIRCFIRCFIRDose ******** ++++=
 
where: 

IRFood =  Food ingestion rate for raccoon (0.23 KgWW/Kg-day) 
FFish =  Fraction of diet composed of fish (0.05) 
CFish =  Concentration of COC in fish (mg/Kg WW) 
FInvert =  Fraction of diet composed of invertebrates (0.75) 
CInvert =  Concentration of COC in soil invertebrates (mg/KgWW) 
FPlant =  Fraction of diet composed of plant material (0.2) 
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CPlant =  Concentration of COC in plants (mg/KgWW) 
IRSoil =  Incidental ingestion rate of soil (0.00472 KgDW/Kg-day) 
CSoil =  Concentration of COC in soil (mg/KgDW) 
IRWater =  Ingestion rate of water (0.083 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Table 12 presents a summary of the daily doses for individual COCs for each ingestion 
pathway and a total COC daily dose. 

3.3.7 Oral Dose for Red Fox 

The red fox represents the upper trophic level mammalian predator for the site. 
Exposure doses for predator food ingestion were calculated for the red fox using the 
equations listed below. The exposure assumptions were obtained from the Wildlife 
Exposure Factors Handbook (USEPA, 1993). The concentrations of COCs in food 
were based on uptake factors for omnivores and herbivores reported by Sample et al. 
(1998b). Carnivore COC intake equation 9-9 and exposure assumptions are presented 
below.  

Equ. 6: 

( ) ( ) ( ) ( )WaterWaterSoilSoilSoilHerbHerbFoodSoilOmniOmniFood CIRCIRCUFFIRCUFFIRDose ******** +++=  

where: 
IRFood =  Food ingestion rate for Red Fox – (0.168 KgWW/Kg-day) 
FOmni =  Fraction of diet from omnivores – 50 percent 
UFOmni =  COC uptake factor for omnivores KgDW/KgWW 
CSoil =  COC concentration in soil/sediment – mg/KgDW 
FHerb =  Fraction of diet from herbivores – 50 percent 
UFHerb =  COC uptake factor for herbivores 
IRSoil =  Incidental ingestion rate of soil (0.0014 KgDW/Kg-day) 
IRWater =  Ingestion rate of water (0.086 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Table 13 provides a summary of the daily doses for individual COCs for each ingestion 
pathway and a total COC daily dose for the red fox. 

3.3.8 Oral Dose for Red-tailed Hawk 

The red-tailed hawk is an upper-trophic level predator. Exposure doses for food 
ingestion were calculated for the red-tailed hawk using Equation 11. The food ingestion 
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rate for the red-tailed hawk is 0.169 KgWW/Kg-day. To calculate the oral dose, the 
concentration of COCs in each of the exposure media: omnivores, herbivores, water, 
and soil were multiplied by the respective intake factor. For the purpose of this SLERA, 
the hawk is assumed to have an even amount of herbivore prey and omnivore prey in 
its diet.  

Water ingestion rates for the red-tailed hawk are published in the Wildlife Exposure 
Factors Handbook (USEPA, 1993). The final exposure route was the ingestion of 
COCs adsorbed to soil. The soil ingestion rate for the red-tailed hawk of 
0.00054 Kg/Kg-day is based on calculations and assumptions presented in 
Section 3.3.1. Carnivore COC intake equation and exposure assumptions for the hawk 
are presented below: 

Equ. 7: 

( ) ( ) ( ) ( )WaterWaterSubsoilSoilSoilHerbHerbFoodSoilOmniOmniFood CIRCIRCUFFIRCUFFIRDose ******** +++=  

where: 
IRFood =  Food ingestion rate for red-tailed hawk – (0.169 KgWW/Kg-day) 
FOmni =  Fraction of diet from omnivores – 50 percent 
UFOmni =  COC uptake factor for omnivores KgDW/KgWW 
CSoil =  COC concentration in surface soil/sediment – mg/KgDW 
FHerb =  Fraction of diet from herbivores – 50 percent 
CSoil =  COC concentration in surface soil/sediment – mg/KgDW 
UFHerb = COC uptake factor for herbivores 
IRSoil =  Incidental ingestion rate of soil (0.00054 KgDW/Kg-day) 
CSubsoil =  COC concentration in surface soil/sediment – mg/KgDW 
IRWater =  Ingestion rate of water (0.0599 L/Kg-day) 
CWater =  Concentration of COC in water (mg/L) 

Table 14 presents the summary of the daily doses for individual COCs for each 
ingestion pathway and a total daily dose for each COC. 
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4. Toxicity Assessment 

This section discusses the toxicity of the COCs and criteria used to assess risk at the 
Site. Toxicological profiles will be provided for all identified COCs in the site-wide 
SLERA report with an emphasis on ecological receptors. Much of the toxicological 
information presented in this section was obtained from the Oak Ridge National 
Laboratory, Toxicological Benchmarks for Wildlife (Sample et al., 1996). 

4.1 Toxicity Profiles 

4.1.1 Arsenic 

Arsenic is a naturally occurring metalloid found widely in nature and most abundantly in 
sulfide ores. Copper and lead ores also contain small amounts of arsenic. Arsenic 
accounts for 0.0005% of the earth's crust. It occurs in the environment as either arsenic 
(III) or arsenic (V). Arsenic (III) is more toxic than arsenic (V), and both are 
considerably more toxic than organic forms (Peterson et al., 1981). Arsenic enters the 
environment mainly from its use as a pesticide, from coal-fired power plant emissions, 
and from copper and lead smelting. Other potential sources of arsenic include: 
pyrotechnic devices, solder, glass manufacturing, lead shot, wood preservatives, 
ceramic glazes, semiconductor devices, paints, and dyes. Arsenic adsorption into the 
soil increases as a function of soil pH, iron content, aluminum content, and organic 
matter (Woolson, 1977). 

4.1.1.1 Plants 

Arsenic is not essential for plant growth. It is taken up actively by roots, with arsenic (V) 
being more easily absorbed then arsenic (III). In experiments with toxic levels of 
arsenic, rice and legumes appear to be more sensitive than other plants. Symptoms of 
toxicity include wilting of new-cycle leaves, retardation of root and top growth, root 
discoloration, cell plasmolysis, and leaf necrosis (Aller et al., 1990). Arsenic is 
chemically similar to phosphorus; it is translocated in the plant in a similar manner and 
is able to replace phosphorus in many cell reactions. Arsenic (III) probably reacts with 
sulfhydryl enzymes leading to membrane degradation and cell death. Arsenic (V) is 
known to uncouple phosphorylation and affect enzyme systems (Peterson et al., 1981). 
Will and Suter (1995) reported LOAEL and NOAEL values for the effects of arsenic 
derived from experiments conducted in soil. The soil NOAEL values ranged from 10 to 
62.7 mg/kg and the soil LOAEL values ranged from 2 mg/kg (barley) to 1000 mg/kg 
(spruce) for the phytotoxicity of arsenic. Where soil arsenic content is high, growth and 
crop yields can be decreased. 
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4.1.1.2 Mammals and Birds 

Arsenic may be a required micronutrient for animals. Growth, survival, and 
reproduction of goats are poor if the diet contains less than 0.05 mg/kg arsenic (NAS, 
1977). Arsenic is a known carcinogen and teratogen. Toxic effects include reduced 
growth, hearing and sight loss, liver and kidney damage, and death (Eisler, 1988a). 
Inorganic arsenic is usually more toxic to animals than organic arsenic compounds. 
Wildlife mortality and malformations have been observed for chronic doses of 1 to 
10 mg/kg arsenic and dietary concentrations of 5 to 50 mg/kg arsenic (Eisler, 1988a). 
Acute LD50s (lethal dose to 50 percent of the exposed population) to for arsenic 
compounds range from 10 to 100 mg/kg for mammals (NRCC, 1976) and from 17.4 to 
3,300 mg/kg for birds (Eisler, 1988a). 

4.1.1.3 Aquatic Organisms 

Arsenic has high acute and chronic toxicity to aquatic life. Arsenic is known as toxic to 
aquatic organisms with an acute criterion of 0.36 mg/L and a chronic criterion of 
0.15 mg/L for dissolved concentrations. Arsenic and its salts have low solubility in 
water. Arsenic as a free element is rarely encountered in natural waters. Soluble 
inorganic arsenic (IV) predominates under normal conditions since it is 
thermodynamically more stable in water than arsenic (III). 

4.1.2 Cadmium 

Cadmium most often occurs in small quantities associated with zinc ores. Almost all 
cadmium is obtained as a by-product in the treatment of zinc, copper, and lead ores. 
Cadmium is used extensively in electroplating, which accounts for about 60 percent of 
its use. It is also used in solders, enamels, standard E.M.F. cells, Ni-Cd batteries, and 
as a barrier to control atomic fission. 

Cadmium occurs predominantly in the form of free divalent cations in most oxygenated, 
low organic matter, fresh waters (USEPA, 1985-Cd). However, both particulate matter 
and dissolved organic matter can bind cadmium in biologically unavailable forms. 
There is no evidence that cadmium is a biologically essential or beneficial element 
(Eisler, 1985a). Cadmium toxicity is related to water hardness, with a reduction in 
toxicity associated with increased water hardness (USEPA, 1985-Cd). Aquatic 
organisms are able to bioconcentrate cadmium, although there is evidence that only 
the lower trophic levels biomagnify this element. 
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4.1.2.1 Plants 

Cadmium is not essential for plant growth. If present in an available form, it is readily 
taken up by the roots, translocated through the plant, and accumulated. Cadmium is 
chemically similar to zinc, an essential element for plant growth. Competition between 
the two for organic ligands may explain some of the toxic effects of cadmium, and the 
ameliorative effects of zinc on cadmium toxicity. Cadmium depresses the uptake of iron 
and manganese. It may also depress the uptake of calcium, magnesium, and nitrogen 
(Iwai et al., 1975). Cadmium is toxic at low concentrations. Symptoms of toxicity 
resemble iron chlorosis, and include necrosis, wilting, reduced zinc levels, and 
reduction in growth. The mechanisms of toxicity include reduced photosynthetic rate, 
poor root system development, and reduced conductivity of stems. Agronomic crops 
are more sensitive to cadmium toxicity than trees (Adriano, 1986). Will and Suter 
(1995) reported a large range of soil NOAEL and LOAEL values for the toxicity of 
cadmium in soil. The NOAEL values ranged from 1 to 56.3 mg/kg, and LOAEL values 
ranged from 1 to 300 mg/kg. 

4.1.2.2 Mammals and Birds 

There is little information to indicate that this metal is biologically essential or beneficial. 
Mammals and birds are comparatively resistant to the biocidal properties of cadmium, 
which include growth retardation and anemia. Cadmium tends to bioaccumulate in the 
liver and kidneys, eventually acting as a cumulative toxin. White and Finley (1978) 
reported a significant reduction in egg production among mallard ducks fed diets 
containing 200 mg/kg cadmium. 

4.1.2.3 Aquatic Organisms 

Fertilized eggs of the goldfish, leopard frog, and largemouth bass were placed in 
natural stream sediment spiked with cadmium (Francis et al., 1984) and maintained 
until four days post-hatching, which resulted in a total exposure duration of six to seven 
days. Sediments with 1,000 mg/kg cadmium were not toxic to goldfish or leopard frog, 
but resulted in 25 percent mortality 4 days post-hatching for largemouth bass. Organic 
matter content of the sediment was 2.3 percent. 

Spiked sediment toxicity tests were performed using sediment from a stream in the 
Kentucky River drainage system (organic carbon content of 2.3 percent). Treatment 
was of early-life-stage rainbow trout, in which the test was initiated at the early eyed-
egg stage and continued through 10 days post-hatching, giving an exposure period of 
20 days. Sediment concentrations of between 2 and 13 mg/kg resulted in between 
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47 and 63 percent mortality relative to controls. A concentration of 121 mg/kg resulted 
in 89 percent mortality (Birge et al., 1979). 

4.1.3 Chromium 

Chromium occurs at a concentration of about 150 mg/kg in the earth’s crust, as either 
trivalent chromium (chromium III) or hexavalent chromium (chromium VI). Chromium III 
is an essential metal in animals, playing an important role in insulin metabolism 
(Langard and Norseth, 1979). Chromium VI is more toxic than chromium III because of 
its high oxidation potential and the ease with which it penetrates biological membranes 
(Steven et al., 1976; Taylor and Parr, 1978). Chromium III, the predominant form in the 
environment, exhibits decreasing solubility with increasing pH, and is commonly 
precipitated at a pH above 5.5. In most soils, chromium is primarily present as 
precipitated chromium III, which is not bioavailable and has not been known to 
biomagnify through food chains in its inorganic form (Eisler, 1986). 

The two largest sources of anthropogenic chromium in the atmosphere are chemical 
manufacturing and the combustion of fossil fuels. Chromium is used in the preparation 
of alloy steels to enhance corrosion and heat resistance; as catalysts; in production at 
tanning and textile plants; in the production of pigments, varnishes, and glazes; as 
chemical intermediates; and in electroplating. 

4.1.3.1 Plants 

Chromium is not an essential element in plants. Chromium VI is more soluble and 
available to plants than chromium III. Chromium VI is also considered the more toxic 
form (Smith et al., 1989). In soils within a normal Eh and pH range, chromium VI, a 
strong oxidant, is likely to be reduced to the less available chromium III form (Bartlett 
and James, 1979). The greatest chromium toxicity risk to plants is posed in acidic 
sandy soil with low organic content (NRCC, 1976). After plant uptake, chromium 
generally remains in the roots (Smith et al., 1989). Within the plant, chromium VI may 
be reduced to chromium III and complexed as an anion with organic molecules. 
Symptoms of toxicity include stunted growth, poorly developed roots, and leaf curling. 
Chromium may interfere with enzyme reactions, as well as carbon, nitrogen, 
phosphorus, iron, and molybdenum metabolism (Kabata-Pendias and Pendias, 1984). 

Experiments by Turner and Rust (1971) demonstrated the ameliorating effects of 
organic matter on chromium VI toxicity. Will and Suter (1995) reported soil NOAEL and 
LOAEL values for the toxicity of chromium to plants in soil. The NOAEL values ranged 
from 0.35 to 11 mg/kg, and the LOAEL values ranged from 1.8 to 31 mg/kg. 
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4.1.3.2 Mammals and Birds 

The oral LD50 for chromium III nitrate in rats is 3,250 mg/kg (NIOSH, 1995). Chromium 
III oxide administered to rats at concentrations from 2 percent to 5 percent of the diet 
had no effect on reproductive capacity (NLM, 1995). Although chromium III has the 
capacity to damage DNA, it is not thought to be an effective mutagen due to its poor 
cellular uptake (Rom, 1992). 

Chromium III compounds have a relatively low-order of toxicity in experimental animals 
as compared to chromium VI compounds. The LD50 for chromium III in mice is 
260 mg/kg and 5 mg/kg for chromium VI. Tissue accumulation of chromium VI in rats 
was nine times higher than chromium III. 

Chromium is of particular concern to aquatic birds due to its tendency to accumulate in 
plant roots, a highly selected food. 

4.1.3.3 Aquatic Organisms 

The exact chemical forms of chromium in surface waters are not well defined. Although 
most of the soluble chromium in surface waters is present as chromium VI, a small 
amount may be present as chromium III organic complexes. Chromium VI may be 
reduced to chromium III by organic matter present in water and eventually be 
deposited in sediments (USEPA, 1984). 

4.1.3.4 Soil Invertebrates 

Abbasi and Soni (1983) assessed the effect of chromium VI on survival and 
reproduction of the earthworm Octochaetus pattoni. Survival was the most sensitive 
measure with a 75% decrease resulting from 2 mg/kg chromium VI, the lowest 
concentration tested. 

4.1.4 Copper 

Copper is widely distributed in nature in the elemental state, in sulfides, arsenites, 
chlorides, and carbonates. The concentration of copper in the earth’s crust is 70 parts 
per million (ppm). Copper is present in concentrations averaging about 4 ppm in 
limestones, 55 ppm in igneous rocks, 50 ppm in sandstones, and 45 ppm in shales. 
Alkaline conditions in the soil and surface water favor the precipitation of copper. Acid 
conditions promote the solubility of copper and increase the concentration of ionic 
copper. 
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Copper occurs in natural waters primarily as the divalent cupric ion in free and 
complexed forms (USEPA, 1985-Cu). Copper is a minor nutrient for both plants and 
animals at low concentrations, but is too toxic for aquatic life at concentrations only 
slightly higher. Copper is not known to be appreciably bioaccumulated by fish, but 
some algae and bivalve mollusks do bioconcentrate or bioaccumulate copper by 
factors of over 1000 (USEPA, 1985-Cu). Concentrations of 0.001 to 0.010 mg/L are 
usually reported for unpolluted surface waters in the United States. 

Common copper salts, such as the sulfate, carbonate, cyanide, oxide, and sulfide are 
used in electroplating, batteries, fungicides, ceramics, pigments, and pyrotechnics 
(ACGIH, 1986). The largest anthropogenic releases of copper to the environment result 
from copper mining and smelting works. 

4.1.4.1 Plants 

Copper is a micronutrient essential for plant nutrition. It is required as a co-factor for 
many enzymes and is an essential part of a copper protein involved in photosynthesis. 
Copper occurs as part of enzymes and enzyme systems. 

The most common toxicity symptoms include reduced growth, poorly developed root 
systems, and leaf chlorosis (Wong and Bradshaw, 1982). Copper interferes with 
enzyme functioning in the root system (Mukherji and Das Gupta, 1972) and also 
strongly interferes with photosynthesis and fatty acid synthesis (Smith et al., 1985). 

4.1.4.2 Mammals and Birds 

Copper is a component of a number of metalloenzymes and is essential for the 
utilization of iron (Goyer, 1991; Stokinger, 1981). Although most copper salts occur in 
two valence states, as cuprous (Cu+) or cupric (Cu+2) ions, the biological availability 
and toxicity of copper is most likely associated with the divalent state (ATSDR, 1990). 
The liver is one of the main organs involved in the storage and metabolism of copper. 
Absorption of ingested copper occurs primarily in the upper gastrointestinal tract 
(USEPA, 1987-Cu). Soluble copper compounds (oxides, hydroxides, citrates) are 
readily absorbed, but water-insoluble compounds (sulfides) are poorly absorbed 
(Venugopal and Luckey, 1978). In animal studies, oral exposure to copper caused 
hepatic and renal accumulation of copper, liver and kidney necrosis at doses of greater 
than 100 mg/kg/day, and hematological effects at doses of 40 mg/kg/day. 
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4.1.4.3 Aquatic Organisms 

Young aquatic organisms are generally more sensitive to copper than adults. Fish 
become less sensitive to copper as body weight increases (Demayo et al., 1982). 
Coldwater fish species, such as rainbow trout, are often more sensitive to copper; 
sunfish and bluegills are less sensitive. A copper concentration in water of 37 µg/L has 
been shown to cause a significant reduction in fish egg production (Pickering et al., 
1977). 

Exposure of aquatic plants to high copper levels inhibits photosynthesis, growth, and 
cell separation after cell division (Hatch, 1978). Several studies conducted using 
Selenastrum capricornutum indicated that concentrations at 300 µg/L kill algae after 
7 days (Bartlett et al., 1974). 

The toxicity of copper appears to be a function of calcium hardness and associated 
carbonate alkalinity. The toxicity of copper to aquatic life is related primarily to activity 
of the cupric (Cu+2) ion, and possibly to hydroxy complexes. The cupric ion is highly 
reactive, forms moderate to strong complexes, precipitates with inorganic and organic 
constituents (e.g., carbonate, phosphate, amino acids), and is readily sorbed onto 
surfaces of suspended solids. The proportion of free cupric ion may be less than 1% in 
eutrophic waters where complexation predominates. These complexes appear to be 
much less toxic than free cupric ions, thus reducing toxicity (USEPA, 1985-Cu). 

4.1.4.4 Soil Invertebrates 

The effects of copper to the earthworm Octolasion cyaneum were evaluated by Streit 
and Jaggy (1983). The LC50 concentrations ranged from 180 mg/kg (3.2% soil organic 
carbon) to 2,500 mg/kg copper (43% soil organic carbon). 

4.1.5 Lead 

Lead occurs naturally in the earth's crust (0.002%), most commonly as galena (lead 
sulfide), cerrusite (lead carbonate) and anglesite (lead sulfate). It may enter the 
environment during its mining, ore processing, or smelting. Lead has been used in 
batteries, solder, paint, and ceramic glazes. A former major source of exposure to lead 
was from the use of tetraethyl lead as an antiknock agent in gasoline. 

Lead is neither essential nor beneficial in living organisms (Eisler, 1988b). Lead has 
adverse effects on survival, growth, reproduction, development, behavior, learning, and 
metabolism. In general, organic lead compounds are more toxic than inorganic 
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compounds, biomagnification of lead is minimal, and younger organisms are more 
susceptible to lead toxicity (Eisler, 1988b). 

The adsorption or precipitation of lead in soils is promoted by the presence of organic 
matter, carbonates, and phosphate minerals. Lead usually accumulates in topsoil due 
to complexation with organic matter and the transformation of soluble lead compounds 
to relatively insoluble sulfate or phosphate derivatives. The efficient fixation of lead by 
most soils greatly limits the transfer of lead to aquatic systems and also inhibits 
absorption of lead by plants (USEPA, 1982). 

4.1.5.1 Mammals and Birds 

Birds (fowls, ducks, geese, and pigeons) are all susceptible to lead poisoning. Toxic 
symptoms include anorexia and ataxia. Lead poisoning increases mortality and 
decreases egg production and fertility (Clark et al., 1981). 

4.1.5.2 Aquatic Organisms 

The amount of lead that can remain in solution in water is a function of the pH and 
hardness. Acute and chronic lead toxicity increase as hardness decreases 
(USEPA, 1985-Pb). Aquatic biota, both invertebrate and vertebrate, have been shown 
to bioconcentrate lead at levels greater than in water, and sometimes similar to those 
in sediments. The bioconcentration factors for four freshwater invertebrate species 
exposed to lead ranged from 499 to 1,700. Fish do not appear to accumulate lead as 
readily as the invertebrate species they may eat, as indicated by bioconcentration 
factors of 42 and 45 for brook trout and bluegill, respectively. Saltwater species used 
for human food often have relatively high bioconcentration factors. The 
bioconcentration factors for mussels and oysters were 2,570 and 1,400, respectively 
(USEPA, 1982). In general, invertebrates are more sensitive to lead than fish. 

Algae are also sensitive to lead. Monahan (1976; as cited in USEPA, 1985-Pb) 
exposed three species of algae to various concentrations of lead chloride. A lead 
concentration of 0.5 mg/L was reported to inhibit growth by 35 to 53 percent. 

4.1.6 Mercury 

Mercury is a shiny, silver liquid in its metallic form. When heated, it is a colorless, 
odorless gas. Metallic mercury is used in the production of chlorine gas and caustic 
soda, as well as in thermometers, dental fillings, and batteries. Mercury forms white 
powdery or crystalline compounds with chlorine, sulfur, and oxygen. Organic mercury 
compounds are formed when mercury combines with carbon. The most common 
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organic mercury compound, methyl mercury, is produced by bacteria found in the 
water and soil. 

4.1.6.1 Plants 

Studies on the phytotoxicity of mercury indicate that organic forms are generally more 
toxic than inorganic forms. In one study, organic mercury was found to reduce root 
elongation completely, while inorganic mercury reduced root elongation by 31% 
(Lamersdorf et al., 1991). In another study, organic mercury was found to reduce the 
transpiration rate, CO2 uptake, and needle chlorophyll content in seedlings (Schlegel 
et al., 1987). Other studies demonstrated that shoot and root length were reduced as a 
result of mercury in the growing solutions (Mhatre and Chaphekar, 1982). 

4.1.6.2 Mammals and Birds 

Studies have shown that daily doses of 0.1 to 0.5 mg/kg bw/day and dietary 
concentrations of 1.0 to 5.0 mg/kg are lethal to sensitive mammals (Eisler, 1987). One 
study in which rats were fed methyl mercury resulted in central nervous system toxicity, 
weight loss, and mortality; the same study found that methyl mercury reduced growth, 
increased kidney weight, altered kidney histochemistry, and reduced offspring viability 
(Verschuuren et al., 1976). 

Studies on birds have also shown the adverse effects of mercury exposure. One study 
resulted in decreased growth and increased mortality (Fimreite, 1970), while another 
study resulted in reduced egg production and hatchability after ingestion of methyl 
mercury (Fimreite, 1971). Another study determined that methyl mercury can cause 
females to produce fewer young and thinner eggs (Heinz, 1979). 

4.1.6.3 Aquatic Organisms 

Acute exposure to mercury by aquatic organisms results in flaring of gill covers, 
increased frequency of respiratory movements, loss of equilibrium, and sluggishness 
(Armstrong, 1979). Chronic toxicity in certain aquatic organisms exposed to inorganic 
mercury resulted in reproductive inhibition, decrease in egg production, and growth 
retardation in males. Generally, chronic mercury exposure results in emaciation (due to 
appetite loss), brain lesions, cataracts, diminished response to change in light intensity, 
inability to capture food, and abnormal motor coordination (Armstrong, 1979). 

The uptake of methyl mercury in aquatic organisms can range from 8.5 to 16 times 
greater than that of inorganic mercury (Olson et al., 1975). The biological half life of 
mercury in fish is 2 to 3 years. Depuration of mercury from aquatic organisms is 

Section 9 - Tier 2 Screening Level Ecological Risk Assessment 28 



 

 
 
Tier 2 Screening Level 
Ecological Risk 
Assessment 

Former El Paso Smelter Site 
considered extremely slow; dilution from tissue growth and development is the primary 
reason for a decrease in body concentration (USEPA, 1985-Hg). 

4.1.6.4 Soil Invertebrates 

Investigations of the effects of inorganic and organic mercury found that both forms 
reduced nitrification and mineralization (van Fanssen, 1973). Another study performed 
on native soil microflora in four soils found that mercury reduced nitrogen 
mineralization in all the soils (Liang and Tabatabai, 1977). 

One study resulted in reduced survival and cocoon production of soil invertebrates 
exposed to inorganic mercury (Abbasi and Soni, 1983). Another study resulted in 
reduced survival and ability to regenerate excised segments of soil invertebrates 
exposed to organic mercury (Beyer et al., 1985). 

4.1.7 Selenium 

Selenium is an essential nutrient for some plants and animals when present in trace 
amounts. The earth's crust contains an average of 0.05 to 0.09 ppm selenium. In 
nature, selenium usually occurs in the sulfide ores of heavy metals. Selenium occurs in 
volcanic rock, sandstone, carbonaceous rocks, and some types of coal and mineral oil. 
In nature, selenium is found in the -2 (selenide), 0 (selenium), +4 (selenite), and +6 
(selenate) oxidation states. 

The behavior of selenium in soils is affected by redox conditions, pH, hydrous oxide 
content, clay content, organic materials and the presence of competing anions. Heavy 
metal selenides, which are insoluble, predominate in acidic soils and soils with high 
amounts of organic matter. Sodium and potassium selenites dominate in neutral, well-
drained mineral soils. Selenium (IV) is soluble, but can strongly adsorb to soil minerals 
and organic material. Iron and manganese oxides sorb selenium (IV), with iron oxides 
sorbing more than manganese. In alkaline, well-oxidized soil environments, selenium 
(VI) predominates. The selenium (VI) is very mobile because of its high water solubility 
and low tendency to adsorb onto soil particles (ATSDR, 1996a). 

Anthropogenic sources include mining and milling operations, smelting and refining, 
and the combustion of fossil fuels. Selenium is used in glass manufacturing, 
electronics, pigments, iron and steel alloying, veterinary medicines, and as a fungicide. 
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4.1.7.1 Plants 

Selenium is absorbed by plants as selenium (IV), selenium (VI), or in organic form. 
Plants convert inorganic selenium to organic selenium compounds. Selenium (VI) is 
considered to be the most toxic form. The mechanism of toxicity is thought to be 
indiscriminate replacement of sulfur by selenium in proteins and nucleic acids with 
disruptions in metabolism (Trelease et al., 1960). Selenium toxicity is often 
characterized by chlorosis. 

4.1.7.2 Mammals and Birds 

While selenium is an essential nutrient that interacts with Vitamin E and maintains 
muscle integrity, it has a very narrow tolerance range (Eisler, 1985b). In mammals, 
chronic selenium poisoning is induced by diets containing 1 to 44 mg/kg selenium 
(Harr, 1978). Symptoms include liver cirrhosis, lameness, loss of hair, emaciation, and 
reduced conception. 

Selenium is both embryotoxic and teratogenic to birds, with organic selenium being 
more toxic than inorganic selenium. Birds exposed to agricultural wastewater 
containing 0.3 mg/L selenium at a wildlife refuge experienced poor reproductive 
success, increased embryo mortality, and developmental abnormalities (Ohlendorf 
et al., 1986). Metabolism of selenium may be significantly modified through interactions 
with heavy metals, and selenium may reduce the toxicity of several heavy metals, 
including cadmium and mercury (Eisler, 1985b). 

4.1.7.3 Aquatic Organisms 

The lowest selenium concentration to affect growth of blue-green algae is 10.0 mg/L 
Se(VI) (Vocke et al., 1980; as cited in USEPA 1987-Se). Blue-green algae appear to 
be more resistant to Se(VI) than green algae. Acute toxicity values for selenium (IV) for 
freshwater fish and invertebrate species range from 0.304 mg/L to 203.0 mg/L 
(USEPA, 1987-Se). 

4.1.8 Zinc 

Zinc is an essential trace element in both plants and animals; it assures the stability of 
biological molecules and structures such as DNA, membranes, and ribosomes 
(Eisler, 1993). Zinc makes up about 0.002% of the earth’s crust (NAS, 1980). Zinc 
compounds occur in the +2 oxidation state, often as zinc sulfide (sphalerite), zinc 
carbonate (smithsonite) and zinc oxide (zincite). Zinc can be adsorbed to clay minerals 
or metallic oxides and forms stable complexes with organic substances such as humic 
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acids. Zinc oxides, carbonates, phosphates, and silicates are insoluble, whereas, zinc 
sulphates and chlorides are extremely soluble. 

The primary anthropogenic sources of zinc in the environment are metal smelters and 
mining activities. Zinc compounds are also used in rubber, paints, pigments, catalysts, 
animal feeds, soldering fluxes, wood preservatives, mildew inhibitors, smoke bombs, 
deodorants, antiseptics, and astringents. Zinc phosphide is used as a rodenticide. 

4.1.8.1 Plants 

Zinc is an essential element for plant growth. Zinc is involved in chlorophyll synthesis, 
the regulation of enzymatic reactions, disease protection, and the metabolism of 
carbohydrates and proteins. Zinc is actively taken up by roots in ionic form, and less so 
in organically chelated form (Collins, 1981). It is fairly uniformly distributed between 
roots and shoots being transported in the xylem in ionic form (Wallace and Romney, 
1977). Transport in the phloem appears to be as an anionic complex (van Goor and 
Wiersma, 1976). Toxicity symptoms include chlorosis and depressed plant growth 
(Chapman, 1966). Zinc inhibits carbon dioxide fixation, alters membrane permeability, 
and inhibits phloem transport of carbohydrates (Collins, 1981). Copper, iron, and 
manganese can inhibit plant uptake of zinc. 

4.1.8.2 Mammals and Birds 

Zinc is a vital component of many metalloenzymes such as carbonic anhydrase, which 
regulates carbon dioxide exchange (Stokinger, 1981). Zinc is relatively nontoxic in 
mammals, but excessive intake can cause a variety of effects. In animals, 
gastrointestinal and hepatic lesions, pancreatic lesions, anemia, and diffuse nephrosis 
have been observed following subchronic oral exposures. It is not known to be 
carcinogenic by normal exposure routes (Eisler, 1993). Teratogenic effects have not 
been observed in animals exposed to zinc; however, high oral doses can affect 
reproduction and fetal growth. Zinc may diminish the toxic effects of cadmium and 
protect against lead toxicosis in terrestrial animals (Eisler, 1993). 

4.1.8.3 Aquatic Organisms 

Zinc is most harmful to aquatic life in conditions of low pH, low alkalinity, low dissolved 
oxygen, and elevated temperature. In freshwater having a pH between 4 and 7, the 
dominant forms of dissolved zinc are the free ion (98%) and zinc sulfate (2%) 
(Campbell and Stokes, 1985), whereas at a pH of 9, the dominant forms are the 
monohydroxide ion (78%), zinc carbonate (16%), and the free ion (6%) 
(USEPA, 1987-Zn). Freshwater plants are often more sensitive to zinc than freshwater 
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animals. Zinc is expected to adsorb to suspended solids and sediment in water and 
has been detected in the majority of aquatic organisms studied. The zinc content of 
most sea fish has been reported between 3 and 8 ppm, with certain kinds of fish and 
mollusks containing up to 25 ppm. Growth of the algae Selenastrum capricornutum 
was inhibited by 0.030 mg/L zinc (USEPA, 1987-Zn). 

4.1.8.4 Soil Invertebrates 

Invertebrate studies of earthworms resulted in a decrease in cocoon production or 
growth rate at levels ranging from 136 to 300 mg/kg zinc. Effects on other invertebrates 
included death, decreased population size, and decreased growth. 

4.2 Toxicity Reference Values 

4.2.1 Avian Toxicity Reference Values 

TRVs for avian species used in this SLERA are primarily derived from studies 
published in the Toxicological Benchmarks for Wildlife: 1996 Revision (Sample et al., 
1996). Table 15 provides a summary of the TRVs for avian receptors for both NOAEL 
end points and LOAEL end points. TRVs for end point (receptor) species are 
calculated values. TRVs are calculated using the linear regression and scaling factors 
presented in Sample and Arenal (1999) and TRV data from Sample et al. (1996) 
except for zinc. Discussion of the TRVs for zinc derived from literature values other 
than Sample et al. (1996) is presented below. 

The zinc TRVs presented in Sample et al. (1996) were 14.6 mg/kg and 130.9 mg/kg for 
the NOAEL and LOAEL end points, respectively. These TRVs are based on a study 
published by Stahl et al. (1990). Stahl et al. (1990) exposed egg-laying chickens 
(Gallus domesticus) to zinc sulfate in feed at dose levels 28 mg/kg, 48 mg/kg, 228 
mg/kg, and 2,028 mg/kg. These concentrations in feed correspond with daily body-
weight normalized intakes of zinc of 1.8 mg/kg-day, 3.1 mg/kg-day, 14.6 mg/kg-day, 
and 130.9 mg/kg-day, respectively. The authors reported all parameters tested 
including body weight, feed consumption, fertility, hatchability, and tissue mineral 
content were unaffected by treatment. The authors concluded zinc at 2,000 mg/kg in 
feed (130.9 mg/kg-day) did not affect the test subjects. The authors did report that egg 
production levels were decreased in all dosing groups with egg production rates at 
74% in the control (28 mg/kg) test group to 69% in the 2,000 mg/kg test group. The 
authors state that egg production was down across all treatment groups leading to the 
conclusion that fertility was unaffected by zinc treatment. Sample et al. (1996) 
interpreted the results of decreased egg production as dose-related and used these 
data to establish a NOAEL TRV at 14.6 mg/kg-day corresponding the 228 mg/kg zinc 
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diet group and a LOAEL TRV at 130.9 mg/kg-day corresponding with the 2,028 mg/kg 
diet group. This interpretation contrasts with the authors, who state no significant dose 
response effect to zinc exposure in test subjects for the 44-week study period. 

Multiple researchers have reported decreased food ingestion rates, body weights, and 
egg production in egg-laying chickens with increasing dosages of zinc acetate and zinc 
oxide in feed (Gibson et al. 1986, Jackson et al. 1986, and Stevenson et al. 1987). 
Gibson et al. (1986) demonstrated that adverse effects are more pronounced in 
chickens dose with zinc acetate compared to zinc oxide. The authors theorize the high 
solubility of zinc acetate relates to the greater response. Stevenson et al. (1987) 
provided detailed evaluation of changes in food consumption rates, body weight, and 
egg production. The authors demonstrate that food ingestion rates consistently 
decrease with increasing zinc oxide dosage in feed as follows: 0 mg/kg (control), 500 
mg/kg, 750 mg/kg, 1,000 mg/kg, 1,250 mg/kg, 1,500 mg/kg, 2,000 mg/kg, 3,000 mg/kg, 
and 4,000 mg/kg. The authors demonstrated that increases in zinc oxide levels in diet 
reduced feed consumption by test subjects. The decreased food consumption rates 
were directly correlated to reduced egg production. Stevenson et al. (1987) established 
the 1,500 mg/kg dose level for zinc oxide in feed to result in a significant reduction of 
egg production. 

The USEPA (2007) EcoSSL for zinc provided a review of toxicity studies in avian 
receptors. Most of the toxicity studies presented used zinc acetate as the zinc dosing 
species, a highly soluble form of zinc that is not relevant to environmental exposures. 
Toxicity studies evaluated for TRV development in this SLERA was limited to studies 
employing zinc oxide in the dosing media. The TRVs presented in this SLERA are 
based on the study prepared by Stevenson et al. (1987) evaluating zinc administered 
to chickens for a 20-week period. The authors state the no effect level at 1,500 mg/kg 
zinc oxide in diet and the LOAEL at 2,000 mg/kg zinc oxide in diet. The corresponding 
TRVs reported for this study were 99 mg/kg for the NOAEL TRV and 149 mg/kg for the 
LOAEL TRV (USEPA, 2007).  

4.2.2 Mammalian Toxicity Reference Values 

TRVs for mammalian species used in this SLERA are primarily derived from studies 
published in the Toxicological Benchmarks for Wildlife: 1996 Revision (Sample et al., 
1996). Table 16 provides a summary of the TRVs for mammalian receptors. The 
allometric scaling factors for mammalian species are as derived by Sample and Arenal 
(1999) for all metals. TRVs for arsenic and copper were derived based on alternative 
data as described below. 
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Arsenic. Test species TRVs for metals are based on values published by ORNL for 
inter-species scaling except for arsenic and copper. The test species TRV for arsenic 
used by the ORNL (Sample et al., 1996) is a NOAEL value of 0.125 mg/kg-day in mice 
based on ingestion of soluble sodium arsenite in drinking water. The primary route of 
exposure for receptors in the Southern Aiken Creek Watershed is through food. The 
literature reviewed by the USEPA (2005) included a NOAEL value of 2.25 mg/kg-day in 
dogs for sodium arsenite dosed in food (Byron et al., 1967). The corresponding LOAEL 
dose for sodium arsenite was 5.62 mg/kg-day. These values have been incorporated 
into this SLERA based on the similarity between routes of exposure. These values 
have been incorporated into this SLERA based on the similarity between routes of 
exposure. 

Copper. The test species TRV for copper is based on the same study as cited in the 
Toxicological Benchmarks for Wildlife: 1996 Revision (Sample et al., 1996); however, 
the data reported by the original paper by Aulerich et al. (1982) indicates that the 
NOAEL dose may be different from that reported by ORNL. Reproduction in mink was 
the toxicological endpoint for the study used to develop the TRV for copper. Dietary 
copper was dosed to mink at 0 ppm, 25 ppm, 50 ppm, 100 ppm, and 200 ppm. The 25 
ppm test group had reduced whelped rates (6 whelped per 11 mated pairs) and 
reduced numbers of progeny (30 kits) compared to the control group (0 ppm test 
group) with 11 whelped out of 12 mated pairs and 69 kits. The 50 ppm test group, 
however, had indistinguishable results compared to the control group with 12 whelped 
out of 12 mating pairs and 64 kits. The only reproduction parameter that appeared to 
have a true dose-response for exposure to copper in diet was kit mortality at 4 weeks 
of age. The authors reported 12% mortality among the control, 8% mortality for the 
25 ppm dose group, 19% mortality for the 50 ppm dose group, and 38% mortality for 
the 100 ppm dose group. As a result, the TRVs for copper in this SLERA were 
established assuming the NOAEL dose to be 50 ppm copper in addition to dietary 
copper and the LOAEL dose to be 100 ppm copper in addition to dietary copper. The 
mortality rates between the control group and the 50 ppm treatment group were not 
statistically different. The 50 ppm test group, therefore, was selected as the basis for 
the NOAEL TRV. 
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5. Risk Characterization 

5.1 Groundwater Assessment for Aquatic Receptors in Rio Grande 

The risk characterization for COCs in groundwater discharging to the Rio Grande is 
based on a direct comparison of the EPC concentration in groundwater for each COC 
to their respective chronic surface water quality criteria. The comparison is 
conservatively made without adjusting groundwater concentrations by dilution factors 
to account for the relative groundwater to surface water concentrations. A summary of 
the comparisons is presented in Table 17. The EPC concentrations for arsenic and 
selenium exceed their respective surface water chronic criteria. These results indicate 
that arsenic and selenium are present in groundwater adjacent to the Rio Grande at 
concentrations that may pose a risk to aquatic receptors in the Rio Grande. The 
ecological-based surface water PCLs for arsenic and selenium will be addressed in 
calculation of critical groundwater PCLs as part of the Affected Property Assessment 
for the Site. 

5.2 Hazard Quotient Analysis for Terrestrial Receptors 

The potential for ecological risk was quantified using the hazard quotient (HQ) method. 
The hazard quotient is the ratio of the predicted exposure to an acceptable exposure. 
When the HQ is such that the predicted exposure is greater than the acceptable 
exposure (i.e., HQ > 1), then the potential exists for the specific COC to cause adverse 
ecological effects. 

5.2.1 Most Conservative Hazard Quotient Analysis  

The NOAEL represents a toxicity reference value TRV at which no potential toxic 
response is anticipated for an exposed population. Table 18 summarizes the NOAEL 
HQs of each COC for all seven receptor species at both the East Mountain and South 
Arroyo areas. In addition, hazard indices (HIs) have been calculated for metals 
separately based on combined exposure to multiple COCs. The initial HQ evaluation 
under the TCEQ guidelines is termed as the “conservative hazard quotient” and is one 
of the required elements in a SLERA under the TRRP.  

The results of the conservative evaluation indicate that cobalt, silver, and vanadium HQ 
values exceed 1 (unity) based on NOAEL endpoints. For the East Mountain AA, the 
HQs for antimony, arsenic, cadmium, copper, lead, selenium, and zinc all exceed unity 
in all receptors species except red fox. The HQs range from 2 for multiple COCs in 
multiple receptors to 50 for lead in mourning dove. HI values corresponded closely to 
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the HQ values reported for all receptors ranging from 2 in red fox to 80 in mourning 
dove. 

The South Arroyo had similar HQs as reported for the East Mountain. HQs for arsenic, 
cadmium, chromium, copper, lead, selenium, and zinc all exceed unity in all receptors 
species except red fox. The HQs range from 2 for multiple COCs in multiple receptors 
to 10 for cadmium in the short-tail shrew and the American robin as well as lead in the 
American robin. HI values corresponded closely to the HQ values reported for all 
receptors ranging from 2 in red fox and red-tailed hawk to 40 in American robin. 

5.2.2  Less Conservative Hazard Quotient Analysis 

TRRP allows for calculation of less conservative HQs based on the application of area 
use factors (AUFs), exposure factors (EFs), and alternative TRVs such as LOAELs in 
addition to NOAELs (30 TAC 350.77(c)(7)). Less conservative risk characterizations 
were performed for all COCs using the NOAEL and the LOAEL endpoints based on 
TRVs presented in Tables 15 (avian TRVs) and 16 (mammalian TRVs).  

The less conservative evaluations using the NOAEL and the LOAEL based TRVs 
incorporate the AUFs and EFs, which are presented in Table 19. AUFs are based on 
the minimum home ranges for the representative species based on data published by 
USEPA (1993). The entire area of the East Mountain AA encompasses approximately 
107 acres, while the South Arroyo occupies approximately 24 acres. As a result, the 
AUFs were calculated comparing receptor minimum home ranges to the sizes of these 
two affected properties. The EFs presented in Table 19 have been incorporated for the 
East Mountain Area for mourning dove and American robin, because the East 
Mountain AA represents an arid rock out copping that has no inherent source of water 
leaving minimal vegetation to support any significant vegetation. The East Mountain AA 
is surrounded by I-10, commercial/industrial land uses, and high traffic streets urban 
streets used by El Paso residents and University of Texas, El Paso. The East Mountain 
AA does not serve as a readily accessible or attractive habitat for avian receptors 
compared to much more favorable habitat surrounding the property in the Franklin 
Mountains and park areas of the City of El Paso.  

Table 20 provides a summary of the less conservative analysis based on NOAEL 
TRVs. HQs exceed unity for mammalian receptors including short-tail shrew, raccoon, 
and desert cottontail and avian species including American robin and mourning dove 
for the East Mountain AA. The HQs range from 2 for selenium in short-tail shrew to 
10 for antimony and cadmium in short-tail shrew. Table 21 provides HQs for exposure 
to COCs based on the less conservative scenario using the LOAEL based TRVs. Only 
copper in short-tail shrew and desert cottontail have HQs above unity at 2. 

Section 9 - Tier 2 Screening Level Ecological Risk Assessment 36 



 

 
 
Tier 2 Screening Level 
Ecological Risk 
Assessment 

Former El Paso Smelter Site 
The less-conservative HQs for COCs in soil at the South Arroyo are also summarized 
in Table 20 using NOAEL-based TRVs and Table 21 using LOAEL-based TRVs. The 
less-conservative, NOAEL-based HQs for the South Arroyo ranged from 2 for multiple 
COCs in short-tail shrew to 10 for cadmium in short-tail shrew and American robin. The 
LOAEL-based less-conservative HQs for the South Arroyo only exceed unity for 
copper in short-tail shrew and desert cottontail and for zinc in American robin, all with 
the HQ of 2.  

5.3 Uncertainty Analysis 

5.3.1 Risk from Exposure to Copper in Surface Soil of East Mountain AA 

The East Mountain AA had HQs greater than unity for copper in short-tail shrew and 
desert cottontail indicating that mammalian herbivores and omnivores could be at 
potential risk from exposure to copper in surface soil. The CSM has the principal 
exposure of these mammalian receptors to metals through uptake in the food chain. 
Soil testing using in vivo testing in juvenile swine and in vitro extractions demonstrate 
that arsenic and lead in slag from the Site soils have much lower availability when 
incidentally ingested with soil than for default metals in soil. Bioavailability is related to 
the solubility of metals in the digestive tract. The low pH conditions in the stomach 
liberate metals and make them more soluble for absorption in the small intestines. 
Reduced bioavailability in the acid conditions of the stomach is related to the highly 
insoluble form of the metal in the soil substrate. The uptake of metals from soil by 
plants is also related to the metals solubility. The reduced solubility of metals in slag 
that lower bioavailability also will reduce the uptake of these metals by plants, where 
the soil pH is much higher than the 1.5 pH level of the stomach. Copper in site-specific 
soil samples are likely to have similar properties of decreased bioavailability due to the 
source being slag material from the smelting process. 

The East Mountain AA is a relatively isolated property that does not provide high 
valued habitat for ecological receptors. The exposed bedrock does not provide a matrix 
for retaining moisture from the minimal rainfall in the El Paso area. As described in 
Section 5.2.1, the East Mountain AA is isolated from other habitat areas and is 
characterized as la low-value habitat. The high degree of uncertainty related with the 
potential uptake of copper into the food chain along with low quality habitat indicate that 
an ecological-based PCL for copper in soil of the East Mountain AA is not required to 
protect ecological receptors at the Site.  
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5.3.2 Exposure Assessment Uncertainty 

Uncertainties associated with the exposure assessment include the use of the 95% 
UCL or maximum concentrations as the source concentration terms, the extent of 
affected site soil impacted by COCs, and routes of exposure. The 95% UCL is 
calculated statistically from the analytical data and is typically higher than the average 
concentration due to the statistical distribution of the data sets. The use of the 95% 
UCL likely leads to an overestimation of potential risk by raising the average 
concentration to a level where there is only a 5 percent chance of underestimating the 
average concentration of a COC. 

Uncertainties in exposure pathways are also inherent in the SLERA process. Exposure 
of receptor species to COCs in soil is limited to the ingestion route of exposure through 
ingestion of food web vectors, incidental ingestion of soil and ingestion of water. 
Inhalation and dermal exposure to COCs in site soil are not accounted for in the 
SLERA exposure model. The limited exposure routes for COCs in soil could result in 
an underestimation of potential risk. 

5.3.3 Extent of Affected Area 

The East Mountain AA does not pose any type of wildlife attraction such as open water 
bodies. The bedrock surface does not allow for the retainage of moisture from 
precipitation events creating an exceptionally arid environment even compared to the 
normal desert condition in El Paso. The lack of moisture prohibits any type of 
vegetative cover and foraging for receptor species. The conceptual site model 
addresses does not address low availability of vegetation in the East Mountain AA 
limiting likely foraging. By assuming receptors are onsite 100 percent of the time, 
potential exposure and resulting risk are likely to be overestimated. No EF was applied 
to adjust COC intake for mammalian receptors.  

5.3.4 COC Concentrations in Biota 

Concentrations of COCs in biota are estimated based on published life history and 
exposure factors rather than directly measured data. The plant uptake factors and soil 
invertebrate uptake factors were derived from the USEPA Region 6 Screening Level 
Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities 
(USEPA, 1999). Uptake factors for plants, invertebrates, and herbivorous and 
omnivorous small animals were derived from the median values published by Sample 
et al. (1998b). The source of metals to soil is slag from the smelting process, which is 
likely to reduce the bioavailability of all metals in soil as demonstrated for arsenic and 
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lead. The COC concentrations in site flora, fauna, and invertebrates, therefore, are 
likely to be overestimated.  

5.3.5 Reptile Receptors 

Receptor species selected for quantitative analysis were limited to mammalian and 
avian species. Other species that may be exposed to COCs in environmental media at 
the Site could include reptiles. Amphibian species were not evaluated at the Site due to 
the lack of open water bodies. In general, quantitative evaluations of risk to reptile 
receptors have a much higher degree of uncertainty compared to the evaluation of 
mammalian and avian species. The high degree of uncertainty is related to the 
relatively small toxicity database for reptile species compared to the data available for 
mammals and birds. Evaluations presented in this uncertainty analysis are to address 
potential adverse effects of COCs on reptiles without providing the same level of risk 
analysis discussed for the other receptor species. 

The Reptile and Amphibian Toxicological Literature (RATL) database was consulted to 
identify potential toxicity factors for reptile receptors (NWRC, 2003). The database 
provided references associated primarily with body burden of trace metals rather than 
toxicity data. Toxicity literature presented in Toxicological Benchmarks for Wildlife: 
1996 Revision (Sample et al., 1996) contains no pertinent data on non-pesticide 
chemicals for reptiles. The ORNL (Sample et al., 1996) further states that no 
methodology for extrapolating mammalian or avian toxicity data to reptiles exists. 

In general, reptile receptors have metabolic rates that are below those of the 
mammalian and avian receptor species evaluated in this SLERA. The lower metabolic 
rates associated with reptiles typically results in lower food ingestion rates for these 
animals; therefore, lower doses of COCs can be anticipated. As presented in Section 
2.2 of the SLERA, the Site could potentially comply with the habitat requirements of the 
diamondback rattlesnake. Toxicity data is based on NOAEL TRVs for avian receptors 
and an uncertainty factor of 0.1. A summary of the dose calculations and HQs is 
presented on Table 22. HQs are at or below unity (1) for all COCs except lead. Lead 
had a NOAEL-based HQ of 3. The calculation of a LOAEL-based HQ was not 
performed; however, assuming an order-of-magnitude difference between NOAEL-
based and LOAEL-based TRVs, the LOAEL-based HQ would be below unity. The 
same exposure considerations for metal uptake into the food chain at the Site apply for 
reptile exposure to metals in soil. In all cases, the potential exposure of ecological 
receptors to metals in the food chain at the Site is likely to be overestimated. Lead in 
soil at the Site, therefore, is not likely to pose a risk to reptiles such as the 
diamondback rattlesnake. 
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6. PCL Development 

PCL development is required element no. 9 of the SLERA based on TCEQ guidance. 
Copper and zinc in soil of the South Arroyo are the only COCs that have individual 
HQs greater than unity in the less-conservative, LOAEL evaluation. The HIs for metals 
in soil at the South Arroyo range from 0.02 for the red-tailed hawk to 7 for the American 
Robin. HQs for arsenic, cadmium, and lead are at unity and these metals are related to 
smelting activities at the Site. Based on the South Arroyo being valuable habitat for 
ecological receptors and HIs at unity for the less-conservative LOAEL-based 
evaluation for metals related to site smelting activities, PCLs were developed for 
arsenic, cadmium, coper, lead, and zinc for surface soil and subsurface soil at the 
South Arroyo. Equations used to calculate PCLs are based on Equation 9 presented in 
Section 13.13.13 of the Guidance for Conducting Ecological Risk Assessments at 
Remediation Sites in Texas (TCEQ, 2001). The PCL calculation is performed based on 
the average of the NOAEL and the LOAEL TRVs for each COC. All the exposure 
assumptions were previously normalized to body weight; therefore, TRVs were not 
adjusted by body weight. A summary of the numeric inputs for calculating ecological 
PCLs is presented in Table 23. 

Equ.1 

)()))05.0()95.0((()(
2

)/(
AUFEFIRAUFEFCFCFUFFracIRAUFEFUFFracIR

TRVTRV

kgmgPCL
SoilseedPlantPlantPlantfoodInvertInvertFood

LOAELNOAEL

××+×××+××××+××××








 +

=

 

where:    
TRVNOAEL = NOAEL-based TRVs presented in Table 15 for avian 

receptors and Table 16 for mammalian receptors (mg COC/kg 
body weight-day) 

TRVLOAEL = LOAEL-based TRVs presented in Table 15 for avian 
receptors (mg COC/kg body weight-day)   

IRFood = Food ingestion rates presented in Table 7 (kg wet-weight 
food/kg body weight-day) 

FracInvert  = Diet fraction for invertebrates - unitless 
UFInve  = COC uptake factor for invertebrates from soil – Table 6 (mg 

COC/kg wet-weight tissue/mg COC/kg dry-weight soil) 
FracPlant  = Diet fraction for plants - unitless 
UFPlant  = COC uptake factor for plants – Table 6 (mg COC/kg dry-

weight tissue/mg COC/kg dry-weight soil)  
CFPlant = Wet weight-to-dry weight conversion – 0.2 kg dry-weight/kg 

wet-weight tissue 
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CFSeed = Wet weight-to-dry weight conversion- 0.907 kg dry-weight 

tissue/ kg wet-weight tissue 
IRSoil = Soil ingestion rate (kg dry-weight soil/kg body weight-day) 
EF = Exposure frequency factor for robins (1) - unitless 
AUF = Area use factor (1 except for mourning dove at 0.05)  

The ecological PCLs for surface soil are summarized in Table 23. The recommended 
PCLs for surface soil are as follows: 

Arsenic -  81 mg/kg based on short-tail shrew (Site-specific PCL calculated 
using 0.44 bioavailability factor for incidental soil ingestion) 

 Cadmium - 13 mg/kg based on short-tail shrew 

 Copper - 520 mg/kg based on short-tail shrew 

Lead - 325 mg/kg based on American robin (Site-specific PCL calculated 
using 0.44 bioavailability factor for incidental soil ingestion)  

Zinc - 345 mg/kg based on American robin 

PCLs for subsurface soil were calculated for ground-dwelling receptors (shrew, 
cottontail, and raccoon). The subsurface PCLs were calculated based solely on 
incidental ingestion of soil. The ecological PCLs for subsurface soil are summarized in 
Table 24. The recommended PCLs for subsurface soil are as follows: 

Arsenic -  774 mg/kg based on short-tail shrew (Site-specific PCL calculated 
using 0.44 bioavailability factor for incidental soil ingestion) 

 Cadmium - 310 mg/kg based on short-tail shrew 

 Copper - 1,265 mg/kg based on short-tail shrew 

Lead - 6,405 mg/kg based on short-tail shrew (Site-specific PCL 
calculated using 0.44 bioavailability factor for incidental soil 
ingestion)  

Zinc - 15,372 mg/kg based on short-tail shrew 
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7. Summary and Conclusions 

Based on the information presented in this SLERA, the following summary and 
conclusions are made: 

• The SLERA was performed in accordance with TCEQ guidance and addresses all 
10 elements required by TRRP. 

• Former El Paso Smelter Site is located in a foothill desert scrub habitat and 
representative species were selected for terrestrial evaluation. 

• The terrestrial receptor species evaluated include the short-tailed shrew, the 
mourning dove, the American robin, the desert cottontail, the raccoon, the red fox, 
and the red-tailed hawk. 

• Concentrations of arsenic and selenium in groundwater may pose a potential 
threat to aquatic receptors in the Rio Grande requiring ecological receptors be 
considered in groundwater PCL development as part of the affected property 
assessment for the Site.  

• HQs were calculated for the receptor species based on estimates of ingestion of 
food sources impacted by COCs and the direct ingestion of COCs in soil.  

• HQs for antimony, arsenic, cadmium, copper, lead, selenium, and zinc in surface 
soil at the East Mountain AA exceeded unity for NOAEL endpoints under the 
conservative assumption scenario required by TCEQ risk assessment guidelines 
(TCEQ, 2001). 

• Less-conservative HQs exceeded unity for copper in shrews and cottontails based 
on the LOAEL TRVs for surface soils in the East Mountain AA. 

• Exposure to copper and other metals surface soil from the East Mountain AA are 
not likely to pose an unacceptable risk to ecological receptors due to conservative 
assumptions concerning uptake into the food chain and low-quality habitat. 

• No PCLs are recommended for metals in surface soil of the East Mountain AA. 

• HQs for arsenic, cadmium, copper, lead, selenium, and zinc in surface soil at the 
South Arroyo exceeded unity for NOAEL endpoints under the conservative 
assumption scenario. 
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• Less-conservative HQs exceeded unity for copper and zinc in shrews, cottontails, 

and robins based on the LOAEL TRVs for surface and subsurface soils in the 
South Arroyo. 

• Ecological-based PCLs for surface and subsurface soils of the South Arroyo are 
recommended for arsenic, cadmium, copper, lead, and zinc. 

• Additional assessment of area-specific risk to ecological receptors is not 
recommended for this Site. The data used to develop this area-specific risk 
assessment will be used in the site-wide ecological risk assessment. 
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Table 1
Concentrations of COCs in Surface Soil Samples (0-0.5 feet bgs) Collected at East Mountain Area 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas

Sample ID Depth of Sample

BL43 0-0.5 235 34 130 1790 1180 1940
BL44 0-0.5 27 12 90 46 46 18
BL44 0-0.5 40 11 80 56 73 10
BL45 0-0.5 37 10 U 85 38 36 59
BL46 0-0.5 36 10 U 80 48 47 62
BL47 0-0.5 33 10 U 83 46 42 79
BL48 0-0.5 39 10 U 83 109 96 118
AM-SS01 0-0.5 5.97 30.8 150 8.61 2.59 4.63 393 261 0.113 3.97 0.817 1.55 170
AM-SS02 0-0.5 2.14 25.8 128 5.98 2.07 4.57 187 241 0.0639 3.49 0.372 0.191 143
AM-SS03 0-0.5 3.2 41.5 169 5.98 2.86 5.21 196 233 0.0879 3.96 0.544 0.759 129
AM-SS04 0-0.5 4.28 36.1 159 9.07 1.86 4.11 275 373 0.0201 3.49 0.477 0.279 198
AM-SS05 0-0.5 137 615 153 92.1 8.26 14.6 5460 5570 0.436 22.1 16.3 44.5 3270
AM-SS06 0-0.5 15.8 141 135 27.5 2.86 5.68 1020 1290 0.218 6.55 3.45 4.44 675
AM-SS07 0-0.5 26.1 165 142 37.6 4.39 6.56 1920 1640 0.91 8.64 3.98 7.84 950
AM-SS08 0-0.5 11.5 112 147 25.3 2.67 5.3 822 1130 0.105 6.3 2.69 2.49 542
AM-SS09 0-0.5 9.83 74.5 133 9.5 5.34 5.3 386 400 0.712 5.59 1.44 3.31 186
AM-SS10 0-0.5 5.33 104 187 11.4 3.73 4.86 229 428 0.0204 3.69 1.18 1.36 208
AM-SS11 0-0.5 6.35 42.3 158 6.6 3.65 5.27 256 222 0.304 4.89 1.42 1.31 133
AM-SS12 0-0.5 27.3 159 142 35.8 5.05 6.93 2380 1420 0.302 9.95 3.69 9.25 1080
AM-SS13 0-0.5 8.01 100 138 20.8 2.72 5.81 708 959 0.0705 5.73 2.39 1.42 472
AM-SS14 0-0.5 8.27 81.9 115 20.3 2.8 4.91 724 807 0.0848 5.29 1.87 1.86 422
AM-SS15 0-0.5 13.7 106 136 29.6 4.36 5.05 822 1110 0.564 6.1 2.62 3.58 492
AM-SS16 0-0.5 5.62 60.1 106 15.1 4.05 4.57 464 575 0.0708 5.17 1.37 0.99 312
AM-SS17 0-0.5 38.6 234 134 62 12.5 11.5 3790 1690 1.14 12.3 4.24 14.5 1870
AM-SS18 0-0.5 9.69 93.2 113 26.4 3.56 4.95 787 828 0.241 5.51 1.98 2.27 521
AM-SS19 0-0.5 9.96 86 110 26.3 9.1 7.28 1080 677 0.115 9.23 1.76 3.15 642
E140-33 0-0.5 0.211 4.25 277 0.331 1.7 3.83 4.77 4.15 0.0141 3.15 0.156 0.0867 27.1
E140-33 0-0.5 0.235 4.75 85.5 0.0431 1.05 2.43 2.83 2.51 0.016 1.98 0.174 0.0968 18.2
E140-37 0-0.5 3.76 170 220 28.2 9.54 6.32 1370 795 1.01 9.34 2.75 6.95 601
E140-37 0-0.5 2.49 74.3 189 6.15 9.94 6.33 284 163 0.294 8.78 1.15 1.03 173
E140-38 0-0.5 2.29 33.2 306 4.04 9.72 6.11 125 91.2 0.142 11.6 0.908 0.484 109
E140-39 0-0.5 0.588 17.5 158 0.718 4.66 4.88 27.3 16.6 0.114 4.95 0.328 0.1 53.6
E140-41 0-0.5 0.918 29.9 223 6.15 5.52 7.26 195 120 0.201 6.8 0.6 0.325 164
E140-41 0-0.5 2.54 44.1 342 1.31 3.81 4.78 27.2 16.8 0.145 4.53 0.866 0.112 46.5
E140-42 0-0.5 3.13 114 154 36.3 3.53 5.01 820 825 0.775 6.59 2.03 3.45 614
E140-42 0-0.5 6.35 81.7 132 28.3 4 4.82 703 695 0.582 5.86 1.82 2.64 499

Zinc*Mercury*Lead*Barium SilverSelenium*Nickel*ArsenicAntimony Copper*CobaltChromium*Cadmium*
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Table 1
Concentrations of COCs in Surface Soil Samples (0-0.5 feet bgs) Collected at East Mountain Area 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas

Sample ID Depth of Sample Zinc*Mercury*Lead*Barium SilverSelenium*Nickel*ArsenicAntimony Copper*CobaltChromium*Cadmium*

E140-42 0-0.5 10.7 187 133 66.2 5.25 7.61 1700 1490 1.35 10.2 4.42 9.47 1090
E140-43 0-0.5 2.26 54.4 152 14.6 6.66 6.54 1030 365 0.0936 9.34 0.377 2.45 385
E140-43 0-0.5 1.79 45.5 122 15.2 6.92 5.68 752 355 0.0691 8.01 0.572 1.41 402
E140-43 0-0.5 0.415 8.66 52.3 4 3.11 2.98 93.1 69.9 0.0378 3.75 0.196 0.142 75.6
E140-43 0-0.5 4.96 63.9 100 17.8 6.44 5.58 1000 558 0.123 8.32 1.79 2.28 486
E140-44 0-0.5 0.25 209 158 116 36 0.0262 6.4 2350 1.06 62.1 0.185 9.86 1800
E140-44 0-0.5 17.6 337 183 132 8.87 11.1 3030 2380 1.82 13.8 7.5 14.2 2020
Soil Benchmarks (Earthworms) 78 60 330 140 0.4 NE 61 1700 0.1 200 70 ne 120
Soil Benchmarks (Plants) 5 18 500 32 1 13 100 120 0.3 30 1 2 190
Soil Benchmark (Terrestrial Insectivores)6 0.26 (M) 15 (M) 1000 (A) 0.27 (M) 190 (A) 96 (A) 15 (A) 14 (A) 0.013 (A) 21 (A) 0.66 (M) 2.6 (A) 48 (A)
Texas-Specific Background * 1 5.9 300 0.7 30 7 15 15 0.04 10 0.3 0.589 30

Notes:
1. Soil Benchmarks for Earthworms and Plants were obtained from January 2006 Revised Table 3-4, RG-263 (TCEQ 2006)
Ecological Benchmarks for Soil, Guidance for Conducting Ecological Risk Assessments at Remediation Sites in Texas.
2. All units are in mg/kg unless noted.
3. * Value represents the State-wide background concentration for soil as described in 30 TAC 350.51(m).
4. Values in bold exceed either the Soil Benchmarks for Earthworms, soil, or the Texas-Specific Background, whichever is higher.
5. Italics - The value is a non-detected result and is represented by one-half the sample detection limit (SQL).
6. Soil Benchmark based on calculations presented in Ecorisk Screening Level (ESL) database prepared by Los Alamos National Laboratories,Release 3.0, October 2010. (A-Avian, M-Mammalian).
7. Soil Benchmarks for perchlorate obtained from USEPA (2002).
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Table 2
Concentrations of COCs in Surface Soil Samples (0-0.5 feet bgs) Collected at East Property, South Arroyo 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas

Sample ID Depth of Sample

BL17 0-0.5 34 10 U 140 100 71 10 U 120
BL17 0-0.5 30 10 U 114 114 59 10 U 160
BL18 0-0.5 30 10 U 120 440 220 10 U 250
BL18 0-0.5 46 10 U 107 344 197 10 U 267
BL3 0-0.5 10 U 10 U 170 160 190 10 U 140
BL3 0-0.5 20 U 10 U 158 156 194 10 U 166
EP-84 0-1 20 U 14 47 490 500 10 U 390
BH11-2 0-0.5 210 36 80 U 1,700 660 11 1,600
EP-97 0-1 64 19 80 U 690 340 10 U 470
SSIA11-1 0-0.5 170 50 160 2,900 1,500 10 U 1,400
SSIA11-17 0-0.5 110 15 80 U 1,000 920 10 U 810
SSIA11-18 0-0.5 150 45 80 U 1,600 1,100 10 U 1,100
BH11-10 0-0.5 110 14 81 930 620 10 U 720
BH11-11 0-0.5 180 48 87 2,000 1,500 10 U 1,200
BH11-12 0-0.5 270 53 92 2,700 1,900 10 U 1,700
BH11-13 0-0.5 91 18 110 810 370 10 U 620
BH11-14 0-0.5 140 38 95 1,800 990 10 U 1,100
BH11-5 0-0.5 170 31 80 U 2,000 1,400 10 U 1,200
BH11-6 0-0.5 95 31 80 U 1,300 930 10 U 770
BH11-7 0-0.5 82 18 87 830 540 10 U 620
BH11-8 0-0.5 98 22 86 1,300 640 10 U 930
BH11-9 0-0.5 110 20 110 1,400 670 10 U 1,000
EP-129 0-1 150 33 98 1,600 910 10 U 1,300
SS1 0-0.5 34 10 U 140 100 71 10 U 120
SS1 0-0.5 30 1 114 114 59 10 U 160
SS2 0-0.5 30 10 U 120 440 220 10 U 250
SS2 0-0.5 46 4.6 107 344 197 10 U 267
E140-25 0-0.5 0.284 U 5.36 74.4 0.414 J 3.91 4.73 5.96 4.02 0.0139 U 4.82 0.21 U 0.117 U 29.2
E140-26 0-0.5 1.34 J 23.9 88.9 5.08 5.32 4.24 278 148 0.136 J 5.61 0.685 J 0.984 231
E140-27 0-0.5 0.313 J 6.33 67.8 0.465 J 2.79 3.85 8.63 5.87 0.0138 U 3.82 0.222 U 0.124 U 27
E140-35 0-0.5 80.8 193 0.182 U 127 28.2 0.027 U 6.42 2,090 0.0181 J 52.3 84.3 0.106 U 0.55 U
SA1 0-0.5 164 33 21 U 43 U 1731 1,257 10 3 U 2,203
SA2 0-0.5 58 22 U 21 U 39 U 679 489 8.3 U 3 U 901

CobaltAntimony Arsenic Barium Cadmium* Chromium* Zinc*Copper* Lead* Mercury* Nickel* Selenium* Silver
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Table 2
Concentrations of COCs in Surface Soil Samples (0-0.5 feet bgs) Collected at East Property, South Arroyo 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas

Sample ID Depth of Sample CobaltAntimony Arsenic Barium Cadmium* Chromium* Zinc*Copper* Lead* Mercury* Nickel* Selenium* Silver

SA3 0-0.5 93 22 U 22 U 42 U 647 412 9 U 3 U 1,249
SA4 0-0.5 9 20 U 22 U 38 U 79 46 8 U 2.7 U 492
SA5 0-0.5 33 20 U 20 U 32 U 368 178 7 U 2.7 U 224
SA6 0-0.5 7 23.3 U 20 U 31 U 98 31 7 U 2.7 U 108
SA7 0-0.5 6 21.7 U 19 U 36 U 47 14 8 U 2.3 U 52
SA8 0-0.5 124 19.7 U 21 U 43 U 1583 1,033 9.3 U 3 U 1,620
SA9 0-0.5 99 24.7 U 22 U 42 U 1296 930 8 U 2.3 U 1,439
SSA1 0-0.5 1.23 17.1 168 5.61 11.5 6.03 269 181 0.134 8.4 1.82 0.989 304
SSA7 0-0.5 1.68 36.5 125 13.1 6.22 6.46 482 381 0.108 6.83 1.47 1.25 391
SSA8 0-0.5 0.868 U 3.93 69 0.451 6.37 3.65 23.5 16.9 0.0403 U 3.52 0.821 0.174 U 34.9
Soil Benchmarks (Earthworms) 78 60 330 140 0.4 NE 61 1700 0.1 200 70 ne 120
Soil Benchmarks (Plants) 5 18 500 32 1 13 100 120 0.3 30 1 2 190
Soil Benchmark (Terrestrial Insectivores)6 0.26 (M) 15 (M) 1000 (A) 0.27 (M) 190 (A) 96 (A) 15 (A) 14 (A) 0.013 (A) 21 (A) 0.66 (M) 2.6 (A) 48 (A)
Texas-Specific Background * 1 5.9 300 30 7 15 15 0.04 10 0.3 30

Notes:
1. Soil Benchmarks for Earthworms and Plants were obtained from January 2006 Revised Table 3-4, RG-263 (TCEQ 2006)
Ecological Benchmarks for Soil, Guidance for Conducting Ecological Risk Assessments at Remediation Sites in Texas.
2. All units are in mg/kg unless noted.
3. * Value represents the State-wide background concentration for soil as described in 30 TAC 350.51(m).
4. Values in bold exceed either the Soil Benchmarks for Earthworms, soil, or the Texas-Specific Background, whichever is higher.
5. Italics - The value is a non-detected result and is represented by one-half the sample detection limit (SQL).
6. Soil Benchmark based on calculations presented in Ecorisk Screening Level (ESL) database prepared by Los Alamos National Laboratories,Release 3.0, October 2010. (A-Avian, M-Mammalian)
7. Soil Benchmarks for perchlorate obtained from USEPA (2002).
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Table 2A
Concentrations of COCs in Subsurface Soil Samples (0.5-5 feet bgs) Collected at East Property, South Arroyo 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas

Sample ID Depth of Sample

EP-97 1 46 20 640 340 450
EP-97 2 71 16 800 500 470
SSIA11-1 1 33 16 740 520 340
SSIA11-1 2 10 10 U 330 290 150
SSIA11-18 1 230 86 3,000 2,200 1,600
SSIA11-18 2 140 61 1,700 1,300 990
BH11-10 1 55 13 280 320 190
BH11-10 2 68 12 700 640 440
BH11-10 3 41 18 280 260 180
BH11-11 1 63 26 870 760 520
BH11-11 2 71 19 590 520 390
BH11-11 3 60 23 650 590 360
BH11-12 1 35 11 200 200 170
BH11-12 2 23 15 130 130 77
BH11-12 3 46 14 280 300 190
BH11-13 1 40 12 360 360 290
BH11-13 2 21 15 100 120 75
BH11-14 1 84 10 U 820 640 470
BH11-14 2 32 10 U 200 180 92
BH11-14 3 33 12 300 290 180
BH11-5 1 45 18 490 460 340
BH11-5 2 35 10 U 270 280 180
BH11-5 3 41 10 U 480 410 260
BH11-6 1 140 32 1,400 980 830
BH11-7 1 89 26 1,300 960 680
BH11-7 2 54 10 U 380 370 260
BH11-8 1 190 36 1,800 1,700 1,100
BH11-8 2 53 16 500 440 240
BH11-8 3 43 14 390 340 250
BH11-9 1 59 10 510 510 380
BH11-9 2 62 22 720 620 440
EP-129 1 33 10 U 37 39 22
EP-129 2 32 10 U 22 36 10 U
EP-129 3 21 10 U 34 51 10 U
EP-129 4 25 10 U 63 40 10 U
E140-35 0.5 1.05 7.74 102 1.29 3.83 74 25 0.0137 4.16 0.613 0.108 143

CobaltAntimony Arsenic Barium Cadmium* Chromium* Zinc*Copper* Lead* Mercury* Nickel* Selenium* Silver
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Table 2A
Concentrations of COCs in Subsurface Soil Samples (0.5-5 feet bgs) Collected at East Property, South Arroyo 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas

Sample ID Depth of Sample CobaltAntimony Arsenic Barium Cadmium* Chromium* Zinc*Copper* Lead* Mercury* Nickel* Selenium* Silver

SA1 0.5-1 373 83 21 U 46 U 3,238 3,463 10 U 15 3,869
SA4 0.5-1 25 21.7 U 22 U 36 U 270 147 7.3 U 2 U 451
SA5 0.5-1 44 353 244

Soil Benchmarks (Earthworms) 78 60 330 140 0.4 NE 61 1700 0.1 200 70 ne 120
Soil Benchmarks (Plants) 5 18 500 32 1 13 100 120 0.3 30 1 2 190
Soil Benchmark (Terrestrial Insectivores)6 0.26 (M) 15 (M) 1000 (A) 0.27 (M) 190 (A) 96 (A) 15 (A) 14 (A) 0.013 (A) 21 (A) 0.66 (M) 2.6 (A) 48 (A)
Texas-Specific Background * 1 5.9 300 0.7 30 7 15 15 0.04 10 0.3 0.589 30

Notes:
1. Soil Benchmarks for Earthworms and Plants were obtained from January 2006 Revised Table 3-4, RG-263 (TCEQ 2006)
Ecological Benchmarks for Soil, Guidance for Conducting Ecological Risk Assessments at Remediation Sites in Texas.
2. All units are in mg/kg unless noted.
3. * Value represents the State-wide background concentration for soil as described in 30 TAC 350.51(m).
4. Values in bold exceed either the Soil Benchmarks for Earthworms, soil, or the Texas-Specific Background, whichever is higher.
5. Italics - The value is a non-detected result and is represented by one-half the sample detection limit (SQL).
6. Soil Benchmark based on calculations presented in Ecorisk Screening Level (ESL) database prepared by Los Alamos National Laboratories,Release 3.0, October 2010. (A-Avian, M-Mammalian)
7. Soil Benchmarks for perchlorate obtained from USEPA (2002).
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Table 3
Concentrations of Chemicals of Concern (COCs) for Input to Ecological Risk Assessment in Groundwater

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas

Sample ID Sample Date

EP-132 2/28/2012 0.00542 1.63 0.0224 0.000854 U 0.0014 U 0.00136 U 0.0287 0.00202 J 0.00013 U 0.0249 0.365 0.00069 U 0.0656
EP-132 8/27/2012 0.00449 J 1.53 0.0235 0.000854 U 0.0014 U 0.00136 U 0.00266 J 0.00199 J 0.00013 U 0.0262 0.428 0.00069 U 0.00577 J
FD082712 8/27/2012 0.00465 J 1.54 0.0234 0.000854 U 0.0014 U 0.00136 U 0.00329 J 0.000733 U 0.00013 U 0.0268 0.428 0.00069 U 0.00355 U
EP-132 2/19/2013 0.00468 J 1.7 0.0256 UJ 0.000854 U 0.00216 J 0.00136 U 0.00278 J 0.00523 0.00013 U 0.0298 0.393 0.00069 U 0.00724 J
EP-132 10/8/2013 0.00708 1.89 0.0204 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.024 0.411 0.00069 U 0.00355 U
EP-133 2/29/2012 0.00283 J 2.16 0.0344 0.00127 J 0.0014 U 0.00136 U 0.00214 J 0.00143 J 0.00013 U 0.0314 0.0585 0.00069 U 0.00809 J
EP-133 8/22/2012 0.00161 U 2.73 0.0338 0.000854 U 0.0014 U 0.00136 J 0.002 U 0.000865 J 0.00013 U 0.0327 0.0126 0.00069 U 0.00584 J
EP-133 2/21/2013 0.00161 U 1.58 0.0387 UJ 0.000854 U 0.00212 J 0.00136 U 0.00232 J 0.00848 0.00013 U 0.0327 0.0433 0.00069 U 0.0121 J
FD022113 2/21/2013 0.00161 U 1.63 0.0406 UJ 0.000854 U 0.00377 J 0.00136 U 0.004 J 0.00468 J 0.00013 U 0.0342 0.0445 0.00069 U 0.0134 J
EP-133 10/9/2013 0.00635 0.288 0.153 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.00601 0.00013 U 0.00217 U 0.00415 J 0.00069 U 0.00814 J
EP-135 2/28/2012 0.00161 U 2.49 0.0175 0.000854 U 0.0017 J 0.00136 U 0.00748 J 0.00184 J 0.00013 U 0.0129 0.199 0.00085 J 0.0199 J
EP-135 8/27/2012 0.00161 U 2.01 0.0149 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.0134 0.149 0.00178 J 0.00355 U
EP-135 10/8/2013 0.00161 U 2.53 0.0115 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.0104 0.202 0.00069 U 0.00355 U
EP-135 2/20/2013 0.00161 U 2.98 0.019 UJ 0.000854 U 0.00284 J 0.00136 U 0.002 U 0.00692 0.00013 U 0.013 0.196 0.00069 U 0.00475 J
EP-4 2/29/2012 0.00161 U 0.267 0.127 0.000854 U 0.0014 U 0.00136 U 0.0053 J 0.00208 J 0.00013 U 0.00217 U 0.00108 U 0.00069 U 0.00998 J
EP-4 8/22/2012 0.00202 J 0.357 0.108 0.000854 U 0.0014 U 0.00136 U 0.013 0.00283 J 0.00013 U 0.00271 J 0.0013 J 0.00069 U 0.0053 J
EP-4 2/21/2013 0.00161 U 0.258 0.119 0.000854 U 0.00208 J 0.00136 U 0.00251 J 0.0113 0.00013 U 0.00217 U 0.00108 U 0.00069 U 0.00775 J
EP-4 10/9/2013 0.00482 J 0.0227 0.051 0.000854 U 0.0014 U 0.00212 J 0.0135 0.000733 U 0.00013 U 0.00217 U 0.00556 0.00069 U 0.00355 U
EP-6 2/29/2012 0.00873 0.0167 0.0219 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.003 J 0.00155 J 0.00069 U 0.00439 J
EP-6 8/22/2012 0.0039 J 0.0225 0.0502 0.000854 U 0.0014 U 0.00289 J 0.002 U 0.000733 U 0.00013 U 0.0043 J 0.00108 U 0.00069 U 0.00355 U
EP-6 2/21/2013 0.00784 0.0227 0.0284 UJ 0.000854 U 0.00183 J 0.00136 U 0.0035 J 0.00318 J 0.00013 U 0.00217 U 0.00108 U 0.00069 U 0.00916 J
EP-6 10/9/2013 0.00161 U 0.0357 0.041 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00217 U 0.00148 J 0.00069 U 0.00355 U
EP-7 2/29/2012 0.00161 U 0.0253 0.0543 0.000854 U 0.0014 U 0.0019 J 0.00249 J 0.000733 U 0.00013 U 0.00363 J 0.00114 J 0.00069 U 0.0142 J
EP-7 8/22/2012 0.00161 U 0.0483 0.0555 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00378 J 0.00234 J 0.0013 J 0.00355 U
EP-7 2/21/2013 0.00161 U 0.02 0.0478 0.000854 U 0.00163 J 0.00136 U 0.002 U 0.00566 0.00013 U 0.00425 J 0.00159 J 0.0023 0.011 J
EP-7 10/9/2013 0.00161 U 0.00321 J 0.0147 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00419 J 0.00131 J 0.00069 U 0.00507 J
EP-71 2/24/2012 0.00161 U 0.154 0.0141 0.00101 J 0.00759 0.00174 J 0.0745 0.00186 J 0.000219 J 0.0171 0.234 0.00069 U 0.128
EP-71 8/29/2012 0.00161 U 0.144 0.0145 0.000854 U 0.0014 U 0.00136 U 0.00298 J 0.000733 U 0.00013 U 0.00962 0.24 0.00069 U 0.00839 J
FD082912 8/29/2012 0.00161 U 0.149 0.0137 0.000854 U 0.00154 J 0.00143 J 0.00221 J 0.000733 U 0.00014 J 0.0109 0.253 0.00069 U 0.00707 J
QA082912 8/29/2012 0.0016 U 0.127 0.016 0.0016 U 0.00258 J 0.00178 J 0.00542 J 0.0014 U 0.00025 0.0111 0.27 0.00446 0.0128
EP-71 2/13/2013 0.00161 U 0.142 0.0129 0.000854 U 0.00254 J 0.00136 U 0.0536 0.000733 U 0.00053 J 0.0108 0.251 0.00417 0.0711
EP-71 10/1/2013 0.00161 U 0.131 0.0126 0.000854 U 0.0014 U 0.00136 U 0.0027 J 0.000733 U 0.00013 U 0.00778 0.227 0.00069 U 0.00355 U
MW-1 2/29/2012 0.00871 1.17 0.0406 0.00139 J 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00313 J 0.0844 0.00069 U 0.00355 U
MW-1 8/23/2012 0.00528 1.15 0.0409 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00363 J 0.0994 0.00069 U 0.00355 U
MW-1 10/7/2013 0.00551 1.16 0.0412 0.000854 U 0.0014 U 0.00136 U 0.00253 J 0.000733 U 0.00013 U 0.00603 0.0755 0.00069 U 0.00355 U

Zinc1

Total

Lead1 Mercury Nickel1 SeleniumCadmium1 Chromium Cobalt Copper1Antimony ThalliumArsenic1 Barium
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Table 3
Concentrations of Chemicals of Concern (COCs) for Input to Ecological Risk Assessment in Groundwater

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas

Sample ID Sample Date Zinc1

Total

Lead1 Mercury Nickel1 SeleniumCadmium1 Chromium Cobalt Copper1Antimony ThalliumArsenic1 Barium

MW-1 2/25/2013 0.00643 1.21 0.041 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00505 0.103 0.00934 0.0038 J
MW-2 2/29/2012 0.00161 U 1.11 0.0751 0.00227 0.0014 U 0.00136 U 0.002 U 0.000954 J 0.00013 U 0.00528 0.0112 0.00082 J 0.00355 U
MW-2 8/23/2012 0.00161 U 0.796 0.0595 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00459 J 0.00546 0.00069 U 0.00355 U
MW-2 10/7/2013 0.00161 U 0.426 0.0454 0.000979 J 0.0014 U 0.00136 U 0.00218 J 0.000733 U 0.00013 U 0.00426 J 0.00403 J 0.00069 U 0.00355 U
MW-2 2/25/2013 0.00161 U 0.559 0.0504 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00534 0.00412 J 0.00069 U 0.00355 U
MW-10S 3/27/2012 0.00235 J 0.242 0.0329 0.000854 U 0.0014 U 0.00148 J 0.002 U 0.000733 U 0.00013 U 0.00223 J 0.152 0.00069 U 0.00475 J
MW-10S 3/27/2012 0.00205 J 0.235 0.0345 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000981 J 0.00013 U 0.00217 U 0.15 0.00069 U 0.00713 J
MW-10S 8/27/2012 0.00161 U 0.344 0.0322 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00237 J 0.151 0.00069 U 0.00355 U
MW-10S 9/27/2013 0.00161 U 0.763 0.0348 0.000931 J 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00217 U 0.165 0.00069 U 0.00355 U
MW-10S 2/25/2013 0.00161 U 0.68 0.0335 0.000854 U 0.0014 U 0.00136 U 0.00212 J 0.000733 U 0.00013 J 0.0028 J 0.183 0.00069 U 0.00355 U
MW-11S 3/27/2012 0.00263 J 0.0369 0.0299 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00264 J 0.0198 0.002 U 0.00355 U
MW-11S 3/27/2012 0.00251 J 0.0388 0.0325 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.0026 J 0.0214 0.001 U 0.00355 U
MW-11S 8/24/2012 0.00161 U 0.0599 0.0282 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00234 J 0.0432 0.00069 U 0.00355 U
MW-11S 9/27/2013 0.00161 U 0.0343 0.0302 0.000931 J 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00217 U 0.0376 0.00069 U 0.00355 U
MW-11S 2/26/2013 0.00161 U 0.0513 0.0282 0.000854 U 0.0014 U 0.00136 U 0.00262 J 0.000737 J 0.00013 U 0.00323 J 0.131 0.00069 U 0.00355 U
MW-9S 3/27/2012 0.00611 1.04 0.0295 0.000854 U 0.0014 U 0.00155 J 0.002 U 0.000733 U 0.00013 U 0.00364 J 0.00208 J 0.00069 U 0.00768 J
MW-9S 3/27/2012 0.0058 1.07 0.0309 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00021 J 0.00346 J 0.00216 J 0.00069 U 0.00357 J
MW-9S 8/23/2012 0.0034 J 0.809 0.026 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00349 J 0.0719 0.00069 U 0.00355 U
FD082312B 8/23/2012 0.00356 J 0.844 0.0259 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00379 J 0.0757 0.00069 U 0.00355 U
QA082312B 8/23/2012 0.0042 J 0.835 0.0253 0.0008 U 0.0012 U 0.0008 U 0.0015 U 0.0007 U 4.20E-05 U 0.00173 J 0.0793 0.00069 U 0.00329 J
MW-9S 9/27/2013 0.00294 J 0.522 0.0211 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00013 U 0.00282 J 0.0057 0.00069 U 0.00355 U
MW-9S 2/25/2013 0.00317 J 0.635 0.0258 0.000854 U 0.0014 U 0.00136 U 0.002 U 0.000733 U 0.00018 J 0.00488 J 0.00629 0.00069 U 0.00382 J

0.16 0.15 16 0.0006 0.1080 1.5 0.007 0.001 0.0013 0.0874 0.005 0.004 0.0581
Surface Water Invertebrates5 0.1 0.15 0.004 0.00015 0.077 NE 0.005 0.0012 0.00077 0.028 0.005 0.018 0.066
Surface Water Terrestrial Insectivore5 0.69 (M) 0.56 (M) 6.1 (M) 4.8 (M) 49 (A) NE 12 (A) 4.3 (A) 0.078 (A) 0.3 (M) 0.89 (M) 0.031 (M) 490 (A)

Notes:
1. Freshwater benchmarks for arsenic, cadmium, copper, lead, nickel, silver, and zinc are based on dissolved concetrations for screening.
2. Bold - Value exceeds the background concetrations and freshwater benchmarks in surface water samples.
3. Italic - The value is a non-detected result and is represented by one-half the sample detection limit (SQL).
4. All units are in mg/L unless otherwise noted.
5. Surface water benchmark based on calculations presented in Ecorisk Screening Level (ESL) database prepared by Los Alamos National Laboratories,Release 3.0, October 2010. (A-avian, M-mammalian).
U - Not detected at Sample detection limit (SQL under TRRP)
J - Estimated Value
Q - Sample failed at least one quality control parameter
na - Not analyzed
NE - Not Established

TCEQ Freshwater Benchmarks
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Table 4
Total and Dissolved Metals Concentrations and Surface Water Criteria (mg/L) 

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
 El Paso, Texas

Parameters Intercept (b)1 Slope (m)2 Kd3 C/CT  

(ratio)
Acute Criteria 

(Dissolved)4
Acute Criteria 

(Total)5
Chronic Criteria 

(Dissolved)4
Chronic Criteria 

(Total)5

Exposure Point 
Concentration 

(Total)6

Arsenic 5.68 -0.73 47,038 0.47 0.36 0.77 0.19 0.40 0.0201
Barium na na na na na na na 16 0.0571
Cadmium 6.60 -1.13 109,739 0.28 0.0201 0.073 0.00045 0.0016 0.001
Chromium 6.52 -0.93 172,347 0.19 1.17 5.99 0.152 0.78 0.005
Cobalt7 na na na na na na na 1.5 0.005
Copper 6.02 -0.74 99,688 0.29 0.0324 0.110 0.0200 0.068 0.0079
Lead 6.45 -0.80 221,733 0.16 0.165 1.044 0.0064 0.041 0.0016
Mercury 6.46 -1.14 77,012 0.35 0.0024 0.007 0.001 0.0037 0.0002
Nickel 5.69 -0.57 80,035 0.34 0.98 2.9 0.109 0.32 0.01
Selenium na na na na na 0.02 na 0.005 0.0023
Thallium na na na na na 0.004 na 0.004 0.0018
Zinc 6.01 -0.70 110,625 0.27 0.25 0.899 0.25 0.907 0.0093

Notes:
1. Intercepts based on values published in the TCEQ Implementation Procedures, RG-194 (TCEQ, 2010).
2. Slopes based on values published in the TCEQ Implementation Procedures, RG-194 (TCEQ, 2010).
3. Kd values are calculated using the following equation - Kd = log(b)*TSSm, as published in the TCEQ Implementation Procedures, RG-194  (TCEQ, 2010).
4. Dissolved acute and chronic criteria based on equations presented in 30 TAC 307 (June 2010).
5. Total acute and chronic criteria based on dissolved criteria multiplied by COC-specific C/CT ratios.
6. Total exposure point concentration used for plant, invertebrate, and fish uptake calculations as well as used for intake calculations
     and comparisons with TRVs for hazard quotient calculations.
Procedures to Implement the Texas Surface Water Quality Standards (TCEQ 2010) Appendix D, RG-194 for Rio Grande - Segment 2314:
Hardness (mg/l) 240
TSS (mg/l) 24
Chloride (mg/l) 110
7. Surface Water Benchmark for COC based on January 2006 update to Table 3-2, RG-263 (TCEQ, 2006)
na - Not Applicable
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COC Number of 
Samples

Number of       
Detections

Minimum Concentration 
(mg/kg and mg/L)

Maximum Concentration 
(mg/kg and mg/L)

Average Concentration 
(mg/kg and mg/L)

Data Population 
Distribution

Exposure Point 
Concentration (mg/kg and 

mg/L)
Source

Antimony 36 33 0.211 137 11.4 Gamma 16.76 95% Approximate Gamma UCL
Arsenic 43 43 4.25 615 98 Gamma 126 95% Approximate Gamma UCL
Cadmium 43 38 0.043 132 24 Gamma 33.08 95% Approximate Gamma UCL
Chromium 43 42 1.05 130 19.6 Nonparametric 39.62 95% Chebyshev (Mean, sd) UCL
Copper 43 41 2.83 5,460 819 Gamma 1183.0 95% Approximate Gamma UCL
Lead 43 43 2.51 5,570 737 Gamma 1046.0 95% Approximate Gamma UCL
Mercury 36 36 0.014 1.82 0.37 Lognormal 0.7890 95% HUCL
Selenium 36 36 0.16 16.3 2.2 Gamma 2.96 95% Approximate Gamma UCL
Zinc 43 43 10 3,270 541 Gamma 745 95% Approximate Gamma UCL

Arsenic 43 37 3.93 270 79 Gamma 103 95% Approximate Gamma UCL
Cadmium 43 24 0.414 127 22 Nonparametric 36 95% Chebyshev (Mean, sd) UCL
Chromium 43 25 2.79 170 72 Nonparametric 104 95% Chebyshev (Mean, sd) UCL
Copper 43 40 5.96 2900 813 Gamma 1119 95% Approximate Gamma UCL
Lead 43 40 4.02 2090 562 Gamma 769.5 95% Approximate Gamma UCL
Mercury 7 2 0.0138 0.136 0.066 Gamma 0.1540 95% Approximate Gamma UCL
Selenium* 14 3 0.21 11 9 Nonparametric 3.14 95% Chebyshev (Mean, sd) UCL
Zinc 43 40 0.55 2203 654 Gamma 877 95% Approximate Gamma UCL

Arsenic 39 39 7.74 373 66 Lognormal 84 95% HUCL
Cadmium 38 27 1.29 86 20 Nonparametric 33 95% Chebyshev (Mean, sd) UCL
Chromium 2 0 21 22 22 22 Maximum
Copper 39 39 22 3238 649 Gamma 863.0 95% Approximate Gamma UCL
Lead 39 39 25.1 3463 553 Gamma 732.6 95% Approximate Gamma UCL
Mercury 1 1 0.0137 0.0137 0.0137 0.0137 Maximum
Selenium 3 2 0.613 15 5.9 15 Maximum
Zinc 38 38 10 3869 450 Gamma 914 95% Approximate Gamma UCL

Arsenic 1 1 0.0201 0.0201 0.0201 0.0201
Barium 1 1 0.0571 0.0571 0.0571 0.0571
Cadmium 1 1 0.001 0.001 0.001 0.001
Chromium 1 1 0.005 0.005 0.005 0.005
Cobalt 1 1 0.005 0.005 0.005 0.005
Copper 1 1 0.00792 0.00792 0.00792 0.00792

Table 5
COC Source Concentration Terms in Source Media

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
 El Paso, Texas

East Property, South Arroyo Subsurface Soil

East Property, South Arroyo Surface Soil

East Mountain Surface Soil

Surface Water
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COC Number of 
Samples

Number of       
Detections

Minimum Concentration 
(mg/kg and mg/L)

Maximum Concentration 
(mg/kg and mg/L)

Average Concentration 
(mg/kg and mg/L)

Data Population 
Distribution

Exposure Point 
Concentration (mg/kg and 

mg/L)
Source

Table 5
COC Source Concentration Terms in Source Media

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
 El Paso, Texas

Lead 1 1 0.00157 0.00157 0.00157 0.00157
Mercury 1 1 0.0002 0.0002 0.0002 0.0002
Nickel 1 1 0.01 0.01 0.01 0.01
Selenium 1 1 0.00232 0.00232 0.00232 0.00232
Zinc 1 1 0.00929 0.00929 0.00929 0.00929

Arsenic 57 11 0.0032 2.98 0.7799 Gamma 1.0460 95% Approximate Gamma UCL
Cadmium 57 7 0.0008 0.00227 0.00092 Normal 0.00097 95% Student-t
Copper 57 11 0.0008 0.0745 0.0054 Nonparametric 0.0125 95% Chebyshev (Mean, sd) UCL
Lead 57 11 0.0007 0.011 0.0017 Nonparametric 0.00296 95% Chebyshev (Mean, sd) UCL
Selenium 57 2 0.0011 0.428 0.10726 Nonparametric 0.1800 95% Chebyshev (Mean, sd) UCL
Thallium 57 8 0.00069 0.00934 0.00106 Nonparametric 0.0018 95% Chebyshev (Mean, sd) UCL
Zinc 57 11 0.003 0.128 0.010 Nonparametric 0.0216 95% Chebyshev (Mean, sd) UCL

Notes:
1. Statistical results were generated using ProUCL
na - Not Analyzed

Groundwater
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COC
Surface Soil 

Concentration    
(mg/kg)

Plant Uptake 
Factor

Plant 
Concentration 

(mg/kg dry 
weight)

Plant 
Concentration 

(mg/kg wet 
weight)

Seed 
Concentration 

(mg/kg wet 
weight)

Invertebrate 
Uptake Factor

Invertebrate 
Concentration    

(mg/kg dry 
weight)

Invertebrate 
Concentration      

(mg/kg wet weight)

Antimony 16.8 0.02 0.335 0.040 0.30 0.22 NA 3.69
Arsenic1 126 0.036 4.54 0.544 4.11 0.11 NA 13.9
Cadmium1 33 0.364 12.0 1.44 10.9 0.96 NA 32
Chromium1 40 0.0075 0.297 0.036 0.270 0.01 NA 0.396
Copper1 1183 0.4 473 57 429 0.04 NA 47
Lead1 1046 0.045 47 5.65 43 0.03 NA 31
Mercury1,4 0.8 0.0375 0.03 0.0036 0.027 0.04 NA 0.032
Selenium1 3.0 0.016 0.047 0.006 0.04 0.22 NA 0.651
Zinc1 745 1.2E-12 8.9E-10 1.1E-10 8.1E-10 0.56 NA 417

Arsenic1 103 0.036 3.70 0.444 3.36 0.11 NA 11.3
Cadmium1 36 0.364 13.2 1.58 12.0 0.96 NA 34.75
Chromium1 104 0.0075 0.780 0.094 0.707 0.01 NA 1.040
Copper1 1119 0.4 448 54 406 0.04 NA 45
Lead1 770 0.045 35 4.16 31 0.03 NA 23
Mercury1,4 0.154 0.0375 0.006 0.0007 0.005 0.04 NA 0.006
Selenium1 3.14 0.016 0.050 0.006 0.05 0.22 NA 0.7
Zinc1 877 1.2E-12 1.1E-09 1.3E-10 9.5E-10 0.56 NA 491

Notes:
1. Unless otherwise noted, plant and soil invertebrate uptake factors for metals based on USEPA Region 6 Screening Level Ecological Risk Assessment Protocol
    for Hazardous Waste Combustion Facilities   (USEPA, 1999).
2. Plant moisture content assumed to be 88% based on Wildlife Exposure Factors Handbook (USEPA, 1993).
3. Seed moisture content assumed to be 9.3% based on Wildlife Exposure Factors Handbook (USEPA 1993).
4. Mercury uptake factors based on mercuric chloride.

South Arroyo

East Mountain

Table 6
COC Concentrations in Surface Soil to Exposure Media

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
El Paso, Texas
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Receptor Species
Body Weight 

(kg)1

IRfood         

(kg/day)        
DW2

Normalized IRfood to body 
weight 

(Kg DW/Kg BW-day)

Soil Ingestion 
Fractions3

IRsoil

(Kg DW/Kg BW-day)4

IRwater

(Kg DW/Kg BW-
day)5

Percent Moisture 
Content of Food

IRfood

(Kg WW/Kg BW-
day)6

Short-tail Shrew 1.50E-02 2.18E-03 1.45E-01 0.13 1.89E-02 1.51E-01 7.80E-01 6.6E-01
Mourning Dove7 1.10E-01 1.38E-02 1.26E-01 0.093 1.17E-02 1.22E-01 8.80E-01 1.0E+00
American Robin 7.70E-02 1.10E-02 1.42E-01 0.075 1.07E-02 1.38E-01 7.80E-01 6.5E-01
Desert Cottontail 9.00E-01 6.30E-02 7.00E-02 0.063 4.41E-03 1.00E-01 8.80E-01 5.8E-01
Raccoon 5.80E+00 2.91E-01 5.02E-02 0.094 4.72E-03 8.30E-02 7.80E-01 2.3E-01
Red Fox 5.25E+00 2.68E-01 5.11E-02 0.028 1.43E-03 8.39E-02 6.80E-01 1.6E-01
Red-tailed Hawk 1.23E+00 6.66E-02 5.41E-02 0.01 5.41E-04 5.51E-02 6.80E-01 1.7E-01

Notes:
1. Bodyweight for all receptors were obtained from the EPA Wildlife Factor Handbook, 1993 and Arizona Sonoran Desert Museum. 
Body weight for the Whitetail Deer was obtained from Estimating Exposure of Terrestrial Wildlife to Contaminants, Sample and Suter, 1994.
2. IRfood (Kg/day) DW for mammals was calculated using equation a and for birds was calculated using equation b.
Equation a:

Equation b:

3. Soil Ingestion fractions for all receptor species were obtained from Estimating Exposure of Terrestrial Wildlife to Contaminants, Sample and Suter, 1994, except for the American Robin. 
The Robin has an ingestion fraction based on 10.4% in the Woodcoock (Beyer et al. , 1994) and adjusted for diet composition.
4. IRsoil (Kg DW/Kg BW-day) was calculated using the following equation:

5. Water ingestion rate based on equations 3-15 (avian) and 3-17 (mammalian) of USEPA 1993 based on allometric scaling to body weight.
6. IRfood (Kg WW/Kg BW-day was calculated using the following equation:

                          Percent Moisture Content of food is assumed to be 88% for plant matter (herbivores), 68% for animal matter (carnivores), and 78% for an equal portion
                          of plant and animal matter (omnivores). 

all mammals

all birds

Table 7
Food Ingestion Rate (IRfood), Water Ingestion Rate (IRwater), and Soil/Sediment Ingestion Rate (IRsoil)

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas

)(
822.0

0687.0)/( kgWtdaykgFI 

)(
651.0

0582.0)/( kgWtdaykgFI 

RateIngestionSoildayBWKgDWKgweightbodyto
food

IRNormalizeddayBWKgKgDWIRsoil  )/()/(

)content moisture 1()/()/( percentdayBWKgDWKgweightbodyto
food

IRNormalizeddayBWKgKgDW
soil

IR 

SLERA 12152014.xlsx 1 of 1



COC
COC Daily Dose from 
Plants (mg/kg-day)1

COC Daily Dose from 
Invertebrates (mg/kg-day)2

COC Daily Dose from Water   
(mg/kg-day)3

COC Daily Dose from Soil  
(mg/kg-day)4&4a

Total COC Daily Dose      
(mg/kg-day)

Antimony 3.2E-03 2.1E+00 NA 3.2E-01 2.5E+00
Arsenic 4.3E-02 8.0E+00 3.0E-03 9.5E-01 9.0E+00
Cadmium 1.1E-01 1.8E+01 1.5E-04 6.2E-01 1.9E+01
Chromium 2.8E-03 2.3E-01 7.5E-04 7.5E-01 9.8E-01
Copper 4.5E+00 2.7E+01 1.2E-03 2.2E+01 5.4E+01
Lead 4.5E-01 1.8E+01 2.4E-04 8.7E+00 2.7E+01
Mercury 2.8E-04 1.8E-02 3.0E-05 1.5E-02 3.4E-02
Selenium 4.5E-04 3.8E-01 3.5E-04 5.6E-02 4.3E-01
Zinc 8.5E-12 2.4E+02 1.4E-03 1.4E+01 2.6E+02

Arsenic 3.5E-02 6.6E+00 3.0E-03 7.8E-01 7.4E+00
Cadmium 1.3E-01 2.0E+01 1.5E-04 6.8E-01 2.1E+01
Chromium 7.4E-03 6.0E-01 7.5E-04 2.0E+00 2.6E+00
Copper 4.3E+00 2.6E+01 1.2E-03 2.1E+01 5.1E+01
Lead 3.3E-01 1.3E+01 2.4E-04 6.4E+00 2.0E+01
Mercury 5.5E-05 3.6E-03 3.0E-05 2.9E-03 6.6E-03
Selenium* 4.8E-04 4.0E-01 3.5E-04 5.9E-02 4.6E-01
Zinc 1.0E-11 2.9E+02 1.4E-03 1.7E+01 3.0E+02

Notes:
1. Dose based on 12 % of 0.66 Kg WW/Kg BW-day derived from plants (Table 7).
2. Dose based on 88 % of 0.66 Kg WW/Kg BW-day derived from invertebrates (Table 7).
3. Dose based on 0.151 L/kg-day water ingestion rate for Short-tailed Shrew (USEPA, 1993) in Table 7.
4. Dose from soil based on 0.0189 Kg DW/Kg BW-day ingestion rate (Table 7).
na - Not Applicable

East Mountain

South Arroyo

Table 8
COC Dose Calculations for Short-tail Shrew
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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COC
COC Daily Dose from 

Plants
(mg/kg-day)1

COC Daily Dose from 
Seeds

(mg/kg-day)2

COC Daily Dose from 
Invertebrates            
(mg/kg-day)3

COC Daily Dose from 
Water         

(mg/kg-day)4

COC Daily Dose from 
Soil 

(mg/kg-day)5&5a

Total COC Daily Dose 
(mg/kg-day)

Antimony 4.6E-04 3.1E-01 1.1E-01 2.5E-03 2.0E-01 6.1E-01
Arsenic 6.3E-03 4.1E+00 4.1E-01 7.0E-03 5.9E-01 5.2E+00
Cadmium 1.7E-02 1.1E+01 9.3E-01 1.2E-04 3.9E-01 1.2E+01
Chromium 4.1E-04 2.7E-01 1.2E-02 6.1E-04 4.6E-01 7.5E-01
Copper 6.5E-01 4.3E+02 1.4E+00 9.7E-04 1.4E+01 4.5E+02
Lead 6.5E-02 4.3E+01 9.2E-01 1.9E-04 5.4E+00 4.9E+01
Mercury 4.1E-05 2.7E-02 9.3E-04 2.4E-05 9.2E-03 3.7E-02
Selenium 6.6E-05 4.3E-02 1.9E-02 2.8E-04 3.5E-02 9.7E-02
Zinc 1.2E-12 8.2E-10 1.2E+01 1.1E-03 8.7E+00 2.1E+01

Arsenic 5.1E-03 3.4E+00 3.3E-01 7.0E-03 4.8E-01 4.2E+00
Cadmium 1.8E-02 1.2E+01 1.0E+00 1.2E-04 4.2E-01 1.3E+01
Chromium 1.1E-03 7.1E-01 3.1E-02 6.1E-04 1.2E+00 2.0E+00
Copper 6.2E-01 4.1E+02 1.3E+00 9.7E-04 1.3E+01 4.2E+02
Lead 4.8E-02 3.2E+01 6.8E-01 1.9E-04 4.0E+00 3.6E+01
Mercury 8.0E-06 5.3E-03 1.8E-04 2.4E-05 1.8E-03 7.3E-03
Selenium* 6.9E-05 4.6E-02 2.0E-02 2.8E-04 3.7E-02 1.0E-01
Zinc 1.5E-12 9.6E-10 1.4E+01 1.1E-03 1.0E+01 2.5E+01

Notes:
1. Dose based on 1.1 % of 1.0 Kg WW/Kg BW-day derived from plants (Table 7).
2. Dose based on 96.1 % of 1.0 Kg WW/Kg BW-day derived from seeds (Table 7).
3. Dose based on 2.8 % of 1.0 Kg WW/Kg BW-day derived from invertebrates (Table 7).
4. Dose based on 0.122 L/kg-day water ingestion rate for Mourning Dove (USEPA, 1993) in Table 7.
5. Dose from soil based on 0.0189 Kg DW/Kg BW-day ingestion rate (Table 7).
na - Not Applicable

South Arroyo

East Mountain

Table 9
COC Dose Calculations for Mourning Dove
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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COC
COC Daily Dose from 
Plants (mg/kg-day)1

COC Daily Dose from 
Seeds 

(mg/kg-day)1

COC Daily Dose from 
Invertebrates 
(mg/kg-day)2

COC Daily Dose from 
Water

(mg/kg-day)3

COC Daily Dose from 
Soil 

(mg/kg-day)4

Total COC Daily Dose    
(mg/kg-day)

Antimony 1.2E-02 4.9E-03 1.2E+00 2.8E-03 1.8E-01 1.4E+00
Arsenic 1.7E-01 6.7E-02 4.5E+00 7.9E-03 5.4E-01 5.3E+00
Cadmium 4.4E-01 1.8E-01 1.0E+01 1.4E-04 3.5E-01 1.1E+01
Chromium 1.1E-02 4.4E-03 1.3E-01 6.9E-04 4.2E-01 5.7E-01
Copper 1.7E+01 6.9E+00 1.5E+01 1.1E-03 1.3E+01 5.2E+01
Lead 1.7E+00 6.9E-01 1.0E+01 2.2E-04 4.9E+00 1.7E+01
Mercury 1.1E-03 4.3E-04 1.0E-02 2.8E-05 8.4E-03 2.0E-02
Selenium 1.7E-03 7.0E-04 2.1E-01 3.2E-04 3.2E-02 2.5E-01
Zinc 3.3E-11 1.3E-11 1.4E+02 1.3E-03 8.0E+00 1.4E+02

Arsenic 1.4E-01 5.4E-02 3.7E+00 7.9E-03 4.4E-01 4.3E+00
Cadmium 4.9E-01 1.9E-01 1.1E+01 1.4E-04 3.9E-01 1.2E+01
Chromium 2.9E-02 1.1E-02 3.4E-01 6.9E-04 1.1E+00 1.5E+00
Copper 1.7E+01 6.6E+00 1.4E+01 1.1E-03 1.2E+01 5.0E+01
Lead 1.3E+00 5.1E-01 7.5E+00 2.2E-04 3.6E+00 1.3E+01
Mercury 2.1E-04 8.5E-05 2.0E-03 2.8E-05 1.6E-03 4.0E-03
Selenium* 1.9E-03 7.4E-04 2.2E-01 3.2E-04 3.4E-02 2.6E-01
Zinc 3.9E-11 1.5E-11 1.6E+02 1.3E-03 9.4E+00 1.7E+02

Notes:
1. Dose based on 50 % of 0.65 Kg WW/Kg BW-day derived from plants (Table 7) with 95% plant material and 5% seeds.
2. Dose based on 50 % of 0.65 Kg WW/Kg BW-day derived from invertebrates (Table 7).
3. Dose based on 0.14 L/kg-day water ingestion rate for American Robin (USEPA, 1993).
4. Dose from soil based on 0.0107 Kg DW/Kg BW-day ingestion rate assuming 7.5% of dry weight ingestion fraction (Table 7).
na - Not Applicable

South Arroyo

East Mountain

Table 10
COC Dose Calculations for American Robin
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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COCs
COC Daily Dose from 

Plants
(mg/kg-day)1

COC Daily Dose from 
Water

(mg/kg-day)2

COC Daily Dose 
from Soil 

(mg/kg-day)3

Total COC Daily 
Dose 

(mg/kg-day)

Antimony 2.3E-02 2.0E-03 7.4E-02 9.9E-02
Arsenic 3.2E-01 5.7E-03 2.2E-01 5.5E-01
Cadmium 8.4E-01 1.0E-04 1.5E-01 9.9E-01
Chromium 2.1E-02 5.0E-04 1.7E-01 2.0E-01
Copper 3.3E+01 7.9E-04 5.2E+00 3.8E+01
Lead 3.3E+00 1.6E-04 2.0E+00 5.3E+00
Mercury 2.1E-03 2.0E-05 3.5E-03 5.6E-03
Selenium 3.3E-03 2.3E-04 1.3E-02 1.7E-02
Zinc 6.3E-11 9.3E-04 3.3E+00 3.3E+00

Arsenic 2.6E-01 5.7E-03 1.8E-01 4.5E-01
Cadmium 9.2E-01 1.0E-04 1.6E-01 1.1E+00
Chromium 5.5E-02 5.0E-04 4.6E-01 5.1E-01
Copper 3.1E+01 7.9E-04 4.9E+00 3.6E+01
Lead 2.4E+00 1.6E-04 1.5E+00 3.9E+00
Mercury 4.0E-04 2.0E-05 6.8E-04 1.1E-03
Selenium* 3.5E-03 2.3E-04 1.4E-02 1.8E-02
Zinc 7.4E-11 9.3E-04 3.9E+00 3.9E+00

Notes:
1. Dose based on 0.56 Kg WW/Kg BW-day is derived from plants (Table 7).
2. Dose from water based on 0.0978 L/kg-day ingestion rate for eastern cottontail (USEPA 1993) in Table 7.
3. Dose from soil based on 0.0042 Kg DW/Kg BW-day ingestion rate (Table 7).
na - Not Applicable

East Mountain

South Arroyo

Table 11
COC Dose Calculations for Desert Cottontail
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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COC
COC Daily Dose from 

Plants
(mg/kg-day)2

COC Daily Dose from 
Invertebrates 
(mg/kg-day)3

COC Daily Dose from 
Water 

(mg/kg-day)4

COC Daily Dose from Soil
(mg/kg-day)5

Total COC Daily 
Dose 

(mg/kg-day)

Antimony 1.4E-03 7.2E-01 1.7E-03 7.9E-02 8.0E-01
Arsenic 1.9E-02 2.7E+00 4.7E-03 2.4E-01 3.0E+00
Cadmium 4.9E-02 6.2E+00 8.3E-05 1.6E-01 6.4E+00
Chromium 1.2E-03 7.7E-02 4.2E-04 1.9E-01 2.7E-01
Copper 1.9E+00 9.2E+00 6.6E-04 5.6E+00 1.7E+01
Lead 1.9E-01 6.1E+00 1.3E-04 2.2E+00 8.5E+00
Mercury 1.2E-04 6.1E-03 1.7E-05 3.7E-03 1.0E-02
Selenium 1.9E-04 1.3E-01 1.9E-04 1.4E-02 1.4E-01
Zinc 3.7E-12 8.1E+01 7.7E-04 3.5E+00 8.5E+01

Arsenic 1.5E-02 2.2E+00 4.7E-03 4.9E-01 2.7E+00
Cadmium 5.4E-02 6.7E+00 8.3E-05 6.8E-02 6.9E+00
Chromium 3.2E-03 2.0E-01 4.2E-04 4.9E-01 7.0E-01
Copper 1.8E+00 8.7E+00 6.6E-04 5.3E+00 1.6E+01
Lead 1.4E-01 4.5E+00 1.3E-04 1.6E+00 6.2E+00
Mercury 2.4E-05 1.2E-03 1.7E-05 7.3E-04 2.0E-03
Selenium* 2.1E-04 1.3E-01 1.9E-04 1.5E-02 1.5E-01
Zinc 4.3E-12 9.5E+01 7.7E-04 4.1E+00 9.9E+01

Notes:
1. Dose based on 15 % of 0.22 Kg WW/Kg BW-day derived from plants (Table 7).
2. Dose based on 85 % of 0.22 Kg WW/Kg BW-day derived from invertebrates (Table 7).
3. Dose based on 0.083 L/kg-day water ingestion rate for Raccoon (USEPA, 1993) in Table 7.
4. Dose from soil based on 0.089 Kg DW/Kg BW-day ingestion rate (Table 7).
na - Not Applicable

East Mountain

South Arroyo

Table 12
COC Dose Calculations for Raccoon

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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COC

Herbivore Uptake 
Factors     

Dry-weight       
(Sample et al ., 1998b)

Herbivore 
Concentration     

Dry-weight

Herbivore 
Concentration     

Wet-weight

COC Daily Dose from 
Herbivores 

(mg/kg-day)1

Omnivore Uptake 
Factors                

Dry-weight        
(Sample et al ., 1998b)

Omnivore 
Concentration     

Dry-weight

Omnivore 
Concentration     

Wet-weight

COC Daily Dose 
from Omnivores 

(mg/kg-day)2

COC Daily Dose 
from Water        

(mg/kg-day)3

COC Daily Dose 
from Soil          

(mg/kg-day)4

Total COC Daily 
Dose           

(mg/kg-day)

Antimony7 0.001 1.68E-02 5.36E-03 4.29E-04 0.001 1.68E-02 5.36E-03 4.29E-04 1.69E-03 2.40E-02 2.65E-02
Arsenic 0.0042 5.29E-01 1.69E-01 1.35E-02 0.0025 3.15E-01 1.01E-01 8.05E-03 4.79E-03 7.22E-02 9.85E-02
Cadmium 0.1258 4.16E+00 1.33E+00 1.06E-01 0.1217 4.03E+00 1.29E+00 1.03E-01 8.39E-05 4.74E-02 2.57E-01
Chromium 0.021 8.32E-01 2.66E-01 2.13E-02 0.0158 6.26E-01 2.00E-01 1.60E-02 4.19E-04 5.67E-02 9.44E-02
Copper 0.1086 1.28E+02 4.11E+01 3.29E+00 0.1272 1.50E+02 4.82E+01 3.85E+00 6.64E-04 1.69E+00 8.83E+00
Lead 0.0522 5.46E+01 1.75E+01 1.40E+00 0.0659 6.89E+01 2.21E+01 1.76E+00 1.32E-04 6.59E-01 3.82E+00
Mercury 0.0239 1.89E-02 6.03E-03 4.82E-04 0.0543 4.28E-02 1.37E-02 1.10E-03 1.68E-05 1.13E-03 2.72E-03
Selenium 0.155 4.59E-01 1.47E-01 1.17E-02 0.2062 6.10E-01 1.95E-01 1.56E-02 1.95E-04 4.24E-03 3.18E-02
Zinc 0.50429 3.76E+02 1.20E+02 9.61E+00 0.55772 4.16E+02 1.33E+02 1.06E+01 7.79E-04 1.07E+00 2.13E+01

Arsenic 0.0042 4.32E-01 1.38E-01 1.10E-02 0.0025 2.57E-01 8.22E-02 6.57E-03 4.79E-03 5.89E-02 8.13E-02
Cadmium 0.1258 4.55E+00 1.46E+00 1.16E-01 0.1217 4.41E+00 1.41E+00 1.13E-01 8.39E-05 5.18E-02 2.81E-01
Chromium 0.021 2.18E+00 6.99E-01 5.58E-02 0.0158 1.64E+00 5.26E-01 4.20E-02 4.19E-04 1.49E-01 2.47E-01
Copper 0.1086 1.22E+02 3.89E+01 3.11E+00 0.1272 1.42E+02 4.55E+01 3.64E+00 6.64E-04 1.60E+00 8.35E+00
Lead 0.0522 4.02E+01 1.29E+01 1.03E+00 0.0659 5.07E+01 1.62E+01 1.30E+00 1.32E-04 4.85E-01 2.81E+00
Mercury 0.0239 3.68E-03 1.18E-03 9.41E-05 0.0543 8.36E-03 2.68E-03 2.14E-04 1.68E-05 2.21E-04 5.45E-04
Selenium 0.155 4.86E-01 1.56E-01 1.24E-02 0.2062 6.47E-01 2.07E-01 1.65E-02 1.95E-04 4.49E-03 3.37E-02
Zinc 0.50429 4.42E+02 1.42E+02 1.13E+01 0.55772 4.89E+02 1.57E+02 1.25E+01 7.79E-04 1.26E+00 2.51E+01
Notes:
1. Dose based on 50 % of 0.16 Kg WW/Kg BW-day diet is derived from Herbivors (USEPA, 1993) and Table 7.
2. Dose based on 50 % of 0.16 Kg WW/Kg BW-day diet is derived from Omnivors (USEPA, 1993) and Table 7.
3. Dose from water based on 0.0839 L/kg-day ingestion rate (USEPA, 1993) in Table 7.
4. Dose from soil based on 0.0014 KgDW/Kg-day ingestion rate (Table 7).
5. Uptake factors based on median values reported by Sample et al . (1998b) unless stated otherwise.
6. The percent moisture for herbivores and omnivores is assumed to be 68 percent (USEPA 1993).
7. Uptake factors for antimony from Baes et al . (1984).
na - Not Applicable

South Arroyo

East Mountain

Table 13
COC Dose Calculations for Red Fox

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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COC
Herbivore Uptake 

Factors            
(Sample et al ., 1998b)

Herbivore 
Concentration     

Dry-weight

Herbivore 
Concentration     

Wet-weight

COC Daily Dose 
from Herbivores 

(mg/kg-day)1

Omnivore Uptake 
Factors            

(Sample et al ., 1998)

Herbivore 
Concentration     

Dry-weight

Herbivore 
Concentration     

Wet-weight

COC Daily Dose 
from Omnivors 
(mg/kg-day)2

COC Daily Dose 
from Water        

(mg/kg-day)3

COC Daily Dose 
from Soil         

(mg/kg-day)4

Total COC Daily 
Dose     

(mg/kg-day)

Antimony 0.001 1.68E-02 5.36E-03 4.54E-04 0.001 1.68E-02 5.36E-03 4.54E-04 1.11E-03 9.07E-03 1.11E-02
Arsenic 0.0042 5.29E-01 1.69E-01 1.43E-02 0.0025 3.15E-01 1.01E-01 8.53E-03 3.15E-03 2.73E-02 5.33E-02
Cadmium 0.1258 4.16E+00 1.33E+00 1.13E-01 0.1217 4.03E+00 1.29E+00 1.09E-01 5.51E-05 1.79E-02 2.40E-01
Chromium 0.021 8.32E-01 2.66E-01 2.25E-02 0.0158 6.26E-01 2.00E-01 1.69E-02 2.76E-04 2.15E-02 6.12E-02
Copper 0.1086 1.28E+02 4.11E+01 3.48E+00 0.1272 1.50E+02 4.82E+01 4.07E+00 4.36E-04 6.41E-01 8.19E+00
Lead 0.0522 5.46E+01 1.75E+01 1.48E+00 0.0659 6.89E+01 2.21E+01 1.87E+00 8.65E-05 2.49E-01 3.59E+00
Mercury 0.0239 1.89E-02 6.03E-03 5.10E-04 0.0543 4.28E-02 1.37E-02 1.16E-03 1.10E-05 4.27E-04 2.11E-03
Selenium 0.155 4.59E-01 1.47E-01 1.24E-02 0.2062 6.10E-01 1.95E-01 1.65E-02 1.28E-04 1.60E-03 3.07E-02
Zinc 0.50429 3.76E+02 1.20E+02 1.02E+01 0.55772 4.16E+02 1.33E+02 1.12E+01 5.12E-04 4.03E-01 2.18E+01

Arsenic 0.0042 4.32E-01 1.38E-01 1.17E-02 0.0025 2.57E-01 8.22E-02 6.96E-03 3.15E-03 2.23E-02 4.41E-02
Cadmium 0.1258 4.55E+00 1.46E+00 1.23E-01 0.1217 4.41E+00 1.41E+00 1.19E-01 5.51E-05 1.96E-02 2.62E-01
Chromium 0.021 2.18E+00 6.99E-01 5.91E-02 0.0158 1.64E+00 5.26E-01 4.45E-02 2.76E-04 5.63E-02 1.60E-01
Copper 0.1086 1.22E+02 3.89E+01 3.29E+00 0.1272 1.42E+02 4.55E+01 3.85E+00 4.36E-04 6.06E-01 7.75E+00
Lead 0.0522 4.02E+01 1.29E+01 1.09E+00 0.0659 5.07E+01 1.62E+01 1.37E+00 8.65E-05 1.83E-01 2.64E+00
Mercury 0.0239 3.68E-03 1.18E-03 9.96E-05 0.0543 8.36E-03 2.68E-03 2.26E-04 1.10E-05 8.34E-05 4.20E-04
Selenium 0.155 4.86E-01 1.56E-01 1.32E-02 0.2062 6.47E-01 2.07E-01 1.75E-02 1.28E-04 1.70E-03 3.25E-02
Zinc 0.50429 4.42E+02 1.42E+02 1.20E+01 0.55772 4.89E+02 1.57E+02 1.32E+01 5.12E-04 4.75E-01 2.57E+01

Notes:
1. Dose based on 50 % of 0.169 Kg WW/Kg BW-day diet is derived from Herbivors (USEPA, 1993) and (Table 7).
2. Dose based on 50 % of 0.169 Kg WW/Kg BW-day diet is derived from Omnivors (USEPA, 1993) and (Table 7).
3. Dose from water based on 0.0599 L/kg-day ingestion rate (USEPA, 1993).
4. Dose from soil based on 0.00054 Kg DW/Kg BW-day ingestion rate (Table 7).
5. All uptake factors based on median factors reported for respective COCs (Sample et al ., 1998).
6. The percent moisture for herbivores and omnivores is assumed to be 68 percent (USEPA 1993).
7. Uptake factors for antimony from Baes et al . (1984).
na - Not Applicable

South Arroyo

East Mountain

Table 14
COC Dose Calculations for Red-tailed Hawk
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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NOAELs (mg/kg-day)

COC CAS Test Species Reported TRV1     

(mg/kg-day)
Allometric 

Scaling Factor2 American Robin Mourning Dove Red-Tailed 
Hawk

Antimony 7440-36-0 na na na ns ns ns
Arsenic 7440-38-2 Mallard Duck 5.14 1.2 3.1 3.3 5.4
Cadmium 7440-43-9 Mallard Duck 1.45 1.2 0.9 0.9 1.5
Chromium 7440-47-3 Black Duck 1 1.2 0.6 0.6 1.0
Copper 7440-50-8 1-day chicks 47 1.2 31.9 34.3 55.5
Lead 7439-92-1 Japanese Quail 1.13 1.2 1.0 1.1 1.7
Mercury 7439-97-6 Japanese Quail 0.45 1.2 0.39 0.42 0.69
Selenium 7782-49-2 Mallard Duck 0.5 1.2 0.3 0.3 0.5
Zinc6 7440-66-6 White Leghorn Hen 99.1 1.2 53 57 92
LOAELs (mg/kg-day) End Point Species TRVs
Antimony 7440-36-0 na na na ns ns ns
Arsenic 7440-38-2 Mallard Duck 12.84 1.2 7.7 8.3 13.4
Cadmium 7440-43-9 Mallard Duck 20 1.2 12 13 21
Chromium 7440-47-3 Black Duck 5 1.2 2.86 3.08 4.98
Copper4 7440-50-8 1-day chicks 61.7 1.2 42 45 73
Lead 7439-92-1 Japanese Quail 11.3 1.2 9.9 11 17.2
Mercury 7439-97-6 Japanese Quail 0.9 1.2 0.79 0.85 1.37
Selenium 7782-49-2 Mallard Duck 0.8 1.2 0.5 0.5 0.8
Zinc6 7440-66-6 White Leghorn Hen 149 1.2 80 85 138

End Point Species TRVs

Table 15
Avian NOAEL and LOAEL Toxicity Factors for Chemicals of Concern

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas

SLERA 12152014.xlsx 1 of 2



Table 15
Avian NOAEL and LOAEL Toxicity Factors for Chemicals of Concern

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas

Notes:
1. Toxicity Reference Values (TRVs) are from Toxicological Benchmarks for Wildlife:1996 Revision (Sutter and Tsao, 1996).
2. Allometric scaling factors used to estimate avian TRVs as presented in Sample and Arenal (1999).
3. Body Weights for Test and End Point Species are based on 
     values published in Toxicological Benchmarks for Wildlife:1996 Revision  (Sutter and Tsao, 1996).

Mallard Duck 1 kg
Black Duck 1.25 kg
1-day Chicks (barium) 0.121 kg
1-day Chicks (copper) 0.534 kg
Turkey Chick 0.663 kg
Ringed Dove 0.155 kg
Japanese Quail 0.15 kg
Red-winged Blackbird 0.064 kg
Brown Pelican 3.5 kg
Black Duck 1.2 kg
White Leghorn Hen 1.776 kg
Starling Nestling 0.0583 kg
American Robin 0.077 kg
Black-Crowned Night Heron 0.883 kg
Red-Tailed Hawk 1.23 kg
Northern Bobwhite 0.189 kg

4. TRV for cobalt based on value from Hill (1974), presented in USEPA EcoSSL for Copper.
5. The LOAEL TRV for vanadium based on an assumed NOAEL-to-LOAEL adjustment factor of 2 and NOAEL TRV of 11.4 mg/kg/day (Sample et al ., 1996).
     The adjustment factor of 2 supported by toxicity review by EPA (USEPA, 2005a).
6. TRV for zinc based on Stevenson et al. (1987) in chickens based on literature list reported value above lowest LOAEL value in USEPA EcoSSL (USEPA, 2007)
7. No LOAEL TRV was presented for aluminum in Sample et al . (1996).
na - Not Applicable
ns - Not Sampled
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NOAELs (mg/kg-day) End Point Species TRVs

COC CAS Test Species Reported TRV1 

(mg/kg-day)
Allometric 

Scaling Factor2
Short-tail 

Shrew Desert Cottontail Raccoon Red Fox

Antmony 7440-36-0 Mouse 0.125 0.94 0.2 0.1 0.1 0.1

Arsenic4 7440-38-2 Dog 2.25 0.94 3.3 2.6 2.3 2.4
Cadmium 7440-43-9 Rat 1 0.893 1.4 0.9 0.74 0.77
Chromium 7440-47-3 Rat 2737 0.94 3306 2586 2313 2367
Copper4 7440-50-8 Mink 15.1 0.94 19 15 13.6 14
Lead 7439-92-1 Rat 8 0.94 9.7 7.6 6.8 6.9
Mercury 7439-97-6 Mink 1.0 0.983 1.1 1.0 1.0 0.98
Selenium 7782-49-2 Rat 0.2 0.94 0.24 0.19 0.17 0.17
Zinc 7440-66-6 Rat 160 0.94 193 151 135.2 138
LOAELs (mg/kg-day) End Point Species TRVs
Antimony 7440-36-0 Mouse 1.25 0.94 1.9 1.5 1.3 1.3

Arsenic4 7440-38-2 Dog 5.62 0.94 8.3 6.5 5.8 6.0
Cadmium 7440-43-9 Rat 10 0.893 14 9.0 7.41 7.7
Chromium 7440-47-3 Rat 2737 0.94 3306 2586 2313 2367
Copper4 7440-50-8 Mink 22 0.94 28 22 19.8 20
Lead 7439-92-1 Rat 80 0.94 97 76 68 69
Mercury 7439-97-6 Mink 1.5 0.983 1.6 1.5 1.5 1.47
Selenium 7782-49-2 Rat 0.3 0.94 0.40 0.31 0.28 0.29
Zinc 7440-66-6 Rat 320 0.94 387 302 270 277

Table 16
Mammalian NOAEL and LOAEL Toxicity Factors for Chemicals of Concern

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site

El Paso, Texas
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Table 16
Mammalian NOAEL and LOAEL Toxicity Factors for Chemicals of Concern

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site

El Paso, Texas

Notes:
1. Toxicity Reference Values (TRVs) for metals are from Toxicological Benchmarks for Wildlife:1996 Revision (Sutter and Tsao, 1996).
2. Allometric scaling factors used to estimate mammalian TRVs as presented in Sample and Arenal (1999).
3. Body Weights for Test and End Point Species are based on values published in Toxicological Benchmarks for Wildlife:1996 Revision  (Sutter and Tsao, 1996).

Mouse 0.03 kg
Rat 0.35 kg
Mink 1 kg
Pig 8.86 kg
Short-tailed Shrew 0.015 kg
Eastern Cottontail 1.134 kg
Red Fox 3.94 kg
Whitetail Deer 56.5 kg
Rabbit 3.8 kg
Dog 10.8 kg

4. Test species TRV for arsenic based on Byron et al . (1967) and copper based on alternative values presented in
     Toxicological Benchmarks for Wildlife: 1996 Revison (Sample et al . 1996).
na - Not Applicable
ns - Not Sampled
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COC Exposure Point 
Concentrations (Total)

TRV                    
(Total Chronic Criteria) Reference

Arsenic 1.046 0.404 Table 4
Cadmium 0.00097 0.00164 Table 4
Copper 0.0125 0.068 Table 4
Lead 0.003 0.0407 Table 4
Selenium 0.18 0.005 Table 4
Thallium 0.00183 0.004 TCEQ, 2014
Zinc 0.022 0.907 Table 4

Notes:
NAWQC - National Ambient Water Quality Criteria 
Suter and Tsao. 1996. Toxicological Benchmarks for Screening Potential Contaminants of Concern for
 Effects on Aquatic Biota: Revison 1996. Risk Assessment Program, Health Sciences Research Division,
 Oak Ridge National Laboratories, ES/ER/TM-96/R2, June 1996.

TCEQ. 2011. Aquatic Life Surface Water Risk-Based Exposure Limits (SWRBELs), Texas Commission on
Environmental Quality, July 21, 2011.

U.S.EPA Region 4, 2001. Region 4 Waste Management Division Freshwater Surface Water Screening Values 
for Hazardous Waste Sites,  Region 4 Waste Management Division Freshwater Surface Water Screening
         Values for Hazardous Waste Sites.

TCEQ. 2014. Guidance for Conducting Ecological Risk Assessments at Hazardous Waste Sites in Texas. RG-263.

Table 17
Total Chronic Aquatic Criteria as Toxicity Reference Values (mg/L)

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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East Mountain

COC Short-tail Shrew       
Hazard Quotients

American Robin       
Hazard Quotients

Mourning Dove         
Hazard Quotients

Raccoon               
Hazard Quotients

Antimony 1E+01 Not Applicable Not Applicable 6E+00
Arsenic 3E+00 2E+00 2E+00 1E+00
Cadmium 1E+01 1E+01 1E+01 9E+00
Chromium 3E-04 1E+00 1E+00 1E-04
Copper 3E+00 2E+00 1E+01 1E+00
Lead 3E+00 2E+01 5E+01 1E+00
Mercury 3E-02 5E-02 9E-02 1E-02
Selenium 2E+00 8E-01 3E-01 8E-01
Zinc 1E+00 3E+00 4E-01 6E-01

Hazard Indices 3E+01 4E+01 8E+01 1E+01

COC Desert Cottontail Hazard 
Quotients

Red Fox               
Hazard Quotients

Red-Tailed Hawk       
Hazard Quotients

Antimony 7E-01 2E-01 Not Applicable
Arsenic 2E-01 4E-02 1E-02
Cadmium 1E+00 3E-01 2E-01
Chromium 8E-05 4E-05 6E-02
Copper 3E+00 6E-01 1E-01
Lead 7E-01 6E-01 2E+00
Mercury 6E-03 3E-03 3E-03
Selenium 9E-02 2E-01 6E-02
Zinc 2E-02 2E-01 2E-01

Hazard Indices 5E+00 2E+00 3E+00

South Arroyo

COC Short-tail Shrew       
Hazard Quotients

American Robin       
Hazard Quotients

Mourning Dove         
Hazard Quotients

Raccoon               
Hazard Quotients

Arsenic 2E+00 1E+00 5E-01 1E+00
Cadmium 1E+01 1E+01 1E+00 9E+00
Chromium 8E-04 3E+00 6E-01 3E-04
Copper 3E+00 2E+00 9E+00 1E+00
Lead 2E+00 1E+01 3E+00 9E-01
Mercury 6E-03 1E-02 9E-03 2E-03
Selenium 2E+00 9E-01 2E-01 9E-01
Zinc 2E+00 3E+00 3E-01 7E-01

Hazard Indices 2E+01 4E+01 2E+01 1E+01

COC Desert Cottontail Hazard 
Quotients

Red Fox               
Hazard Quotients

Red-Tailed Hawk       
Hazard Quotients

Arsenic 2E-01 3E-02 8E-03
Cadmium 1E+00 4E-01 2E-01
Chromium 2E-04 1E-04 2E-01
Copper 2E+00 6E-01 1E-01
Lead 5E-01 4E-01 2E+00
Mercury 1E-03 6E-04 6E-04
Selenium 9E-02 2E-01 6E-02
Zinc 3E-02 2E-01 3E-01

Hazard Indices 4E+00 2E+00 2E+00

El Paso, Texas

Table 18
Hazard Quotients for Exposure to COCs

Based on Conservative Evaluation Using No Observable Adverse Effect Levels (NOAELs)
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site 
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Receptor Species Maximum Range (acres) Minimum Range (acres) Affected Area  (acres) AUF  (unitless)
Short-Tailed Shrew 0.89 0.17 107 1
American Robin 2.1 0.3 107 1
Mourning Dove 4,700 496 107 0.22
Raccoon 2,011 13.1 107 1
Desert Cottontail 15 2.0 107 1
Red Fox (female) 2,112 141 107 0.76
Red-Tailed Hawk 6,100 940 107 0.11

Exposure Frequency (EF)
Receptor Species Seasonal Use

Mourning Dove 0.5
American Robin 0.5

Receptor Species Maximum Range (acres) Minimum Range (acres) Affected Area  (acres) AUF  (unitless)
Short-Tailed Shrew 0.89 0.17 24 1
American Robin 2.1 0.3 24 1
Mourning Dove 4,700 496 24 0.05
Raccoon 2,011 13.1 24 1
Desert Cottontail 19 2.0 24 1
Red Fox (female) 2,112 141 24 0.17
Red-Tailed Hawk 6,100 940 24 0.03

Notes:
1. Ranges derived from Wildlife Exposure Factors Handbook  (USEPA, 1993).
2. Area Use Factors estimated favoring minimum ranges.
3. All ranges published in hectares (ha) and converted to acres using a factor of 2.47.

South Arroyo

East Mountain

Table 19
Species-Specific Exposure Modifying Factors (EMFs)

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site

El Paso, Texas
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COC Short-Tailed Shrew 
Hazard Quotients

American Robin 
Hazard Quotients

Mourning Dove         
Hazard Quotients

Raccoon          Hazard 
Quotients

Antimony 1E+01 NA NA 6E+00
Arsenic 3E+00 9E-01 3E-01 1E+00
Cadmium 1E+01 6E+00 1E+00 9E+00
Copper 3E+00 8E-01 1E+00 1E+00
Lead 3E+00 9E+00 5E+00 1E+00
Selenium 2E+00 4E-01 3E-02 8E-01
Zinc 1E+00 1E+00 4E-02 6E-01

Hazard Indices 2E+01 2E+01 8E+00 1E+01

COC Desert Cottontail         
Hazard Quotients

Red Fox               
Hazard Quotients

Red-tail Hawk Hazard 
Quotients

Antimony 7E-01 2E-01 NA
Arsenic 2E-01 3E-02 5E-04
Cadmium 1E+00 3E-01 1E-03
Copper 3E+00 4E-01 1E-03
Lead 7E-01 2E-03 1E-02
Selenium 9E-02 1E-01 2E-02
Zinc 2E-02 1E-01 2E-04

Hazard Indices 5E+00 1E+00 4E-02

COC Short-Tailed Shrew 
Hazard Quotients

American Robin 
Hazard Quotients

Mourning Dove         
Hazard Quotients

Raccoon          Hazard 
Quotients

Arsenic 2E+00 1E+00 4E-02 1E+00
Cadmium 1E+01 1E+01 4E-01 9E+00
Copper 3E+00 2E+00 4E-01 1E+00
Lead 2E+00 1E+01 1E+00 9E-01
Mercury 6E-03 1E-02 5E-04 2E-03
Selenium 2E+00 9E-01 1E-02 9E-01
Zinc 2E+00 3E+00 1E-02 7E-01

Hazard Indices 2E+01 3E+01 2E+00 1E+01

COC Desert Cottontail         
Hazard Quotients

Red Fox               
Hazard Quotients

Red-tail Hawk Hazard 
Quotients

Arsenic 2E-01 6E-03 2E-04
Cadmium 1E+00 6E-02 4E-03
Copper 2E+00 1E-01 4E-03
Lead 5E-01 7E-02 4E-02
Mercury 1E-03 1E-04 2E-05
Selenium 9E-02 3E-02 2E-03
Zinc 3E-02 3E-02 7E-03

Hazard Indices 4E+00 3E-01 6E-02

Notes
* - Less conservative evaluation includes application of Area Use Factors (AUFs) and Exposure Frequencies (EFs)
na - Not Applicable

Table 20
Hazard Quotients for Exposure to COCs

Based on Less-Conservative Evaluation Using AUFs, EFs, and NOAEL Endpoints

East Montain

South Arroyo

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site

El Paso, Texas
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COC Short-Tailed Shrew 
Hazard Quotients

American Robin Hazard 
Quotients

Mourning Dove        
Hazard Quotients

Raccoon         Hazard 
Quotients

Antimony 1E+00 NA NA 6E-01
Arsenic 1E+00 3E-01 7E-02 5E-01
Cadmium 1E+00 5E-01 1E-01 9E-01
Copper 2E+00 6E-01 1E+00 1E-04
Lead 3E-01 9E-01 5E-01 8E-01
Selenium 1E+00 3E-01 2E-02 1E-01

Hazard Indices 7E+00 3E+00 2E+00 3E+00

COC Desert Cottontail         
Hazard Quotients

Red Fox               
Hazard Quotients

Red-Tailed Hawk 
Hazard Quotients

Antimony 7E-02 2E-02 NA
Arsenic 8E-02 1E-02 5E-04
Cadmium 1E-01 3E-02 1E-03
Copper 2E+00 3E-01 1E-02
Lead 7E-02 4E-02 3E-01
Selenium 5E-02 8E-02 4E-03

Hazard Indices 2E+00 5E-01 3E-01

COC Short-Tailed Shrew 
Hazard Quotients

American Robin Hazard 
Quotients

Mourning Dove        
Hazard Quotients

Raccoon          Hazard 
Quotients

Arsenic 9E-01 6E-01 2E-02 5E-01
Cadmium 1E+00 1E+00 5E-02 9E-01
Copper 2E+00 1E+00 5E-01 8E-01
Lead 2E-01 1E+00 2E-01 9E-02
Selenium 1E+00 5E-01 1E-02 5E-01
Zinc 8E-01 2E+00 1E-02 4E-01

Hazard Indices 6E+00 7E+00 7E-01 3E+00

COC Desert Cottontail         
Hazard Quotients

Red Fox               
Hazard Quotients

Red-Tailed Hawk 
Hazard Quotients

Arsenic 7E-02 2E-03 8E-05
Cadmium 1E-01 6E-03 3E-04
Copper 2E+00 7E-02 3E-03
Lead 5E-02 7E-03 4E-03
Selenium 6E-02 2E-02 1E-03
Zinc 1E-02 2E-02 5E-03

Hazard Indices 2E+00 1E-01 1E-02

Notes:
* - Less conservative evaluation includes application of Area Use Factors (AUFs) and Exposure Frequencies (EFs)
** - Less conservative hazard quaotients for avian receptors based on NOAEL TRV for aluminum
na - Not Applicable

South Arroyo

East Mountain

El Psoa, Texas

Table 21
Hazard Quotients for Exposure to COCs

Based on Less-Conservative Evaluation Using AUFs, EFs, and LOAELs
Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
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COC
Surface Soil 

Concentration
(mg/kg)

Herbivore Uptake 
Factors      Dry-

Weight      (Sample 
et.al. , 1998)

COC Daily Dose 
from Small 

Herbivores    Wet-
weight    (mg/kg-

day)1,2

Omnivore Uptake 
Factors      Dry-

Weight      (Sample 
et.al ., 1998)

COC Daily Dose 
from Small 

Omnivores  Wet-
weight  (mg/kg-

day)1,2

COC Daily Dose 
from Water 

(mg/kg-day)3

COC Daily Dose 
from Soil        

(mg/kg-day)4

Total COC Daily 
Dose (mg/kg-

day)

Avian TRV  
(mg/kg-day)

Uncertainty 
Factor

Estimated 
Reptile TRV 
(mg/kg-day)

Estimated 
NOAEL HQ

Arsenic 126.00 0.0042 1.4E-03 0.0025 8.6E-04 1.3E-02 1.2E-03 1.6E-02 5.14 0.1 0.514 3.E-02
Cadmium 33.08 0.1258 1.1E-02 0.12 1.1E-02 2.2E-04 8.0E-04 2.3E-02 1.45 0.1 0.145 2.E-01
Chromium 40 0.021 2.3E-03 0.016 1.7E-03 1.1E-03 9.5E-04 6.0E-03 1 0.1 0.1 6.E-02
Copper 1,183.0 0.1086 3.5E-01 0.1272 4.1E-01 1.8E-03 2.8E-02 7.9E-01 47 0.1 4.7 2.E-01
Lead 1,046.0 0.0522 1.5E-01 0.0659 1.9E-01 3.5E-04 1.0E-02 3.5E-01 1.13 0.1 0.113 3.E+00
Mercury 0.79 0.0239 5.1E-05 0.0543 1.2E-04 4.5E-05 1.9E-05 2.3E-04 0.45 0.1 0.045 5.E-03
Selenium 3.0 0.155 1.2E-03 0.2062 1.7E-03 5.2E-04 7.1E-05 3.5E-03 0.5 0.1 0.05 7.E-02
Zinc 745 0.5043 1.0E+00 0.5577 1.1E+00 2.1E-03 1.8E-02 2.2E+00 99.1 0.1 9.91 2.E-01

Arsenic 103 0.0042 1.2E-03 0.0025 7.0E-04 1.3E-02 9.9E-04 1.6E-02 5.14 0.1 0.514 3.E-02
Cadmium 36 0.1258 1.2E-02 0.12 1.2E-02 2.2E-04 8.7E-04 2.5E-02 1.45 0.1 0.145 2.E-01
Chromium 104 0.021 5.9E-03 0.016 4.5E-03 1.1E-03 2.5E-03 1.4E-02 1 0.1 0.1 1.E-01
Copper 1,119 0.1086 3.3E-01 0.1272 3.9E-01 1.8E-03 2.7E-02 7.5E-01 47 0.1 4.7 2.E-01
Lead 770 0.0522 1.1E-01 0.0659 1.4E-01 3.5E-04 8.2E-03 2.6E-01 1.13 0.1 0.113 2.E+00
Mercury 0.15 0.0239 1.0E-05 0.0543 2.3E-05 4.5E-05 3.7E-06 8.1E-05 0.45 0.1 0.045 2.E-03
Selenium 3 0.155 1.3E-03 0.2062 1.8E-03 5.2E-04 7.6E-05 3.7E-03 0.5 0.1 0.05 7.E-02
Zinc 877 0.5043 1.2E+00 0.5577 1.3E+00 2.1E-03 2.1E-02 2.6E+00 99.1 0.1 9.91 3.E-01

Notes:
1. Dose based on 0.017 g/g-day diet of small animals is derived from reptile and amphibian herbivore (USEPA, 1993).
2. Small animals include 50% hervivores and 50% omnivores.
3. Dose based on 0.223 g/g-day water ingestion rate for Short-Tailed Shrew (USEPA, 1993).
4. Dose of COCs in soil based on 0.00043 g/g-day ingestion rate derived from 5.6% of food ingestion rate for Eastern Painted Turtle (USEPA 1993).
5. The food ingestion rate for the Diamondback Rattlesnake was calculated using the following equation:

reptiles and amphibians

6. FI was normalized to body weight using the following equation: FI (g/day)/BW (g)
7. Body weight of the Timber Rattlesnake is 580 g (TPWD, 2007a). http://www.tpwd.state.tx.us/huntwild/wild/species/timberrattlesnake 
8. Percent Moisture Content of food is assumed to be 68% for animal matter (carnivores/insectivores).
9 - All uptake factors are the 90th percentile reported for respective COCs.
10 - The surface soil concentration is the 95% UCL.
11. The maximum surface soil concentration has been used to model exposure to tetryl.
12. The surface soil concentrations for the other explosives are the 95% UCL obtained from ProUCL outputs as presented in Attachment 3 of the SLERA.
13. The uptake factors for omnivore and herbivore small animals for the energetic compounds are based on values published for dioxin by Sample et al.  (1998).
ns - No Standard
na - Not Applicable

Table 22
Dose and Hazard Quotient Calculations for Diamondback Rattlesnake

East Mountain

South Arroyo

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas
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Units
Shot-tail Shrew 

Assumptions
Raccoon  

Assumptions
American Robin 

Assumptions
Mourning Dove 

Assumptions
Cottontail 

Assumptions
NOAEL TRV mg/kg-day 3.3 2.3 3.1 3.3 2.6
LOAEL TRV mg/kg-day 8.34 5.83 7.7 8.3 6.5
Food Ingestion Rate g/g-day 6.59E-01 2.28E-01 6.47E-01 1 0.58
Vegetative Fraction unitless 0.12 0.15 0.5 0.972 1
Plant Uptake Factor unitless 0.036 0.036 0.036 0.036 0.036

Diet Plant Fraction unitless 1 1 0.95 0.01 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0.05 0.99 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0.5 0.028 0
Invertebrate Uptake Factor unitless 0.11 0.11 0.11 0.11 0.11
Water Ingestion Rate L/kg-day 0.15 9.24E-02 1.38E-01 0.122 0.1
Soil Ingestion Rate* g/g-day 1.89E-02 5.71E-03 0.0107 0.0117 0.00441
Exposure Modification Factors

Exposure Frequency unitless 1 1 1 1 1
Area Use Factor unitless 1 1 1 0.05 1

Surface Soil PCL (mg/kg) 81 172 129 2,953 1,070
*RBA of arsenic in soil of 0.4

Units
Shot-tail Shrew 

Assumptions
Raccoon   

Assumptions
American Robin 

Assumptions
Mourning Dove 

Assumptions
Cottontail 

Assumptions
NOAEL TRV mg/kg-day 1.4 0.7 0.9 0.9 0.9
LOAEL TRV mg/kg-day 14.01 7.41 12.0 12.9 9.0
Food Ingestion Rate g/g-day 6.59E-01 2.28E-01 6.47E-01 1.00E+00 5.80E-01
Vegetative Fraction unitless 0.12 0.15 0.5 0.972 1
Plant Uptake Factor unitless 0.364 0.364 0.364 0.364 0.364

Diet Plant Fraction unitless 1 1 0.95 0.01 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0.05 0.99 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0.5 0.028 0
Invertebrate Uptake Factor unitless 0.96 0.96 0.96 0.96 0.96
Water Ingestion Rate L/kg-day 0.15 9.24E-02 1.38E-01 1.22E-01 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 5.71E-03 1.07E-02 1.17E-02 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1 1 1
Area Use Factor unitless 1 1 1 0.05 1

Surface Soil PCL (mg/kg) 13 21 19 387 167

Units
Shot-tail Shrew 

Assumptions
Raccoon  

Assumptions
American Robin 

Assumptions
Mourning Dove 

Assumptions
Cottontail 

Assumptions
NOAEL TRV mg/kg-day 19.4 13.6 31.9 34.3 15.0
LOAEL TRV mg/kg-day 28.30 19.8 41.9 45.0 21.8
Food Ingestion Rate WW g/g-day 6.59E-01 2.28E-01 6.47E-01 1.05E+00 5.8E-01
Vegetative Fraction unitless 0.12 0.15 0.5 0.972 1
Plant Uptake Factor unitless 0.4 0.4 0.4 0.4 0.4

Diet Plant Fraction unitless 1 1 0.95 0.01 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0.05 0.99 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0.5 0.028 0
Invertebrate Uptake Factor unitless 0.04 0.04 0.04 0.04 0.04
Water Ingestion Rate L/kg-day 0.15 9.24E-02 1.38E-01 1.22E-01 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 5.71E-03 1.07E-02 1.17E-02 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1 1 1
Area Use Factor unitless 1 1 1 0.05 1

Surface Soil PCL (mg/kg) 520 1,104 833 2,094 568

COPPER

El Paso, Texas

Table 23

Former ASARCO Smelter Site

Summary of Calculations and Assumptions for Ecological Protective Concentration Levels for Surface Soil

ARSENIC

CADMIUM

Screening Level Ecological Risk Assessment
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El Paso, Texas

Table 23

Former ASARCO Smelter Site

Summary of Calculations and Assumptions for Ecological Protective Concentration Levels for Surface Soil
Screening Level Ecological Risk Assessment

Units
Shot-tail Shrew 

Assumptions
Raccoon 

Assumptions
American Robin 

Assumptions
Mourning Dove 

Assumptions
Cottontail 

Assumptions
NOAEL TRV mg/kg-day 9.7 6.8 1.0 1.1 7.5
LOAEL TRV mg/kg-day 96.64 68 9.9 11 75
Food Ingestion Rate g/g-day 6.59E-01 2.28E-01 6.47E-01 1.00E+00 5.80E-01
Vegetative Fraction unitless 0.12 0.15 0.5 0.972 1
Plant Uptake Factor unitless 0.045 0.045 0.045 0.045 0.045

Diet Plant Fraction unitless 1 1 0.95 0.01 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0.05 0.99 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0.5 0.028 0
Invertebrate Uptake Factor unitless 0.03 0.03 0.03 0.03 0.03
Water Ingestion Rate L/kg-day 0.15 9.24E-02 1.38E-01 1.22E-01 1.00E-01
Soil Ingestion Rate* g/g-day 1.89E-02 5.71E-03 1.07E-02 1.17E-02 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1 1 1
Area Use Factor unitless 1 1 1 0.05 1

Surface Soil PCL (mg/kg) 2,034 4,363 325 2,583 8,084
*RBA of lead in soil 0.44

Units
Shot-tail Shrew 

Assumptions
Raccoon 

Assumptions
American Robin 

Assumptions
Mourning Dove 

Assumptions
Cottontail 

Assumptions
NOAEL TRV mg/kg-day 193 135 52.9 56.8 149
LOAEL TRV mg/kg-day 387 270 79.5 85.4 298
Food Ingestion Rate g/g-day 6.59E-01 2.28E-01 6.47E-01 1.00E+00 5.80E-01
Vegetative Fraction unitless 0.12 0.15 0.5 0.972 1
Plant Uptake Factor unitless 1.2E-12 1.2E-12 1.2E-12 1.2E-12 1.2E-12

Diet Plant Fraction unitless 1 1 0.95 0.01 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0.05 0.99 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0.5 0.028 0
Invertebrate Uptake Factor unitless 0.56 0.56 0.56 0.56 0.56
Water Ingestion Rate L/kg-day 0.15 9.24E-02 1.38E-01 1.22E-01 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 5.71E-03 1.07E-02 1.17E-02 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1 1 1
Area Use Factor unitless 1 1 1 0.05 1

Surface Soil PCL (mg/kg) 843 1,772 345 51,950 50,715

LEAD

ZINC
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Units
Short-tail Shrew 

Assumptions Raccoon  Assumptions Cottontail Assumptions
NOAEL TRV mg/kg-day 3.3 2.5 2.6
LOAEL TRV mg/kg-day 8.3 6.22 6.4
Food Ingestion Rate g/g-day 6.59E-01 0.276 0.58
Vegetative Fraction unitless 0.12 0.15 1
Plant Uptake Factor unitless 0.036 0.036 0.036

Diet Plant Fraction unitless 1 1 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907

Invertebrate Fraction unitless 0.85 0.85 0
Invertebrate Uptake Factor unitless 0.11 0.11 0.11
Water Ingestion Rate L/kg-day 1.51E-01 0.0924 0.1
Soil Ingestion Rate g/g-day 1.89E-02 0.00571 0.00441
Exposure Modification Factors

Exposure Frequency unitless 1 1 1
Area Use Factor unitless 1 1 1

Subsurface Soil PCL 774 1,909 2,554
*RBA of arsenic in soil of 0.4

Units
Short-tail Shrew 

Assumptions Raccoon  Assumptions Cottontail Assumptions
NOAEL TRV mg/kg-day 3.3 0.8 0.9
LOAEL TRV mg/kg-day 8.3 8.3 5.2
Food Ingestion Rate g/g-day 6.59E-01 2.76E-01 5.80E-01
Vegetative Fraction unitless 0.12 0.15 1
Plant Uptake Factor unitless 0.364 0.364 0.364

Diet Plant Fraction unitless 1 1 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907

Invertebrate Fraction unitless 0.85 0.85 0
Invertebrate Uptake Factor unitless 0.96 0.96 0.96
Water Ingestion Rate L/kg-day 1.51E-01 9.24E-02 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 5.71E-03 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1
Area Use Factor unitless 1 1 1

Subsurface Soil PCL 310 799 687

Units
Short-tail Shrew 

Assumptions Raccoon  Assumptions Cottontail Assumptions
NOAEL TRV mg/kg-day 19.4 14.5 15.0
LOAEL TRV mg/kg-day 28.3 21.1 21.8
Food Ingestion Rate g/g-day 6.59E-01 2.76E-01 5.80E-01
Vegetative Fraction unitless 0.12 0.15 1
Plant Uptake Factor unitless 0.4 0.4 0.4

Diet Plant Fraction unitless 1 1 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0
Invertebrate Uptake Factor unitless 0.04 0.04 0.04
Water Ingestion Rate L/kg-day 1.51E-01 9.24E-02 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 5.71E-03 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1
Area Use Factor unitless 1 1 1

Subsurface Soil PCL 1,265 3,117 4,175

Table 24
Summary of Calculations and Assumptions for Ecological Protective Concentration Levels for Subsurface Soil

Screening Level Ecological Risk Assessment

ARSENIC

CADMIUM

COPPER

Former ASARCO Smelter Site
El Paso, Texas
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Table 24
Summary of Calculations and Assumptions for Ecological Protective Concentration Levels for Subsurface Soil

Screening Level Ecological Risk Assessment

Former ASARCO Smelter Site
El Paso, Texas

Units
Short-tail Shrew 

Assumptions Raccoon  Assumptions Cottontail Assumptions
NOAEL TRV mg/kg-day 9.7 7.2 7.5
LOAEL TRV mg/kg-day 96.6 72 75
Food Ingestion Rate g/g-day 6.59E-01 2.76E-01 5.80E-01
Vegetative Fraction unitless 0.12 0.15 1
Plant Uptake Factor unitless 0.045 0.045 0.045

Diet Plant Fraction unitless 1 1 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0
Invertebrate Uptake Factor unitless 0.03 0.03 0.03
Water Ingestion Rate L/kg-day 1.51E-01 9.24E-02 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 5.71E-03 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1
Area Use Factor unitless 1 1 1

Subsurface Soil PCL 6,405 15,762 21,131
*RBA of lead in soil 0.44

Units
Short-tail Shrew 

Assumptions Raccoon  Assumptions Cottontail Assumptions
NOAEL TRV mg/kg-day 193 135 149
LOAEL TRV mg/kg-day 387 270 298
Food Ingestion Rate g/g-day 6.59E-01 2.28E-01 5.80E-01
Vegetative Fraction unitless 0.12 0.15 1
Plant Uptake Factor unitless 1.2E-12 1.2E-12 1.2E-12

Diet Plant Fraction unitless 1 1 1
Plant Dry-Weight Fraction unitless 0.12 0.12 0.12

Diet Seed Fraction unitless 0 0 0
Seed Dry-Weight Fraction unitless 0.907 0.907 0.907

Invertebrate Fraction unitless 0.88 0.85 0
Invertebrate Uptake Factor unitless 0.56 0.56 0.56
Water Ingestion Rate L/kg-day 1.51E-01 7.80E-01 1.00E-01
Soil Ingestion Rate g/g-day 1.89E-02 4.72E-03 4.41E-03
Exposure Modification Factors

Exposure Frequency unitless 1 1 1
Area Use Factor unitless 1 1 1

Surface Soil PCL 15,372 42,939 50,715

LEAD

ZINC
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