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EXECUTIVE SUMMARY 
 

 
On 28 and 29 July 2003, soil samples were collected from Trap and Skeet Range 17 located on the Patuxent 
Research Refuge (PRR) located in Laurel, Maryland (MD).   The samples were analyzed for antimony (Sb), arsenic 
(As), copper (Cu), and lead (Pb) using a field portable x-ray fluorescence (XRF) analyzer.  Antimony, As, and Cu 
were selected for analysis because they are impurities in Pb shot.  The results of these analyses were used to 
determine the extent of contamination at this range.   Based on XRF results, 6 of the locations were selected for the 
following additional analyses: Target Analyte List (TAL) metals; base, neutral, and acid extractable compounds 
(BNAs); polychlorinated biphenyl (PCB)/pesticides (2 samples); grain size; total organic carbon (TOC); Pb shot 
count (10 samples); and a 28-day earthworm toxicity test.  The results of these analyses were used to determine the 
risk to biota from the exposure to contaminants in the soil and from the ingestion of Pb shot.  In addition, a wetland 
delineation was conducted to determine the presence of jurisdictional wetlands on this range.  
 
The concentration of Pb in the soil ranged from below the method detection limit (MDL) of 39 milligrams per 
kilogram (mg/kg) along the periphery of the range to 22,000 mg/kg in the center of the range’s fall zone.  These 
results were based on the XRF analysis of soil samples.   
 
Six soil samples were then analyzed for TAL metals and the concentration of these metals were compared to 
ecological benchmarks.  Based on this comparison, 9 metals (in addition to As, Sb, Cu, and Pb) were further 
evaluated in this risk assessment.  Soil samples were analyzed for BNAs to determine the presence of coal tar pitch 
(a binding agent used in the clay targets).  No BNAs were detected above the MDL.  Two soil samples were 
analyzed for pesticides and PCBs to determine if these compounds were present on the range at significant levels.  
No pesticides or PCBs were detected above the MDL in the samples.   
 
The number of Pb shot was measured in 10 samples.  The number of Pb shot in the samples ranged from 10 to 2,946 
per square foot (ft2 ).  No shot were found at the reference location. 
 
There was a significant reduction in the survival of the earthworms in all on-site samples when compared to the 
reference soil.  There was 97.5 percent (%) earthworm survival in the reference soil sample (which contained 46 
mg/kg Pb).  The earthworms exposed to soil collected from Location 150R-150D (which contained 260 mg/kg Pb) 
had 81.5% survival and from Location 150R-50D (which contained 270 mg/kg Pb) had 67.5% survival following a 
28-day exposure.  No earthworms survived in the remaining 3 samples tested (containing 540 mg/kg, 3,000 mg/kg, 
and 44,000 mg/kg Pb).  The concentrations of the 9 additional metals that required further evaluation were compared 
to the results of the toxicity tests.  This comparison indicated that, with the exception of Pb, metals do not represent 
a risk to biota. 
 
Food chain accumulation models were used to evaluate the impact of Pb contaminated soil to biota that may feed on 
the range.  The models indicated that there was risk to both insectivorous birds and mammals.  In addition, a grit 
ingestion model was used to determine risk from the ingestion of Pb shot.  This model indicated that there was risk 
to gallinaceous birds. 
 
Based on the results of the wetland delineation, no jurisdictional wetlands were found at this site. 
 
The results of the toxicity test and the food chain accumulation models were used to develop soil remedial goals for 
Pb in soil.  The lowest observed adverse effect level (LOAEL) based clean up goal for Pb was 260 mg/kg and the no 
observed adverse effect level (NOAEL) based clean up goal for Pb was 46 mg/kg.  A grit ingestion model was used 
to determine a remedial goal for Pb shot.  A remedial goal of 3 shot/ft2, not to exceed 13 shot/ft2, was calculated 
based on a 10 % probability of a gallinaceous bird ingesting Pb shot. 
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1.0 INTRODUCTION 
 

The first objective of this project was to determine the extent of Pb contamination at Trap and Skeet Range 
17, located on the North Tract of the PRR, Laurel, MD (Figure 1).  The second objective of the project was 
to evaluate the ecological effects of Pb shot and Pb-contaminated soil at the range.  A soil toxicity test 
using earthworms, food chain accumulation models, and a Pb shot ingestion probability model were used to 
evaluate risk to receptor species.  Based on the results of the risk assessment, remedial goals were 
developed for the clean up of Pb shot and Pb-contaminated soil.  The third objective of this project was to 
determine if any portion of the site meets the criteria of a jurisdictional wetland. 

 
1.1 Site History 
 

Range 17 was used as a trap and skeet range.  A trap range uses 5 shooting positions to fire at clay 
targets launched from a center trap house.  The targets are thrown at different angles away from 
the trap house.  A skeet range uses 8 shooting positions to fire at clay targets launched from both 
high and low houses.  The targets are thrown at the same pattern but the angel of shot varies 
because the shooter moves to the different positions.    These shooting angles tend to create a 
semicircular pattern of Pb shot as it falls to the ground.  

 
Range 17 opened in the mid 1970s and was originally part of Fort George G. Meade (Vyas et al. 
2000).  The range was transferred to the U.S. Fish and Wildlife Service (U.S. FWS) in 1991.  
Since the transfer, the range operated from one to two nights per week until 1999, when the range 
was closed.  The range was closed because data indicated that birds using the site were exposed to 
Pb (Vyas et al. 2000).  Because the mission of the PRR is to conserve and protect wildlife, this 
risk assessment was completed in order determine the risk to biota that use this site as well as to 
develop clean up goals. 
 
Prior to the transfer of the North Tract to PRR, there were 17 active shooting ranges on this 
property.   These ranges were used for rifle, pistol, and larger weapon practice.  Currently, there 
are still 10 active ranges used for target practice by federal, state, and local organizations.  All of 
the ranges are situated so that the impact zone is towards the center of the North Tract.  Therefore, 
although Range 17 was historically used as a recreational range, there is the potential for 
unexploded ordnance (UXO) from other ranges.  For example, during this sampling event, an 
empty 155-mm shell casing, as well as several impact craters, was noted within the sampling grid.  
Although it is not expected that the presence of larger ordnance will confound the results of the 
risk assessment, a subset of the soil samples were analyzed for a variety organic and inorganic 
compounds to determine the presence of other contaminants. 
 
In addition, Range 25, which is located north of Range 17, was used for small arms target practice.  
This range is inactive and is currently used as a wildlife viewing area.  However, the safety fan for 
Range 17 overlaps Range 25, therefore, sampling activities were not restricted to within the actual 
boundaries of Range 17. 
 

 1.2 Ecological Setting 
 

The 8,100 acre North Tract of the PRR is located in the coastal plain of central MD and is 
comprised mostly of a large contiguous forest (approximately 6,400 acres).  This forest is 
connected with the larger, forested acreage of the Central and South Tracts of the PRR and the 
Beltsville Agricultural Research Center to the south.  Together, these lands constitute the largest 
(more than 13,000 acres) contiguous forest in the coastal plain of MD. 

Within the largely upland oak and pine forests lie extensive bottomland hardwood forests along 
the Little Patuxent and Patuxent Rivers.  The North Tract is located in an area known as the Great 
Fork area, due to the presence of these two rivers.  The largely undisturbed bottomland hardwood 
forest serves to protect the water quality in the Chesapeake Bay.  A large portion of the North 
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Tract, including Range17, within a 100-year flood plain, and thus this area is part of the 
Chesapeake Bay Critical Area.   

The Critical Area Act was a resource protection program that was passed in 1984 by the MD 
General Assembly.  The act identified Critical Area as land within 1,000 feet of the mean high 
water line of tidal waters or the landward edge of tidal wetlands and all waters of and lands under 
the Chesapeake Bay and its tributaries. 

Several unique wetland systems occur in the North Tract and are largely associated with the 
bottomland hardwoods.  A cranberry bog, several oxbow marshes along the Little Patuxent River, 
and mature forested wetlands along the Patuxent River can be found.  One wetland near the 
cranberry bog contains a nematode species known to control mosquitoes.  Also, wet sphagnum 
bogs are scattered throughout the uplands. 

 
Open fields and meadows occur sporadically within the North Tract.  Most of these non-forested 
areas are associated with former gunnery ranges on the eastern half of the tract and within the 
former Walter Reed Medical Farm in the far western corner (the information in Section 1.2 was 
provided by Holliday Obrecht, PRR Biologist). 

 
 1.3  Current Conditions 
 

Since the closing of the range in 1999, the areas around the trap houses and within the fall zone 
have not been cut and are in the early succession stages between old-field and scrub-shrub habitat.  
The areas to the north and south of the trap range are forested, while the area along the eastern 
edge is comprised of a transition area of pine and bramble leading to a forested area.  While the 
range was in use, the large deciduous trees blocked most of the Pb shot from entering the wooded 
area. 

 
The site slopes slightly towards the east and a shallow ephemeral drainage channel is located 
along the northeastern edge of the range.  This channel collects surface water runoff from the site 
and carries it to the northeast.  This channel, although apparently dry for most of the year, does 
contain Pb shot and appears to allow movement of shot off the site (Figure 1).  The presence of 
this channel and the associated low-lying area prompted the wetland delineation. 

 
2.0 TECHNICAL APPROACH 
 
 2.1 Selection of Contaminants of Potential Concern 
 
  Lead has been identified as a contaminant of potential concern (COPC) at the site based on the 

historical use of Pb shot at this range.   Other metals such as As, Sb, and Cu may also be present 
because they are impurities in Pb shot. Clay pigeons contain high levels of polycyclic aromatic 
hydrocarbons (PAHs) because coal tar pitch is used as a binding agent.  Therefore, PAHs are also 
COPCs.  A site walk through indicated clay pigeon fragments throughout the range. 

 
 2.2 Exposure Characterization 
 

The objective of the exposure characterization was to determine the media and the pathways 
through which assessment endpoints may be affected by site contaminants.  The exposure 
pathways were dependent on the extent and magnitude of contamination, the site habitat, the 
receptor species present at the site, and the environmental fate and transport of the COPCs. 

 
On-site receptors are potentially exposed to contaminants in soil and sediment through direct 
contact, intentional ingestion (e.g., consumption of grit-sized particles), and incidental ingestion 
(e.g., soil particles adhered to or entrained in food items).  Transfer of the contaminants to 
receptors could also occur through the process of bioaccumulation and bioconcentration, whereby 
upper trophic level receptors are exposed to site contaminants through the ingestion of 
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contaminated prey items. 
 
 2.3 Problem Formulation 
 

The ecological risk assessment was designed to evaluate the potential threats to receptors from the 
direct exposure to Pb contaminated soil as well as from the direct ingestion of Pb shot. The 
problem formulation process for this risk assessment includes the identification of the COPC, the 
identification of the exposure pathways for the COPC, a determination of the assessment 
endpoints for the site, the formulation of testable hypotheses, the development of a conceptual 
model, the determination of the measurement endpoints for the site, and an analysis of the 
uncertainties that may be associated with the risk assessment.  The problem formulation presented 
below was developed according to the guidance established in the Ecological Risk Assessment 
Guidance for Superfund (U.S. EPA 1997). 

 
 2.4 Assessment Endpoints 
 

Assessment endpoints are explicit expressions of the actual environmental values (e.g., ecological 
resources) that are to be protected.  Valuable ecological resources include those without which 
ecosystem function would be significantly impaired or those providing critical resources (e.g., 
habitat).  Appropriate selection and definition of assessment endpoints are critical to the utility of a 
baseline ecological risk assessment (BERA) as they focus risk assessment design and analysis.  It 
is not practical or possible to directly evaluate potential risks to all of the individual components 
of the ecosystem at the site, so assessment endpoints are used to focus the risk assessment on 
particular components of the ecosystem that could be adversely affected by the contaminants 
released from the site.  In general, the assessment endpoints selected for the site are aimed at the 
viability of terrestrial and aquatic populations and organism survivability. 

 
A review of the habitat at Range 17 provided information for the selection of assessment 
endpoints.  A variety of invertebrates, vertebrates, and plants inhabit the site.  In addition, many 
birds and mammals inhabiting this and adjacent areas could prey on the flora and fauna in the 
study area.  Therefore, the assessment endpoints focused on these biological groups. 

 
 2.5 Measurement Endpoints 
       

Measurement endpoints are measurable ecological characteristics that are related to the assessment 
endpoints by the mechanisms of toxicity and routes of exposure.  Measurement endpoints are used 
to derive a quantitative estimate of potential effects, and to form a basis for extrapolation to the 
assessment endpoints. 

 
Measurement endpoints were selected on the basis of potential presence of receptors at the site, 
and the potential for exposure to COPCs.  The availability of the appropriate toxicity information 
on which risk calculations could be based was also an important consideration.  Endpoints selected 
were determined to be representative of exposure pathways and assessment endpoints identified 
for the site. 

 
Lower trophic levels were evaluated using site-specific toxicity tests.  For example, although the 
assessment of terrestrial community structure and function was not directly evaluated, the 
potential impacts to terrestrial invertebrate populations may be assessed via toxicity tests with a 
surrogate species. 

 
Food chain exposure models and comparison to literature-based toxicity data were used to 
evaluate risk to avian and mammalian species that use the site for feeding.  Appropriate forage 
species were identified and the dietary exposure of receptors to contaminants was quantified.  The 
results were compared to existing toxicity data for these or other closely related species. 
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Receptor species were selected from different trophic levels.  Organisms that are likely to be 
exposed to contaminants because of specific behaviors, patterns of habitat use, or feeding habits 
were selected for evaluation in this BERA.  The availability of appropriate toxicity information on 
which risk calculations could be based was also an important consideration. 

 
 2.6 Conceptual Model 
 

The conceptual model is based on contaminant and habitat characteristics and was used to identify 
critical exposure pathways to the selected assessment endpoints.  Mammals and birds may be 
exposed to site contaminants via ingestion of contaminated food, incidental ingestion of soil, and 
for birds, ingestion of Pb shot.  

 
Although plants make up an important component of this ecosystem, the bioavailability of Pb in 
soil to plants is limited (although high concentrations of lead in soil may be acutely toxic to 
plants).  Lead is absorbed mainly by root hairs and is stored in the cell walls; translocation of Pb to 
aboveground tissues does not readily occur (Fleming 1994).  Therefore, this assessment endpoint 
was not evaluated in this BERA. 

 
Lead in the soil may also impact the reptile and amphibian community.  However, little 
information exists with which to conduct an assessment on these species.  Therefore, this 
assessment endpoint was not evaluated in this BERA. 

 
Secondary Pb poisoning occurs when a predator or scavenger consumes animals that have shot 
embedded in their bodies or consumes the gizzard of a bird that has ingested Pb shot.  Secondary 
Pb poisoning has been documented in several carnivorous bird species (USFWS 1986, Pain and 
Amiard-Triquet 1993, Pain et al. 1993, and Pain et al. 1994).  However, due to the difficulty in 
linking the secondary exposure to Pb shot to this site, this endpoint was not evaluated in this 
BERA.  An objective of this risk assessment is to determine the probability of a gallinaceous bird 
ingesting Pb shot.  Based on this probability, a clean up goal for Pb shot will be developed to 
reduce the risk to gallinaceous birds. Therefore, the removal of the primary exposure pathway 
(direct ingestion of  Pb shot) should also protect carnivorous birds from the secondary ingestion of 
Pb shot from this site. 

 
Based on this conceptual model, and dependent upon the availability of information, the following 
receptors were evaluated in this risk assessment: 

 
I. Terrestrial Invertebrates 

    Direct contact with soil 
    Ingestion of soil 
 
  II. Insectivorous Birds 
    Ingestion of soil 
    Ingestion of invertebrates 
 
  III. Insectivorous Mammals 
    Ingestion of soil 
    Ingestion of invertebrates 
 
  IV Gallinaceous Bird 
    Direct ingestion of Pb shot 
  

2.7 Assessment Endpoint No. 1 – Survival and Growth of Terrestrial Invertebrates 
 

Terrestrial invertebrate communities constitute a large portion of the base of the food chain for the 
entire ecosystem.  Impacts to invertebrate communities would have significant direct and indirect 
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effects (e.g., loss or reduction of forage or transfer of bioaccumulative compounds) on higher 
trophic-level organisms (e.g., birds and mammals).  Terrestrial invertebrates process organic 
material in the soil and are therefore important in nutrient and energy transfer. 

 
  The hypothesis for this assessment endpoint is as follows: The toxicity of COPCs in on-site soil is 

not significantly greater than at the reference location.  
 
  Direct contact and ingestion of contaminated soil are the primary routes of exposure for terrestrial 

invertebrate communities.   An earthworm toxicity test was selected as the measurement endpoint 
for this assessment endpoint.  Risk was evaluated by exposing earthworms (Eisenia foetida) to soil 
collected on the range and from a reference location for 28 days. 

 
 2.8 Assessment Endpoint No. 2 – Reproductive Success of Insectivorous Birds 
 

Impacts to insectivorous birds would allow species of potentially harmful insects to obtain higher 
population levels than would typically occur in a system that was not impacted.  Insectivores are 
important in nutrient processing and energy transfer between the aquatic and terrestrial 
environment. 

  
The hypothesis for this assessment endpoint is as follows:  The concentration of COPCs in the 
food items of the modeled receptor at on-site locations do not result in HQ values greater than 1.0. 

 
The ingestion of contaminated food and the incidental ingestion of soil are the primary routes of 
exposure for insectivorous birds.  A food chain accumulation model using the American robin, 
Turdus migratorius, was selected as the measurement endpoint for this assessment endpoint.  Risk 
was evaluated by comparing the dose calculated from the food chain models to literature values. 

 
 2.9 Assessment Endpoint No. 3 – Reproductive Success of Insectivorous Mammals 
 
  Impacts to insectivorous mammals would also allow species of potentially harmful insects to 

obtain higher population levels than would typically occur in a system that was not impacted.  
Insectivores are important in nutrient processing and energy transfer in the terrestrial environment, 
and play an important role in the terrestrial food chain. 

 
The hypothesis for this assessment endpoint is as follows: The concentration of COPCs in the food 
items of the modeled receptor at on-site locations do not result in HQ values greater than 1.0. 
 
The ingestion of contaminated food and the incidental ingestion of soil are the primary routes of 
exposure for insectivorous mammals.  A food chain accumulation model using the short-tailed 
shrew, Blarina brevicauda, was selected as the measurement endpoint for this assessment 
endpoint.  Risk was evaluated by comparing the dose calculated from the food chain models to 
literature values. 

   
 2.10 Assessment Endpoint No. 4 – Survival of Gallinaceous Birds 
 

Gallinaceous birds were selected for evaluation because of their method of foraging (grazing for 
seeds) and for their selection of grit.  The enzymes within a bird’s digestive system are able to 
dissolve the soft inner portion of a seed.  However, tough seed coats can block enzymes from 
reaching the inner portion of the seed.  Therefore, birds ingest small rocks and stones that aid in 
grinding and wearing away the seed coat.  Grit particles are usually defined as small stones or 
other hard inorganic particles that a bird selectively ingests to aid in digesting seeds.   
 
The size and shape of grit particles that a bird will select are species specific.  For example, Best 
and Giofriddo (1991) found that 80% of the grit particles found in the crop of a mourning dove 
ranged from 1.0 to 2.6 mm in diameter, with a total range from 0.2 to 4.4 mm in diameter.  The 
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size of Pb shot used at trap and skeet ranges is usually No. 7 ½ (2.41 mm in diameter) or No. 8 
(2.29 mm diameter). 
 
Because these Pb shot sizes are within the range of grit particles selected by mourning doves, this 
species is susceptible to the ingestion of Pb shot.  Once Pb shot are ingested, they are stored in the 
crop where they are used to process food.  During this processing of food and combined with the 
acidic content of the crop, the Pb shot are eroded, which releases Pb.  This allows the Pb to be 
quickly absorbed by the blood, which induces Pb poisoning. 

 
The hypothesis for this assessment endpoint is as follows: The probability of the modeled receptor 
selecting Pb shot does not exceed 0.10. 

  
The ingestion of Pb shot is the primary route of exposure for gallinaceous birds.  An ingestion-
based probability model (Peddicord and LaKind 2000) using the mourning dove, Zenaida 
macroura, was selected as the measurement endpoint for this assessment endpoint.   This model 
uses the ratio of grit (natural, non-Pb inorganic particles) to Pb shot to evaluate risk to these 
species. 

 
3.0 METHODS 
 

A Global Positioning System (GPS) was used to establish a grid on the shooting range.  Parallel sampling 
transects were established perpendicular to the alignment of the shooting ranges.  Each transect was located 
approximately 50 meters (m) from the adjacent transect and extended from the trap houses to a maximum 
distance of approximately 300 m down range.  Sampling locations were established every 50 m along each 
transect.   A standard design for a trap range includes a semicircular safety fan with a radius of 300 yards 
(approximately 274 m) from the trap house.  Therefore, the grid was established to place the nodes within 
the semicircular fall zone (Figure 1). 
 
On July 28 and 29, 2003, representatives of the U.S. FWS Chesapeake Bay Field Office, the U.S. FWS 
Technical Liaisons, and representatives of the U.S. Environmental Protection Agency (EPA) 
Environmental Response Team Center’s (ERTC) Response, Engineering, and Analytical Contract (REAC) 
Operations Group collected samples at this site. 

 
 3.1 Extent of Contamination 
 

Surface soil samples were collected following ERTC/REAC Standard Operating Procedure (SOP) 
#2012, Soil Sampling.  The samples were collected from 67 locations on-site and from a reference 
area located on the west side of Wildlife Loop.  Because of concerns with UXO at this site, each 
sample location was screened for UXO avoidance using a magnetometer prior to sample 
collection.  At each node, surface debris such as leaves and twigs were removed and then a 
disposable plastic trowel was used to collect a small amount of surface soil.  The soil sample was 
placed into a labeled plastic bag and returned to the staging area for analysis by XRF. 

 
  3.1.1 X-ray Fluorescence Analysis for Metals 
 

Soil samples were prepared and analyzed in accordance with ERTC/REAC SOP #1713, Spectrace 
9000 Field Portable X-ray Fluorescence Operating Procedure.  First, the soil was homogenized in 
the bag and then a small aliquot of the sample was placed into a labeled aluminum weight boat.  
The sample was dried at approximately 100 degrees Centigrade (oC) for 15 to 20 minutes.  The 
sample was removed from the oven, sieved using a 0.5-millimeter (mm) mesh sieve and the soil 
sample placed into a plastic XRF cup.  Lead shot were removed during the sieving of the samples 
as shot number was evaluated separately.  The sample was analyzed by XRF for Sb, As, Cu, and 
Pb. 
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3.1.2 Confirmation Analysis 
 
In order to determine if the analytical results of the XRF meet quality assurance (QA) criteria, 10 
soil samples were selected for confirmatory As, Sb, Cu, and Pb analysis.  These samples were 
selected by the XRF operator in order to provide a range of concentrations (based on Pb).  The 
sample cup was provided to the laboratory for analysis using inductively coupled argon plasma 
(ICAP) method.  Following the analysis of the samples, the ICAP results were compared to the 
XRF results.  If the correlation between the XRF results and the ICAP results was greater than 0.7, 
the data met QA 2 level data objective.  In addition, the XRF operator analyzed field duplicates 
and daily standards (U.S. EPA 1991). 
 

3.2 Risk Assessment 
 

Following a review of the XRF analysis, 6 sample locations were chosen that exhibited a range of 
Pb concentrations. These locations selected were as follows:  Reference, 0-150D, 100R-50D, 
100R-100D, 150R-50D, and 150R-100D.  The purpose of selecting a range of samples was so that 
a dose response relationship between survival and/or growth and contaminants could be 
developed.  This relationship could then be used to develop a soil remedial goal (RG).  The 
sampling crew returned to each of these 6 locations and collected sufficient soil to fill a 2-gallon 
plastic bucket.  The sample was homogenized in the bucket and then aliquots removed for TAL 
metals analysis, BNA analysis, TOC, and grain size.  The remainder of the sample was used for 
earthworm toxicity testing. 

 
  3.2.1 TAL Metals Analysis 

 
The TAL metals (except mercury) analyses were conducted following ERTC/REAC SOP 
# 1818, Determination of Metals by Graphite Furnace Atomic Absorption (GFAA) 
Methods or ERTC/SOP #1811, Determination of Metals by Inductively Coupled Plasma 
(ICP) Methods.   The samples were analyzed for mercury following ERTC/REAC SOP 
#1832, Determination of Mercury by Cold-Vapor Atomic Absorption (CVAA) Methods.   
Soil samples were analyzed for TAL metals because of the potential contamination from 
other sources (e.g., UXO and empty shell casings).  The maximum metal concentrations 
were compared to ecological screening criteria for soil (Friday 1998).  Metals that 
exceeded the screening criteria were evaluated further in the risk assessment.  

 
  3.2.2 Organic Compound Analysis 
 

The BNA analyses were conducted following ERTC/REAC SOP # 1805, Routine 
Analysis of Semivolatile Compounds in Soil/Sediment Samples by GC/MS.  Soil samples 
were analyzed for these compounds because of the potential contamination from the coal 
tar pitch used as a binder in the clay targets.  In addition, 2 of the soil samples (150R-
100D and 150R-50D) were analyzed for pesticides and PCBs following ERTC/REAC 
SOP # 1801, Routine Analysis of PCBs in Water and Soil/Sediment Samples by GC/ECD 
and SOP# 1809, Routine Analysis of Pesticides in Soil/Sediment Samples by GC/ECD.  
Soil samples were selected for these analyses because they corresponded to the samples 
in which there was a response in the earthworm toxicity test. 

 
  3.2.3 Grain Size and Total Organic Carbon 
 

The grain size analysis was conducted following the American Society of Testing and 
Materials (ASTM) Method D-420 and the TOC analysis (defined as loss on ignition) was 
conducted following the American Association of State Highway and Transportation 
Officials (AASHTO) Method T-267-86.  The results of these analyses were used to 
evaluate the results of the earthworm toxicity test. 
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  3.2.4 Earthworm Toxicity Test 
 

Acute soil toxicity evaluations using Eisenia foetida were performed according to ASTM 
Guide E1676-97, “Standard Guide for Conducting Laboratory Soil Toxicity or 
Bioaccumulation Tests with the Lumbricid Earthworm Eisenia foetida” (ASTM 1997).  
This testing provided data concerning the availability and toxicity of contaminants 
present in the soil (USEPA 1989).  The earthworm E. foetida is widely distributed in soil, 
is an important component of the terrestrial invertebrate community, and often comprises 
a significant proportion of the soil biomass.  In addition to being in intimate physical 
contact with the substrate, E. foetida feeds on detritus and vegetative debris incorporated 
into the soil.  Therefore, the predominant route of exposure to Pb is from the ingestion of 
soil. These toxicity tests were used to evaluate the risk to the terrestrial invertebrate 
communities as well as to provide a site-specific bioaccumulation factor for Pb to 
invertebrates.  

 
The earthworms were exposed to site soils for 28 days.  Survival was also recorded at 14 
days.  Following a 28-day exposure, the surviving worms from each replicate sample 
were allowed to depurate for 24 hours, and then the tissue samples were frozen for later 
analysis.  In addition, a dose response relationship was used to establish a NOAEL and 
LOAEL for Pb in soil.    

 
  3.2.5 Food-Chain Ingestion Models 
 

To determine the risk associated with the exposure of higher trophic level receptors to 
site-related contaminants, ingestion-based exposure models were used.  Life history 
information was obtained for each receptor (Appendix A).  The hazard quotients (HQs) 
for higher trophic level species were calculated using food chain models with site-
specific risk assumptions.  A variety of soil concentrations were used together with 
literature-based NOAELs and LOAELs (Appendix A).  A literature search was conducted 
to determine levels of exposure to contaminants at which no adverse effects would be 
expected.  If a NOAEL was not available for Pb or receptor species, then a converted 
LOAEL or Lethal Dose that kills 50% of the test animals (LD50) was used.  A factor of 
10 was used to convert an LD50 to a LOAEL, and to convert a LOAEL to a NOAEL. All 
NOAELs and LOAELs were based on the most sensitive endpoint of survival, growth, or 
reproduction. 

 
Exposure to upper trophic level receptors is expressed using the following food chain 
model: 

 
Dt = (IRf + IRs) x AUF 

BW 
   Where: 
 

 Dt  = total dietary dose (mg/kg/day) 
 IRf =  food ingestion rate (kg/day) x contaminant concentration in prey (mg/kg) 
 IRs = soil ingestion rate (kg/day) x contaminant concentration in soil (mg/kg) 
 BW =  body weight (kg) 
 AUF = area use factor 

 
   3.2.5.1 Insectivorous Birds 
 

The American robin was selected as the representative insectivorous bird.  Life history 
parameters were used which provide a reasonable exposure to Pb contaminated food 
items and soil.  The specific life history parameters used in the food chain models are 
fully described in Appendix A.  The concentration of Pb measured at each of the 6 
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sampling locations (Section 3.2) was used as exposure point concentrations.  The dose 
calculated from these exposure scenarios were compared to both NOAEL and LOAEL 
toxicity reference value (TRV).    
 
A description of all the literature that was reviewed for NOAEL and LOAEL values is 
included in Appendix A.  Below is a brief description of the study and the TRV 
derivation that was used for this BERA.  Edens et al. (1976) exposed Japanese quail to 
four dietary concentrations of lead acetate (1, 10, 100 and 1,000 mg/kg) for a period of 12 
weeks.  Percent hatch of setable eggs was significantly decreased in hens exposed to 100 
mg/kg lead.  A dietary lead concentration of 1,000 mg/kg almost completely suppressed 
the quail’s egg production.  The results from this experiment were be used to develop the 
NOAEL and LOAEL values because of the ecological significance of the endpoints and 
the method and duration of exposure.  An ingestion rate of 18 g/day and adult body 
weight of 0.12 kg (feathersite.com/Poultry/Stuff/FeatherFancier/FeathFancQuail.html) 
were used to convert the exposure concentration to units of mg/kgBW/day.  This resulted 
in a LOAEL of 15 mg/kg BW/day (100 mg/kg) and a NOAEL of 1.5 mg/kg BW/day. 

 
     In addition, the soil Pb concentration in the food chain accumulation model was adjusted 

to calculate a HQ of 1.0.  This allowed for the development of a RG based on the 
exposure of insectivorous birds to contaminated soil.  

  
   3.2.5.2 Insectivorous Mammals 
 

The short-tailed shrew was selected as the representative insectivorous mammal.  Life 
history parameters were selected which provide a reasonable exposure to Pb 
contaminated food items and soil.  The specific parameters used in the food chain models 
are fully described in Appendix A.   The concentration of Pb measured at each of the 6 
sampling locations (Section 3.2) was used as exposure point concentrations.  The dose 
calculated from these exposure scenarios were compared to both NOAEL and LOAEL 
TRV. 
 
A description of all the literature that was reviewed for NOAEL and LOAEL values is 
included in Appendix A.  Below is a brief description of the study and the TRV 
derivation that was used for this BERA.  Azar et al. (1973) administered Pb to rats at six 
dietary levels (1, 10, 50, 100, 1,000 and 2,000 mg/kg) for three generations and measured 
changes in reproduction and growth.  No effects on number of pregnancies, the number 
of pups born alive, the fertility index, the viability index, or the lactation index were 
observed at any exposure levels.  An exposure concentration of 1,000 mg/kg resulted in 
reduced offspring weight and kidney damage in the young.  An ingestion rate of 0.027 
kg/day and adult body weight of 0.35 kg (U.S. EPA 1988) were used to convert the 
exposure concentration to units of mg/kgBW/day.  This resulted in a LOAEL of 77 
mg/kg BW/day, and a NOAEL of 7.7 mg/kg BW/day. 
 
In addition, the soil Pb concentration in the food chain accumulation model was adjusted 
to calculate a HQ of 1.0.  This allowed for the development of a RG based on the 
exposure of insectivorous mammals to contaminated soil. 
 

3.2.6 Lead Shot and Grit Counts 
 

Ten surface soil samples (9 from on the range and 1 from the reference location) were 
collected to determine the number of lead shot.  The sampling locations were selected 
from within the fall zone as well as from where Pb shot were noted during the collection 
of samples for XRF analysis.  These locations do not overlap with those selected for 
toxicity testing, as those locations were selected based on a range of Pb concentrations.  
An area near the grid node was cleared of surface debris and a metal template, measuring 
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12 inches by 12 inches by 1 inch was placed on the ground surface.  The soil within the 
outline of the template was removed using a trowel or shovel and placed into a labeled 
plastic bag.   Standardized SOPs were not available for counting Pb shot or grit particles 
therefore the following methods were used to count these particles. 

 
Because these samples were used to determine the number of Pb shot as well as the 
number of grit-sized particles, sieve sizes were selected that would satisfy both of the 
requirements.  For this BERA, grit was defined as the size particle that would pass 
through a 2.8-mm mesh sieve but be retained on a 0.5-mm mesh sieve.   This size range 
was selected because it spans the grit sizes that would be selected by a mourning dove 
(Best and Giofriddo 1991).   The fraction of grit-sized particles that are Pb shot are used 
in a probability model as described in the next section.  The ingestion of lead shot by 
gallinaceous birds was selected as a measurement endpoint for this BERA.  

 
A previous study conducted at this site indicated that lead shot were effectively captured 
on a 0.5-mm mesh sieve.   The size of lead shot that were fired at this site consisted of 
mostly No. 7 ½ (2.41 mm in diameter) and No. 8 (2.29 mm in diameter) shot.  Therefore, 
it was assumed that this size shot would pass through a 2.8-mm mesh sieve, but that 
whole shot and smaller broken pieces of lead would be retained on a 0.5-mm mesh sieve. 

 
The following steps were used to separate and count grit particles and Pb shot.  The 
process was iterative because it took several attempts to remove the large amount of 
organic material in these samples to facilitate counting the grit particles and the shot.  
First, the soil sample was wet sieved through a 2.8-mm mesh sieve and the material that 
passed through the sieve was retained on a 0.5-mm mesh sieve.  The material that was 
retained on the 0.5-mm mesh sieve was placed in an oven at 100 oC to dry.  The sample 
was then again sieved through a 0.5-mm mesh sieve to further remove the fine organic 
material.  The contents remaining on the sieve were placed in a white plastic pan and the 
Pb shot removed.  Once the shot were removed, the remaining sample was placed in a 
porcelain crucible and the crucible placed into a muffle furnace at 450 oC overnight to 
burn off the remaining organic material.  The resulting sample contained uniform, non-
organic grit particles as well as small fragments of lead (which turned a light gray, which 
facilitated the removal and enumeration of them). 

 
A sub-sample of the grit particles was counted into an aluminum weigh boat until the 
boat held 1.0 g.  After determining the number of particles in 1.0 g, this sub-sample was 
placed back into the original sample, and then the entire sample weighed.  Next, the 
number of grit particles in a 1.0 g sample was multiplied by the total weight of the sample 
in order to determine the total number of grit particles.  In order to reduce operator bias, 
each sample was counted separately by two individuals and the mean number of particles 
used in a grit ingestion model. 
 

  3.2.7 Probability Model for Gallinaceous Birds 
 

Exposure to Pb shot for the mourning dove was calculated by using the model developed 
by Peddicord and LaKind (2000) for evaluating the probability that a bird will ingest Pb 
shot in its lifetime.   There are 2 parameters that need to be calculated for use in the 
model.  The first parameter is P, which is defined as the probability that a single selected 
particle will be Pb shot.  This parameter is based on an area use factor (S), the fraction of 
grit-sized particles on site that are Pb shot (Ps) and the fraction of grit sized particles that 
are selected off of the site that are Pb shot (Po).  The formula for calculating P is as 
follows: 
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P = S *Ps + (1 - S)Po 

Where,  
 
P =  Probability that a single selected particle will be a Pb shot. 

   Ps =  Fraction of grit sized particles onsite that are Pb shot. 
Po = Fraction of grit sized particles off site that are Pb shot (we assumed 100% of Pb 

shot was coming from this site. Therefore, Po is 0 for this model). 
S =  Fraction of foraging time (AUF) on site. 
 
The next parameter that needs to be calculated for this model is N, which is defined as the 
number of particles that a bird selects and retains in its gizzard.  This factor is based on 
the bird’s lifespan (Y), the number of foraging days per year (De) and the grit retention 
time (Dp).  The formula for calculating N is as follows:  

 
N =Y(De/Dp) 
 

Where,  
 
N =  Number of particles selected and retained in the gizzard in its lifetime.  
Y =  Number of years a bird lives.  The value was derived from literature and for the 

dove it was assumed 1.5 years (McConnell 1967). 
De = Number of days per year that a bird forages in the area (we assumed this species 

is migratory and would be in the area from March 15 to November 15, thus 245 
days). 

   Dp =  Retention time for a shot in gizzard (days).  Literature base values were chosen 
for Dp.  For the dove we assumed a retention time of 6 days (McConnell, 1967). 
 

Lastly, to determine the risk to gallinaceous birds, both parameters P and N are used to 
calculate the probability of selecting Pb shot as grit (Pt).  The formula for calculating Pt is 
as follows: 

 
Pt = 1 - (1 - P)N 

 
   Where,  
 

Pt = Probability that a bird will ingest at least one Pb shot in its lifetime. 
 

Appropriate life history information (e.g., life span, foraging days, and shot retention 
time) was determined from the literature (Table 6).  Although mourning doves have a 
relatively large home range, the following rationale was used to select a value of 1.0 for 
an AUF (defined as S in the above model).  Vyas et al. (2000) measured free-erythrocyte 
protoporphyrin levels in blood from passerine birds mist netted at this range.  Juncos 
(Junco hyemalis) had significantly higher protoporphyrin levels than birds collected from 
an uncontaminated site.  Free erythrocyte protoporphyrin is used as an indicator of Pb 
poisoning in birds (Beyer et al. 1988) and the levels are positively correlated with blood 
Pb levels (Pain 1989).  Juncos are migratory birds and their primary food source is seeds.  
Mourning doves are also migratory and primarily eat seeds.  Therefore, because of the 
evidence that indigenous birds are exposed to Pb at this site, an AUF of 1.0 was used in 
the shot ingestion model. 
 
In order to determine a RG for Pb shot, it was necessary to define an acceptable level of 
probability (analogous to a TRV in a food chain model) that a bird will select a grit 
particle that is actually Pb shot. 
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Suter et al. (2000) indicate that an acceptable exposure level is 20 % based on the level of 
effect that is considered biologically significant for an ecological community or 
population.  The authors indicate that adverse effects to a community or population that 
occur at a frequency less than 20 % are indistinguishable from the natural variability 
inherent in natural biological systems and are considered biologically insignificant. 
 
However, as the mission of this refuge is to conserve and protect the nation's wildlife and 
habitat through research and wildlife management techniques, a more conservative 
endpoint was selected for this risk assessment.  For this BERA, a probability of 10% was 
selected to determine risk to gallinaceous birds. 
 
Remedial goals were determined by calculating a number of Pb shot per unit area that 
would result in an acceptable probability (less than or equal to 10%) that Pb shot would 
be ingested. In order to determine an acceptable number of Pb shot per unit area of 
surface soil, calculations were made by manipulating the number of Pb shot found at each 
of the nine locations used in the probability models, while leaving the number of grit-
sized particles unchanged. The number of Pb shot at each location was adjusted until the 
calculated ingestion probability was dropped to 10%. 

 
3.3 Wetland Evaluation 

 
On July 29, 2003, a site reconnaissance was conducted on the skeet range to determine if 
jurisdictional wetlands were present on the site, and if so, the extent of the wetlands or the waters 
of the United States.  This evaluation was conducted to determine if the area along the drainage 
swale was a wetland and to determine if there was Pb contamination within this area.  Several 
shallow soil borings (12 to 14 inches deep) were conducted throughout the area.   The soil samples 
were compared to Munsell Soil Charts in order to determine the presence of hydric soils.  For the 
purposes of this wetland evaluation, the three criteria (the presence of wetland vegetation, hydric 
soils, and flooding) noted in the U.S. Army Corps of Engineers Wetland Delineation Manual (U.S. 
ACOE 1987) had to be present. 

 
 3.4 Sampling Equipment Decontamination 
 

All soil samples were collected with disposable trowels, therefore, no equipment decontamination 
was required.  

 
 3.5 Sample Documentation and Shipment  
 

Sample documentation was completed following ERTC/REAC SOP #2002, Sample 
Documentation and ERTC/REAC SOP #4005, Chain of Custody Procedures.  In addition, the 
sample packaging and shipment were completed following ERTC/REAC SOP #2004, Sample 
Packaging and Shipment. 

 
4.0 RESULTS 
 

Soil samples were collected from 67 locations on the range and from the reference location.  The analytical 
results for the metals and TOC are reported in mg/kg and the analytical results for organic compounds are 
reported in micrograms per kilogram (µg/kg).  Results of the grain size analysis are reported as % 
composition.  The analytical results are reported on a dry weight basis. 

 
 4.1 Extent of Contamination Results 
 

Soil samples were collected from a total of 67 locations on the range and from the reference 
location and analyzed for Sb, As, Cu, and Pb (Table 1).  In addition, a duplicate analysis was 
conducted on average of one in every 10 samples (7 duplicates).  In order to calculate a 
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statistically derived MDL, a low concentration standard was analyzed in the morning as well as 
periodically throughout the day. 
 
 
Lead ranged from below the MDL (39 mg/kg) at the far ends of the range (300R and 300L 
transects) to 22,000 mg/kg (location 0-150D).  Generally, the concentration of Pb in soil at the 
locations 150m from the trap houses was the highest (e.g., 50L-150D contained 18,000 mg/kg).  
Based on the concentration of Pb, there was generally a semicircular pattern of Pb contamination 
that corresponds with the distance that Pb shot will travel when fired from a shotgun (Figure 2).   
Arsenic was detected above the MDL (33 mg/kg) at 6 out of 67 locations.  Lead can interfere with 
As analysis at Pb:As ratios of 5:1 or greater.  Therefore, the As detection limit was calculated as a 
statistical value (3 times the standard deviation of the analyses of the low concentration instrument 
standard) or 1/10 the Pb concentration, whichever is greater.  This interference may explain the 
low number of samples in which As was detected.  Lastly, Cu was only detected above the MDL 
(81 mg/kg) in 7 samples and Sb was detected above the MDL (100 mg/kg) in only 1 sample. 
 
In order to confirm the results of the XRF analyses, 10 of the samples were submitted for 
confirmation analysis using an ICAP method (Table 2).  The samples that were submitted were the 
prepared XRF cup and they were selected across a concentration range.  The results from the 
ICAP method were compared to the XRF results and a correlation analysis conducted on the 
results.  The correlation coefficient was 0.99 (pg. 3, Appendix B – Final X-Ray Fluorescence 
Report), which was greater than the U.S. EPA (1991) recommended guideline of 0.7 therefore the 
XRF results met QA2 level criteria (Appendix B). 
 
To present the results graphically, a figure was prepared which shows several contaminant 
concentration contours (Figure 2).  These contours were developed using a linear Krige of the Pb 
results from the XRF analysis. This is a mathematical process by which the Pb results are 
interpolated in order to plot the probability of Pb contamination at all the locations.  This 
particular krigging program is a standard statistical algorithm used as a component of the 
Environmental Systems Research Institute (ESRI) ArcInfo software package. 
 

4.2 Risk Assessment Results 
 

Below are the results of the 6 soil samples analyzed TAL metals, BNAs, TOC and grain size.  
These results, earthworm toxicity test results and food chain and shot ingestion models, are used to 
describe the risk to biota.  

 
4.2.1 TAL Metals Results 
 

Soil samples were analyzed for TAL metals (Table 3).  Of note is the high concentration 
of lead (44,000 mg/kg) detected at Location 0-150D.  This concentration was 2 times the 
concentration of lead found during the XRF analyses, although the highest concentration 
of all COPCs was found at the same location.  

 
In order to determine if the concentrations of metals detected at this site pose a risk to 
biota, the maximum concentration detected on the site was compared to an ecological 
screening benchmark (Table 4).  If the benchmark was greater than the maximum 
concentration, the metal was not evaluated further in the risk assessment.  If the 
benchmark was less than the maximum concentration detected on the site, the metal was 
retained as a COPC. 

 
Beryllium (Be), cadmium (Cd), sodium (Na), and thallium (Th) were not detected in any 
of the samples.  Ecological benchmarks were available for Be, Cd, and Th, and the 
benchmarks were higher than the MDLs.  Therefore, these three metals were not 
evaluated further in the risk assessment.  Sodium was not detected and no benchmark was 
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available, therefore Na was not evaluated further in the risk assessment. 
 

Barium (Ba), cobalt (Co), mercury (Hg), nickel (Ni), silver (Ag), and zinc (Zn) were 
detected in the soil samples.  The maximum concentration detected on the site was 
compared to an ecological benchmark.  The benchmarks were greater than the maximum 
concentration of the metals therefore these metals were not evaluated further in the risk 
assessment. 

 
Based on the screening level risk assessment, aluminum (Al), Sb, As, chromium (Cr), 
iron (Fe), Pb, manganese (Mn), selenium (Se), and vanadium (V) will be retained as 
COPCs.  Benchmarks were not available for calcium (Ca), magnesium (Mg), or 
potassium (K), therefore, these metals will also be retained in the risk assessment.  
Although the benchmark for copper (Cu) was greater than the concentration detected in 
these samples, Cu has already been identified as a COPC because it is an impurity in Pb 
shot.  Therefore, Cu was retained as a COPC (as were As and Sb). 

 
  4.2.2 Organic Compound Results 
 

No BNAs were detected in any sample above the MDL.  However, a common laboratory 
contaminant, bis-2(ethylhexyl) phthalate, was recorded at an estimated concentration 
below the MDL at locations 0-150D, 150R-150D, and 150R-100D of 430, 130, and 130 
ug/kg, respectively (Appendix C). 

 
Because of the toxicity noted in the earthworm tests, 2 soil samples were analyzed for 
pesticides and PCBs.  The samples that were selected were those in which there was 
statistically significant mortality in the earthworms (compared to the reference) at 
location 150R-100D and 150R-50D.  No pesticides or PCBs were detected above the 
MDLs.  However, p,p’-DDE was recorded at an estimated concentration below the MDL 
at location 150R-100D of 0.9 µg/kg (Appendix C). 

 
  4.2.3 Grain Size and Total Organic Carbon 
 

The TOC ranged from 1.8 to 9.1% in samples collected on the site and was 5.2% in the 
sample collected from the reference location.   The grain size analysis for the samples 
collected on the site indicated that most of the soil was comprised of sand.  The samples 
collected on site contained from 34 to 87% sand.  The remaining fractions were 
comprised of mostly silt and clay (Appendix C). 

 
  4.2.4 Earthworm Toxicity Test Results  
 

Soil samples were tested using a 28-day earthworm toxicity test (Table 5).  Each soil 
sample was testing using four replicate exposure chambers with 20 worms added to each 
chamber.  Worms were counted to determine survival at 14 days (only to determine if the 
test should be continued for the entire 28 days) and at 28 days. At the completion of the 
test, the surviving worms were weighed to determine the growth compared to the 
reference and control soils (Appendix D). 
 
In addition, for those chambers with surviving worms at the completion of the test, the 
worms were allowed to depurate for 24 hours.  Then the worms were dried and submitted 
for total Pb analysis.  The samples that were analyzed were the Reference, Location 
150R-50D, and Location 150R-100D.  In addition, the concentration of Pb was measured 
in the control worms. 

 
The worms from locations 0-150D (44,000 mg/kg Pb), 100R-50D (3,000 mg/kg Pb) and 
100R-100D (540 mg/kg Pb) exhibited 100% mortality at 14 days (Table 5).   At 28 days, 
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the worms from locations 150R-50D (270 mg/kg Pb) exhibited 22.5 % mortality, 150R-
100D (250 mg/kg Pb) had 18.5% mortality and, and the Reference location (46 mg/kg 
Pb) had 2.5% mortality.  When compared to the Reference location, there was 
statistically significant mortality in all the soil samples collected on the range.  Therefore, 
based on the results of this test, the NOAEL is 46 mg/kg Pb and the LOAEL is 260 
mg/kg Pb. 
 
Because there was significant earthworm mortality, the accumulation of Pb in tissue 
cannot be used to develop a bioaccumulation factor.  However, in order to determine if 
Pb was accumulating in the tissue at levels sufficient to cause mortality, a decision was 
made to analyze the worms for Pb.   In order to make analytical comparisons, each of the 
4 replicate worm samples from the following test matrix were analyzed: Pre-test worms; 
the culture control; the ASTM control soil, the reference location; station 150R-100D; 
and 150R-50D.  Lead was not detected in the pretest worms, the culture control, and the 
ASTM control.  Worms exposed to soil containing 260 mg/kg Pb (Location 150R-100D) 
accumulated Pb in each replicate at 1,200, 1,300, 1,400, and 1,600 mg/kg.  The worms 
exposed to soil containing 270 mg/kg (Location 150R-50D) accumulated Pb in each 
replicate at 1,300, 1,400, 1,300, and 1,300 mg/kg.  The worms exposed to the soil 
samples collected from the reference location (which contained 46 mg/kg Pb) 
accumulated Pb in each replicate at 320, 410, 460, and 670 mg/kg (Appendix C). 

   
Because the surviving worms accumulated high concentrations of lead, the test report 
was further reviewed to determine if there were any factors that could explain the high 
accumulation.   This review indicated that the soils were acidic.  For example, the soil 
from the reference location had a pH of 4.3 standard units and the pH of the soils from 
the site ranged from 4.5 to 5.4 standard units.  In addition, prior to testing, the soils were 
hydrated with deionized water.  Therefore, the combination of a low pH and the addition 
of deionized water to the soil may have dissolved some of the lead, making it more 
bioavailable to the worms.  

 
For example, Ma (1982) found that factors such as soil pH or percent organic matter 
affected metals uptake by earthworms.  In addition, Ma et al. (1983) found that soil Pb 
content, soil pH, and soil organic matter account for almost 70% of the variance in the 
worm Pb content.  This demonstrates that earthworm accumulate more Pb in soils with a 
low pH and low organic matter.  Morgan and Morgan (1988) also found similar results in 
that soil pH and soil calcium were a major influence on Pb accumulation in worms. 
 
For the remaining TAL metals identified in Section 4.2.1, the analytical results were 
compared to the survival of the worms to determine if metals posed a risk to biota.  For 
all the metals except Pb and Sb, there was no correlation between % survival and 
concentration.  In addition, the concentration of each metal at the Reference Location 
exceeded the concentration at a Location that had significant mortality.  Based on this 
information, Pb and Sb are the remaining compounds that pose risk to biota. 
 
The concentration of Pb and Sb were compared to determine if there was a relationship 
between the concentrations.  A correlation analysis was conducted (using ½ the MDL for 
the non detected values) which indicated that the concentrations were positively 
correlated (r2>0.99, Table 3).  Although there may be risk from Sb, it may be masked by 
the high concentration of Pb.   Therefore, the risk from Sb will not be further evaluated in 
this risk assessment. 
 

  4.2.5 Food - Chain Ingestion Models 
 
   4.2.5.1 Insectivorous Birds  
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Life history parameters were compiled for the American robin and used in a food chain 
ingestion model (Table 6).  Using average ingestion rates, body weights, and an AUF of 
1.0, a dose was calculated to the American robin (Table 7).    Based on a NOAEL TRV, 
the concentration of Pb at all locations posed a risk to the robin (HQ>1).  
 
The soil Pb concentration was manipulated in order to yield an HQ that equaled 1.0.  This 
manipulation resulted in a soil Pb concentration of 35 mg/kg resulted in an HQ of 1.0 
using a NOAEL TRV and a soil Pb concentration of 320 mg/kg resulted in an HQ of 
greater than 1.0 using a LOAEL TRV. 
 

   4.2.5.2 Insectivorous Mammals  
 
Life history parameters were compiled for the short-tailed shrew (Table 6).  Using 
average ingestion rates, body weights, and an AUF of 1.0, a dose was calculated to the 
short-tailed shrew (Table 8).    Based on a NOAEL TRV, the concentration of Pb at all 
locations posed a risk to short-tailed shrew. 
 
The soil Pb concentration was manipulated in order to yield an HQ equal to 1.0.  This 
manipulation indicated a soil Pb concentration greater than 44 mg/kg resulted in an HQ 
of greater than 1.0 using a NOAEL TRV and a soil Pb concentration greater than 440 
mg/kg resulted in an HQ of greater than 1.0 using a LOAEL TRV. 
 

4.2.6 Lead Shot and Grit Counts 
 

Ten soil samples were collected for the determination of Pb shot and grit particles.  The 
number of Pb shot found in the samples ranged from 0 at the reference area to a 
maximum of 2,946 at location 0-150D (Table 9). The number of Pb shot found in a 
sample was compared to the total Pb concentration in order to determine if these two 
factors were correlated.  A correlation analysis was conducted and the resulting 
correlation coefficient was 0.79 (Table 9).  This indicates that the concentration of Pb in 
the soils is related to the number of Pb shot found in a soil sample. 

 
The number of grit-sized particles found in the samples on site ranged from 1,602 at 50R-
150D to 7,713 at location 100L-200D (Table 9). 
 

  4.2.7 Probability Model for Gallinaceous Birds 
 

Life history parameters were compiled for the mourning dove (Table 6).  Then ratio of Pb 
shot and grit particles were used in a probability model to determine risk to gallinaceous 
birds (Table 10).  For this BERA, a probability of greater than 0.10 indicated risks to 
birds.  The results of the model indicated that the combination of Pb shot and grit 
particles found on this site posed a risk to birds, except at Location 100L-200D. 
 

4.3 Wetland Evaluation 
 

An ephemeral drain was encountered near the center of the site and Pb shot were visible on the 
soil surface within this drain.  Because the flow from this ephemeral drain discharges into an 
upland-woodland and not an intermittent or perennial stream, the channel is not considered a water 
of the United States.  In addition, no hydric soils were encountered within the potential impact 
zone of the range.  Therefore, no jurisdictional wetlands are located within the boundary of Range 
17.    However, 2 wetland complexes were encountered in close proximity to the range.  If the 
project proceeds to a clean up phase, these areas should be protected from run-off and heavy 
equipment. 

 
5.0 DISCUSSION 
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 5.1 Assumptions 
 

The following conservative assumptions were made to conduct the BERA: 
 

  For direct toxicity, total Pb was used as the dose (the benchmarks are expressed in total Pb). 
 

Mean body weight and mean ingestion rates were used when possible to estimate dose in food 
chain exposure models. 

 
There was an acute response in the earthworm toxicity test and therefore, the calculation of a 
bioaccumulation factor (BAF) for Pb was not valid. Therefore, a BAF was selected from a risk 
assessment conducted on another Trap and Skeet Range (Prime Hook National Wildlife Refuge, 
DE).  A BAF of 0.39 was calculated (USFWS 2003) at this site. 

 
Contaminants in food items were assumed to be 100 % bioavailable and not metabolized and/or 
excreted during the life of the receptor. 

 
  Diets for American robin and short-tailed shrew were simplifications of complex diets. 
 

A literature search was conducted to determine the chronic toxicity of the Pb evaluated in the food 
chain model.  Acute toxicity values for Pb were also obtained from the literature.  If no toxicity 
values could be located for the receptor species, values reported for a closely related species were 
used.  Studies were critically reviewed to determine whether study design and methods were 
appropriate.  If values for chronic toxicity were not available, LD50 (median lethal dose) values 
were used.  For the purposes of this BERA, a factor of 10 was used to convert the reported LD50 to 
a LOAEL, and then a factor of 10 was used to convert a reported LOAEL to a NOAEL.  If several 
toxicity values were reported for a receptor species, the most conservative value was used in the 
risk calculations as long as the study design, exposure route, mechanism, and species tested were 
deemed appropriate.  For the chronic toxicity endpoints, values obtained from long-term feeding 
studies were used in preference to those obtained from single dose oral studies. 

 
The soil ingestion rates for both the American robin and the short-tailed shrew were based on 
information for a similar species (as a percentage of the diet).  It was assumed that these estimated 
ingestion rates were representative for the receptor species in question. 

 
For the mourning dove, it was assumed that the ingestion of one Pb shot would be sufficient to 
cause a response in the bird.  The response evaluated was Pb poisoning, which may cause 
behavioral changes or mortality. 

 
For the TRVs used in the American robin and short-tailed shrew food chain models, the toxicity 
values were reported as mg/kg contaminant in the diet.  These values were converted to daily 
intake (in milligrams per kilogram body weight per day; [mg/kg BW/day]) by using the following 
formula: 

 
DI = CD x IR x 1/BW 

 
 Where: 
  DI = Daily Intake (mg/kgBW/day) 
  CD = Contaminant Dose (mg/kg diet) 
  IR = Ingestion Rate (kg/day) 
  BW = Body Weight (kg) 

 
This conversion allowed dietary toxicity levels cited to be converted to a daily dose based on body 
weight. 
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 5.2 Risk Characterization 
 
  The BERA was conducted to determine the risk associated with the exposure of biota to site-

related contaminants using relevant ecological benchmarks and ingestion-based exposure models.  
The following steps were completed for this assessment.   

 
1) A literature search was conducted to define the life history information for selected indicator 
species, and assessment and measurement endpoints were chosen; 

 
2) Risk exposure scenarios were determined based on site contaminant levels, the extent and 
magnitude of contamination, and the toxicological effects of the COPCs; 

             
3) Indicator species were selected based on species present and or potentially present at the site, 
the availability of toxicity information from the literature, and the potential for exposure to site 
contaminants based on habitat use or behavior; 

 
4) Exposure pathways were determined for each species; 

 
5) Daily dose estimates were calculated using site specific and literature based assumptions such 
as media concentrations, food, and soil ingestion rates, body weights, and area use factors; 

 
6) A risk characterization was conducted by determining the NOAEL and LOAEL using site-
specific toxicity tests.  For food chain models, an HQ was calculated by dividing several exposure 
concentrations by a TRV.  For the risk from Pb shot ingestion, a probability model was used to 
determine risk. 

 
For this BERA, it was concluded that there is acceptable ecological risk if the HQ calculated using 
the assumptions presented and the NOAEL is equal to or less than 1.0.   It was concluded that 
there is an unacceptable ecological risk if the HQ calculated using the assumptions presented and 
the LOAEL is greater than 1.0.  The concentrations of Pb that fall between the NOAEL and the 
LOAEL have the potential to cause ecological risk. 

 
 5.3 Discussion of Hazard Evaluation 
 
  5.3.1 Assessment Endpoint 1: Survival and Growth of Terrestrial Invertebrates 
 

Direct contact with and ingestion of contaminated soil are the primary routes of exposure 
for terrestrial invertebrates.  Risk was evaluated by calculating a NOAEL and a LOAEL 
from a site-specific toxicity test using the earthworm.   These calculations indicate that 
concentrations of Pb in soils below 46 mg/kg (NOAEL) are unlikely pose a risk to 
terrestrial invertebrates.  This endpoint is based on both survival and growth.  However, 
Pb concentrations in soils above 260 mg/kg (LOAEL) are sufficient to pose a risk to 
terrestrial invertebrates.  It should be noted that this LOAEL is based on a lethal response 
by the worms (significantly reduced survival when compared to the control animals).   
This response may be due to the soil Pb concentration as well as the bioavailability of the 
Pb. 
 

5.3.2 Assessment Endpoint 2: Reproductive Success of Insectivorous Birds 
 

The ingestion of contaminated prey and the incidental ingestion of soil are the primary 
routes of exposure to by insectivorous birds.  A food chain accumulation model using the 
American robin was used to determine a NOAEL and a LOAEL.  The results of the HQ 
calculation in the food chain models indicate that soil Pb concentration below 35 mg/kg 
are unlikely to pose a risk to insectivorous birds.  However, Pb concentrations above 320 
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mg/kg are sufficient to pose a risk to insectivorous birds. 
 
 
 

5.3.3 Assessment Endpoint 3: Reproductive Success of Insectivorous Mammals 
 

The ingestion of contaminated prey and the incidental ingestion of soil are the primary 
routes of exposure to by insectivorous mammals.  A food chain accumulation model 
using the short-tailed shrew was used to determine a NOAEL and a LOAEL.  The results 
of the HQ calculation in the food chain models indicated that soil Pb concentrations 
below 44 mg/kg are unlikely to pose a risk to insectivorous mammals. However, soil Pb 
concentrations above 440 mg/kg are sufficient to pose a risk to insectivorous mammals. 

 
5.3.4  Assessment Endpoint 4: Survival of Gallinaceous Birds   

 
The mourning dove was selected to represent an upland bird that may directly ingest Pb 
shot. Risk was evaluated by determining the probability that a mourning dove will ingest 
Pb shot from this site in its lifetime.  The results indicate that the Pb shot in surface soil 
pose a risk to survival of gallinaceous birds.  This risk estimate is based on accepting a 
10% probability that a bird will ingest Pb shot.  

 
5.4  Sources of Uncertainty 

 
There are factors inherent in the risk assessment process that contribute to uncertainty and must be 
considered when interpreting results.  Major sources of uncertainty include natural variability, 
error, and insufficient knowledge.  

 
Natural variability is an inherent characteristic of ecological receptors, their stressors, and their 
combined behavior in the environment.  Biotic and abiotic parameters in these systems may vary 
to such a degree that the exposure to ecological receptors in two identical conceptual models may 
differ temporally and spatially.  Factors that contribute to temporal and spatial variability may be 
differences in an individual organism’s behavior (within the same species), changes in the weather 
or ambient temperature, unanticipated interference from other stressors, differences between 
microenvironments, stochasticity, and numerous other factors.  Thus, the conservative nature of 
this BERA assumes that the highly variable environmental conditions and the behavior of 
organisms and their stressors are interacting in such a manner that allows the contaminants to 
move freely through the identified exposure pathways, and to produce the same effects identified 
in the exposure profile. 

 
Uncertainty associated with natural variability also arises from the use of literature toxicity values 
in which a study has examined a single species/single contaminant system under highly controlled 
conditions.  If conducted in a laboratory, these studies do not take into account the effects of the 
environmental factors and other stressors that are present in natural systems.  These factors may 
have synergistic, antagonistic, or neutral effects upon the receptor-contaminant interaction.  Point 
estimates of exposure such as a NOAEL, LOAEL, LD50, or mathematical mean (which are 
presented in the literature) also have an inherent variability that is by default incorporated into the 
BERA. 

 
In addition, uncertainty associated with natural variability is introduced from the use of literature 
values for sediment, water, and food ingestion rates, dietary compositions, and body weights.  
These values reported in the literature are from studies that may have been conducted at a certain 
time of year or in a certain location that does not necessarily give an accurate representation of the 
life histories of the species assessed at the site under consideration in the BERA. 

 
Error may be introduced into the BERA through the use of invalid assumptions in the conceptual 
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model.  Conservative assumptions were made in light of the uncertainty associated with the risk 
assessment process (i.e., natural variability).  Conservative assumptions were used to minimize the 
possibility of concluding that risk is not present when a threat actually does exist (i.e., the 
elimination of false negatives).  While there is uncertainty associated with each conservative 
assumption used, this consistent selection process assures that the uncertainty associated with this 
type of error will err on the side of a protective outcome. 

 
Literature values for the toxicity of Pb were not available for all receptor species.  An attempt was 
made to identify studies using closely related species to make risk estimates for the selected 
receptors.  Species respond differently to exposure to toxins; responses to Pb by the indicator 
species may be different from species for which the toxicity data are reported.  Methodological 
problems were also apparent in several of the studies from which the NOAEL was obtained.  
Unfortunately, studies more suitable for this BERA were not found for some of the selected 
receptors. 

 
A literature search was conducted to identify an appropriate NOAEL and LOAEL for this BERA.  
In many of the studies reviewed, adverse effects were observed at the lowest exposure 
concentration.  This made it impossible to identify an appropriate NOAEL for some receptors.  In 
these cases, a factor of 10 was used to convert the LOAEL to a NOAEL, which adds uncertainty to 
the NOAEL-based calculations. 

 
Doses in toxicological studies can be reported in units of mg contaminant/kg diet, or in units of 
mg contaminant/kg body weight/day.  All doses reported as mg/kg in diet were converted to units 
of mg/kg BW/day.  If body weights were reported for the test animals in a given study, these 
values were used for making this conversion.  Otherwise, the body weight and ingestion rate for 
the species reported in other literature sources were used. 

 
Exposure concentrations were calculated (daily intake as described previously) for each target 
receptor species based on levels of contaminants detected in site media, daily food ingestion rates, 
incidental soil/sediment ingestion rates, and body weight reported in the literature. 

 
This BERA did not examine the contribution of dermal absorption, transfer across epithelial 
membranes, or inhalation exposure as part of the exposure pathway.  In contrast to the use of 
conservative assumptions, the error introduced into this BERA by the omission of these routes of 
exposure may err on the side of a less protective outcome.  The relative contribution of this error 
to alter the outcome of the BERA is unknown at this time. 

 
Data gaps are defined here as the incompleteness of data or information upon which the BERA is 
based.  Specifically, these may be an incomplete contaminant data set, missing pieces of life 
history information, and the absence of toxicity-based literature for the receptor of concern. 

 
Life history information and literature values for the toxicity of the contaminants of concern are 
not always available for all of the receptor species.  By using closely related species, it is possible 
to make risk estimates.  In reality, however, the information may vary substantially among 
species, thereby introducing another source of uncertainty. 

 
Soil pH and reduction/oxidation potential are important variables when determining plant uptake 
of Pb (Swaine 1986).  Fixation of soluble Pb by organic matter often occurs in the humus soil 
layer, reducing the amount of soluble Pb available for uptake by plants (Manninen and Tanskanen 
1993).   A decision was made prior to conducting the risk assessment not to evaluate the affect of 
lead to plants.  However, the analysis of the soil indicated a low pH (as discussed in Section 4.3 
with regards to the toxicity tests) and high sand content (Section 4.2.3).   These physical factors 
increase the availability of lead to plants and therefore the impact plants remains an uncertainty in 
this risk assessment.  
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6.0 CONCLUSIONS 
 

The results of the samples collected from the range indicate that the site has been contaminated with Pb and 
Pb shot.  Results of the BERA indicate that there is risk to each receptor group. 
 
The LOAELs developed from the toxicity test and the food chain models were tabulated and the lowest 
LOAEL of 260 mg/kg Pb was selected as an acceptable upper bound RG (Table 11).  The NOAELs 
developed from the toxicity test and food chain models were also tabulated and the highest NOAEL below 
the lowest LOAEL of 46 mg/kg Pb was selected as an acceptable lower bound RG.  These values provide 
an acceptable range of RGs for this site.  
 
In order to determine the aerial extent of contamination, Pb isopleths were plotted based on a krigging 
analysis of the data.  The results of this analyses indicate that approximately 15 acres of the range exceed 
the LOAEL based RG. 

 
Since the probability model indicated that gallinaceous birds at Range 17 are at risk due to the ingestion of 
Pb shot (Table 10), remedial goals were determined by calculating a number of Pb shot per unit area that 
would result in an acceptable probability (less than or equal to 10%) that Pb shot would be ingested. The 
range of acceptable numbers was between three and 13 Pb shot/ft2 (Table 12). Since the number of grit 
sized particles varied between locations, the most conservative value was choosen for this BERA. The RG 
for Pb shot in Range 17 soil was determined to be three Pb shot/ft2 (Table 12). 
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Table 1. Results of Arsenic, Lead, Antimony, and Copper 
in Surface Soil Analyzed Using X-ray Fluorescence

Range 17 - Patuxent Research Refuge
Laurel, MD
March 2004

Location Date As Pb Cu Sb
Analyzed

0L-0D 28-Jul-03 U 150 U U
0L-0D (DUP) 28-Jul-03 U 150 U U
0-50D 28-Jul-03 U 110 U U
0-100D 28-Jul-03 U 230 U U
0-150D 28-Jul-03 U 22,000 U 160
0-200D 28-Jul-03 U 2,000 110 U
0-250D 28-Jul-03 U 51 U U
0-300D 28-Jul-03 U U U U
50L-0D 28-Jul-03 U 43 U U
50L-50D 28-Jul-03 U 120 U U
50L-100D 28-Jul-03 180 1,800 U U
50L-150D 28-Jul-03 U 18,000 U U
50L-150D (DUP) 28-Jul-03 U 17,000 U U
50L-200D 29-Jul-03 U 3,200 110 U
50L-250D 28-Jul-03 U 57 U U
50L-300D 29-Jul-03 U 51 U U
50L-300D (DUP) 29-Jul-03 U U U U
50R-0D 28-Jul-03 U 48 U U
50R-50D 28-Jul-03 U 42 U U
50R-50D (DUP) 28-Jul-03 U 100 U U
50R-100D 28-Jul-03 U 4,300 U U
50R-150D 28-Jul-03 U 4,200 U U
50R-200D 28-Jul-03 U 280 U U
50R-250D 28-Jul-03 U 39 U U
50R-300D 28-Jul-03 U 40 U U

Results reported in mg/kg, dry weight
Method detection limits (MDLs):

Arsenic 33
Lead 39
Copper 81
Antimony 100

U denotes not detected at a concentration greater than the MDL
Dup denotes duplicate analyses



Table 1 (cont'd). Results of Arsenic, Lead, Antimony, and Copper 
in Soil Surface Analyzed Using X-ray Fluorescence

Range 17 - Patuxent Research Refuge
Laurel, MD
March 2004

Location Date As Pb Cu Sb
Analyzed

100L-0D 28-Jul-03 U 100 U U
100L-0D (DUP) 28-Jul-03 33 110 U U
100L-50D 29-Jul-03 U 7,200 U U
100L-100D 29-Jul-03 U 2,200 U U
100L-150D 29-Jul-03 U 4,200 U U
100L-200D 28-Jul-03 U 140 100 U
100L-250D 29-Jul-03 U 75 95 U
100R-0D 28-Jul-03 U 120 U U
100R-50D 28-Jul-03 U 5,900 U U
100R-100D 28-Jul-03 U 2,100 U U
100R-150D 28-Jul-03 U 1,000 U U
100R-200D 28-Jul-03 U 370 U U
100R-250D 29-Jul-03 U 81 120 U
150L-0D 28-Jul-03 U 170 U U
150L-50D 28-Jul-03 U 91 U U
150L-100D 29-Jul-03 U 97 U U
150L-150D 28-Jul-03 40 85 88 U
150L-200D 29-Jul-03 U 58 U U
150L-250D 28-Jul-03 U 64 U U
150R-0D 28-Jul-03 U U U U
150R-50D 28-Jul-03 U 700 U U
150R-100D 28-Jul-03 U 440 U U
150R-150D 28-Jul-03 U 89 U U
150R-200D 28-Jul-03 40 56 U U
150R-250D 28-Jul-03 U 54 U U
200L-0D 28-Jul-03 U U U U

Results reported in mg/kg, dry weight
Method detection limits (MDLs): 

Arsenic 33
Lead 39
Copper 81
Antimony 100

U denotes not detected at a concentration greater than the MDL
Dup denotes duplicate analyses



Table 1 (cont'd). Results of Arsenic, Lead, Antimony, and Copper 
in Surface Soil Analyzed Using X-ray Fluorescence

Range 17 - Patuxent Research Refuge
Laurel, MD
March 2004

Location Date As Pb Cu Sb
Analyzed

200L-0D (DUP) 28-Jul-03 U U U U
200L-50D 28-Jul-03 U 43 U U
200L-100D 28-Jul-03 U U U U
200L-150D 28-Jul-03 U 59 U U
200L-200D 29-Jul-03 U 79 U U
200R-0D 29-Jul-03 U U U U
200R-50D 29-Jul-03 U U U U
200R-50D (DUP) 29-Jul-03 U 57 U U
200R-100D 29-Jul-03 U 190 U U
200R-150D 29-Jul-03 U U 110 U
200R-200D 29-Jul-03 U 84 U U
250L-0D 29-Jul-03 U U U U
250L-50D 28-Jul-03 U U U U
250L-100D 28-Jul-03 U 96 U U
250L-150D 28-Jul-03 U 40 U U
250R-0D 29-Jul-03 U 55 U U
250R-50D 29-Jul-03 U 85 U U
250R-100D 29-Jul-03 37 81 U U
250R-150D 29-Jul-03 U 59 U U
300L-0D 28-Jul-03 U U U U
300L-50D 28-Jul-03 U U U U
300R-0D 29-Jul-03 42 U U U
300R-50D 29-Jul-03 U U U U

Results reported in mg/kg, dry weight
Method detection limits (MDLs):

Arsenic 33
Lead 39
Copper 81
Antimony 100

U detnotes not detected at a concentration greater than the MDL
Dup denotes duplicate analyses



Table 2. Confirmation Results of Surface Soil Samples Analyzed Using an ICAP Method
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Mean 0L-0D 0-150D 50L-200D 100L-50D 100L-100D 100R-150D 150R-50D 150R-100D 200R-0D 250R-50D
Parameter MDL

Antimony 1.0 U 190 5 23 2.3 1.3 U U U U
Arsenic 1.0 2.3 130 11 19 7.5 5.9 1.9 2.7 2.6 2.6
Copper 0.5 17 22 51 8.9 7.4 20 3.6 5.0 4.5 12
Lead 1.0 120 18,000 2,300 5,800 2,100 720 510 300 19 54

Results report in mg/kg, dry weight
MDL denotes method detection limit
U denotes not detected at a concentration greater than the MDL
ICAP denotes inductively coupled argon plasma



Table 3. Target Analyte List Metals Analysis of Surface Soil Samples
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location 0-150D 100R-100D 100R-50D 150R-100D 150R-50D Reference
Parameter Conc MDL Conc MDL Conc MDL Conc MDL Conc MDL Conc MDL

Aluminum 5,800 10 1,700 8.6 8,300 11 2200 8.7 1,800 9.4 3,100 9.7
Antimony 340 1 0.97 0.86 5.2 1.1 U 0.87 U 0.94 U 0.97
Arsenic 220 1 2.9 0.86 12 1.1 2.8 0.87 2.1 0.94 3 0.97
Barium 22 0.51 6.2 0.43 35 0.56 7.3 0.44 7.3 0.47 15 0.48
Beryllium U 0.51 U 0.43 U 0.56 U 0.44 U 0.47 U 0.48
Cadmium U 0.51 U 0.43 U 0.56 U 0.44 U 0.47 U 0.48
Calcium 200 10 47 8.6 150 11 95 8.7 130 9.4 38 9.7
Chromium 13 0.51 3.4 0.43 11 0.56 4.9 0.44 3.9 0.47 6.4 0.48
Cobalt 3.7 0.51 U 0.43 6.4 0.56 0.5 0.44 0.52 0.47 1.3 0.48
Copper 25 0.51 5.9 0.43 15 0.56 5.9 0.44 3.4 0.47 9.2 0.48
Iron 13,000 4 2,500 3.4 10,000 4.5 3,700 3.5 2,800 3.8 5,700 3.9
Lead 44,000 5.1 540 0.86 3,000 1.1 260 0.87 270 0.94 46 0.97
Magnesium 270 51 89 43 450 56 140 44 120 47 130 48
Manganese 110 0.51 11 0.43 430 0.56 17 0.44 16 0.47 37 0.48
Mercury 0.072 0.038 0.099 0.032 0.098 0.04 0.037 0.033 U 0.033 0.056 0.036
Nickel 4.7 0.51 1.1 0.43 5.9 0.56 1.8 0.44 1.5 0.47 1.8 0.48
Potassium 270 51 92 43 360 56 100 44 84 47 230 48
Selenium 1.9 0.51 0.8 0.43 1.9 0.56 0.89 0.44 0.68 0.47 0.94 0.48
Silver 1.5 0.51 U 0.43 U 0.56 U 0.44 U 0.47 U 0.48
Sodium U 100 U 86 U 110 U 87 U 94 U 97
Thallium U 1 U 0.86 U 1.1 U 0.87 U 0.94 U 0.97
Vanadium 27 0.51 5.7 0.43 22 0.56 9.6 0.44 7 0.47 15 0.48
Zinc 28 1 8.6 0.86 35 1.1 11 0.87 12 0.94 15 0.97

MDL denotes method detection limit
U  denotes not detected
mg/kg denotes milligrams per kilogram
Conc. denotes concentration
Pb vs. Sb are correlated (0.99, using 1/2 the MDL for non detect values)



Table 4. Comparison of Target Analyte List Metals to Ecological Benchmarks
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Mean Maximum Screening Hazard COPC Explanation

Parameter Concentration Concentration Benchmark (1) Quotient

Aluminum 3,960 8,300 50 166 Y Retained  - Hazard Quotient  > 1
Antimony 115 340 3.5 97 Y Retained - Previously selected as a COPC
Arsenic 48 220 10 22 Y Retained - Previously selected as a COPC
Barium 16 35 165 0.2 N Eliminated - Hazard Quotient < 1
Beryllium U U 1.1 na N Eliminated - Not detected and the MDL < Benchmark 
Cadmium U U 1.6 na N Eliminated - Not detected and the MDL < Benchmark 
Calcium 124 200 na na Y Retained - No benchmark available
Chromium 7 13 0.4 32.5 Y Retained  - Hazard Quotient  > 1
Cobalt 3 6.4 20 0.3 N Eliminated - Hazard Quotient < 1
Copper 11 25 40 0.6 Y Retained - Previously selected as a COPC 
Iron 6,400 13,000 200 65 Y Retained  - Hazard Quotient  > 1
Lead 9,614 44,000 50 880 Y Retained - Previously selected as a COPC
Magnesium 214 450 na na Y Retained - No benchmark available
Manganese 117 430 100 4 Y Retained  - Hazard Quotient  > 1
Mercury 0.077 0.099 0.1 0.99 N Eliminated - Hazard Quotient < 1
Nickel 3 5.9 30 0.2 N Eliminated - Hazard Quotient < 1
Potassium 181 360 na na Y Retained - No benchmark available
Selenium 1 1.9 0.81 2 Y Retained - Hazard Quotient > 1
Silver na 1.5 2 0.8 N Eliminated - Hazard Quotient < 1
Sodium U U na na N Eliminated - Not detected and no benchmark available
Thallium U U 1 na N Eliminated - Not detected and the MDL < Benchmark 
Vanadium 14 27 2 13 Y Retained - Hazard Quotient > 1
Zinc 19 35 50 0.7 N Eliminated - Hazard Quotient < 1
Concentrations reported in mg/kg
U  denotes not detected at a concentration greater than the MDL
na denotes not applicable
COPC denotes contaminant of potential concern
MDL denotes method detection limit
Hazard Quotient = Maximum Concentration/Ecological Benchmark
(1) Friday, G.P. 1998.  Ecological Screening Values for Surface Water, Sediment, and Soil. 
      Westinghouse Savannah River Co. Report TR-98-00110.  Aiken, SC



Table 5. Results of the 28-day Toxicity Test
Using the Earthworm, Eisenia foetida
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Soil Lead 14-day 28-day

Conc. Survival * Survival *

(mg/kg) (%) (%)

Reference 46 97.5 97.5

150R-100D 260 100 81.5 (a)

150R-50D 270 82.5 67.5 (a)

100R-100D 540 0 0 (a)

100R-50D 3,000 0 0 (a)

0-150D 44,000 0 0 (a)

Conc. denotes concentration
mg/kg denotes milligrams per kilogram
% denotes percent
* Survival is reported as the average of the 4 replicates tested
(a) Indicates statistically different than the Reference (p<0.05)



Table 6.  Life History Parameters Used in the Food Chain and Pellet Ingestion Models
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Value Units Reference

Short-tailed shrew
Blarina brevicauda

Home Range < 1 acre Merritt 1987
Area Use Factor 1.0 unitless

Food Ingestion Rate 0.00795 kg/day U.S. EPA 1993

Soil Ingestion Rate 0.00075(a) kg/day Beyer et al. 1994
Body Weight 0.021 kg Jones and Birney 1988

American robin
Turdus migratorius

Home Range < 2 acres U.S. EPA 1993
Area Use Factor 1.0 unitless

Food Ingestion Rate 0.00696 kg/day Various authors, See App. A

Soil Ingestion Rate 0.000724(b) kg/day Beyer et al. 1994
Body Weight 0.0771 kg Various authors, See App. A

Mourning dove
Zenaida macroura carolinensis

Home Range 218 heactares Mirarchi and Baskett, 1994
Average Lifespan 1.5 years Mirarchi and Baskett, 1994

No. of Foraging Days 245 days (Mar15-Nov15)
Grit Retention Time 6 days McConnell, 1967

(a) - Soil ingestion rate based on a opossum (9.4% of the diet)
(b) - Soil ingestion rate based on a woodcock (10% of the diet)

References:

(1)  Beyer, W. N., E. E. Connor, and S. Gerould. 1994.  Estimates of soil ingestion by wildlife. J. Wildl. 
       Manage. 58(2):375-382.
(2)  Jones, Jr., J. K .J. and E.C. Birney. 1988. Handbook of Mammals of the North Central States.
       Minneapolis, MN: University of Minnesota Press, 346 pp.
(3)  McConnell, C.A. 1967. Experimental lead poisoning of bobwhite quail and mourning doves. 
       Proc. Ann. Conf. Southeast Assoc. Game Fish Comm. 21:208-219.
(4)  Merritt, J. F. 1987. Guide to the Mammals of Pennsylvania . Pittsburgh, PA: University of 
       Pittsburg Press, 408 pp.
(5)  Mirarchi, R.E. and T.S. Baskett. 1994. Mourning Dove. In The Birds of North America , A.Poole,
       P. Stettenheim, F.B. Gill (eds.).  Amer. Ornithol.Union & Acad. of Nat'l Sci., Phila., PA  No. 117.
(6)  U.S. EPA. 1993. Wildlife Exposure Factors Handbook, Volume I of II.  U. S. EPA, Office of Research
       and Development, Washington, D.C.  EPA/600/R-93/187a



Table 7. Hazard Quotient Calculations for the American Robin
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Soil Soil BAF Worm Food Area Body Dose LOAEL LOAEL NOAEL NOAEL
Lead Ingestion Lead Ingestion Use Weight TRV HQ TRV HQ
Conc. Rate Conc. Rate Factor

(mg/kg) (kg/day) (mg/kg) (kg/day) (kg) (mg/kg BW/day) (mg/kg BW/day) (mg/kg BW/day)

0-150D 44,000 0.000724 0.39 17,160 0.00696 1.00 0.0771 1962.3 15.0 130.8 1.5 1308.2
100R-50D 3,000 0.000724 0.39 1,170 0.00696 1.00 0.0771 133.8 15.0 8.9 1.5 89.2
100R-100D 540 0.000724 0.39 211 0.00696 1.00 0.0771 24.1 15.0 1.6 1.5 16.1
150R-50D 270 0.000724 0.39 105 0.00696 1.00 0.0771 12.0 15.0 0.8 1.5 8.0
150R-100D 260 0.000724 0.39 101 0.00696 1.00 0.0771 11.6 15.0 0.8 1.5 7.7
Reference 46 0.000724 0.39 18 0.00696 1.00 0.0771 2.1 15.0 0.1 1.5 1.4

BAF denotes bioaccumulation factor (Section 5.1)
LOAEL dentoes lowest observed apparent effect level
TRV denotes tooxicity reference value
HQ denotes hazard quotient
NOAEL denotes no observed apparent effect level



Table 8. Hazard Quotient Calculations for the Short-tailed Shrew
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Soil Soil BAF Worm Food Area Body Dose LOAEL LOAEL NOAEL NOAEL
Lead Ingestion Lead Ingestion Use Weight TRV HQ TRV HQ
Conc. Rate Conc. Rate Factor

(mg/kg) (kg/day) (mg/kg) (kg/day) (kg) (mg/kg BW/day) (mg/kg BW/day) (mg/kg BW/day)

0-150D 44,000 0.00075 0.39 17,160 0.00795 1.00 0.021 8067.7 77.0 104.8 7.7 1047.8
100R-50D 3,000 0.00075 0.39 1,170 0.00795 1.00 0.021 550.1 77.0 7.1 7.7 71.4
100R-100D 540 0.00075 0.39 211 0.00795 1.00 0.021 99.0 77.0 1.3 7.7 12.9
150R-50D 270 0.00075 0.39 105 0.00795 1.00 0.021 49.5 77.0 0.6 7.7 6.4
150R-100D 260 0.00075 0.39 101 0.00795 1.00 0.021 47.7 77.0 0.6 7.7 6.2
Reference 46 0.00075 0.39 18 0.00795 1.00 0.021 8.4 77.0 0.1 7.7 1.1

BAF denotes bioaccumulation factor (Section 5.1)
LOAEL dentoes lowest observed apparent effect level
TRV denotes tooxicity reference value
HQ denotes hazard quotient
NOAEL denotes no observed apparent effect level



Table 9. Results of Lead Shot and Grit Counts
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Lead Number of Number of
Concentration Lead Shot Grit Particles*

(mg/kg)

Reference 46 0 844
50L-200D 3,200 10 2,272
100L-200D 140 12 7,713
0-100D 230 41 4,803
0-200D 2,000 60 5,742
50R-100D 4,300 136 3,767
50L-100D 1,800 262 2,871
50L-150D 18,000 460 5,532
50R-150D 4,200 992 1,602
0-150D 22,000 2,946 4,722

* - Defined as passing through a 2.8 mm-mesh sieve
and retained on a 0.5 mm-mesh sieve
mg/kg denotes milligrams per kilogram

Lead concentration and lead shot are correlated (r2=0.79)



Table 10. Probability of a Mourning Dove Ingesting Lead Shot
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Number of Number of Percent Grit that Area Use Percent Grit * AUF Lifespan Foraging days Grit Retention Total Number of Probability
Lead Shot Grit Particles is Lead Shot Factor per Year Time Particles Selected

(Ps) (S) (P) (Y) (De) (Dp) (N) (Pt)

Reference 0 844 0.0000 1.0 0.0000 1.5 245 6.0 61.25 0.00
50L-200D 10 2,272 0.0044 1.0 0.0044 1.5 245 6.0 61.25 0.24
100L-200D 12 7,713 0.0016 1.0 0.0016 1.5 245 6.0 61.25 0.09
0-100D 41 4,803 0.0085 1.0 0.0085 1.5 245 6.0 61.25 0.41
0-200D 60 5,742 0.0103 1.0 0.0103 1.5 245 6.0 61.25 0.47
50R-100D 136 3,767 0.0348 1.0 0.0348 1.5 245 6.0 61.25 0.89
50-100D 262 2,871 0.0836 1.0 0.0836 1.5 245 6.0 61.25 1.00
50L-150D 460 5,532 0.0768 1.0 0.0768 1.5 245 6.0 61.25 0.99
150R-150D 992 1,602 0.3824 1.0 0.3824 1.5 245 6.0 61.25 1.00
0-150D 2,946 4,722 0.3842 1.0 0.3842 1.5 245 6.0 61.25 1.00

Formula
P = S(Ps) + (1-S)Po
N = Y(De/Dp)

Pt = 1-(1-P)N

Note: For this risk assessment, we assumed that Po = 0, therefore, this term is not included in the calculation



Table 11. Remedial Goals Based on Soil Lead Concentration
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Assessment Measurement NOAEL LOAEL
Endpoint Endpoint (mg/kg) (mg/kg)

Terrestrial invertebrates Earthworm 46 260
Avian insectivore American robin 35 320
Terrestrial insectivore Short-tailed shrew 44 440

Remedial Goals  - The range from the highest NOAEL below the lowest LOAEL to  
the lowest LOAEL of the data set.

mg/kg denotes milligrams per kilogram
NOAEL denotes no observed adverse effect level
LOAEL denotes lowest observed adverse effect level



Table 12. Remedial Goals for Lead Shot
Range 17 - Patuxent Research Refuge

Laurel, MD
March 2004

Location Number of Number of Percent Grit that Area Use Percent Grit * AUF Lifespan Foraging days Grit Retention Total Number of Probability
Lead Shot Grit Particles is Lead Shot Factor per Year Time Particles Selected

(Ps) (S) (P) (Y) (De) (Dp) (N) (Pt)

Reference 0 844 0.0000 1.0 0.0000 1.5 245 6.0 61.25 0.00
50L-200D 4 2,272 0.0018 1.0 0.0018 1.5 245 6.0 61.25 0.10
100L-200D 13 7,713 0.0017 1.0 0.0017 1.5 245 6.0 61.25 0.10
0-100D 8 4,803 0.0017 1.0 0.0017 1.5 245 6.0 61.25 0.10
0-200D 10 5,742 0.0017 1.0 0.0017 1.5 245 6.0 61.25 0.10
50R-100D 7 3,767 0.0019 1.0 0.0019 1.5 245 6.0 61.25 0.11
50L-100D 5 2,871 0.0017 1.0 0.0017 1.5 245 6.0 61.25 0.10
50L-150D 10 5,532 0.0018 1.0 0.0018 1.5 245 6.0 61.25 0.10
150R-150D 3 1,602 0.0019 1.0 0.0019 1.5 245 6.0 61.25 0.11
0-150D 8 4,722 0.0017 1.0 0.0017 1.5 245 6.0 61.25 0.10

Formula
P = S(Ps) + (1-S)Po
N = Y(De/Dp)
Pt = 1-(1-P)N
Note: For this risk assessment, we assumed that Po = 0, therefore, this term is not included in the calculation
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Life History/Exposure Profile Information 
 
Listed below is review of the general life history of each of the selected receptor species to evaluate the 
measurement endpoints.  This information indicates that the selected species may use or inhabit the site areas, and 
thus supports their use as valid measurement endpoints.     
 
Terrestrial Invertebrates  
 
Justification 
 
Earthworms are in direct contact with soil, and may comprise as much as three fourths of the soil animal biomass in 
many terrestrial ecosystems (Cocking et al.1994).  They benefit the soil structure by increasing aggregate formation, 
aerating, and increasing moisture-holding capacity.  Earthworms are an important food source for many terrestrial 
mammals and birds. 
 
Life History 
 
The oligochaetes include earthworms and a group of related, mostly freshwater, species of annelids, and over 3,000 
species are known (Hickman and Roberts 1994).  Earthworms are segmented, and segments each contain elements 
of such body systems as circulatory, nervous, and excretory tracts (Brusca and Brusca 1990).  Segmentation 
increases the efficiency of body movement by allowing the effect of muscle contraction to be extremely localized, 
and it enables the development of greater complexity in general body organization (Brusca and Brusca 1990).  
 
Besides being segmented, the body wall of earthworms is characterized by circular and longitudinal muscle fibers 
surrounded by a moist, acellular cuticle that is secreted by an epidermal epithelium.  Earthworms are schizocoelous, 
with a large and well-developed true coelom that is lined with mesoderm.  The coelom is partially subdivided by 
septa.  Hydrostatic pressure is maintained across segments and helps maintain body rigidity, allowing muscle 
contractions to bend the body without collapsing it (Brusca and Brusca 1990).  
 
The internal organs of earthworms are well developed.  They include a closed, segmentally-arranged circulatory 
system.  The digestive system is a complete tube with mouth and anus.  Gases are exchanged through the skin, or 
sometimes through specialized gills or modified parapodia.  Each segment typically contains a pair of nephridia.  
The nervous system includes a pair of cephalic ganglia attached to double nerve cords that run the length of the 
animal along the ventral body wall, with ganglia and branches in each segment.  Earthworms have some 
combination of tactile organs, chemoreceptors, balance receptors, and photoreceptors; and some species have fairly 
well developed eyes, including lenses (Brusca and Brusca 1990).  Oligochaetes possess permanent sex organs. Most 
are hermaphroditic, and development is direct, resulting in young that resemble tiny adults (Hickman and Roberts 
1994).  
 
Ecologically, earthworms range from passive filter feeders to voracious and active predators, and feed primarily on 
detritus and algae.  Earthworms cycle large quantities of soil through their guts, a process that speeds the turnover of 
nutrients in soil and increases productivity.  
 
Earthworms pass a mixture of both organic and inorganic materials through their guts when feeding (Cocking et al. 
1994).   Earthworms are sometimes classified into two groups depending on depth of activity.  The first group, the 
deep-working group, move through the full depth of available surface and subsurface soil; whereas the second 
group, the shallow-working group, confine their activities to the upper 15 centimeters (Cocking et al. 1994).  Larger 
earthworms, that feed on organic matter by drawing leaves and other materials into their mouth, ingest larger 
quantities of soil, compared to smaller worms that consume fragmented litter (Cocking et al. 1994).  
 
Exposure Profile    
 
Earthworms cycle large quantities of soil through their guts, as they feed.  Since direct contact with and ingestion of 
contaminated soil are the primary routes of exposure for Eisenia  foetida. 
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Upland birds exposed directly to lead shot  
 
Justification 
 
Large numbers of upland birds use areas within the former skeet and trap range either seasonally or year-round to 
hunt for food.  Exposure to lead shot creates a potential for direct toxicity to these birds.  The mourning dove 
(Zenaida macroura carolinensis) was selected as a receptor for the lead shot ingestion pathway, because it is a 
common bird species that uses grit.  Also, several publications have documented the potential for toxicity to this 
species following ingestion of lead shot (Lewis and Legler 1968; Kendall et al. 1996; Buerger et al. 1986; 
McConnell 1967; Marn et al. 1988). 
 
Life History 
 
Mourning doves are one of the most abundant game birds in North America.  These birds are medium sized, 
brownish, with a rounded or pointed white-tipped tail.  The males are larger (130.4 g) than the females (124.7 g), 
and are typically brighter colored (Basket et al. 1993). 
 
Mourning doves are very common throughout North America.  This species breeds throughout south Canada, and all 
of the continental United States into Baja California and Mexico south to Puebla.  As migratory birds, they winter 
throughout most of their breeding range, except central Canada and north-central United States south to Central 
America (Mirarchi and Baskett 1994). 
 
Doves mate for life, with a breeding season ranging from April to August.  Doves typically nest in trees along the 
edges of fields, pastures, or clearings.  Flimsy nests, in trees and shrubs, are made using grass and twigs.  The clutch 
size ranges from one to four, with a mean of two eggs, and egg color is pure white.  Incubation is performed by both 
sexes, male by day, female by night, and generally lasts between 13 and 14 days (Ehrlich et al.1988).  The pair may 
raise 2-5 broods/season, with fledging occurring within 12 to 14 days. 
 
Mourning doves are predominately seed eaters, and consume a wide variety of seeds, including buckwheat, millet, 
corn, wheat, rye, and peanuts, (Ehrlich et al. 1988).  Favorite non-agricultural seeds include a variety of grasses, 
supurges, goosefoots and saltbushes, ragweed, pokeweed, and poppies.  Grit is an essential component of diet, but 
function appears mechanical rather than nutritive (Mirarchi and Baskett 1994).  Doves prefer seeds that lie on the 
ground, and pick up grit to help grind the seeds.  It has been estimated that 20 percent of each day is spent feeding, 
including searching procuring and handling food and grit, drinking, and pecking at bark (Mirarchi and Baskett 
1994).  
 
Exposure Profile 
 
Mourning doves average 22.5 to 34 cm, and have an average wingspread of 43 to 48 cm (Mirarchi and Baskett 
1994).  Daily home ranges vary from 50 to 1,200 hectare (ha), with an average of 218 ha (Mirarchi and Baskett 
1994) and the average number of years a bird lives is 1.5 years (Mirarchi and Baskett, 1994).  Given the results of 
the blood results for the juncos collected from the site (elevated indicating exposure), we felt it appropriate to use 1 
as an area use factor in this model.   The number of days per year that a bird forages was assumed to be 245.  This 
assumption was based on a bird migrating from November 15 to March 15.  The retention time for shot in the 
gizzard (6 days) is based on literature (McConnell, 1967).  
 
Avian Insectivore  
 
Justification 
 
The American robin (Turdus migratorius) was selected as an appropriate omnivorous bird species to evaluate effects 
of accumulation of lead within the food web.  The diet of the American robin consists of seasonally variable 
proportions of invertebrates (earthworms, snails, beetles, caterpillars, spiders, etc.) and fruit (dogwood, cherry, 
sumac, hackberries, raspberries, etc.)(U.S. EPA 1993 and Ehrlich et al.1988).  They are common in the area and are 
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likely summer residents at the site. 
 
Life History 
 
The American robin (Turdus migratorius) occurs throughout most of the continental United States and Canada, 
wintering in the southern half of North America and into Central America (Bull and Farrand 1977; Peterson 1990).  
Given the increase in open habitat and lawns, the robin=s breeding range has expanded in recent times (Collins and 
Boyaijan 1965; Ehrlich et al. 1988).  Habitat requirements for breeding robins include access to fresh water, 
protected nesting sites, and productive foraging areas (Howell 1942; Ehrlich et al. 1988).  These requirements are 
commonly met in moist forests, swamps, open woodlands, and other open areas (Bull and Farrand 1977).  Non-
breeding robins occupy similar habitats, although proximity to fruit bearing trees is of more importance. 
 
Male robins are characterized by a dark grey to black head and back with a bright red to orange breast.  Females and 
juveniles are similar to males in appearance but much duller in coloring, and juveniles have black spots on their 
breasts.  The largest of the North American thrushes, both males and female robins grow to 9 to 11 inches long.  
Robin legs are classified as booted tarsi, a long leg with few scales (Collins and Boyaijan 1965). 

 
The primary foraging technique for robins is to hop along the ground in search of ground-dwelling invertebrates, 
although they commonly search for insects and fruit in tree branches as well.  The robin=s diet during the breeding 
season consists mainly of invertebrates and some fruit, but fruit is the primary food consumed outside of the 
breeding season.  Robins exhibit a low digestive efficiency for fruit, and they often consume more than their own 
body weight (BW) in fruit to meet their metabolic needs (Hazelton et al. 1984). 
 
The diet of the American robin consists of seasonally variable proportions of invertebrates (e.g., earthworms, snails, 
beetles, caterpillars, spiders) and fruit (e.g., dogwood, cherry, sumac, holly, hackberries, and juneberries) (Martin et 
al. 1951; Paszkowski 1982; Wheelwright 1986; Ehrlich et al. 1988).  The ratio of percent (%) invertebrates to % 
fruit in the diet is reported to change from 94:6 in spring (nesting season) to 34:66 in summer to 4:96 in fall 
(migratory season) to 7:93 in winter (Wheelwright 1986).  Year round, the diet of the robin averages 63% fruits and 
37% invertebrates (Martin et al. 1951; Eiserer 1976; Wheelwright 1988).  Robin diets are diverse; analysis of the 
stomach contents of 1900 robins showed that the birds consumed fruit from more than 50 plant genera and 
invertebrates from over 100 families (Wheelwright 1986).         
      
Robins typically use the same foraging site for many weeks at a time but join a variety of roosts, usually within 2 
kilometers (km) of the foraging area (Morrison and Caccamise 1990).  During the breeding periods, male robins 
establish territories, the size of which is determined by population density: smaller territories are found where robin 
densities are high.  Most foraging occurs within these territories; however, if food resources are limited, adult robins 
will leave temporarily to forage elsewhere. Breeding territories are vigorously defended; robins will attack man, 
snake or other enemies to defend its territory or nest, except in more remote locations (Howell 1942; Collins and 
Boyaijan 1965).  Females lay eggs in nests made of mud, grass, and twigs, built 0.9 to 7.5 meters above the ground 
in trees, buildings, or shrubs.  Eggs are characteristically bright blue, number from 3 to 6, and hatch in 12 to 14 days.  
Young juveniles leave two weeks after hatching and can live up to ten years in the wild, though most rarely survive 
past 14 months (Collins and Boyaijan 1965; Cassidy 1990). 
 
Predators that feed on adult robins include cats, dogs, owls, and hawks.  Crows, jays, grackles, snakes and squirrels 
are nest predators, attacking both eggs and nestlings.  A robin that survives to adulthood has a life expectancy of 10 
years (Eiserer 1976; Wauer 1999). 
 
Exposure Profile 
 
Adult American robins weigh from 0.055 to 0.103 kg (Eiserer 1976; Clench and Leberman 1978; Hazelton et al. 
1984; Skorupa and Hothem 1985; Wheelwright 1986; Wheelwright 1988; Wauer 1999).  The average value (0.0771 
kg) was used as a representative measure of BW.    
 
The diet of the American robin primarily consists of fruit and invertebrates.  Diet varies seasonally, and depends on 
habitat and time of day (Wheelwright 1988).  The year-round diet is comprised of 37% invertebrates and 63% fruits 
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(Martin et al. 1951; Eiserer 1976; Wheelwright 1988).  For this risk assessment, however, the diet of the American 
robin was assumed to consist solely of invertebrates. 
 
Food ingestion rates (FIR) for adult robins are highly dependant on whether fruits or invertebrate prey are 
consumed. Several studies were located that reported daily fruit ingestion rates ranging from 0.0571 to 0.1078 
kilograms per day (kg/d), wet weight (Hazelton et al. 1984; Tobin 1984; Skorupa and Hothem 1985; Levey and 
Karasov 1989), with the average being 0.753 kg/d.  One study was located that reported a food ingestion rate for 
robins feeding on invertebrates; Levey and Karasov (1989) reported an ingestion rate of 0.024 kg/d wet weight for 
robins consuming crickets.  These values were converted to dry weights using the water content of the dietary 
components (U.S. EPA 1993). In this risk assessment, assuming a diet consisting of 100% invertebrates, robins 
consume 0.00696 kg/d dry weight under both conservative and representative scenarios.  
 
Soil ingestion for the American robin was derived from calculated values determined by (Beyer et al. 1994) for the 
American woodcock.  Given that the diets of the woodcock and robin are similar, soil ingestion by the robin can be 
expected to be 10.4% of the diet.  For robins eating only invertebrates, the soil ingestion rate of 10.4% was 
multiplied by the food ingestion rate of 0.00696 kg/d to yield soil ingestion estimates of 0.000724 kg/d for both the 
conservative and representative scenarios.  
 
The reported HR size of the American robin ranges from 0.11 hectares (ha) to 0.42 ha (Howell 1942; Eiserer 1976; 
Stokes 1979; Pitts 1984; Wauer 1999).  For this risk assessment, an AUF of 1 was selected because of the data that 
indicates that species that use this site are exposed to lead. 
 
Insectivorous Mammals 
 
Justification 
 
The short-tailed shrew (Blarina brevicauda) was selected as representative of insectivorous mammals, because of its 
dietary composition, relative abundant distribution in both moist and dry habitats, and likelihood of occurrence at 
the site.  Although their diets may consist of plants and insects, they tend to favor soil invertebrates when they are in 
abundance.  Hence, by assuming that their dietary composition comprises solely invertebrates in this risk 
assessment, this species may represent an insectivorous mammal. 
 
Life History 
 
The short-tailed shrew is an extremely active, large, and heavy-bodied shrew common within its range (Jones and 
Birney 1988).  It occupies a variety of moist and dry habitats such as marshes, bogs, moist forest floors with ample 
decaying matter, brushland, fencerows, weedfields, and pastures (Barbour and Davis 1974; Jones and Birney 1988).  
Short-tailed shrews are active both day and night throughout the year, although most of this activity is subnivean 
(Merritt 1987).  During harsh winters, this species may undergo a period of torpor (Hoffmeister 1989).   
 
The home range of this species varies with their dramatic population cycles.  In peak years, animal density may be 
greater than 25 individuals per acre (Schwartz and Schwartz 1981).  In other years, this species may have an animal 
density of one individual per acre (Merritt 1987). 
 
Although short-tailed shrews strongly prefer animal matter, they are opportunistic omnivores and voraciously 
consume whatever food items are in ample supply (Barbour and Davis 1974).  These food items include 
earthworms, slugs, snails, insects, arthropods, fungi, vegetable matter, seeds, snakes, salamanders, small mammals, 
and young birds (Barbour and Davis 1974; Jones and Birney 1988; Schwartz and Schwartz 1981).  Prey items that 
are not consumed immediately are stored in a cache (Merritt 1987).  Plant matter is generally consumed to a greater 
extent in winter (Schwartz and Schwartz 1981).  In some regions, plant matter may constitute up to 20 percent of the 
shrew’s diet (Barbour and Davis 1974).  Submaxillary glands produce a venom that quickly immobilizes their prey 
(Merritt 1987). 
 
Using echolocation and scent-marking, short-tailed shrews rely heavily on their hearing and sense of smell to locate 
food and to move about (Hoffmeister 1989).  An elaborate system of runways and tunnels are constructed, usually 
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just a few inches below the ground surface (Schwartz and Schwartz 1981).  Two types of nests are built by this 
species, a breeding nest and a resting nest.  Both nests are built underground beneath a log, rock, or other cover, and 
have multiple entrances.  The breeding nest is typically larger than the resting nest (Merritt 1987). 
 
Breeding appears to commence in early spring and extends into the fall, although in some regions, breeding may 
subside in early and midsummer, but peak again in early fall (Hoffmeister 1989; Jones and Birney 1988).  Gestation 
periods are approximately 21 to 22 days with litter sizes of approximately 4 to 10 young (Jones and Birney 1988; 
Schwartz and Schwartz 1981).  The young are fully mature from one to three months of age (Barbour and Davis 
1974; Schwartz and Schwartz 1981).  Both sexes may breed their first spring (Schwartz and Schwartz 1981). 
 
Natural predators of the short-tailed shrew include fish, snakes, owls, hawks, shrikes, opossums, raccoons, foxes, 
weasels, bobcats, skunks, and feral cats, although most of these predators do not consume the shrew (or at least all 
of the shrew), because of their distasteful musk glands (Barbour and Davis 1974; Jones and Birney 1988; Merritt 
1987; Schwartz and Schwartz 1981).  The life expectancy of a short-tailed shrew in the wild is approximately one 
year (Schwartz and Schwartz 1981). 
 
Exposure Profile 
 
Adult short-tailed shrews weigh from 12 to 30 g (Jones and Birney 1988; Merritt 1987).  The mean body weight of 
21 g, and an area use factor of 1 were used for this risk assessment. 
 
The short-tailed shrew is primarily carnivorous.  Its diet includes invertebrates (insects, earthworms, snails, spiders), 
but it also feeds on vertebrates, such as voles, amphibians, and birds (Merritt 1987, U.S. EPA 1993).  Plant roots, 
nuts, fruits, and fungi are also part of the shrew's diet (Merritt 1987).  Food ingestion rates ranging from 0.49 to 0.62 
g/g of BW per day (g/g BW/day ) have been reported (U.S. EPA 1993).  An average food ingestion rate of 11.66 
g/day was used for this risk assessment. 
 
A soil ingestion rate for the short-tailed shrew was not available from the literature therefore the soil ingestion rate 
of the opossum was used.  The opossum’s diet is similar to that of the short-tailed shrew, since they are both 
opportunistic omnivores with a strong preference for animal matter (Schwartz and Schwartz 1981).  A soil ingestion 
rate of 9.4 percent of the diet was reported for the opossum (Beyer et al. 1994).  This value was multiplied by the 
highest food ingestion rate of the short-tailed shrew (11.66 g/day) to yield a soil ingestion rate of 1.1 g/day.  For the 
food chain model in this risk assessment, it was assumed that 100 percent of the diet of the short-tailed shrew was 
comprised of invertebrates. 
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Toxicity Profile 

 
Lead Shot 
 
Birds ingest lead shot while foraging in the wetland substrate and on adjacent soils in search of food and grit.  Grit 
refers to the small stones or other hard material retained in the muscular stomach of some birds that is used to help 
grind up food items.  The size of the lead shot used for trap and skeet is the preferred size of grit and plant seeds for 
ducks and geese.  Transfer of lead shot through the food chain may also occur in animals that prey on birds that have 
ingested lead shot.  For example, a mallard may ingest two pellets of #4 lead shot in its gizzard, and as the bird 
becomes weak and disoriented from lead poisoning, it becomes an easy food source for all predators, including 
raptors.  Once the bird is eaten by a hawk, owl, or bald eagle, the lead enters the raptor's body and may cause its 
death.  Bald eagles appear especially susceptible, since they utilize dead or crippled waterfowl extensively, and 
appear to be poor at regurgitating the shot once they ingest it.  Heavy predation at wetlands helps prevent the 
accumulation of dead animals that might cause a noticeable die-off. 
 
The toxicity of ingested lead shot is dependent on many factors, such as temperature, diet, age, sex, and species.  
The toxic action of lead is that it blocks the sulfur-hydrogen linkages in enzymes, resulting in a reduction of oxygen 
consumption by all tissues, a reduction in glycolysis, and an almost complete cessation of hydrogen transfer 
reactions in nerve tissues.  It also interferes with the production of hemoglobin, resulting in severe anemia (Pain 
1996), and may impair reproduction and immune system functions.  Clinical signs of lead poisoning often include 
muscular weakness.  A progressive illness results in a few weeks and may terminate in death with the ingestion of 
only a single lead shot (Buerger et al. 1986). 
 
Waterfowl are believed to be at the greatest risk from deposited lead shot because of their food habits, grit use, and 
attraction to wetlands.  The waterfowl-lead shot exposure pathway may be incomplete in deep water and dense 
emergent vegetation.  The mourning dove may be at the greatest risk from lead shot contamination in uplands, due 
to their food habits and grit use.  The shot remains available on the ground or in the sediment until it is turned under 
or settles deep enough to no longer pose a threat.  This can be a period of extended time, since studies have shown 
no significant difference in the settling rates between large (#2) and small (#6) shot.   One study in Utah showed that 
75% of the #4 shot deposited were still in the top inch of the marsh sediment after 1 year (Low and Studinski 1967). 
 
Lead  
 
Birds 
      
The gastric motility of adult male and female red-tailed hawks (Buteo jamaicensis) fed 0.82 and 1.64 mg/kg BW/day 
(mg/kgBW/day concentration reported by authors) for 3 weeks was evaluated through the use of surgically 
implanted transducers.  Neither concentration had any effect on gastric contractions or egestion of undigested 
material pellets (Lawler et al. 1991).  Adult male and female red-tailed hawks were administered  lead acetate by 
gavage at a concentration of 0.82 mg Pb/kg BW/day  for 3 weeks (Redig et al. 1991).  Compared to control birds, 
there was an 83 percent decrease in delta-aminolevulinic acid dehydratase activity and a 74 percent increase in the 
levels of free porphyrins circulating in the blood of experimental birds.  Immune function (as measured by antibody 
titers to foreign red blood cells or mitogenic stimulation of T-lymphocytes) was not significantly affected at this 
exposure level. 
 
Beyer et al. (1988) fed red-winged blackbirds, brown-headed cowbirds, common grackles, northern bobwhites and 
eastern screech owls diets containing lead acetate.  The dietary concentration was increased by 60 percent weekly 
until half of the birds in each treatment group died.  Because the exposure concentrations changed throughout the 
experiment, this study was not used to derive TRVs for this risk assessment.  
 
One-day old American kestrel chicks were dosed orally with metallic lead at concentrations of 0, 25, 125 or 625 
mg/kgBW/day for 10 days (Hoffman et al. 1985a and 1985b).  Forty percent of the birds in the highest dose group 
died after 6 days of exposure.  Growth rates of birds which received lead at concentrations of 125 or 625 
mg/kgBW/day were significantly lower than the growth rates of control birds.  The effect of lead on survival of 
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American kestrels was evaluated by feeding the birds either a control diet, or a diet containing mallard ducks which 
had died of lead poisoning (mean lead concentration was 29.3 mg/kg) for 60 days (Stendell 1980).  No kestrels died 
or exhibited visible signs of lead poisoning during the 60-day exposure period.  An ingestion rate of 0.0307 kg/day 
(Barrett and Mackey 1975) and a body weight of 0.111 kg (Dunning 1993) were used to convert the exposure 
concentration to units of mg/kgBW/day.  A NOAEL of 8.1 mg/kgBW/day was calculated based on the results of this 
experiment.  
 
Ringed turtle doves received 0 or 100 Fg/ml lead in their drinking water from two weeks prior to breeding 
throughout a breeding cycle (Kendall and Scanlon 1981).  Exposure to lead did not increase the time required to 
produce eggs, and no adverse effects on egg production or fertility were observed.  Bone lead concentrations in adult 
birds and bone and liver lead concentrations in juveniles were higher than in control birds or progeny of control 
birds.  A water ingestion rate of 0.017 L/day (calculated using an allometric equation from Calder and Braun 1983) 
and a body weight of 0.16 kg (Schwarzbach et al. 1991) were used to convert the exposure concentration to units of 
mg/kgBW/day.  A NOAEL of 0.01 mg/kgBW/day was calculated based on the results of this experiment. 
 
Bobwhite quail were fed diets supplemented with lead (as lead acetate) at concentrations of 0, 500, 1000, 1500, 
2000 and 3000 mg/kg for 6 weeks (Damron and Wilson 1975).  Weight gain and food consumption were 
significantly decreased in birds receiving the two highest exposure concentrations.  Mortality of birds receiving 
3000 mg/kg lead was 46.7 percent, much greater than any other exposure group; however it was not statistically 
significant due to large variability among replicate pens.  In another experiment, male bobwhite were fed diets 
containing 0, 500, 1000 or 1500 mg/kg lead (as lead acetate) for 8 weeks.  Mortality, food consumption, sperm 
concentration and sperm viability were measured; no effects were observed at any exposure concentration.  A food 
ingestion rate of 0.0143 kg/day and adult body weight of 0.169 kg were used to convert the exposure concentrations 
to units of mg/kgBW/day; 2000 mg/kg was selected as the NOAEL level.  A NOAEL of 127 (exposure 
concentration of 1500 mg/kg, endpoint measured sperm concentration and viability) and an estimated LOAEL of 
1270 mg/kgBW/day were calculated based on the results of this experiment.    
 
Day-old Canada geese were fed diets supplemented with lead-contaminated sediment at lead concentrations of 1.9 
(control diet), 414, 828 and 1656 Fg/g lead for 6 weeks (Hoffman et al. 2000).  Mortality was observed only in the 
highest exposure group (22 percent), but it was not significantly different from the control group.  Hematocrit, 
hemoglobin, and ALAD activity were significant lower and protoporphyrin levels were higher in the two highest 
exposure groups.  Renal tubular degeneration was observed in one gosling from the 1656 Fg/g group, but 
histopathologic lesions most commonly associated with lead poisoning in waterfowl were not observed in other 
geese.  Growth was decreased in goslings from the highest exposure group.  Because none of the effects measured in 
this experiment are considered ecologically relevant, results of this experiment were not used to derive TRVs for 
exposure of birds to lead.  
 
Day-old mallard ducklings were fed diets supplemented with lead-contaminated sediment at lead concentrations of 
1.9 (control diet), 414 and 828 Fg/g lead for 6 weeks (Hoffman et al. 2000b). A clean sediment-supplemented 
control (24 percent sediment) and a positive control diet containing lead acetate at a concentration equivalent to the 
828 Fg/g lead-contaminated sediment diet were included in the experimental design.  Mortality was observed only 
in the lead acetate group (7 percent), but was not significantly different from the control group.  Hematocrit and 
hemoglobin were significantly lower in ducklings, which received lead acetate.  Blood ALAD activity levels were 
significantly lower and protoporphyrin levels were higher in both groups, which received lead-contaminated 
sediment and the ducklings which received lead acetate.  Acid-fast renal tubular inclusion bodies and nephrosis are 
abnormalities associated with lead poisoning; inclusion bodies were observed in 50 percent and tubular nephrosis 
was observed in 75 percent of ducklings fed lead acetate.  Renal inclusion bodies were observed in 2 of 9 ducklings 
from the 414 Fg/g group, and in 4 of 9 ducklings from the 828 Fg/g group.  Growth was affected only in ducklings 
fed lead acetate.  Because none of the effects measured in this experiment are considered ecologically relevant, 
results of this experiment were not used to derive TRVs for exposure of birds to lead.  
 
Heinz et al (1999) studied the bioavailability and toxicity of lead-contaminated sediment to adult mallards.  In the 
first experiment, ducks were fed a pelleted commercial duck diet containing 0, 3, 6, 12 or 24 percent lead-
contaminated sediment (103, 207, 414 and 828 Fg/g lead, respectively) for 5 weeks.  Ducks fed the 24 percent lead-
contaminated sediment exhibited atrophy of the breast muscles, green staining of the feathers around the vent, 
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viscous bile, green staining of the gizzard lining, and renal tubular intranuclear inclusion bodies; 1 of 10 birds died.  
In the second experiment, the dietary concentration of the lead-contaminated sediment was increased to 48 percent, 
but only about 20 percent was actually ingested due to food washing by the birds.  Duration of this experiment was 
also 5 weeks.  Protophyrin levels were elevated, and all of the lead-exposed birds had  renal tubular intranuclear 
inclusion bodies.  A third experiment was conducted to determine if the effects of lead were greater when birds were 
fed a nutritionally deficient diet. Ducks were fed a control diet, a commercial duck mash with 24 percent lead-
contaminated sediment, of a ground corn diet with 24 percent lead-contaminated sediment for 15 weeks.  Food 
washing was again observed; actual ingestion rates were 17 and 14 percent for the lead-contaminated duck mash and 
ground corn diets, respectively.  Mortality occurred in 4 of 5 birds fed the lead-contaminated ground corn diet.  At 
necropsy, all birds fed the lead-contaminated ground corn diet were emaciated, had renal tubular intranuclear 
inclusion bodies, and blackish-green bile.  Based on the clinical signs of lead poisoning observed in the first 
experiment, an exposure concentration of 828 Fg/g lead was selected as the LOAEL from this experiment.  An 
ingestion rate of 0.139 kg/day and body weight of 1.25 kg (Piccirillo and Quesenberry 1980) were used to convert 
the exposure concentrations to units of mg/kgBW/day.  A LOAEL of  92 mg/kgBW/day and a NOAEL of 46 
mg/kgBW/day were calculated based on the results of this experiment. 
 
Day-old Japanese quail were fed diets containing lead (as lead acetate) at concentrations of 0, 1, 10, 100, 500 or 
1000 mg/kg for 5 weeks (Morgan et al. 1975).  Body weight, packed cell volume, and hemoglobin were 
significantly reduced in birds that received 1000 mg/kg lead.  At five weeks of age, testes size was also significantly 
reduced in the highest exposure group.  Mean body weights of the 500 and 1000 mg/kg exposure groups at three 
weeks were 65 and 55 g.  Ingestion rates were calculated as a percent of the adult ingestion rate of 18 g/day (body 
weight of 0.12 kg; <www.feathersite.com/Poultry/Stuff/FeatherFancier/FeathFancQuail.html>), resulting in 
ingestion rates of 9.8 and 8.3 g/day, respectively.  A LOAEL of 151 mg/kgBW/day and a NOAEL of 75.4 
mg/kgBW/day were calculated based on the results of this experiment.  
 
Nine raptors (5 red-tailed hawks, 3 rough-legged hawks and 1 golden eagle) were administered 3 mg/kgBW lead 
daily in the form of a lead acetate trihydrate solution by mouth for 30 weeks.  Control birds (6 red-tailed hawks, 1 
Swainsons hawk) were dosed with a sodium acetate solution by mouth.  Clinical signs of lead toxicosis (anorexia, 
green bile-stained feces and anemia) were observed in 8 of the 9 experimental birds.  Three birds died 3 to 4 weeks 
following the onset of clinical symptoms.  This study was not used to derive the TRVs for this risk assessment 
because dosing was via solution  rather than dietary, and because different species were included within the 
experimental group. 
 
Edens et al. (1976) exposed Japanese quail to four dietary concentrations of lead acetate (1,10, 100 and 1000 mg/kg) 
for a period of 12 weeks.  Percent hatch of setable eggs was significantly decreased in hens exposed to 100 mg/kg 
lead.  Dietary lead at a concentration of 1000 mg/kg almost completely suppressed egg production.  The results from 
this experiment will be used to develop the NOAEL and LOAEL values because of the ecological significance of 
the endpoints and the method and duration of exposure.  An ingestion rate of 18 g/day and adult body weight of 0.12 
kg (<www.feathersite.com/Poultry/Stuff/FeatherFancier/FeathFancQuail.html>) were used to convert the exposure 
concentration to units of mg/kgBW/day.  A LOAEL of 15 mg/kg BW/day (100 mg/kg) and a NOAEL of 1.5 mg/kg 
BW/day will be used to evaluate the risk posed by Pb to avian receptors. 
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Mammals 
 
Mason and MacDonald (1986) evaluated the effect of Pb and Cd on otter (Lutra lutra).  Daily Pb intake was 
estimated on the basis of measured fecal Pb levels, the known ingestion rate for otter, and gastrointestinal Pb 
absorption rates for mammals.  Estimated Pb intake correlated well with levels measured in major fish prey species.  
No apparent impact on population levels was found when Pb intake was less than 0.15 mg/kg BW/day whereas otter 
populations were reduced in sites where the estimated Pb intake exceeded 2 mg/kg BW/day.   
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Adult pregnant mice (C57Bl strain) were fed a diet containing Pb concentrations of 0, 0.125, 0.25, 0.5, and 1 percent 
for 48 hours following observation of the presence of a vaginal plug (Jacquet et al. 1976).  Dietary Pb concentrations 
of 0.125 percent, 0.25 percent, and 0.5 percent resulted in an increase in the number of embryos in the 4-cell stage 
versus the 8-cell stage.  At a dietary exposure level of 1 percent, an increase in the number of undivided embryos 
was observed. In normal mouse embryo development, after 48 hours the embryo is in the 8-cell stage and is placed 
near the end of the oviduct ready to be discharged to the uterus.  Effects of delayed cleavage on embryo loss prior to 
implantation is not known.  An ingestion rate of 0.0058 kg/day and adult body weight of 0.033 kg (U.S. EPA 1988) 
were used to convert the exposure concentration to units of mg/kgBW/day.  A LOAEL of 220 mg/kg BW/day, and 
an estimated NOAEL of 80 mg/kg BW/day were calculated based on the results of this experiment. 
 
Pregnant female mice were given lead acetate in their drinking water at concentrations of 0, 500, 750 and 1000 mg/L 
starting on gestation day 12 and continuing to 4 weeks postpartum (Waalkes et al. 1995).  Offspring were weaned 
and received lead in their drinking water after weaning for 112 weeks.  Renal lesions (atypical tubular hyperplasia or 
tumors) occurred rarely in control male mice (4 percent) and increased in dose related fashion for lead exposed male 
offspring: 500 ppm, 16 percent; 750 ppm, 24 percent; and 1000 ppm, 48 percent.  The number of lesions in the 1000 
mg/L group was significantly higher than for the control group.  Lead-treated females also developed renal lesions, 
but at much lower rates.  An ingestion rate of 0.0058 kg/day and adult body weight of 0.033 kg (U.S. EPA 1988) 
were used to convert the exposure concentration to units of mg/kgBW/day.  A LOAEL of 176 mg/kg BW/day, and a 
NOAEL of 132 mg/kg BW/day were calculated based on results of this study. 
 
Azar et al. (1973) administered Pb to rats at six dietary levels (1, 10, 50, 100, 1000 and 2000) for three generations 
and measured changes in reproduction and growth.  No effects on number of pregnancies, number of pups born 
alive, fertility index, viability index or lactation index were observed at any exposure levels.  An exposure 
concentration of 1000 mg/kg resulted in reduced offspring weight and kidney damage in the young.  An ingestion 
rate of 0.027 kg/day and adult body weight of 0.35 kg (U.S. EPA 1988) were used to convert the exposure 
concentration to units of mg/kgBW/day.  A LOAEL of 77 mg/kg BW/day, and a NOAEL of 7.7 mg/kg BW/day will 
be used to evaluate the risk posed by Pb to mammalian receptors 
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