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NOTICE
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future, as appropriate.
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EXECUTIVE SUMMARY

Past management practices at small arms outdoor shooting ranges (subsequently referred to as
‘ranges’) dlowed the spent ammunition to accumulate on Ste. Many range operators now recognize
the risk posed to humans and the environment by spent lead ammunition and have implemented
programs to manage and recycle lead shot and bullets. In accordance with its mission to provide
scientificaly sound and consistent guidance on lead risk assessment, the TRW has prepared this
document to provide guidance and recommendations for performing risk assessment on land currently
or formerly used asranges. This document supplements Region 2's Best Management Practices for
Lead at Outdoor Shooting Ranges (U.S. EPA, 2001a), which serves as nationd guidance on the
management of lead at ranges to minimize the environmental impact of spent leed ammunition (U.S.
EPA, 2001b).

As used in this document, the term ‘smdl arms’ includes rifles, handguns (pistals), shotguns,
submachine guns, and machine guns (NRA, 1999, p. I-8). Ranges can be divided into high velocity
shooting ranges, where target shooting with pistols and rifles occurs, and low velocity shooting ranges
where shotguns are used (i.e., skeet, trap, and sporting clay ranges). Lead bullets and fragments at
pisgtol and rifle ranges are typicaly contained in ardativdy smdl, wdl-defined area, or volume, of sand
and/or soil. The shotfall zones at skeet and trap ranges may cover 10-50 acres or more, depending
upon the layout of the range.

This document contains brief discussons of the regulatory background for outdoor shooting ranges and
the toxicology of lead on humans, an operaiond and physica description of the different types of
outdoor shooting ranges, and the fate of gpent lead ammunition in the environment and its bicavailability.
This document provides recommendations on how the Integrated Exposure Uptake Biokinetic mode
and the Adult Lead modd can be used to predict the risk to human health from spent lead ammunition
on smdl arms shooting ranges.



BACKGROUND AND PURPOSE

There are gpproximately 9,000 outdoor small arms shooting ranges (subsequently referred to as
‘ranges’) in the United States, excluding those located on military sites (U.S. EPA, 20018). Millions of
pounds of lead are discharged annually at these ranges (U.S. EPA, 2001a). In the pagt, the common
practice a ranges was to alow the spent ammunition to accumulate on Site. Many range operators
now recognize the risk posed to humans and the environment by the lead in spent ammunition and have
implemented programs to manage and recycle lead shot and bullets.

Given the large number of ranges in the United States and their potentid risk to humans, the Technicd
Review Workgroup for Lead (TRW) has prepared this document to assist Regiond and State risk
assessors and project managersin performing risk assessments at range Sites. The proper management
of lead at shooting ranges is addressed in an EPA Region 2 document entitled “Best Management
Practices for Lead at Outdoor Shooting Ranges’ (U.S. EPA, 2001a). This white paper contains the
TRW'’s recommendations on how to collect data that will be used to provide site specific information
when using the Integrated Exposure Uptake Biokinetic (IEUBK) Modd and the Adult Lead Modéel
(ALM) (U.S. EPA, 2002c). Thefocus of this document is on formerly used ranges, athough exposure
to active ranges may occur and is aso discussed.

INTRODUCTION

Asusad in this document, the term ‘smdl arms’ includes rifles, handguns (pistals), shotguns,
submachine guns, and machine guns (NRA, 1999, p. I-8). Spent ammunition on ranges is not regulated
as solid/hazardous waste unlessiit is discarded (abandoned) and left to accumulate for along period of
time (U.S. EPA, 20018). Furthermore, it is not regulated if the pent ammunition is recovered or
reclamed on aregular basis (U.S. EPA, 20014). However, if the range poses an imminent or
substantial danger to hedlth or the environment it can be addressed through Resource Conservation and
Recovery Act (RCRA) (U.S. EPA, 2001a).

The intake of lead has awide variety of effects on humans. Adults and children exposed to leed are
susceptible to neurotoxic effects (ATSDR, 1999). Lead may aso increase blood pressure and cause
anemia; high levels of exposure to lead may damage the brain and kidneys and even cause degth
(ATSDR, 1999; U.S. EPA, 2002b). High levels of exposure may cause miscarriages, retard fetal
development, and damage the organs responsible for sperm production (ATSDR, 1999; U.S. EPA,
2002b). Other effects of lead exposure include irritability, poor muscle coordination, muscle and joint
pain, memory and concentration problems, digestive problems, and hearing and vision impairment (U.S.
EPA, 20013, 2002b). In children, lead exposure can cause behaviora and learning problems, hearing
problems, impairment of vison and motor skills, hyperactivity, and developmenta delays (ATSDR,
1999; U.S. EPA, 200143, 2002b). Blood lead concentrations of 10 pg/dL or less have been associated
with adverse hedth effectsin children (U.S. EPA, 1986a; CDC, 1991). It is EPA palicy to limit
exposure to lead such that the probability of atypical (or hypotheticd) child, or group of amilarly
exposed children, having or exceeding the 10 pg/dL blood lead concentration is less than 5% (U.S.
EPA, 1994a).

Other chemicals of potentiad concern a shooting ranges include arsenic and antimony (components of



ammunition), nickel (coating on some lead shot), copper, zinc, strontium, and magnesum (present in
tracer munitions that are used in machine guns), and polycyclic aromatic hydrocarbons (present in
petroleum ‘pitch’ found in clay targets used a skeet and trap ranges and in ‘wadding’ from shotgun
shells) (Jorgensen and Willems, 1987; EEA, 1992; EA, 1995; Peddicord and LaKind, 2000). Lead
shot contains primarily lead (97%), antimony (2%), arsenic (0.5%), and sometimes nicke (0.5%)
(Jorgensen and Willems, 1987; Lin et d., 1995). The crust materid surrounding lead shot contains
between 0.5 and 2.0% antimony, 0.15% nickel, and trace amounts of arsenic (Jorgensen and Willems,
1987). Lead bullets are composed of 90-99% lead, 1-10.5% antimony, and 0.1% copper (EA,
1996). Baer et d. (1995) determined that clay targets (‘ pigeons’) contain approximately 2/3 dolomitic
sandstone and 1/3 pitch; painted targets aso contain approximately 1% fluorescent paint.

Due to a ban on the use of lead shot for waterfowl hunting and in waterfowl production areas by the
U.S. Fish and Wildlife Service (U.S. FWS, 1999, 2001), other less toxic materials have been
introduced, such as bismuth, tedl, tungsten/iron, and tungsten polymers (alist is provided in EPA,
2001a, Appendix B). However, due to the higher cost of shot that is manufactured with the lesstoxic
materid, lead shot continues to be the most commonly used materid on skeet and trgp shooting ranges
(U.S. EPA, 2001b).

TYPESOF SHOOTING RANGES

Ranges can be divided into high velocity shooting ranges, where target shooting with pistols and rifles
occurs, and low velocity shooting ranges where shotguns are used (i.e., skest, trap, and sporting clay
ranges). Appendix A containsalist of on-line sources of additiona information for small arms outdoor
shooting ranges.

High Veocity (Pistol and Rifle) Shooting Ranges

High velocity ranges consist of afiring line, targets, backstop (to contain bullets and fragments), Sde
berms (to contain ricochets), and ground and overhead baffles (to contain ‘short’ and ‘long’ shots,
respectively) (Vargas, 1996). Not al ranges, particularly older ranges, will include dl these
components. Typica lengths for ranges vary between 25 yards and 200 meters (642 yards) (Vargas,
1996); widths depend on the number of firing stations.

The backstop is required to contain the bullets and bullet fragments. Backstops traditionaly consst of
earthen berms, typically between 15 and 25 feet high. More recently, earthen berms have been
replaced with sand traps, sted traps, and rubber traps (U.S. EPA, 20014). Other innovations have
been developed for backstops, such as Shock Absorbing Concrete (SACON) that has been used on
some Department of Defense (DOD) ranges since the 1980s (U.S. EPA, 2001a). The purpose of the
newer types of backstops/bullet containment devicesisto facilitate the collection of bullets and bullet
fragments, which substantialy reduces the amount of contaminated media generated by the range.

L ow Veocity (Shotgun) Shooting Ranges

Shotguns are used to shoot clay targets (‘ pigeons or ‘birds’) on skeet, trap, and sporting clay ranges.
In many cases, skeet and trap shooting takes placein onerange. A typica trap range consists of five-
shooting positions and one structure, the ‘trgphouse’, from which the targets are thrown by a machine



cdleda‘trgp’. Theangle a which the targets are thrown varies within an arc of 45 degrees(ina
horizonta plane). The shooting positions are located 16 yards from the trgphouse (Capita Trap Club,
20018). At skeet ranges, targets are released from two structures, the *high house’ and the ‘low
house” There are eight-shooting positions arranged along an arc between the two houses. At the top
of the arc, the shooter is gpproximately 30 yards from the line that connects the two houses (Capital
Trap Club, 2001b). The actua layout of skeet and trap ranges varies widely between sites (e.g., EA,
1995; E&E, 1997; Murray et d., 1997).

The size and shape of the shotfal zoneis afunction of the layout of the Site, and ranges from rectangular
for stes with multiple ranges located next to each other (eg., E& E, 1997), to semi-circular for Sites
with onerange (e.g., EA, 1995). The outfal zone from trap shooting will tend to be less than for skeet
shooting due to the angle at which shooting occurs. In skeet shooting, the targets are thrown overhead
and the shooting angleis approximately 45 degrees from the horizontal. Targets are released much
closer to the ground in trap shooting; the shooting angle is approximately horizontal. Another factor that
affects the distance the shot will travel isthe Sze of the shot used. When the shooting angleis
gpproximately horizontal, the maximum distance shot will travel varies from 198 yards for No. 8 shot to
330 yards for No. 2 shot (Baldwin, 1994). Number 6 shot will cover an area between 300 and 700
feet from the shooting position when the shooting angleis leve; if released from an angle of 40 degrees
from the horizonta, the shot will drop between 400 and 900 feet from the shooting position (Badwin,
1994).

FATE OF LEAD AMMUNITION IN THE ENVIRONMENT AND BIOAVAILABILITY

Lead ammunition oxidizes in the environment, forming a crust around the shat; this crust contains lead
carbonates and sulfates (Jorgensen and Willems, 1987; Manninen and Tanskanen, 1993; Linet d.,
1995; EA, 1996; Murray et d., 1997). The predominate lead carbonates that have been found in the
crust materia include hydrocerussite (Pby(CO5),(OH),) and cerussite (PbCQO,); the predominate lead
sulfate compound is anglesite (PbSO,). The rate of oxidation depends upon severd environmenta
factors including: oxidation/reduction potentid, ionic strength, pH, oxygen content of the soil and the
presence of compounds (e.g., phosphate) that may inhibit oxidation (Jorgensen and Willems, 1987; EA,
1996). At some point, the presence of the crust materia appears to inhibit the further weathering of the
ammunition (Jorgensen and Willems, 1987). While metdlic lead isinsoluble under typica
environmenta conditions, lead is released to the environment through the dissolution of the lead
compounds found in the crust materia (Jorgensen and Willems, 1987; Manninen and Tanskanen, 1993;
Linetd., 1995; EA, 1996; Murray et d., 1997). The solubility of the lead compounds is affected by
pH, eH, the presence of carbonate, sulfate, sulfide, phosphate and chloride, and the organic matter
content of the soil (Jorgensen and Willems, 1987; Manninen and Tanskanen, 1993; Lin et d., 1995;
EA, 1996; Murray, 1997).

Site-gpecific environmentd factors that affect weethering rates of lead on shooting ranges include the
amount of precipitation, pH of rain water, dope of the ground surface, amount of organic materid
present on the ground surface (e.g., leaves, peat) and soil type (U.S. EPA, 2001a). In generd,
wesethering of lead ammunition will increase with increasing precipitation amounts, increase with
decreasing pH, increase with increasing chloride concentration, decrease with increasing ground dope



(due to decrease in contact time between precipitation and ammunition) and increase with increasing
organic matter cover (U.S. EPA, 2001a). Disturbance of the soil (e.g., soil cultivation of agricultura
fields) may increase the decomposition of lead ammunition (Jorgensen and Willems, 1987). Bundy et
d. (1996) found high corrosion rates were negatively correlated with corrosion potentia and ol
resstance, two characteritics of the soil environment that can be measured in the field.

The weethering rate of smal arms ammunition may be affected by the presence of a copper ‘jacket’ or
metal casing that surrounds the lead core of some ammunition (Mgor, 2003). The contact between the
different types of metals may create a gavanic couple that increases the rate of corrosion of the
ammunition if the moisture content of the surrounding soil is sufficiently high. However, on some Sites,
Jjacketed bullets do not appear to corrode at afaster rate than unjacketed bullets (Hall, 2002).

Jacketed bullets are common on smal arms ranges that are located on DOD sites because the military
is required to use jacketed bullets, jacketed bullets are much less common on non-military ranges (Hall,
2002). Bullet jackets typicaly contain (by weight) 89-95% copper, 0.03-0.05 % lead, 0.05% iron,
and 5-10 % zinc (Battelle, 1997).

The bicavailability of lead compounds varies greetly from lead sulfates, which have rdaively low
bicavailability (<25% bioavailable), to lead carbonates (>75% bioavailable) (Henningsen et d., 1998).
The overdl| bicavalability of lead a shooting ranges depends upon the relative amounts of lead
carbonates and lead sulfates that are present in the soil. Equilibrium diagrams (i.e., eH-pH diagrams)
predict lead sulfates to be the dominant form of lead at pHs <5.3, carbonates to be the dominant form
at pHs between 5.3 and 8.5, and |lead hydroxides to dominate at pHs >8.5 (EA, 1996). The
gpeciation found at a particular Ste will dso vary depending upon the amount of carbonate and sulfate
present in the soil (EA, 1996).

SITE CHARACTERIZATION AND RISK ASSESSMENT

An important difference between high velocity ranges and low velocity ranges, with respect to risk
asessment, isthe size of the areas impacted by each type of range. Lead bullets and fragments at
pisgtol and rifle ranges are typicaly contained in ardativdy smdl, wel-defined area, or volume, of sand
and/or soil. Very little contamination may be found a a well-designed range equipped with bullet traps,
athough some traps and targets (e.g., stedl targets) may generate lead dust and particulates that can be
trangported by air and water and contaminate the surrounding area.

Dueto therdatively smal sze of typica pistol and rifle ranges, the risks posed to human and ecologica
receptors are typicaly low. Exceptionsto this would include former ranges that are planned for
development, or are currently used for activities that could result in exposure to human and ecologica
receptors. Risksto human and ecological receptors from exposure to lead and other contaminants at
skeet and trap ranges may be moderate to severe, due to the size of the shot outfal area. In some
cases, the outfall areas are located within or near wetlands and surface water, which tendsto increase
the risks to ecologicd receptors, particularly waterfowl (EA, 1995; E& E, 1997; U.S. EPA, 20014).



The difference between the types of exposures a high veocity and low velocity ranges dso warrant
consderation in the exposure assessment. These differences are due to the nature of the lead
contamination in soil. At high velocity ranges, in addition to whole bullets and fragments, smdl particles
of lead will be present due to the partia disintegration of the bullets upon impact with the targets and
soil and rock particles in the berms (EA, 1996). Lessdisintegration of the bullets can be expected
where fully jacketed and partidly jacketed bullets are used (e.g., military ranges). At low velocity
ranges, the lead shot will tend to be less fragmented due to the lower velocities. Although lead shot
does break down in the environment, complete decomposition of the lead is a dow process that may
take 30300 years, depending upon site conditions (Jorgensen and Willems, 1987; EA, 1996).

Exposure Scenarios and Pathways

Land use adjacent to and near shooting ranges should be considered when developing current and
future exposure scenarios for agte. Under the current land use scenario, the potentiadly exposed
human populations of particular concern at an operating range are residents of adjacent resdentia
properties, resdents and farm workers on adjacent agricultura properties, and workers who are
employed on adjacent commercia properties. Other receptors include trespassers who use the site for
recreationa purposes such as fishing, hunting, and hiking (Peddicord and LaKind, 2000; U.S. EPA,
2001a), aswdll as other recreationa users when the rangeis located on or within an areathat is used
for recreationd activities other than target shooting (e.g., multi-use parks). Under future land use
scenarios, the potentially exposed population depends upon the intended or actud land use, which may
include resdentid, agricultura, commercid, or industrid uses.

The potentialy exposed populations under both future and current land use scenarios that should be
considered are:
* Reddentid land use
children under the age of 7 yearsold
o adults
o Agriculturd land use (farm family or subsistence farm family):
children under the age of 7 yearsold
o adults
o farmworkers
e Commercid and indudtria land use:
o adults
e trespassers
*  maintenance staff/congtruction workers who may be exposed during invasive work
(eg., excavating trenches to indal/repair utilities)

The main pathway for human exposure to lead at shooting ranges is through incidental ingestion of
contaminated soil (Peddicord and LaKind, 2000; U.S. EPA, 2001a). Theingestion of Site-raised mesat
(beef, pork, chicken) and fruits and vegetables contaminated with lead dust may also pose arisk for
local resdents and especidly for loca farm families; these pathways must be evaluated in the latter
scenario. Grazing farm anima's may ingest and biocaccumulate large quantities of lead [Braun et
a.,1997]. Inaddition, the inhalation of dust/soil particles may be a potentia pathway depending upon



gte conditions, particularly during activities thet involve the excavation of soil (e.g., during maintenance
and congtruction work), or during agricultura activities (e.g., tilling, planting, and plowing) that may
release clouds of dust. Hunters (and poachers) may be exposed via consumption of |ead-contaminated
wildlife (EA, 1995; E& E, 1997; Peddicord and LaKind, 2000; U.S. EPA, 2001a). Children who
exhibit pica behavior may be at risk from exposure to formerly used shooting range sites; however, the
pica child will not be considered in this document. In most cases, the primary receptor of concern will
be children and farmers who are potentidly exposed to formerly used ranges and adjacent
contaminated aress. (The subsistence farm family ingestion rate of relevant meat or Ste-raised cropsis
assumed to comprise alarge part of the diet; datais currently available in the Exposure Factors
Handbook to evauate this scenario and the EPA Default Exposure Factors Workgroup is developing
default values aswell.)

Ecologicd receptors of concern a shooting ranges include invertebrates, fish, mammals and birds,
particularly waterfowl. Pathwaysinclude the incidenta ingestion of soil, intentiona ingestion of lead
fragments as grit, and the ingestion of contaminated food items. Risk assessments at shooting ranges
have predicted unacceptable levels of risk from lead for raptors, and smdl (e.g., mice) and large (e.g.,
fox and deer) terrestrial mammals (EA, 1995; Peddicord and LaKind, 2000). The highest risks from
lead have been predicted for smal mammas and birds that ingest lead shot incidentaly while feeding, or
intentionally as grit (EA, 1995; Peddicord and LaKind, 2000). The predicted adverse effects of lead
on smal mammals and birds, are supported by the literature, which has shown mortaity may result from
the ingestion of one lead pellet (e.g., Ma, 1989; Roscoe et d., 1989; Hoffman et d., 2000; Vyaset d.,
2000). Additiond information is available from the EPA ECOTOX database (U.S. EPA, 2002a).
Consaultation with an ecotoxicologist is recommended when planning an ecologica risk assessment.

Soil Sampling Strategies and Recommendations

This section is divided into three subsections. 1) Generd Sampling Strategy, 2) Sample Collection at
High Vdocity Ranges, and 3) Sample Collection a Low Vedocity Ranges. The overdl sampling
srategy and soil recommendations that are common to both types of ranges are discussed in the
Generd Sampling Strategy subsection. Recommendations that are specific to the two types of ranges
are provided in the second and third subsections.

General Sampling Strategy. Sampling may be required to support severd different
management drategies at a shooting range. Theinitia visud ingpection of the Ste and areview of
operating records may indicate that sufficient spent anmunition exists, making remova and recycling
cost effective. For small ranges, particularly pistol and rifle ranges, it may be cost effective to remove
or remediate contaminated materid rather than conduct arisk assessment. In this case, aninitid
sampling maybe conducted to determine the amount and type of sampling data required to characterize
the materid for trestment or digoosd, followed by a screening to ensure the remaining soil does not
pose a potentid risk. Even when recycling will not be a primary management drategy for the Ste, it is
recommended to reclaim spent ammunition from the range prior to collection of data to support arisk
assessment in order to avoid duplication of effort. The risk assessment may be conducted to determine
the potentid for imminent risk, evaluate the risk posed by residud levels of lead in soil, or to develop
further management strategies. A first step in the risk assessment is to define the exposure area(s) for



the Ste. Exposure areas should be small enough to reflect an area of repeated Ste use by a
hypothetica individual. Additiond exposure areas may need to be defined for agricultura activities,
including crop planting, maintenance and harvesting, and grazing.

The following recommendations for sampling have been devel oped to produce data thet are adequate
for use with the IEUBK and/or ALM. Given the primary exposure pathways (i.e., incidental ingestion
of soil), the objectives of the sampling effort should include producing precise estimates of the exposure
point concentration (EPC) for lead in soil. Sampling designs for outdoor shooting ranges should be
appropriate for estimating the mean of skewed distributions (Cochran, 1977, p.40; Chen, 1995). Data
from skeet and trgp ranges indicate the distribution of lead istypicaly postively skewed, with
concentrations in sSeved samples ranging from <1 to 161,000 ppm and coefficients of skewness ranging
from 1.0 to 8.3 (Dragun Corp., 1992; EA, 1994, 1995; E& E, 1997; Murray et a., 1997; TTNUS,
2001). Datafrom rifle and pistol rangesindicate the range of lead concentration may vary from
background levelsto 3.9% lead (39,000 ppm), by weight (Dragun Corp., 1992; EEA, 1992).

Sampling depth should be appropriate for the exposure scenario(s) that are to be considered in the risk
assessment. Typicdly, thiswill dictate that samples be collected from the surficid soils (i.e., 0-1" depth
interval) to assess current exposure scenarios. To assess the risk for future exposure scenarios it may
be appropriate to also collect samples at depth. If alarge number of samples from different depth
intervals are planned, it is suggested to evauate the correation in concentration/shot density between
depth intervas to determine if samples from the different depth intervals can be combined to reduce
sampling costs (U.S. EPA, 2000).

Site conditions (e.g., wetlands) may restrict access to some areas of the Site or may increase sampling
costs. The sampling plan should account for thisto avoid introducing bias into the estimate of the EPC.
Samples of other media (e.g., surface water) should be collected as appropriate for the exposure
scenarios conddered in the risk assessment. Assistance of a gtatistician to develop the sampling design
is recommended.

Sample Preparation. Sieving of soil samples, to evauate risks, is recommended for two
reasons. the fine particle Sze fraction (<250 um) is the primary source of soil ingestion (U.S. EPA,
2000) and should be used in predicting risk to humans for the incidental soil ingestion pathway;;
secondly, seving will remove lead shot and large bullet fragments from the sample, which are not likely
to be ingested inadvertently by humans. It is recommended that soil samples be seved twice, firs with
aNo. 4 (4.75 mm) or No. 10 (2.00 mm) seve to remove bulk debris, then with aNo. 60 (250 um)
seve, or smdler sevesze (U.S. EPA, 2000). The No. 4 sieve size recommendation is based on the
maximum size shot that is typicaly used on skeet, trap, and sporting clay ranges (No. 72), which hasa
diameter of 2.41 mm. Table B-1 ligts the diameters of the pellets for different shot sizes and the size of
the openings for different Seve 9zes. The portion of the sample that passes through the No. 4 or No.
10 seve, but retained on the No. 60 Sieve, isthe ‘ coarse fraction’; the portion passing through the No.
60 seveisthe ‘fine fraction’ (U.S. EPA, 2000). The portion of the sample passing through the first
seve(i.e, No. 4 or No. 10) may bereferred to asthe ‘total’ sample (i.e.,, coarse + fine fractions). The
‘total’ soil concentration may be appropriate for predicting risksto ecologica receptors and for



predicting risks to humans for future exposure scenarios.

It may be possible to reduce sampling costs by developing a relationship between the coarse and fine
sample fractions and use the concentration in one fraction to predict the concentration in the other
fraction (U.S. EPA, 2000). However, the coarse fraction will contain fragments from bullets and shot,
which will tend to dominate the concentrations measured in the sample. Unless the leed fragments and
shot are digtributed uniformly acrossthe siteit is unlikely that the lead concentration between the coarse
and fine fractions will be highly corrdlated. Increasing the volume of the sample or collecting composite
samples may be help to improve the corrdation.

Analytical Methods. Samples of the fine fraction should be analyzed for total lead to predict
the risk from incidenta ingestion of soil. Thetotd fraction should andyzed for totd lead to predict the
risks from exposure that may occur after the bullet fragments and shot have undergone additiona
weethering. Solid waste test method 7421 is recommended for measuring the concentration of lead in
s0il when using fixed-based laboratories for andyss (EPA, 1986b). The use of field-based devices
(e.g., X-ray Fluorescence [ XRF]) to measure the concentration of lead may be cost-effective and
decrease the time to Site cleanup. EPA guidance on the use of field-based methods (U.S. EPA, 2001c)
should be consulted prior to developing a sampling plan for the site.

Sample Collection at High Velocity Ranges. The horizontal boundaries of active or
recently closed pistol and rifle ranges should be fairly obvious; the boundaries of pistol and rifle ranges
that have been abandoned for longer periods of time may not be readily apparent from visua ingpection
adone. Soil samples should be collected from the berm and the rest of the shooting range(s). Samples
of other media should be collected, as appropriate, given the exposure scenarios considered in the risk
assessment.

Soil sample locations should be determined using random sampling methods that provide adequate
coverage of the Ste, eg., usng systematic or dratified random sampling methods (Gilbert, 1987).

For pigtal and rifle ranges, ether of these sampling designs may be implemented by sampling on a
rectangular or triangular grid. Jacketed bullets typicdly travel degper into berms than unjacketed bullets
(EA, 1996); the sampling plans for military ranges and other ranges that use jacketed bullets should
take thisinto consderation.

Sample Collection at Low Velocity Ranges. Determining the extent of the area potentidly
affected by skeet and trap ranges are usudly more difficult than it isfor pistol and rifleranges. Thisis
particularly true for closed ranges. Whether the range is active or closed, records of Site operations,
the location of structures on the range (e.g., traphouse) and information gathered from sSite ingpections
can help to prepare a preliminary ste layout upon which an initid sampling design can be based.

For skeet and trap ranges, aradid grid, with the origin located behind the shooting positions, may
produce a more efficient systematic or dratified random sampling design (e.g., EA, 1995). The highest
concentrations of lead are typicaly found in the top 6-8 inches of soil (EA, 1994, 1995; E& E, 1997;



Murray, 1997); however, elevated concentrations of |ead have been detected at 24 inches below grade
in skeet and trap range shotfall zones (EEA, 1992; EA, 1995; Murray, 1997).

L ead Risk Moddling Recommendations

This section provides recommendations specific to ranges. Genera guidance on lead risk assessment,
lead models and modd documentation can be downloaded from the TRW web site (U.S. EPA,
2002d). The TRW recommends the use of the IEUBK and ALM to predict risk to children and adults,
respectively (U.S. EPA, 1994b, 1996). The models are intended to predict risk to humans from
exposure to lead that is continuoudy distributed in various media, including soil. Spent lead ammunition
in soil poses a potentid risk to humans in two forms: 1) as lead adsorbed or absorbed to soil particles,
and as very fine lead particles; and, 2) as lead adsorbed/absorbed to larger soil particles, and as lead
shot and bullet fragments. Smal soil particles (and by andlogy, smdl lead particles), particularly those
<250 pmin Sze, are the primary source of soil ingestion (EPA, 2000). Lead shot, bullets and large
bullet fragments, and large soil particles contaminated with lead, are not likely to be ingested by
humans, but represent a source of lead that may be released to the environment through westhering
processes. Thefirst form of spent lead ammunition should be considered under the current exposure
scenario, while both forms of spent lead ammunition should be consdered under future use scenarios.

The IEUBK and the ALM require the user to input an estimate for the EPC for soil; the IEUBK dso
provides the user with the option of inputting estimates of the EPC for other media: dudt, air, drinking
water, and diet (e.g., consumption of game and fish with elevated lead concentrations due to exposure
to spent lead ammunition). Recommendations are limited here to providing estimates of the EPC for
s0il; recommendations for other media and model parameters are provided in the IEUBK User's
Manud and other guidance that is available on the TRW website (U.S. EPA, 2002d) and the reference
list of this paper.

Recommendations for Estimating the Exposure Point Concentration Term. When
interpreting anaytica datafor a shooting range, it isimportant to distinguish between high and low
velocity ranges. As described in beginning of the Site Characterization and Risk Assessment section,
soil on high velocity ranges tend to contain very fine particles of lead in addition to bullets and bullet
fragments. Soil on low velocity rangeswill tend to contain whole and partialy decomposed lead
pellets. The presence of one bullet, bullet fragment, or lead shot in a soil sample will result in very high
measurement of lead concentration which may not yield an accurate prediction of risk for current
exposure scenarios (but may be appropriate for future exposure scenarios.

The use of geodtatistics may be useful for shooting ranges, particularly skeet and trap ranges, where ol
concentrations often exhibit spatid patterns. Geodtatistica estimators are cgpable of exploiting these
gpatia patterns (i.e., spatial autocorrelation) to determine the extent of contaminated soil, and to
produce more precise estimates of the EPC. Another advantage of geodtatistical estimatorsis they can
be used with data that have been collected by random and/or non-random sampling methods. Findly,
geodtatistics can take advantage of the correlation between different types of measurements (e.g., soil
concentration and shot count) to obtain more precise estimates of the EPC.



Recommendations for Adjusting Bioavailability. The TRW does not recommend
changing the default vaue for bioavailability without the collection and TRW review of good Ste-
specific data to support such achange. Bioavailability has been shown to be related to lead speciation
and soil particle size (U.S. EPA, 1999). While site specific data on lead speciation (e.g., from
decomposition of spent ammunition) and particle size are not considered by EPA to be an adequate
basis for adjusting the biocavailability variablein the IEUBK or ALM (U.S. EPA, 1999), this
information can be used to decideif in vivo bioassays are likdly to produce estimates of bicavailability
that differ substantidly from the IEUBK default vadue. Guidance on the biocavailahility variable is
avalable from the TRW website (U.S. EPA, 1999). Based on the available literature on lead
gpeciation in soil on shooting ranges, it appears the default values used in the IEUBK and ALM are
appropriate for assessing risks from exposure to soils located on shooting ranges.

Recommendations for Exposure Scenarios. Land use adjacent and near shooting ranges
should be consdered when developing current and future exposure scenarios. For currently operating
gtes, the populations of primary concern are residents of adjacent residential properties, resdents and
farm workers on adjacent agricultura properties, and workers who are employed on adjacent
commercia properties. For future use scenarios, the populations of primary concern depend upon the
proposed Site usage.

BEST M ANAGEMENT PRACTICESAND RECYCLING

Guidance for implementing best management practices on smal arms outdoor shooting rangesis
available from the EPA (EPA, 2001a). Implementing best management practices (BMPs) on ranges
decreases therisk of spent ammunition to the environment by recycling spent ammunition; containing
lead shat, bullets, and fragments; preventing migration of lead to surface water and groundwaeter; and
keeping records of site operations (U.S. EPA, 20018). Site conditions (e.g., wetlands, mud, steep
dopes, wooded areas) will affect the feagibility of removing spent ammunition from ranges.



Refer ences

ATSDR. 1999. Toxicological Profile for Lead (Update). U.S. Department of Health and Human
Services, Public Hedlth Service, Centers for Disease Control and Prevention, Agency for Toxic
Substances and Disease Regidry. Atlanta, GA. duly. Available online at:
http://Mmww.atsdr.cdc.gov/toxprofiles/tpl3.html.

Baer, K.N., D.G. Hutton, R.L. Boer, T.J. Ward, and R.G. Stahl. 1995. Toxicity Evauation of Trap
and Skeet Shooting Targets to Aquatic Test Species. Ecotoxicology. 4:385-92.

Badwin, D. 1994. How Far Will a Shotgun Shoot? Gun Club Advisor. Spring. 1994. Available on-line
a: http:/mww.rangeinfo.org/resource library/facility mngmnt/design/how_far_will.htm

Battdlle. 1997. Implementation Guidance Handbook: Physical Separation and Acid Leaching to
Process Small-Arms Range Soils. Prepared for Naval Facilities Engineering Service Center and U.S.
Army Environmental Center. September.

Bundy, K.J., M. Bricka, and A. Morales. 1996. An Electrochemical Approach for Investigating
Corrosion of Small Arms Munitionsin Firing Ranges. Proceedings of the HSRC/WERC
Conference on the Environment. Albugquerque, NM. May 21-23.

Capita Trap Club. 2001a. American Trapshooting. Ottawa, Canada. April, 4. Available on-line at:
http:/Aww.firearmstraining.ca/capital/americantrgp.html.

Capital Trap Club. 2001b. American Skeet. Ottawa, Canada. April, 4. Available on-line at:
http:/Aww.firearmstrai ning.calcapital/skeet.html.

CDC. 1991. Preventing Lead Poisoning in Young Children. U.S. Department of Hedlth and Human
Services, Public Hedlth Service, Centers for Disease Control and Prevention. Atlanta, GA. Available
orHlinea: http://wonder.cdc.gov/wonder/prevguid/p0000029/p0000029.asp.

Chen, L. 1995. Tedting the Mean of Skewed Didtributions. J. Amer. Stat. Assoc. 90(430):767-772.
Cochran, W.G. 1977. Sampling Techniques. 3" Ed. John Wiley & Sons, New York, NY.

Dragun Corp. 1992. Phase |l Environmental Assessment Report Parcels 32/36 Carleton Sportsmen’s
Club Sumpter Township, Michigan. October.

EA Engineering, Science and Technology (EA). 1994. Phase | Site Assessment Southern Lakes Trap
and Skeet Club. October 28, 1994.

EA Engineering, Science and Technology (EA). 1995. Phase |l Site Investigation Camp Buckner Skeet
and Trap Range. Find. U.S. Military Academy. West Point, NY. August.



EA Engineering, Science and Technology (EA). 1996. Lead Mohility at Shooting Ranges. Sporting
Arms and Ammunition Manufacturers Ingtitute, Inc. Newton, CTt.

E& E (Ecology and Environment, Inc.). 1997. Prdiminary Assessment/Site Ingpection for Nahant
Marsh Site, Davenport, lowa. Final. September.

EEA, Inc. 1992. Environmentd Assessment and Fied Investigation at the Blue Mountain Sportsmen’'s
Center, Town of Cortlandt, Westchester County, New Y ork. Preliminary Draft. November.

Gilbert, R.O. 1987. Statistical Methods for Environmental Pollution Monitoring.Van Nostrand
Reinhold, New York, NY.

Hdl, T., J. 2002. Persond communication. July 3.

Henningsen, G., C. Weis, S. Cagtedl, L. Brown, E. Hoffman, W. Brattin, J. Drexler, and S.
Chrigensen. 1998. Differential Bioavailability of Lead Mixtures from Twenty Different Soil Matrices &
Superfund Mining Sites. Abstract. Toxicol. Sci. 42(1-9).

Hoffman, D.J.,, G.H. Heinz, L. Sleo, D.J. Audet, JK. Campbell, and L.J. LeCaptain. 2000.
Developmenta Toxicity of Lead-Contaminated Sediment to Malard Ducklings. Arch. Environ.
Contam. Toxicol. 39:221-232.

Jorgensen, S. and M. Willems. 1987. The Fate of Lead in Soils The Trandformation of Lead Pdlletsin
Shooting-Range Soils. Ambio. 16(1):11-15.

Lin, Z., B. Comet, U. Qvarfort, and R. Herbert. 1995. The Chemica and Mineralogical Behaviour of
Pb in Shooting Range Soils from Centra Sweden. Environ. Poll. 89(3):303-09.

Ma, Wei-chun. 1989. Effect of Soil Pollution with Metallic Lead Pdllets on Lead Bioaccumulation and
OrgaryBody Weight Alterationsin Smal Mammas. Arch. Environ. Contam. Toxicol. 18:617-622.

Magjor, M. 2003. Persona communication. March 3.

Manninen, S. and N. Tanskanen. 1993. Transfer of Lead from Shotgun Pellets to Humus and Three
Pant Speciesin a Finnish Shooting Range. Arch. Environ. Contam. Toxicol. 24:410-414.

Murray, K., A. Bazz, C. Carter, A. Ehlert, A. Harris, M. Kopec, J. Richardson, and H. Sokol. 1997.
Digtribution and Moility of Lead in Soils at an Outdoor Shooting Range. J. Soil Contam. 6(1):79-93.

NRA (Nationd Rifle Association). 1999. The Range Source Book. Nationd Rifle Association, Range
Department, Field Operations Divison. Fairfax, VA. November.

Peddicord, R.K. and J.S. LaKind. 2000. Ecological and Human Hedlth Risks at an Outdoor Firing



Range. Env. Tox. Chem. 19(10):2602-13.

Roscoe, D.E., L. Widjeskog, and W. Standey. 1989. Lead Poisoning of Northern Pintall Ducks
Feeding in a Tidal Meadow Contaminated with Shot from a Trap and Skeet Range. Bull. Environ.
Contam. Toxicol. 42:226-233.

TTNUS (Tetra Tech NUS, Inc.). 2001. Ecologically-Based Remediation Goals for Lead and PAHsIn
Sail, Site 15, Blue 10 Ordinance Disposa Area, Nava Air Station Cecil Field, Jacksonville, Florida.

U.S. EPA. 1986a. Air Quality Criteria for Lead. Vol I. Draft Final. EPA-600/8-83/028aF. June.

U.S. EPA. 1986b. SW-846: Test Methods for Evaluating Solid Wastes Physical/Chemical
Methods, Method 7421, Lead ( Atomic Adsor ption, Furnace Technique). Revision 0. September.
Avallable on-line a: http://www.epa.gov/epaoswer/hazwaste/test/pdfs/ 7421 pdf.

U.S. EPA. 1994a. OSWER Directive: Revised Interim Soil Lead (Pb) Guidance for CERCLA Stes
and RCRA Corrective Action Facilities. EPA/540/F-94/043 PB 94-963282. August. Available on-
lineat: http://www.epa.gov/superfund/programs/lead/products/oswerdir.pdf.

U.S. EPA. 1994b. Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for
Lead in Children. Office of Emergency and Remediad Response. EPA/540/R-93/081 PB 93-
9635100. February. Available on-line at: http://www.epa.gov/superfund/programs/lead/products.htm.

U.S. EPA. 1996. Recommendations of the Technical Review Workgroup for Lead for an Interim
Approach to Assessing Risks Associated with Adult Exposuresto Lead in Soil. December.
Avallable on-line a: http://mww.epa.gov/superfund/programs/lead/products.htm

U.S. EPA, 1999. IEUBK Model Bioavailability Variable. EPA-540-F-00-006. OSWER 9285.7-
32. October. Available on-line at: http://mww.epa.gov/superfund/programs/lead/products/sspbbioc.pdf.

U.S. EPA, 2000. TRW Recommendations for Sampling and Analysis of Soil at Lead (Pb) Sites.
EPA-540-F-00-010. OSWER 9285.7-38. April. Available on-line at:
http:/Amww.epa.gov/superfund/programs/lead/products/sssiev.pdf.

U.S. EPA, 2001a. Best Management Practices for Lead at Outdoor Shooting Ranges. EPA-902-
B-01-001. Region 2. January. Available on-line at: http://Amww.epa.gov/region2/waste/leadshot/.

U.S. EPA, 2001b. OSW Memorandum to RCRA Senior Policy Advisors. Subject: National
Guidance on Best Management Practices for Lead at Outdoor Shooting Ranges. October 10.

U.S. EPA. 2001c. Integrating Dynamic Field Activities Into the Superfund Response Process: A
Guide for Project Managers. Draft Final. December.



U.S. EPA. 2002a. ECOTOX. Office of Research and Development. U.S. Environmental Protection
Agency. Washington, DC. Available on-line a: http://www.epa.gov/ecotox/ecotox_home.htm.

U.S. EPA. 2002b. Lead and Human Health. Technicad Review Workgroup. Available on-line at:
http:/Amww.epa.gov/superfund/programs/lead/l eedandhumanhed th.ntm.

U.S. EPA. 2002c. Lead Workgroup. Products. Region 2. U.S. Environmental Protection Agency.
Washington, DC. Available on-line at: http://mww.epa.gov/superfund/programs/lead/products.htm.

U.S. EPA. 2002d. Technica Review Workgroup for Lead (TRW) Home Page. U.S. Environmenta
Protection Agency. Washington, DC. Available on-line a:
http:/Aww.epa.gov/superfund/programs/lead/index.htm.

U.S. FWS. 1999. Migratory Bird Hunting. 50 CFR 20.21(j).

U.S. FWS. 2001. Refuge-Specific Regulations for Fishing and Hunting. 50 CFR 32.2(k).

Vargas, C. 1996. Design Criteriafor Shooting Ranges. Third National Shooting Range Symposium.
Avalable on-line a:
http:/Aww.rangeinfo.org/resource library/facility_ mngmnt/safety/design_criteriahtm

Vyas, N.B., JW. Spann, G.H. Heinz, W.N. Beyer, JA. Jaquette, and J.M. Mengelkoch. 2000. Lead
Poisoning of Passerines at a Trap and Skeet Range. Environ. Poll. 107:159-166.



Table A-1. On-line Sour ces of Information Related to Outdoor Small Arms Shooting Ranges

Agency/Organization

Main Web Address

Topic

Web Address

Fish and Wildlife Service

Environmental Protection
Agency

Environmental Protection
Agency

Environmental Protection
Agency (EPA) - Region 2

PROACT (Department of
Defense)

http://www.fws.gov/

http://www.epa.gov/

http://www.epa.gov/

http://www.epa.gov/

http://www.af cee.brooks.af . mil/
pro-act/PRO-ACThome.asp

Hunting information

Fish and Wildlife
Management Offices -
State, Territorial, and
Tribal

Envirosense PRO-ACT
Factsheet on Lead
Contamination In Soil at
Small Arms Firing

Ranges

Military Munitions Rule,
Federal Register:
February 12, 1997.
Volume 62, Number 29.
Page 6621-6657

Best Management
Practicesfor Lead at
Outdoor Shooting

Ranges

Factsheet on lead
contamination in soil at
smal arms firing ranges

http://birds.fws.gov/Laws.htm

http://offices.fws.gov/statelinks.html

http://es.epa.gov/program/p2dept/
defense/airforce/2818.html

http://www.epa.gov/docs/fedrgstr/
EPA-WASTE/1997/February/Day-12/
£3218.htm

http://www.epa.gov/region2/waste/l eadshot/

http://www.af cee.brooks.af . mil/
pro-act/fact/june98a.asp



Agency

Main Web Address

Topic

Web Address

Alabama Department of
Conservation and Natural
Resources

Florida Fish and Wildlife
Conservation Commission

Idaho Fish and Game

Massachusetts Division of
Fisheries, Wildlife and
Environmenta Law
Enforcement

Michigan Department of
Environmental Quality

Ohio Environmental Protection

Agency

Tennessee Wildlife Resources

Agency

National Shooting Sports
Foundation (NSSF)

http://www.dcnr.state.al .us/agfd/index.html

http://floridaconservation.org/

http://www?2.state.id.us/fishgame/
common/50list.ntm

http://www.state.ma.us/dfwele/dpt_toc.htm

http://www.michigan.gov/deg/

http://www.epa.state.oh.us/

http://www.state.tn.us/twra/index.html

http://www.huntinfo.org/

Legd aamsand
ammunition for hunting

Public shooting ranges

Hunting information and
regulations

50 State Fish and Game
Agencies List

Lead shot in the
environment

Wildlife recreation
information; hunting and
fishing laws

Environmental
regulations affecting
shooting ranges

List of lead reclaimers

Legal hunting equipment
and methods

Summaries of every
state’s hunting
opportunities and
regulations and links to
state fish and game
websites

http://www.dcnr.state.al.us/agfd/arms.html

http://floridaconservation.org/
huntered/ranges.html

http://www.wld.fwc.state.fl.us/hunting/default
html

http://www?2.state.id.us/fishgame/
common/50list.ntm

http://www.state.ma.us/dep/files/
pbshot/pb_shot.htm

http://www.state.ma.us/dfwel e/dfw/
dfwrec.htm#LAWS

http://www.michigan.gov/deg/
1,1607,7-135-3585_4127_13090-25492--,00.
html

http://www.epa.state.oh.us/dhwm/
leadrecy.htm

http://www.state.tn.us/twra/hunt001a3.html

http://www.huntinfo.org/



Agency

Main Web Address

Topic

Web Address

National Association of
Shooting Ranges (NASR)

National Sporting Clays
Association

Sporting Arms and

Ammunition Manufacturer’s

Institute, Inc. (SAAMI)

Miscellaneous

National Wild Turkey
Federation

http://mww.rangeinfo.org/

http://WWW .NSSA-NSCA.COM/
nscalindex.htm

http://www.saami.org/

http://dir.yahoo.com/Recreation/
Outdoors/Hunting/Organizations/

http://www.shooting-hunting.com/
index.html

Search pageto find
shooting ranges

Includes references and
sources of information on
outdoor shooting ranges

Search pageto find
shooting ranges

Links to shooting-related
sites

General source of
information on shooting
ranges

List of hunting
organizations

search page for shooting
ranges

http://www.wheretoshoot.org/

http://www.rangeinfo.org/

http://WWW.NSSA-NSCA.COM/
nscalindex.htm

http://www.nssa-nsca.com/common/
shooting_sites.htm

http://www.saami.org/

http://dir.yahoo.com/Recreation/
Outdoors/Hunting/Organizations/

http://www.shooting-hunting.com/
results.html ?K eywords=Shooting+Range



Table B-1. Shot Size and EPA-Recommended Sieve Sizes
for Useat Small Arms Outdoor Firing Ranges

Pellet Diameter

Shot Size Inches Millimeters
Buckshot
No. 000 - No. 2 36-.27 9.14 - 6.86
No. 3 .25 6.35
No. 4 24 6.10
Shot
F 22 5.59
T .20 5.08
BBB 19 4.83

A NO. 4 SIEVE (0.19 INCH/4.76 MM OPENINGS) WILL REMOVE THE SHOT SIZES LISTED ABOVE.

BB .8 4.57
1 .16 4.06
2 A5 381
3 A4 3.56
4 A3 3.30
5 A2 3.05
6 A1 2.79
7 .10 254

7Y% .095 241
8 .09 2.29

8% .085 2.16
9 .08 2.03

A NO. 10 SIEVE (0.08 INCH/2.00 MM OPENINGS) WILL REMOVE THE SHOT SIZESLISTED ABOVE

A NO. 60 (0.25 MM OPENINGS) SIEVE, OR SMALLER SIEVE SIZE, ISRECOMMENDED TO PREPARE THE ‘FINE’ SOIL
FRACTION FOR ANALYSIS (SEE ‘SAMPLE PREPARATION’ SECTION)

Note: Shot sizeis generally limited to amaximum of no. 7 %2 for trap and sporting clay use, and a maximum of
no. 7 %2 and minimum of no. 9 for skeet shooting.




