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Risk Assessments at Closed Small Arms Shooting Ranges Need to Consider Lead In Soil and in Lead Bullet/Shot Sources
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OBJECTIVE

To develop an efficient procedure for more accurately evaluating risk/hazards
of contaminants at closed shooting range sites that is protective of human
health and the environment.

INTRODUCTION

Small arms shooting ranges often contain high concentrations of lead, including up
to 50,000 mg/kg in the fine soil fraction and up to 200,000 mg/kg in spent lead
bullets and shot (3,4). These bullets/shot serve as a source of contamination that
can easily exceed Cal-Modified Regional Screening Levels (RSLs) of 80 mg/kg
lead for residential use and 320 mg/kg lead for commercial and industrial use (5-7).

Lead bullets/fragments/shot (i.e., lead munitions debris (MD)) account for most of
the lead remaining at shooting range sites which continue to weather to form more
soluble lead corrosion products (1,2,8,9). The rate of lead corrosion and release is
site-specific ranging from 0.3 to 9% per year, depending on the soil moisture, pH,
organic material, plant canopy, microbial populations and soll tillage (2,9,10-13).
Jacketed lead bullets show greater lead releases due to Galvanic corrosion
between the lead and copper jacket (3). Several lead corrosion products, including
lead carbonates, readily dissolve and leach soluble lead under both acidic and
alkaline conditions (2,3,14). The large amount of lead corrosion products in
potentially leachable forms at shooting ranges represent a substantial pool of lead
with a propensity to solubilize and further release into the environment under
favorable conditions (2,14). Once lead is released from bullets or shot, it shows a
bioavailability of about 100% (15) and poses an ingestion risk to humans, wildlife
and livestock (11,16,17).

Contaminants in the ingestible fine soll fraction are adequate for estimating current
exposure to human receptors (18). However, the conventional soil grab sampling
approach overlooks the future releases of lead from lead MDs into the ingestible
fine soll fraction, thereby generating exposure estimates that are biased low. Thus,
the exposure to future human receptors from the eventual complete corrosion of
lead MDs may profit from a different sampling procedure.

ISSUES WITH QUANTITATING LEAD MD SOURCES: As shown in Figure 1,
conventional sampling methods are not sufficient for evaluating particulate
contaminants in lead bullets/shot sources in soils on small arms ranges (3).

® Each .30 Cal bullet initially contains ~8g lead (range of 7 to 14 g).

® The complete release and mixing of lead from one .30 Cal bullet would bring at
least 100 kg of soll to the 80 mg/kg lead screening level for residential use In
California.

® Thereis only about a 1 in 100,000 chance the bullet would be analyzed using
conventional grab sampling because EPA Method 3050B/6010B only requires
digestion of 1 gram of soill.

® Given each No. 7.5 shot contains about 80 mg lead, the complete dissolution of
1 lead shot would bring one kg of soil to the screening level of 80 mg/kg for
residential use.

® Thereis only abouta 1in 1,000 chance the shot would be analyzed using
conventional grab sampling methods. This is not sufficient to assess risk of
future use, since at least 99.9% of the samples would miss the bullet or
shot and underestimate total lead.

DEVELOPING SCREENING LEVELS FOR ACCEPTABLE DENSITY OF LEAD MD
The 2003 ITRC guidelines on evaluation of closed shooting ranges recommends
that investigation samples be collected based on the current and historical range
layout, at locations where lead bullets or shot are most concentrated and over the
vertical and horizontal limits of the area where bullets/shot are present (3).
Assuming background of 20 mg/kg lead:

For lead shot

® Only need 5-6 shot pellets per square foot in the top 2” (or 6.8 kg soil) to attain
the Cal-Modified RSL of 80 mg/kg lead for residential use in California, once all
the lead in the shot is released to soill.

Complete release of
lead from one .30 cal
Bullet containing

>8000 mg lead

Increases over 100 kg soil to the 80
mg/kg lead screening level for
Residential Use.

To Adequately Estimate Future Exposures:
1)Sample where bullets/shot are most concentrated
2)Collect and sieve large samples, collecting Lead MD
3)Quantitate contaminants in Lead MD gravimetrically
4)Measure contaminants in fine soil with EPA

However, sampling 1 gram
soil with EPA SW-846
methods misses ~99.9% of
lead bullet/shot sources

thereby underestimatin S050B/60108
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Figure 1. Estimating Future Exposures at Shooting Ranges Requires different
approaches to measure contaminants in soil and lead bullets/shot.

Figure 2. A suitable pulse induction metal
- detector is used to screen for the
= = concentration of lead bullets and
& fragments within 6 inches of the surface in
a 10 square foot template.

Table 2. Screening Levels for Appreciable Density of Lead Shot and

Bullets: Number of lead shot and lead MC per square foot in the fine soil fraction to not exceed
the screening level for total lead of 80 mg/kg or the screening level of 320 mg/kg for future use.

Table 1. Sensitivity of Metal Detectors to Lead Munitions Debris | Minimum area of each
Human Number of lead shot per sq ft in the top 2" of Random Sample and
Sensitivity (Maximum distance that a Health Lead Shot or |myg lead per soil or bullets per sq ft in the top 6" of soil that Allowable square feet
Screening Bullet hot or bullet would not exceed Cal-Modified RSLs due to lead MD if
Lead Shot or Bullet can be Clearly Detected) Level uie SOt or bUllel liead in the shot/bullet and lead in the MC and Ezgkf;ound o
No. 9 Lead .30 Cal 45 Cal .50 Cal mg/kg Lead background mglkg lead
Detector Model Shot (9.4 g) (14.8 g) (44.7 g)
0 ' o 0 o Current level of lead in fine Soil Fraction
White's GMT (48 kHz) 2 7.3 10 3.8 (background + MC)| 0 mg/kg | 20 mg/kg | 40 mg/kg | 80 mg/kg 20 mg/kg
White's MXT (14 kHZ) non-detect g 2" 95" 10" 80 mg/kg |No. 8 Shot 68.3 8 6 4 0 1 sqg. ft. @ 0-2 in.
80 mg/kg |No. 7.5 Shot 80 6.8 5.1 3.4 0 1 sq. ft. @ 0-2 In.
Fisher 1235-X (5.5 kHz) non-detect 4.3" 6.3" 7.4" 80 mg/kg .30 cal 8,864| 0.18 0.14 0.09 0 |7.2sq.ft. @0-6in.
TDISL w 6 x 10" Coil non-detect 6.2" 77" 76" 80 mg/kg |.45 cal 13,413| 0.12 0.09 0.06 0 11 sq. ft. @0-6 In.
' ' ' 320 mg/kg |No. 8 Shot 68.3| 32 30 28 24  |1sq.ft. @ 0-2in.
Note: (1) All measur_ements are based on a single MD, and will diffe_r with gain and ground bailance settings. 320 mg/kg |No. 7.5 Shot 30l 273 o5 5 53 9 205 |1sq.ft. @ 0-2in.
(2) MXT was tested in Prospector mode. Fisher 1235-X was not suitable for use at any shooting range. m | : ;
(3) Detectors must be ground balanced, adjusted to be free from interference and confirmed to be capable of 320 mg/kg |.30 ca 8,864 0.74 0.69 0.65 055 |1.45sq.ft. @0-61n.
detecting lead MD fired on the site. 320 mg/kg |.45 cal 13,413 0.49 0.46 0.43 0.37 |2.2 sg. ft. @0-6 in.

For lead bullets

® Only need one .30 Cal bullet (9.7 grams or 150 grains) per 7.2 square foot in the
top 6” (or 147 kg soll) to attain the Cal-Modified RSL of 80 mg/kg lead in soill,
once all the lead in the bullet is released to soill.

® Under random sampling, large sample volumes would be needed to account for
lead releases from lead MD (see Table 2).

® Sample volumes can be smaller if samples are collected at locations where
bullets are most concentrated and lead MD is collected with the sample (see
below).

Sensitivity of Metal Detectors. Several metal detectors were tested to determine the
depth that lead bullets and shot could be detected (Table 1).

White’'s GMT Detector:
® Most sensitive detector tested and could detect a No. 9 shot at 2 inches.

® More sensitive to small lead bullets and shot than other detector tested.

White’s TDI SL Detector:
® |ess affected by ground mineralization and was sufficient for screening
pistol/rifle/machine gun ranges for bullets and fragments.

Case Study/Validation — Pistol/Rifle/Machine gun ranqges

® A White’'s TDI SL metal detector was used to survey for lead bullets/fragments on
several small arms shooting ranges that had been closed for 40 to 70 years.

® Lead bullets were not visible, but were easily detected in the top 6 inches of soll
with this detector.

® Confirmation digs showed all of the lead bullet-like signals tested were lead
bullets/fragments.

® The TDI SL detector rapidly and easily identified several locations with a high
density of lead bullets and well over 10,000 mg/kg total lead that had been missed
by gridded sampling for lead using X-ray fluorescence (XRF).

® These and other observations show that particulate lead MD sources with high
concentrations of total lead can be missed by conventional SW-846 sampling
methods, but were easily detected by screening with a metal detector.

Note: (1) The allowable number of lead shot per square foot is calculated for the top 2 inches of soil since a suitable metal
detector, such as the Whites GMT Goldmaster detector, can only detect No. 9 shot within 2 inches.

(2) The allowable number of .30 Cal and .45 Cal lead bullets per square foot are calculated for the top 6 inches of saill,
since bullets are likely to penetrate deeper. A suitable metal detector needs to be capable of detecting bullets used on the
site within the top 6 inches of soil.

AN APPROACH TO SCREEN AND SAMPLE CLOSED SHOOTING RANGES

Step 1. Identify Where lead MDs are Most Concentrated.

® Screen range features, including impact berm, target area, firing line, and surface
danger zone visually and with a suitable metal detector to identify sampling
locations where lead bullets/shot are most likely concentrated.

® Perform a rapid screen to determine locations with greatest density of lead MD at
a slow walk by waving the detector coil back and forth in a 1 meter arc just above
the soll surface in front of the operator.

® Determine the concentration of lead MD per square foot surface area using a
defined template (see Figure 2 and Table 2).

® Flag with markers and record spatial coordinates of locations with greatest density
of lead MD. Some detections should also be dug to confirm detection of lead MD.

Step 2. Collect High Biased Samples where Lead MD is Most Concentrated (3).
At skeet/trap ranges
® Include the top 2 inches of soil over a 1 square foot area
At pistol/rifle/machine gun ranges
® Include the top 6 inches of soil over a 8 x 8 inch area
® Collect biased soil samples precisely at locations showing the greatest
concentration of lead MD.
® Confirm the collection of lead MD In the sample.
Weigh and sieve samples in the field or in a laboratory.

Step 3. Process Samples through a Series of Sieves.
At skeet/trap ranges

® Weigh and sieve entire samples through a US Standard No. 4 sieve underlain by a

N0.16 sieve and solid collection pan.
® Weigh and count the number of lead shot.
At pistol/rifle/machine gun ranges

* _Weigh and sieve entire samples through a US Standard No. 4 sieve underlain by a

N0.10 sieve and solid collection pan.
® Recover, weigh, and archive all lead bullets/fragments/shot captured on sieves.

Step 4a. Chemical Quantitation of Lead MDs Using Gravimetric Analysis.

® Transfer materials captured on sieves to a plastic pan and screen with a detector
or pinpointer capable of detecting the smallest shot or lead fragment captured on
the fine sieve.

® Pool and weigh these lead MD with those recovered by hand, and estimate
metals, including lead, antimony, arsenic and copper gravimetrically.

Step 4b. Chemical Quantitation of Lead in Fine Soil Using EPA Method

3050B/6010B.

® Determine MC metals, including lead, antimony, arsenic and copper in sieved soill
passing through the finest sieve using EPA Method 3050B/6010B.

® Alternatively, analyze MC samples for lead, antimony and copper by XRF using
EPA Method 6200, provided > 5% of the samples are also analyzed with
3050B/6010B and show a high correlation from the two methods.

Step 5. Sum Contaminants in Lead MD and Fine Soil for each Sample.
® (Calculate total metals, including lead, arsenic, antimony and copper as their
respective sum of metals in lead MD and in fine soil MC.

® Cleanup and risk management decisions regarding future site use should be made
on total metals in combined lead MD and fine soill.

Special Case — Risk Assessment based on Future Residential Scenario
® Divide sites into 50’ x 50’ grid cells and screen ~20% of each grid cell for
density of lead MD and sample two locations with greatest density of lead MD.

® (Calculate Exposure Point Concentration for each 5,000 sq ft residential
exposure unit.

® Address hot spots for residential and industrial receptors.

Evaluation of Lead Shot from Bird Ingestion: The lead shot ingestion pathway
IS critically important to birds because it is acutely poisonous. Consider the risk of
shot ingestion, as well as exposure to lead released from lead MD into the
environment in the ecological risk assessment (19).

DISCUSSION AND CONCLUSIONS

® Conventional gridded sampling and analysis of soil at small arms shooting ranges
with conventional SW-846 methods was not sufficient for risk assessment
purposes because high concentrations of lead MD and total lead were missed.

® Consequently, future exposures were underestimated and may not be health
protective.

® OQur suggested approach is as follows:

O Closed small arms ranges are screened visually and with a suitable metal
detector and large-volume samples collected at locations where
bullets/fragments/shot are most concentrated.

O The entire sample is sieved, lead bullets and shot recovered and
contaminants in lead MD quantitated gravimetrically.

O Contaminants in the fine soll fraction is determined and totaled with
contaminants in lead MD.

® Total contaminants in fine soil and in lead MD should be used for risk assessment
purposes and making risk management decisions regarding future use.
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DISCLAIMER

Professional affiliations are listed for contact purposes only. Analysis and conclusions contained herein are
solely those of the authors and do not represent guidance or official policy of the California Department of Toxic
Substances Control, California Environmental Protection Agency or California Department of Fish and Wildlife.

This poster is a general summary of the authors’ suggested approach for screening and sampling closed small
arms range sites. Since there are many site-specific considerations, DTSC and CDFW should be contacted
on specific procedures for evaluating and estimating health risks at each closed shooting range site.
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