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Distribution of Pb and As in Soils at a Shooting Facility in Central Florida
M. Chen*, L. Q. Ma, and W. G.Harris

ABSTRACT

Lead (Pb) and arsenic (AS)are trace elements of environmental
concern due to their adverseimpacts on humans and animals.The ob-
jective of this studywas to determine the extent of Pb and AS contam-
ination in soils at a target shooting facility located in central Florida.
Thisfacilityhas been in operation for 14yr and includes a fixed-target
rifle range and a moving-targetshotgun range. il sampleswere col-
lected from beth surface (0-10 cm) and profile (depthsof 0-10, 11-30,
31-50, 51-100, 181-200 cm) Trom this site. Concentrations of Pb,As, P,
Fe, and Al were determined using USEPA Method 3051a (microwave,
HNO,/HCI = 3:1, v/v). Total Pb in surface soils varied from 330 to 17
850 mg Pb kg’, with the greatest conceniration In the middle of the
backstop berm at therifle range. Total AS in surface soils varied from
0.50 to 107 mg AS kg' with the greatest concentration found on the
central transect at 30 m from theshooting stand at the shotgun range.
Elevated roil pH levels were associated with elevated soil Pb concen-
tration. A Toxicity Characterization LeachingProcedure (TCLP)test
indicated that Pb in all surface soils from the rifle range exceeded the
5mg PDL? critical level of federal regulation for solid wastes and haz-
ardous wastes provided by the Resource Conservationand Recovery
Act (RCRA) and would be characterized as hazardous waste.

Lead and As are both trace metals of environmental
concern due to their adverse impacts on humans and
animals. Many anthropogenic processes, such as use of
Pb shots at shooting ranges, have significantlyincreased
concentrations of these metals in the environment.
Lead contamination of soilsat shooting ranges from the
use of Pb shot and Pb bullets is under increasing scru-
tiny as a potentially significant source of Pb pollution
(Rooneyetal., 1999; Craig etal., 1999).Annual deposi-
tion of metallic Pb of up to 6 000 Mg was reported for
the Netherlands, Denmark, Canada, England, and
U.S.A. (Scbeuhammer and Norris, 1995). Lead shot is
950 to 970 g Pb kg' comprised of Pb (byweight), 4.0 to
20 g Sh kg', and 2.0 to 8.0 g As kg! (Fisher and Hall,
1986). A study of outdoor shooting ranges in the U.S.
documented soil Pb levels exceeding 1 000 mg kg at six
of eight sites investigated (Murray et al., 1997).In addi-
tion, Pb absorbs very strongly to soil particles and col-
loids, which provides an exposure risk to human by

direct ingestion and inhalation (Bruell et al., 1999).

The USEPA has set up a soil screening level of 400 mg
kg" (USEPA, 1996). When Pb concentration was ele-
vated, the TCLP and the synthetic precipitation leach-
ing procedure regulated by RCRA and its state
counterparts can be used to examine the Pb toxicity and
mobility, respectively (USEPA, 1995; Bruell et al., 1999).
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Shooting is a popular recreational sport. Based on
our preliminary survey, there are —238 gun clubs oper-
ating in Florida alone. Natural background concentra-
tions of Pb and As in Florida soils are extremely low
relative to soilsfrom other regions of the world (Chenet
al., 1999).High amounts ofaccumulated Pb at shooting
ranges are of particular concern in Florida due to a
combination of natural factors (lowsoil pH, low soil clay
and organic matter content, high rainfall, shallow
groundwater level) that tend to accelerate Pb-shot
weathering. In addition, many shooting ranges are lo-
cated adjacent to environmentally sensitive wetlands,
streams, and lakes, and Pb products from the rapid
weathering of Pb shot from these shooting ranges may
he disbursed directly into wetland and aquatic environ-
ments (Scheuhammerand Noms, 1995). Currently, the
impact of these accumulated Pb shot in recreational
shooting ranges on the environment in Florida is not
well understood.

The purpose of this study was to investigate i} total
Pb and As concentration distributions in a recreational
shooting range soils, and ii) leaching characteristics of
elevated Pb in these soils. Quantifying these parameters
will help establish approach management procedures at
recreational shooting ranges in Florida especially de-
served to minimize environmental impact.

MATERIALSAND METHODS

Following a preliminary survey of shooting ranges
in Florida, a public shooting range was selected in cen-
tral Florida. This shooting range is operated through a
special-use permit with the USDA Forest Service. The
14-yr-old shooting range includes two different shooting
areas: rifle and shotgun ranges. The rifle range is ap-
proximately 91 m in length, with targets setat 14, 23, 46,
and 91 m (Fig. 1) A backstop berm is built on top of the
original ground with soil excavated from the backside,
forming a water impoundment. The shotgun range pro-
vides an area where shooters can shoot at clay targets.
Both ranges were constructed in 1987,and apparently
there never has been a systematic cleanup and removal
of spent bullets in the rifle range backstop berm or Ph
shot dispersed over awide area in the shotgun range. It
is estimated that in excess of 25 000 people utilize this
facility annually.

In March of 2000, seven composite surface soil sam-
ples (0-10 cm) at the rifle range were collected along a
single transect at 9, 18, 27, 36, b4, 72, and 91 m from the
firing stands. Two additional soil sampleswere collected
from the top and middle of the backstop berm. Five
samples (0-10, 11-30, 31-50, 51-100, and 181-200-cm
depths) were collected within the soil profile at the rifle
range roughly 27 m from the shooting stands. Four sur-
face soil samples (0-10cm) were collected along a single
central transect at the shotgun range at 30, 68, 120, and
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Fig. 1. Schematic of the rifle and the shotgun shooting ranges in central Florida.

150 m from the firing stand (Fig. 1).A clay-pigeon sam-
ple was also collected to check these targets for their po-
tential as a source of Pb.

Soil samples were airdried, sieved (2mmj}, and di-
gested using USEPA method 3051a by a microwave-as-
sisted HNQ,HCI (v/v =31) digestion (USEPA, 1997),
which is equivalent to the hot-plate digestion procedure
for Florida soils (Chen and Ma, 1998). Intact Pb shot
was separated from the coarse soil fraction (removed by
2-mm sieve) and counted. Toxicity Characterization
Leaching Procedure Pb concentrations in the soilswere
extracted and determined using extraction fluid No. 1
(pH = 4.93 + 0.05) following a modified procedure of
USEPA Method 1311 (USEPA, 1995), which is a test used
to determine the toxicity of waste in a highly buffered
environment. A 5.7-mL aliquot of glacial acetic acid in
500 mlL. of D.I. water and 64.3ml. of 1IN NaOH, was di-
luted to a wolume of 1 L. A 100-mL aliquot of this ex-
tracting solution was added to a plastic bottle
containing 5.0 g of soil. The bottle was sealed with a
screw-cap lid and placed on an end-to-end shaker at 30
rpm for 18+ 2 h. Lead and As concentrations were ana-
lyzed using a Perkin-Elmer SIMMA 6000 (Norwalk, CT)
graphic-furnace, atomic absorption specuopbotometer.
Concentrations of Al, Fe, and P were analyzed on a
multi-channel inductively coupled plasma spectrometry
{ThermoJarrell Ash ICAP 61-E, Franklin, MA). Soil pH

was determined by using a combination electrode after
mixing 5.0 g soil with 5 mL distilled deionized water for
24 h. Elemental recoveries of As, Al, Fe, and P from a
National Institute of Standard and Technology standard
reference material (NIST SRM 2710) by USEPA method
3051a (USEPA, 1997) were 1080, 280, 800 and 1140g
kg?, with relative percent differences of 9.4, 26, 1.2,and
35 g kg, respectively. Lead recovery was 870 g kg~ with
a relative percent difference of 17 g kg'. The relative
percent different was a measure of the precision of the
chemical analysis. Relations between the soil analytical
data were investigated by Pearson correlation analysis.

RESULTS AND DISCUSSION

Distribution of Total and TCLP Pb in Rifle Range Soils

In the rifle range, many brass cartridges were ob-
served within 20 m of the firing stands, whereas Pb bul-
lets were predominantly found in the backstop berm.
The highest density of Pb bullets (180 bullets kg®soil)
was found in the middle of the berm. This is compara-
ble to the results of Astrup et al. {1999}, who reported
that in a 30-yr-old shooting range in Denmark, up to
40% of the backstop material consisted of Pb bullets.
High Pb content of bullets (47 g kg soil) was also found
in soils from the top of the berm, suggesting that some
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Pb bullets could be off-target or could have ricocheted
to the top and backside of the backstop berm when hit-
ting other bullets. No bullets or bullet fragments were
found in soil samples through the 0 to 72 m central
transect. Bulletand bullet fragments within soil samples
at the 91-m sampling location collectively represented
91 g Pb kg' soil.

The natural background concentration of total Pb
in Florida surface soils ranges from 0.1 to 290 mg Pb kg',
with a geometric mean of 5.4 mg Pb kg’ (Chen et al.,
1999). Distribution of total Pb (determined after re-
moval of Pb bullets by sieving through a 2-mm screen) in
soils along the sampling transect showed that soil in the
rifle range was contaminated with Pb (Fig. 2). Total Pb
concentrations in surface soils (excluding the berm)
ranged from 875 to 4 448 mg Pb kg', with the highest
concentration at 27 m and the lowest at 72 m from the
shooting stands. Most soils had Pb concentrations much
greater than the Florida DEP scilcleanup goals (500 mg
Pb kg' for residential and 1000 mg Pb kg' for industrial
soils). They are also higher than the USEPA soil screen-
ing level of 400 mg Pb kg', which is a risk-based value
that provides a reference point for establishing site-spe-
cificclean up (USEPA, 1996).The highest Pb concentra-
tion (17.8 g Pb kg') was in the middle of the backstop
berm, which includes Pb associated with the soil particles
as well as bullet fragments of Pb bullets <2 mm. This is
less but comparable to the total Pb concentration (40.4
g Pb kg*) in surface soilsclose to the target of a 30-yr-old

14

shooting range in Denmark (Astrup et al., 1999). The
high Pb contents associated with the soil in the backstop
berm, however, suggested that even after removing the
Pb bullets by sieving, the soil was strongly contaminated
with Pb and would require special handing.

When concentrations of total Pb in soilsis above the
soil screening level of 400 mg kg', TCLP-Pb concentra-
tion could be important in assessingthe toxicity of wastes
(Bruell et al., 1999). In the current study, the modified
TCLP test results showed that all soil samplesfrom the ri-
fle shooting ranges exceeded the 5mg Pb L critical level
and would be characterized a hazardous waste by the
TCLP (USEPA, 1995). The distribution pattern of TCLP-
Pb in soils of the rifle range was similar to that of total Pb
concentrations (Fig. 2). The correlation was highly sig-
nificant (r = 0.98) between total and TCLP-Pb concen-
trations in the rifle range soils, suggesting that total Pb
concentration is important in assessing the toxicity and
mobility of Pb in Pb-bullet contaminated soil.

Distribution of Total and TCLP Pb
in Shotgun Range Soils

In the shotgun range, totai Pb concentrations in soils
were greatest at 30 m from the shootingstand (15368 mg
Pb kg' soil) and decreased to 330 mg Pb kg at 150 m
(Fig. 3). These results differ from studies conducted in
England (Mellor and McCartney, 1994) and New
Zealand (Rooneyetal., 1999), who reported greatest Pb
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Fig. 2. Spatial distributionof concentrationsof total Pb and Toxicity Characterization Leaching Procedure (TCLP) Pb in 0- to 10-cm depthsoils

of arifle range in central Florida,
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concentrationswere found at 80t0140 m from the shoot-
ing stands. This differenice may reflect different shotgun
shooting habits or target trajectories used at the various
sites. At the Florida sites, the greatest density of clay tar-
get fragments (300 g clay target kg' soil) was also ob-
served at 30 m from the shooting stand. However, total
Pb concentration in the clay target debris was low (26.6
mg Pb kg*) ,suggestinglittle impact of the clay targets on
total concentration of Pb in soil at the shotgun range.

It has been reported that Pb-shot densities in the up-
per 7.5 cm of soil in the shot-fall zone of trap and skeet
ranges in New Jersey ranged from 4.15x 10%to 3.70x 10°
shot ha' (Stansley et al., 1992). A 2-mm sieve removed
approximately 85%o0f the total Pb from the soil at a clay
target shooting facility in New Zealand (Rooney et al.,
1999).1n the current study, the pattern of Pb-shotaccu-
mulation along the sampling transect wes different from
that of total Pb concentration. Lead shot was approxi-
mately 50 shots 100 g* soil (or44gPb-shot kg’ soil) at 30
m from the shooting stand, but increased to 83 shots 100
g* soil (67 g Ph-shotkg' soil) at 60 m and 61 shots 1009
150il (28 g Ph-shot kg' soil) at 120 m. Thereafter, shots
decreased to 9 shots 100 g soil (6.7 gPb-shot kg' soil) at
150 m from the shooting stand. This is consistent with
data from a clay pigeon shooting site in northern En-
gland (Mellorand McCartoey, 1994).

The results of TCLP-Pb in soilsat the shotgun range
showed that only surface soil at 30 m from the shooting
stand (106 mg Pb L") exceeded the 5 mg Pb L critical
level and would be characterized as hazardous waste by
the TCLP (USEPA, 1995) (Fig. 3). The distribution pat-
tern of soil TCLP-Pb for the shotgun range was similar
to trends recorded for total Pb concentration. The very
high concentrations of both total and TCLP-Pb sug-
gested that at the shotgun range, surface soilsat approx-
imately 30 m from the shooting stand were strongly
contaminated with Pb and would require Pb-clean up or
special management practices.

Distribution of Total and TCLP Pb in Soil Profile

Total Ph concentration decreased dramatically with
depth from 0 to 200 cm (Fig. 4). The greatest soil total
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Fig. 4. Distribution of concentrations of total Pb and Toxicity
CharacterizationLeaching Procedure (TCLP) Pb insoil profile of the
rifle range in central Florida.

Pb. (2 357 mg Ph kg’) remained in the surface horizon
(0-10cm) and the lowest Pb concentration (9.0-9.8mg
Pb kg') wes found within the 51 to 200-cm depth, com-
parable to the background concentrations found in
Florida surface soils (Chenetal., 1999). However, a rel-
atively high concentration (83 mg Pbkg™) in the subsur-
face horizon (11-30 ¢cm) and the trend of rapidly
decreasing Pb concentrations with depth indicates that
downward movement is minimal (Aswup etal., 1999).
Other investigators have suggested that the movement
of Ph through the soil profile is mediated by the forma-
tion of Pb carbonate or sulfate compounds from which
Pb is subsequently mobilized under conditions of
slightly acid soils at the study site (Murray et al., 1997;
Rooney et al., 1999).

The distribution of the TCLP-Pb in the soil profile
was similar to that of the total Pb concentrations (Fig.
4). As expected, soil TCLP-Pb levels exceeded the 5 mg
Pb L' critical level only for surface horizon soils (70 mg
Pb L"), and would be characterized as hazardous waste
(USEPA, 1995). Concentrations of TCLP-Pb in the sub-
surface and lower soil horizons were less than 5 mg Pb
L', indicating that Pb in surface soils does not readily
migrate downward.

Distribution of Concentrationsof Total As

Background concentration of As in Florida surface
soilsranges from 0.01 to 52.6 mg As kg*, with a median of
0.42 mgAskg' (Chenetal., 1999).Concentration of total
As in soils along the transect at the rifle range varied
from 1.05to0 6.12 mg As kg', with the greatest concentra-
tion at the middle of the backstop berm and the lowest=t
36 m from the shooting stands (Table 1).All these values
exceeded the Florida DEP soil cleanup goal for As in res-
idential soil (0.80mg As kg') based on direct exposure
(Tonner-Navarro etal.,, 1998).The high As contents asso-
ciated with the soil in the middle of the backstop berm
(6.12mgAs kg') exceeded the Florida DEPAS target for
industrial soil (3.70mgAs kg’) based on direct exposure
(Tonner-Navarro et al., 1998), suggesting the soil was
strongly contaminated with AS and would require special
handing. Total concentrations of As in the soil profile
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Table 1. Distribution of pH and total concenrations of As, P, Al, and Fe and their correlation coefficients with total and TCLP-Pb in (- to 10-cm depth
soils of arifle shooting range in central Florida.

Distance from the firing line Sl pH As P Al Fe
m  aeeeaeacsasaesaas MG KE! = mmmm e e Ghg! mmmmmmmeeaas
9 6.7 1.37 77.1 2.37 1.83
18 6.7 1.88 61.6 2.65 1.55
27 6.1 3.69 160 3.93 2.28
36 6.3 1.05 53.6 1.34 0.87
L7} 5.6 1.84 74.0 1.26 1.13
72 54 2.90 120 251 1.75
91 515 1.71 131 2.50 1.43
Top of berm 6.8 IS5 88.6 4.43 2.32
Middle of berm 7.7 8.12 44.0 1.70 144
Total Pb {r) 0.78% 0.8 0.35 0.13 0.19
TCLP-Pb (r) 0.80* 0,87+ 0.44 4.05 0.04

* #%Gnearman’s rank correlation coefficient is significant at the » < 0.05 and 0.1, respectively.

the rifle range varied from 0.54 mgAs kg’ at 180-to 200-
cm horizon to a maximum value of 1.88mgAs kg at 11
to 30 cm (Table2). Distribution of total AS in soils of the
rifle range is similar to that of total Pb. A strong positive
correlation (r =0.89) exists between concentrations of
total As and total Pb in rifle range soils (Table1}, suggest-
ing that elevated concentrations of both elements are
from the same sources. However, the fact that the great-
estAs concentration was found in the subsurface horizon
instead of the surface horizon may suggest that As is
more mobile in soils than Pb.

The greatest AS concentration (107 mg As kg') in
shotgun range soils at the shotgun range was found at
30 m from the shooting stand. At 120to 150m, As con-
centrations fell rapidly to <0.80 mg As kg', comparable
to the background concentration of As in Florida sur-
face soils (Chenetal., 1999).

Interrelationshipswith Soil pH and Total P, Al, and Fe

Soil properties such aspH, clay contents, organic C,
total Fe and Al, aswell asF, are important factors that in-
fluence metal distributions in Florida surface soils
(Chenetal., 1999).Elevated soil pH was associated with
soils contaminated with Pb shot at a shooting range in
Denmark and was attributed to the corrosion of the Pb
bullets (Astrup et al., 1999). In the current investiga-
tion, reference soil samples collected at —300 m from
the shooting facility had pH values <5. At the rifle range,
elevated soil pH was found <36 m from the shooting

|
Table 2. Distribution of pH and total As in thesoil profile of arifle shoal-

ing incentral Florida.

Depth of sampling Sl pH As
cm mg kg'
0-10 6.7 1.37
11-30 519 1.88
31-50 510 0.86
51.100 4.8 0.89
181-200 51 0.54

stands and at soils on the backstop berm of the rifle
range (Table 1), aswell as in the surface horizon of the
soil profile (Table 2). Strong positive correlations ex-
isted between soil pH and concentrations of total Pb {r
=0.78), as well as TCLP-Ph (r = 0.80) at the rifle range
(Table 1), suggesting that the elevated soil pH could be
a result of the soil contaminated with Pb bullets.

At the shotgun range, soil pH reached a maximum
of 7.8 at 30 m from the shooting stand, which is consis-
tent with results of Mellor and McCartney {1994), who
found the greatest soil pH at 50 to 60 m from the shoot-
ing area of a clay pigeon shooting site in northern En-
gland. Concentrations of total Al, Fe, and P in soils of
the shotgun range were also high at 30 m from the
shooting stand. However, no significant correlation co-
efficients existed between total Al, Fe, and P with either
total Pb or TCLP-Pb (Table 1).

CONCLUSION

This study indicated that concentrations of total Pb
and As were elevated in surface soils at the shooting
range in central Florida, especially soils from the back-
stop berm of the rifle range and at 30 m from the shoot-
ing stand of the shotgun shooting area. Toxicity
Characterization Leaching Procedure tests confirmed
that Pb in most surface soils exceeded the 5 mg Ph L
critical level and should be treated with special han-
dling. However, since soil pH tended to be elevated, mi-
gration of the elevated Pb in the soil was limited.
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