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Abstract An investigation to characterize the extent and speciation of lead contamination in water,
soil, and surrounding biota was conducted at a small-arms firing and skeet range in West Point,
New York. Specifically, lead concentrations were examined in sediment, soil, water, plants, fish
and invertebrates. There is an elevated concentration of lead in the soil and sediment up to
11,000 ng/g and 340 pg/g and also evidence of bioconcentration of the lead by the surrounding
biota. Earthworms had up to 90% higher concentrations of lead while tadpoles showed 20% higher
concentrations compared with their controls. Lead uptake by indigenous plants gave varying
results. Two species bioconcentrated lead 20 and 55 times greater than the control plants. These
differences were significant (P <0.05 level) when tested by the student’s t test. Further studies
show that the total leachable lead was highest in the invertebrates and vertebrates but not in the

plants.
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Introduction

Lead contamination on firing ranges is the most abundant metal found in bullet and shot fragments
(DeShields and others 1998). Ecological impacts of the contamination will vary from site to site
due to variations in soil conditions, speciation of the lead, and ability of the local plant life to
absorb or bioaccumulate the species of lead that is present. Subsequent effects on invertebrates,
birds, and mammals help to determine whether action must be taken to “clean” the range or work
towards lead remediation.

Previous studies evaluating lead contamination at firing ranges include work by DeShields and
others (1998) who looked specifically at the uptake of lead by two species of buckwheat plants
growing in inactive beach firing ranges of Fort Ord California (DeShields and others 1998). The
purpose was to study the effects of lead on an endangered butterfly by evaluating the lead in its
food supply. Correlations were demonstrated between lead in the soil and that found in the plant
tissue. Another study was conducted at an inactive skeet range at the Naval Weapons Station, at
Seal Beach, California (Hui 2002). In this case, the author’s objective was to “determine how
thoroughly lead from the skeet range has been incorporated into the biota....and its potential threat
to avifauna.” Soil, sand, and silt were evaluated along with seven species of plants and the
invertebrate California horn snail. Results indicate that the snail had 100 times greater lead
concentrations than the plant leaves, which had variable uptake of lead themselves, leaving the
correlation unconfirmed. Danish and Finnish shooting ranges have also shown elevated lead
contamination in soil and humus (Jorgensen and Willems 1987; Manninen and Tanskanen 1993).
Three plant species showed variable uptake of lead from 10 to 70 pg/g (Manninen and Tanskanen
1993) yet, again no correlation was determined.

More recently, a study confirmed the lead poisoning of songbirds at a trap and skeet range (Vyas
and others 2000). Yet, the authors did not establish the specific source of the lead poisoning, i.e.,
contamination in the food chain, soil or direct ingestion of lead shot. A more encompassing study
was carried out at the Firearms Training Facility at the Federal Law Enforcement Training Center
in Glynn County, Georgia (Lewis and others 2001). In this study, 22 different species of mammals
and birds were evaluated for exposure to lead and other trace metals at an active firing range.
Significantly elevated tissue lead levels resulted in the mandatory restructuring of the ranges and
development of bullet recovery methodologies to reduce future lead contamination (Lewis and

others 2001).



Gettysburg Range is a small-arms firing and skeet range at Camp Buckner, a training camp for
the cadets of the United States Military Academy at West Point, New York. A preliminary
undergraduate research project conducted in 1999 by cadet A.C. Elliot and supervisor Richard
Lonardo, revealed elevated levels of lead in water, soil, and sediment at sites A, B, and C (Fig. 1).
However, until now, no studies have been conducted to evaluate the extent or correlation of lead
uptake by local biota. Thus, the goal of the present work is to confirm the water, soil, and sediment
concentrations of lead and to evaluate whether the lead is being bioconcentrated by the indigenous
plants, invertebrates and/or fish. Fifteen plant species were evaluated along with a variety of

invertebrates and two vertebrates.

Fig. 1 Map of the sampling area

Materials and methods

Sampling

Samples were obtained on two dates from sites A, B and C (Fig. 1). Sediment samples were taken
near the edge of the stream via brass grab sampler. Soil samples were taken 3—20 cm below the
surface. One-liter water samples were obtained at a depth of 15 cm below the surface of the stream.
Plant samples were branches, containing numerous leaves, cut from the parent plant. Aquatic biota
were acquired using a mesh seine. Snails, insects, a roach, fish and shrimp were collected and
stored in plastic bags in a refrigerator until analysis. All control samples were taken from an

uncontaminated site outside of the range fan.

Sample preparation

The biological samples were digested as described by the Association of Analytical Chemists

Official Methods of Analysis (Helrich 1990). The samples were weighed, ashed overnight at



350 °C, and digested in 10 ml of 1 M HCI with heat. The samples were filtered and the final volume
adjusted to 25 ml with deionized water.

The water, soil, and sediment samples were treated as described by Enseco (1991). A 1.0-g wet
weight soil or sediment sample was added to 10 ml of 1 M HNO; and heated without boiling for
10 min. Five ml of concentrated nitric acid was added with an additional 30 min of heating. The
sample was allowed to cool; then 10 ml of 30% H,O, was added, followed by warming for 10 min.
Lastly, the sample was filtered and adjusted to a final volume of 100 ml with deionized water. A
sequential chemical extraction (SCE) of the lead species present was performed on the soil fraction
from each site (Tessier and others 1979). Table 1 presents the reagents used for each extraction
phase.

[Table 1 will appear here. See end of document.]

Water samples (50-g) were amended with 1 ml of 30% H,0, and 0.5 ml of 1 M HNO;. The
samples were heated without boiling until the volume was reduced to 15-20 ml. The samples were

then filtered and brought to 100 ml with deionized water.

Analysis

Flame atomic absorption (AA) (Varian SpectrAA Spectrometer) was used to measure ppm
concentrations, while Graphite Furnace AA (Thermo Jarrell Ash Smith-Heiftje 1000 Spectrometer)
was used for samples with ppb levels of lead. All samples were run in triplicate using lead lamp
at wavelength 217 nm. The deposit time for the samples evaluated by GFAA was 10 s at a

temperature of 300 °C with atomization for 1 s at a temperature of 1,750 °C.

Results

The samples were collected on two different dates but from the same sites: A, B and C (Fig. 1).
The collection dates were 22 September and 6 October 1999. Therefore, data will be specified as
to the collection site by a letter, and will have a 1 or 2 designating the collection date, respectively.
All controls were collected on the first date.

Table 2 indicates the variability of the lead concentrations of the water samples. The first
collection indicated site C as being the highest concentration of lead while the second collection
indicates site A. However, site B remained constant (within standard deviation) for the two
collections. Both collections indicate elevated lead concentrations when compared with the control

site.



[Table 2 will appear here. See end of document.]

The sediment and soil data demonstrate high levels of lead (Table 2). The concentration of lead
in the sediment is highly variable between the sites and collection days. However, there is clearly
noticeable elevation of lead concentration compared to the control. The soil data indicates much
more constancy. Table 2 shows very high lead concentrations for both collections at sites A and
B when compared to the controls.

The results of the SCE are presented in Fig. 2. The largest fraction of lead in the control sample
was found in the carbonate phase, which is the most stable phase of lead in many soils (Chen and
others 2002). At sites A and B, where the total lead concentration was ca. 2 orders of magnitude
greater, the lead appeared to be more evenly distributed. As presented in Fig. 3, over 40% of the
lead at each site was either bound as exchangeable ions or bound to carbonates, the two most labile

lead fractions. Site C was found to have the highest fraction of labile lead.
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Fig. 2 Sequential chemical extraction—percent of lead in each fraction
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Fig. 3 Labile lead in the first two extraction phases of the sequential chemical extraction

Table 3 indicates the variability in lead uptake by plants at the three sites for both collections.
The bioaccumulation of lead by plants is species-specific and heavily depends on soil conditions
(DeShields and others 1998). In the present study, there were two species, Phalaris aruncia sp.
and Carex sp., for which control data was available. The first species shows approximately 55
times the amount of lead as the control, while the second species contains about 22 times the
amount of lead found in the control. These differences were significantly different (P <0.05) when
tested by the student’s t test. Solidago sp. and Spirea sp. both show greater than 100 pg/g amounts
of lead. In general, there seemed to be more lead uptake measurable in plants from sites A and B,
which is consistent with the higher lead concentrations at those sites.

[Table 3 will appear here. See end of document.]

Invertebrates and vertebrates were also collected for evaluation (Table 4). The data indicate
that worms collected from site A contained 90 times the concentration of lead found in the control
and worms from site C contained about 27 times that in the control. Also of note are the tadpole
lead concentrations. At sites A and C there is about 20 and 16 times, respectively, the amount of
lead determined for the controls at these sites. All of these findings were significant when tested
by the student’s t test (P <0.05). While control data was not available for the fish, the levels of
lead exceed the World Health Organization (WHO) guidelines of 0.3 pg/g (wet weight) at both
sites (WHO 1972). The shrimp and insects collected from site C may also contain significant
amounts of lead.

[Table 4 will appear here. See end of document.]



Discussion

The soil at the small arms and skeet range at West Point, N.Y. was found to have high but variable
levels of lead (Table 2). This variability was expected due to the presence of lead shot. In many
areas the lead shot is clearly visible on the surface of the soil and entrapped in the roots of plants.
The lead shot was highly corroded and the source of lead in the soil. These results are consistent
with other findings of lead contamination due to deposition of lead shot and bullets (Deshields
and others 1998; Lewis and others 2001; Hui 2002). It was also determined that the lead was not
confined to the soil but was leaching into the nearby streams and into the sediment.

Movement of the lead into the abiotic phase allows for its uptake by the plants and animals in
that region. Plants are capable of extracting lead from soil (Xiong 1998; Qian and others 1999),
particularly at contaminated firing ranges (Manninen and Tanskanen 1993; Barona and Romero
1997). There was a great degree of variability in the concentration of lead found in the plants
growing at the sampling site (Table 3). Two species, Phalaris aruncia sp. and Carex sp., had
significantly higher levels of lead than did the same species found at the control site. The other
two plants which had very high levels of lead, Solidago sp. and Spriea sp., were subsequently
found to bioconcentrate lead under laboratory conditions (Gowdy and Labare 2004). This
demonstrates the potential of these sites to serve as a source of plants for phytoremediation.

It was hypothesized that high levels of labile lead might correspond with plant uptake regardless
of plant species. However, the site with the highest percentage of labile lead (site C) did not contain
plants with the highest level of lead uptake. It is concluded that total lead and possibly extractions
four and five (tightly bound lead) are better indicators of plant uptake of lead. On the other hand,
lead uptake by invertebrates and vertebrates at site C was comparable to that in sites A and B,
even though the total lead concentration at site C was 2 orders of magnitude lower. This observation
may be consistent with the higher percentage of labile lead at site C.

In addition to plants, significantly elevated lead levels were found in tadpoles and earthworms.
Both organisms are a potential route for the lead to move up to higher trophic levels. For example,
earthworms are an important link between the soil lead content and secondary consumers in the
food chain due to their ability to accumulate heavy metals from contaminated soil (Pankakoski
and others 1994). It is possible that the lead might move up the food chain as deer graze on the

local plants (Martin and others 1951).



Acknowledgements The authors would like to thank Dr. David Loehle and Mr. Anand Shetty
for their technical assistance. This work was supported by the two departments’ student research

programs.

References

Barona A, Romero F (1997) Relationships among metals in the solid phase of soils and in wild plants. Water
Air Soil Pollut 95:59-74

Chen M, Daroub SH, Ma LQ, Harris WG, Cao X (2002) Characterization of lead in soils of a Rifle/Pistol
shooting range in central Florida, USA. Soil Sediment Contam 11:1-17

DeShields BR, Meredith RW, Griffin D, Laughlin T, Collins W (1998) The use of field methods to evaluate
the toxicity of lead to plants at a small-arms firing range. Environ Toxicol Risk Assess 7:166—183

Enseco Inc. (1991) Metals digestion-soil/sediment, water. SOP no.: LM-EST-2001, Rev. 2.0

Gowdy SM, Labare MP (2004) Lead uptake by Solidago rugosa and Spirea Latifolia. J Undergrad Chem
Res 2:47-49

Helrich K (ed) (1990) Lead in fish: atomic absorption spectrophotometric method. Off Met Anal 15th edn.,
1:257

Hui CA (2002) Lead distribution throughout soil, flora, and an invertebrate at a wetlands skeet range. J
Toxicol Environ Health, Part A, 65:1093—-1107

Jorgensen SS, Willems M (1987) The fate of lead in soil: the transformations of lead pellets in shooting
range soil. Ambio 16(1):11-15

Lewis LA, Poppenga RJ, Davidson WR, Fischer JR, Morgan KA (2001) Lead toxicosis and trace element
levels in wild birds and mammals at a firearms training facility. Arch Environ Contam Toxicol 41:208-214

Manninen S, Tanskanen N (1993) Transfer of lead from shotgun pellets to humus and three plant species
in a Finnish shooting range. Arch Environ Contam Toxicol 24:410-414

Martin AC, Zim HS, Nelson AD (1951) American wild life and Plants, a Guide to Wildlife Food Habits.
Dover Publications, Inc., New York, USA, pp. 269 and 418

Pankakoski E, Koivisto I, Hyvarinen H, Terhivuo J, Tahka KM (1994) Experimental accumulation of lead
from soil through earthworms to common shrews. Chemosphere 29(8):1639—-1649

Qian J-H, Zayed A, Zhu Y-L, Yu M (1999) Phytoaccumulation of trace elements by wetland plants: III.
Uptake and accumulation of ten elements by twelve plants species. J Environ Qual 28:1448-1455

Tessier A, Campbell PGC, Bisson M (1979) Sequential extraction procedure for the speciation of particulate
trace metals. Anal Chem 51:844-851

Vyas NB, Spann JW, Heinz GH, Beyer WN, Jaquette JA, Mengelkoch JM (2000) Lead poisoning of
passerines at a trap and skeet range. Environ Pollut 107:159-166

World Health Organization (1972) Evaluation of mercury, lead, cadmium and the food additives amaranth,
diethylpyrocarbonate, and octyl gallate, 16th Rep. Joint FAO/WHO Expert Committee on Food Additives
WHO Technol Rep Serv. no. 505

Xiong Z-T (1998) Lead uptake and effects on seed germination and plant growth in a Pb hyperaccumulator
Brassica pekinensis. Rupr Bull Environ Contam Toxicol 60:285-291



(uonsa31(q) *ONH [enpisay s
9VO'HN PUB ‘O‘H/*ONH oresiQ i
9VOH W [DH«HO*HN SOpIXQ '€
dVOH/APVOEN sejeuoqIe)) ‘7

OSIN s[qeadueyoxy ‘|

Juegeay uonoLIy 10§

S1U23.a1 9ANIOAASAI JIOY) PUB SUOIORI] UOTOBIXI [BITWAYD [Brjudnbas paungop Afjeuonerdd( [ d[qel




UOIIRIASD PIRPURISF(IYSIoM 1om) JudwIpas 5/qd Jo 3n,
UONRIAdD PIEPUEBISF(IYSIOM Jom) [10S /g d Jo 31,
uoneIAdp piepueissa[dwes 1arem 5/qq Jo S,

10

SFrve 8F611 CEF981 PO 9
Y9FvCT PTFI0L 000SSF000CY 9IFLTI 1des ¢ HUIWIPIS
S9TFIT8 0599F008T11 0L8TFOTEL PO 9
[€FS8¢E 0€8CF00VCI 061SF0£86 6'0F'11 1deg 7T 108
0200°0F6L00°0 9000°0F1900°0 S000°0FI10°0 PO 9
<¥00°0FS10°0 6200°0F¥S00°0 000°0F8+00°0 6100°0FS€00°0 1deg 7T 1OTBM
D g g s Vv S IS [01U0D Aeq ordureg

so[dwres [e)usWUOIIAUS Ul PBI] JO UOHENUIOUO)) T I[qeL



(2) 6661 1290190 9 pue (1) 6661 2quNdog 7z d19m sown Surjdwres *| “Si4 ur paqLIOSap 1. suoneso| sjdures,

¥0°0 «'ds xaun)

6L°0 «DIDUNID SLIDIDYJ
sjonuo)) jued

00£8°0 (22) ds x2.p)
91'F0Z 0 (20) “ds oSop1jog
SF6°01 (20) ds snagsvja))
LOO'FEET'T (z9) “ds va.dg
1F6°0 (z9) “ds wnu.ngt/

' €F6°CS (z9) “ds saqry
LF6°01 (zv) “ds snuv.ag
T6FCTST (Tv) “ds pa.udg
100'FELY'T (zv) “ds sojnjag
R34 (Tv) «DIOUNID SLIDIDYJ

TFLO (12) ds pydd|
6FLY (10) ds wmayyq
S0'F0L0 (1D) ds xyvg
S0F0'C (1D) ds snui0)
9'6F9°LEL (19) “ds oSop1jog
TIFCSY (19) ds p.agn.t 420y
9'TF8'8E (19 -ds sn14
COFIV'9 awv) ds stopdodacy
10FEL'] (av) -ds ojmog
COO'FILL9 awv) “ds snun.ag
€0FE9'E (1v) ds sm14
JyS1om jam 3/q4 3 ,UOIJ9[[00 pU. AN jueld

sa10ads jue[d JO A1911BA UT UOTJRIIUOOUOD PBYT € d[qe],

11



(2) 6661 1990190 9 pue () 6661 1oquaides 7z 1om sawn Surjdures ‘| ‘S, Ul PoqLIdSIP oIk suoneoo| sjdwes,

12l LTS 709 $309sU]
It'L duwtiyg
6V 621°0 LS
181 011 897 L'TT €l sojodpe],
6'6€ 00°L s[reus
791 6'tS 9'LT 19°0 SULIO

0 [4: | (A% 1D [onuo) ordures

,Sawn pue say1s ddures 18 $9)BIQILIOA PUB SIIBIGILIDAUIL Ul (3/311) UONBIUIOUOD PRI § J[qe L

12




	Introduction
	Materials and methods
	Sampling
	Sample preparation
	Analysis

	Results
	Discussion
	References

