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Abstract

This is year two of a 3-year proposal addressing two of the 17 issues (#9-lead shot at skeet shooting
ranges and #10-arsenic-based pesticides on golf courses) outlined in the 1998 RFP from the Center.
Since Pb and As are both trace metals of environmental concern, they will be studied together in this
proposal. Preliminary surveys are being conducted to obtain information on primary sources of
these two metals in Florida. Based on the survey, 25-50 soil/sediment/water/plant samples will be
collected and analyzed from 5 to 10 shooting ranges and golf courses (up to 500 samples) to
determine metal contamination in soil/sediment/water/plant. Metal leachability (impacts on surface
and groundwater) and bioavailability (impacts on human and wildlife) in these samples will be
determined. In addition, these samples will be subjected to the EPA TCLP and SPLP tests to
determine their toxicity and leachability, and to a chemical fractionation procedure to determine

their chemical and mineralogical properties. Results from this study will be useful to both FDEP for
environmental regulation and the respective industry for pollution control purposes.

Introduction

Lead and arsenic are all trace metals of environmental concern due to their adverse impacts on
humans and animals. Many anthropogenic processes, such as use of lead shot at skeet shooting
ranges and application of arsenic-based pesticides on golf courses, have significantly increased
concentrations of these metals in the environment. Therefore, it is very important to evaluate their
impacts on the environment.

Skeet shooting has become a popular recreational sport. It has been realized that large amounts of
metallic lead (Pb) may be deposited on the shooting ranges. In lead shot, Pb comprises 95-97% of
the weight, with Sb contributing 0.4-2.0 %, arsenic 0.2-0.8, and Sn, Se, Mn, Cd, Cr, Cu, and Ni
having average concentrations >8§Jg (Fisher and Hall, 1986). Until recently it has been

assumed that lead shot in soil is stable and therefore it has not been considered as a source of
environmental lead contamination, except by direct ingestion of shot or sinkers by animals.
However, ultimately all of the metallic lead in shot may be transformed into dissolved and
particulate species and spread over the environment (Jorgensen and Willems, 1987). The weathered
Pb shot are mostly composed of cerssite, hydrocerssite (Bb(CB).), and small amounts of

anglesite (Sever, 1993; Shreir, 1976). In Florida, several natural factors, such as low soil pH, low
clay and organic matter content (Chen et al., 1998), and high rainfall, can accelerate lead shot
weathering and thus increase the risk of contamination of environment. However, little information
is available as to the impacts of Pb shot on the environment in Florida.

In addition to Pb contamination from shooting ranges, arsenic contamination from golf courses is
another concern. Modern golf courses are subject to intense management including frequent
application of tricalcium arsenate ({fasQ,),) to control grubs and bluegrass. Most golf courses

are constructed using mixtures of sand, soil, and peat and have high infiltration rates with
underdrains of 10 cm of gravel and drainage tiles. The combination of high rate of pesticide
application, frequent irrigation and a good drainage may result in arsenic loss from the golf course
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or arsenic accumulation in the soil. Johnson and Hiltbold (1996) studied the fate of three arsenicals
applied to golf courses and found that arsenic concentrations decreased with depth and greater
arsenic application rates resulted in greater arsenic leaching. Duble et al (1978) found significant
arsenic concentrations in both drainage and runoff from golf courses. Arsenic concentrations as
high as 8 ppm were found in the drainage water from the golf course with average arsenic
concentration of 1-3 ppm. However, little information is available on the possibility of arsenic
accumulation in soils of golf courses in Florida.

Methodology/Scientific Approach

The primary objective of this study is to assess the environmental impacts of Pb from lead shot at
skeet shooting ranges and arsenic from arsenic-based pesticides used on the golf courses. We have
obtained a FEDP approved QA/QC plan for this project (Comprehensive QA Plan #990111). The
research will be divided into three parts: preliminary survey to obtain critical information on these

two metal sources in Florida (on-going), soil/sediment/water/plant sample collection and analysis to
determine the extent of metal contamination from these two sources, and laboratory study to further
understand the leachability and bioavailability of these two metals in soil/sediment/water.

1. Preliminary survey (on-going)

To better understand the potential impacts of Pb and arsenic on the environment, we are conducting
a preliminary survey on the primary contributors of these two metals. This information will not

only help us to select representative places for sampling, but also help the state to assess the extent
of metal contamination from these two sources. The following information is being obtained from
the surveys:

Skeet shooting range
i.  Number of large skeet shooting ranges and their locations in Florida;
ii. The amounts of lead shot used on an annual basis;
ii. How many years they have been in operation;
iv. What steps they take to prevent environmental contamination of Pb.

Golf course
i.  Number of large golf courses using arsenic-based pesticide and their locations in Florida;
ii. The amounts and types of arsenic-based pesticide used on an annual basis;
ii. How many years they have been using arsenic-based pesticide;
iv. What steps they take to prevent environmental contamination of arsenic.

2. Soil/sediment/water/plant sample collection and analysis

25-50 soil/sediment/water/plant samples will be collected from 5 to 10 representative skeet shooting
ranges and golf courses based on the information obtained above and from FDEP at Tampa. This
will result in a total of up to 500 samples. These samples will be digested, except water samples,
using EPA method 3051a to determine total-recoverable metal concentrations (Chen and Ma, 1998).
These results will then be used to determine the extent of metal contamination on the sites. In
addition to potentially contaminated soil/sediment samples, nearby clean soil/sediment samples will
also be collected for comparison. Metal concentrations in these samples will be compared to our
database of background concentrations of trace metals in Florida surface soils (Chen et al, 1998).
Metal concentrations and their locations will then be put on GIS on a statewide map whenever it is
possible.
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3. Laboratory study:

Leachability test

Fresh lead shot and arsenic pesticides will be mixed with 6 representative soils collected from
shooting ranges (3) and golf courses (3) at different rates in a column to determine their leachability
at different time intervals after incubation for different times. Soil/sediment samples collected will
also be included in this study. In addition, the EPA TCLP and SPLP tests will be used to determine
metal toxicity and leachability in samples. These results will determine potential surface and
groundwater contamination from these two sources.

Fractionation test

Representative soil samples contaminated with Pb and arsenic will be fractionated using the Tessier
& Campbell (1988) method to better understand the bioavailability and leachability of these two
metals in soils/sediments.

Bioavailability test
An in vitro method of Ruby et al (1996) will be used to determine the bioavailability of these two
metals to assess the impacts of these metals on human and wildlife.

Mineralogical analysis

Representative soil samples contaminated with Pb and arsenic will be analyzed using x-ray
diffraction and scanning and transmission electronic microscopes to determine their mineralogical
properties. This information will further help to understand the bioavailability and leachability of
the two metals in soils/sediments.

Practical and Specific Benefits for End Users

This research will serve at least three groups of users, i.e. FDEP, skeet shooting range operators, and
golf course owners in addition to the general public. Our preliminary survey will show the potential
impacts of these two sources on metal contamination in Florida. Our soil/sediment sample

collection and analysis will reveal further information as to the extent of metal contamination from
these two sources. Our lab studies will determine the leachability and bioavailability of metal
contaminated soil/sediment. The results from this study will help FDEP to establish proper

regulation on these two activities and help the respective industry to establish proper procedures to
minimize environmental contamination from these two metals.

Deliverables

A survey report on skeet shooting range and golf course;

A map showing Pb and arsenic concentrations in soil/sediment and their locations in Florida;
Leachability and bioavailability of Pb and arsenic in soils/sediments;

Publications in journals and magazines, and presentations in state and national meetings;
Monthly and annual reports.

Research schedule

1st quarter 2nd quarter 3rd quarter 4th quarter

Year 1 | QA/QC plan Survey of shooting Sample collection Sample collection & analysis
Survey-shooting rangeganges and golf courses Sample analysis Annual report

Year 2 | Sample collection Sample collection Leachability test Leachability/fractionation test
Sample analysis Sample analysis Fractionation test Annual report

Year 3 | Fractionation test Mineralogical analysis | Mineralogical analysis| Bioavailability test
Mineralogical analysis| Bioavailability test Bioavailability test Annual report
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