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1.   Do you intend to use this material as a reference?     Yes       No

2.   What do you like most about this Best Management Practices (BMP) Manual? (please check all that apply)

       Format  

       Directory listings  

       Size

       Resources 

       Ease of Use   

      Other (please list): _________________________________________________
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       Format  

       Directory listings  

       Size

       Resources 

       Ease of Use   

      Other (please list): _________________________________________________

4.   Are there any topics you would like added to this BMP Manual, or do you have any other comments? (please list):

      

5.   Would you like to receive additional information relating to best management practices at outdoor shooting ranges in 

Florida?      Yes       No

      

      If so, what specific topics (please list): _________________________________________________________________

Please provide all of the following information:

Your name

Range Name

Address

Phone    (       )           -      Fax      (       )           -

Email        Website

We appreciate your input and look forward to assisting you and your range in any way possible!

Please fold, staple, and stamp this sheet (see other side of this page) and return it to the Florida Department of Environ-

mental Protection (address provided on other side of this page).
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Shooting sports have been popular for centuries. 

Florida has approximately 400 shooting clubs, and 

approximately one million shooting sport enthusiasts 

visit these ranges each year.

As a range owner/operator, you need to be aware 

of the environmental and human health concerns 

associated with siting and operating outdoor shooting 

ranges. In particular, this manual focuses on lead, 
which comprises 92-98% of the weight of most bullets 
and shot. While lead is a natural element, it is rarely 

found in such a concentrated form as in bullets and 

shot, and therefore is rarely found in soils at the high 

levels encountered in range backstops, berms and 

shotfall zones. Until recently people assumed the lead 

from bullets and shot was stable and therefore did not 

consider it as a potential source of contamination. Based 

on recent and ongoing research, range owners and 

operators should recognize the potential environmental 

risks and understand the importance of managing 

facilities to minimize such risks. Human exposure to lead 

has been identified as a major health concern. Soil and 

water can also be adversely affected by uncontrolled 

dispersion of the metals associated with shooting 

ranges. Under conditions typical of many outdoor ranges, 

environmental issues should generally be relatively 

minor, but birds, especially waterfowl that may ingest 

shot, are susceptible to the toxic effects of lead. To this 

end, the range management ideas presented in this 

manual are intended to help minimize, or even eliminate, 

the amount of lead that breaks down and poses a 

problem during the active life of a range. Florida depends 

on groundwater for its drinking water supply and on 

surface water for the outdoor recreation industry. High 

rainfall and acidic conditions, typical in Florida, cause 

lead to be more mobile in the environment. Therefore, 
proper management of outdoor shooting ranges is 
especially important in the Sunshine State. See the Site 

Characterization (Chapter 2) section of this manual for 

more information on managing your shooting range site.

This manual provides owners and operators of outdoor 
rifle, pistol, skeet and sporting clay ranges with 
information on management of environmental issues. 

While each range is unique in both the type of shooting 

activity and its environmental setting, this handbook is a 

reference guide and presents reliable best management 

practices (BMPs) that will effectively reduce or eliminate 

problems associated with lead. BMPs may also be 

economically beneficial to the range manager. Case 

studies to identify issues surrounding lead management, 

and references to model ranges are found in Appendix A.

Federal, state and local environmental laws and 
regulations provide a framework for environmental 
stewardship, as well as substantial potential liabilities 
for poor stewardship. For example, operation of a 

shooting range may involve the Resource Conservation 

and Recovery Act (RCRA), as well as the Comprehensive 

Environmental Response, Compensation and Liability Act 

(CERCLA, also known as the “Superfund” Act) and the 

Clean Water Act (CWA). Citizens as well as regulatory 

agencies may bring suits to enforce compliance with 

applicable laws. Examples of case law and legal 

references will be found in Appendix B.

An environmental stewardship program is a written 
plan or “roadmap” for planning, implementing and 
monitoring the progress of environmental improvements 
at shooting ranges. By developing and implementing an 

environmental stewardship program, you document your 

commitment to the environment and the community. 

Environmental stewardship means taking action to 

correct current problems and working proactively to 

prevent future ones. As range owners/operators, it is 

your duty to take responsibility for the land on which your 

range operates. 

Some of the benefits your range may realize from 

implementing BMP’s as part of an environmental 

stewardship program include:

    Increased protection of the environment

    Evidence of proactive stewardship

    Documentation of any environmental concerns

    Identification of effective and appropriate solutions 

for any environmental concerns encountered

CHAPTER 1: INTRODUCTION
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    Development of information on which to base 

prudent decision-making 

    Planning and soliciting support for funding of range 

improvements

    Enhanced community relations

    Better range aesthetics

    Improved profitability through recovery and 

recycling lead

    Reduced public and regulatory scrutiny

Stewardship options extend from easy, short term 

controls to more costly and time consuming corrective 

actions for potential contamination; from designing new 

ranges to retrofitting existing ranges. A variety of cost 
effective operational and engineering techniques can 
be used to successfully manage the environmental 
issues at an outdoor shooting range. Some BMPs can 

be implemented immediately; others require more long 

term planning. 

Every owner/operator of a shooting range should begin 
an environmental stewardship program by documenting 
the physical and operational characteristics of your 
range. This will consist of a description of your facility, 

documentation of current and past operating practices, 

and an assessment of existing environmental conditions. 

Chapter 2 of this manual, “Site Characterization,” 

explains these procedures in detail. An example self-

inspection checklist is found in Appendix C, and a 

template for an Environmental Stewardship Plan is 

provided in Appendix D.

Another essential element of environmental stewardship 

is documenting activities and keeping records. Typical 

records include:

    range inspections

    photographs of pre-existing and improved conditions 

(“before and after” photos)

    logs of actual problems encountered and follow-up 

actions, implementation dates, associated costs, 

and range conditions 

    logs of changed operational practices and observed 

results

    comparison of changes in costs related to 

procedures

    frequency and type of environmentally related 

complaints or compliments from customers, the 

public, and regulatory agencies.

Record keeping is discussed and some examples 

provided in Appendix E.

The “Management Techniques,”(Chapter 3) contains 

more information about documentation and record 

keeping, as well as selected BMP options. A properly 

maintained outdoor range is environmentally conscious, 

aesthetically pleasing to the surrounding community 

and protective of human health, the environment and 

wildlife. To operate an outdoor range that complies with 

these goals requires implementing an integrated lead 

management program, which incorporates a variety 

of appropriate BMPs. A five-step approach to lead 

management is outlined below:

Step 1
Evaluate existing environmental conditions

Step 2 
Control and contain lead bullets and bullet fragments

Step 3 
Prevent migration of lead to the subsurface groundwater 

and surrounding surface water bodies

Step 4 
Periodically remove the lead from the range and recycle it

Step 5 
Document activities and keep records

An effective lead management program requires 

implementing and evaluating BMPs from each of the five 

steps identified above. Some combination of BMPs will 
be appropriate for your range.

A glossary of terms is included as Appendix F, and a list 

of Frequently Asked Questions is Appendix G. A list of 

additional Appendices is provided at the end of 

Chapter 3.

 

The information in this manual builds on and updates 

several excellent sources on environmental and 

regulatory aspects of range management, including Best 

Management Practices for Lead at Outdoor Shooting 

Ranges, United States Environmental Protection Agency, 

Region 2, January 2001 (EPA-902-B-01-2001) and 

Environmental Aspects of Construction and Management 

of Outdoor Shooting Ranges, National Shooting Sports 
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Foundation (NSSF), 1997, Facility Development Series, 

Number 2. The Florida Department of Environmental 

Protection is very interested in any suggestions you may 

have about practices included in this manual that may 

have proven effective in preventing lead migration from 

your facility or in recycling lead bullets/shots. Please 

send such information to the address below. Additional 

information is available from Internet links listed in 

Appendix G and on the compact disc of resources that 

accompanies this manual. To be added to the list of lead 

reclaimers or remediation contractors, contact National 

Rifle Association (NRA), or NSSF.

For specific questions regarding your Florida shooting 

range, please contact:

FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION

HAZARDOUS WASTE REGULATION SECTION

2600 BLAIR STONE ROAD, MS 4560

TALLAHASSEE, FL 32399-2400

(850) 245-8773
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2.0 BACKGROUND

Why lead is a concern for shooting ranges?

Lead is a naturally occurring element that can be 

found in many forms. In its metallic form, lead is inert. 

However, lead can also be found in the form of various 

lead compounds. The lead compounds that are water-

soluble (like those formerly used in paint and gasoline) 

are readily absorbed by animals and humans. 

Most of the lead used in ammunition is in the metallic 

form. A small amount of a sensitive lead compound (lead 

styphnate) is used in the primer. This compound is only 

slightly soluble in water.  

How Can Lead Enter the Body?

Lead can enter the body by inhalation or ingestion. Lead 

can be inhaled when lead dust, mist, or fumes are in 

the air. Particles of lead can be swallowed if lead gets 

on a worker’s hands, clothing, or face. Lead can also 

be swallowed if food, beverages, cigarettes, or tobacco 

products become contaminated with lead and then 

consumed. If contaminated cigarettes are smoked, 

lead can be both inhaled and swallowed. If the lead is 

absorbed into the bloodstream, it circulates throughout 

the body. Some of the lead that is absorbed is eliminated 

by the kidneys and is excreted from the body in urine. 

The lead that is not eliminated right away is stored in the 

organs and bones. Stored lead is released back into the 

bloodstream over time.

Refer to Figure 2-1: “Effects on the Human Body from 

Excessive Exposure to Lead” on next page.

(STEP 1)
Since each firing range site is unique, BMPs for lead 

must be selected to meet site-specific conditions in 

order to achieve maximum success. A range’s physical 

characteristics will affect which BMPs may apply and how 

they will be implemented. Accordingly, whether designing 

a new outdoor range or operating an existing range, 

BMPs need to incorporate techniques appropriate for 

the range’s individual characteristics. Section 2.1 of this 

chapter identifies the physical characteristics that must 

be considered when evaluating your range. Common 

physical characteristics at ranges include:

    Range size (primarily for shotgun ranges)

    Accessibility    

    Soil characteristics

    Annual precipitation/seasonal flooding

    Topography/run-off direction

    Groundwater/surface water 

    Vegetation/risk to wildlife

    Wetlands

    Proximity to neighbors

Appendix I provides detailed information on Florida soils.

CHAPTER 2: SITE CHARACTERIZATION
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Effects on the Human Body from 
Excessive Exposure to Lead
If not detected early, children with relatively low levels of lead (as low as 10 microgram/deciliter for 

children) in their bodies can suffer from:

    damage to the brain and nervous system

    behavior and learning problems (such as hyperactivity and aggressiveness)

    slowed growth

    hearing problems

    headaches, and

    impairment of vision and motor skills

Adults can suffer from:
    difficulties during pregnancy,

    reproductive problems in both men and women (such as low birth weight, birth defects and 

decreased fertility),

    high blood pressure,

    digestive problems,

    neurological disorders,

    memory and concentration problems,

    muscle and joint pain, and

    kidney dysfunction

Lead affects 
the body 

in many ways

Hearing 
ProblemsBrain or 

Nerve Damage

Slowed Growth

Digestive Problems

Reproductive 
Problems (adults)

Figure 2-1: Effects on the Human Body from Excessive Exposure to Lead
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2.1 PHYSICAL CHARACTERISTICS

Range Size/Activity Type

Shotgun, rifle and pistol range designs and types affect 

the ease of lead shot collection and management. Larger 

more heavily utilized ranges tend to disperse greater 

quantities of lead into the environment than smaller 

less frequently used facilities. Reducing the area of the 

shotfall zone will concentrate the lead within a smaller 

area allowing for easier reclamation and recycling. BMP 

techniques for reducing the shotfall zone at trap and 

skeet ranges, as well as sporting clays ranges, are 

discussed later in the manual. 

The unique combination of soil acidity, high rainfall and 

temperatures, as well as high water tables and the 

large number of surface water features found in Florida, 

contribute to the likelihood of lead shot weathering 

and then migrating off-site. Lead management is an 

inescapable necessity for Florida firing range owners, and 

a basic understanding of environmental factors unique 

to your range will enable operation of the facility with the 

least adverse environmental impacts. 

Whether operating, renovating or expanding an existing 

range, or planning and constructing a new range, a range 

owner/operator requires basic information to formulate 

a plan to minimize potentially adverse environmental 

impacts resulting from range operation. 

One of the first questions that must be answered is:
What types of activities are conducted at the range? 

Ranges are generally classified as rifle and handgun, 

or shotgun. Shotgun ranges are further broken down 

into skeet, trap, and sporting clays. Ranges offer a 

combination of these activities. Rifle and handgun 

ranges concentrate spent projectiles into generally 

discrete areas (e.g., berms) while the shotgun ranges 

disperse spent shot over wider areas. Due to this 

broader distribution, skeet and trap ranges, and sporting 

clays facilities have an increased potential for lead-

associated environmental impact. The shot distribution 

area becomes particularly important when dealing with 

wetland areas and areas in close proximity to surface 

water features. Spent lead shot can also represent 

hazards to wildlife, especially migratory waterfowl that 

might accidentally ingest the lead shot. Lead hazards to 

wildlife are addressed in more detail in Section 2.7 on 

page 20. 

The next important piece of information for range 
owners/operators is the types of ammunition and 
the amounts of each type that is fired at your range. 

Generally, an annual figure is most useful, and it can 

be estimated from a number of sources, including: the 

use of record keeping logs, number of range members, 

purchase invoices for clay targets, etc. Owner/operators 

should try to get the best estimate possible. Good 

record keeping will greatly facilitate the effort. More on 

record keeping can be found in Section 3.4 on page 

36. A high-use facility will generate more lead and 

will require more frequent lead removal.  Information 

concerning the amount of lead generated and the size of 

shot on shotgun ranges will be useful to lead recyclers. 

Because most recyclers use various sized sieves in 

the reclamation process, knowledge of the shot sizes 

on site helps them recover the most shot possible. A 

comparison of the estimated shot generated versus 

the amount recovered during recycling provides useful 

information on the efficacy of recovery operations and 

the amount of lead remaining in the environment. 

Although it may seem obvious, one of the most important 

considerations for range owner/operators is where the 

spent projectiles (bullets, shot) land on your property. 

If you own or have access to a small Global Positioning 

System (GPS) receiver you can take specific readings of 

exactly where your ranges are sited and where the shot 

fall zones are located. Active management of the shotfall 

zones, and where spent projectiles land on a property, 

can go a long way toward minimizing any potential 

adverse environmental impacts. 

Generally, impact areas may be classified as one or more 

of the following:

    Surface water (fresh or marine)

    Wetlands (including seasonal wetlands)

    Open fields or meadows

    Wooded sites

    Impact berms

    Bullet traps

    Lined sites

    Off site – not on the property

Due to the potential of adverse environmental effects 

from lead shot deposition in Florida waters, surface 

water and wetland sites will be discussed first. 
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The phrase “Water, Water, Everywhere” certainly can be 

applied to Florida. The state is rich in both surface and 

sub-surface water resources and large aquifers are in 

close proximity to the surface due to Florida’s complex 

hydrogeology. One of the first pieces of information a 

range owner/operator needs is what types of water 

resources are present on or adjacent to the range. This 

can be relatively simple to determine when dealing with 

ponds, lakes, streams and creeks but delineation of 

wetlands can be more difficult. Nevertheless, range 

owner/operators have a number of locally available 

resources to assist them and some of these resources 

are described later in this section.

Both surface and groundwater features must be 

considered in any environmental assessment of Florida 

firing ranges. Surface features include:

    Lakes, ponds [natural and man-made (retention)]

    Canals, drainage ditches (even if they do not always 

contain water)

    Rivers, streams or creeks, springs, seeps

    Swamps, marshes (fresh, brackish, marine), bogs and 

wetlands, even if they do not always contain water

    Marine estuaries, intercoastal waterways, bays

    Florida Outstanding Waters

    Aquatic Preserves

It is likely that some of these features may be present 

on or near existing or proposed firing ranges. Certain 

rivers and streams have been designated as Florida 

Outstanding Waters or Aquatic Preserves due to the 

water quality, scenic beauty, and recreational and 

ecological value of the habitats they provide. Information 

concerning Florida Outstanding Waters or Aquatic 

Preserves including identification and location are posted 

on the DEP Internet website at: www.dep.state.fl.us (see 

Appendix H, Internet Resources for direct www links to 

lists). To protect these valuable resources, restrictions 

have been placed on the type of development and 

potential sources of pollution allowed within certain 

boundaries of such waters. If your property or proposed 

range is near one of these Outstanding Florida Waters 

or Aquatic Preserves contact DEP or your local Water 

Management District for information regarding regulatory 

requirements. You can expect increased regulatory 

interest if your existing or proposed range is located near 

a Florida Outstanding Water or Aquatic Preserve area. 

Topographical maps may contain a wealth of information 

concerning water features and vegetation types 

on your property and are a valuable tool for range 

owners/operators. Such maps may be available locally 

through the Soil Conservation Service or local Water 

Management District. Your local County Extension Agent 

would be a good informational resource. The Florida 

Department of Environmental Protection (DEP) has 

topographical base maps and aerial photos available for 

most areas. Contact your local DEP office for information 

concerning availability. The maps contain a great deal of 

useful information including hydrologic (water) features, 

location of wells, groundwater depth, vegetation and 

adjacent land use.

While some wetland sites may be obvious, others are 

more difficult to determine since wetlands are not 

necessarily always wet and may be only seasonally 

flooded. In Florida many types of vegetation that 

characterize wetland sites and the moist soils found 

in wetlands create acidic conditions. Acidic soils 

enhance lead leaching and transport into ground water. 

Information concerning Florida soil types and their impact 

on lead migration are addressed in detail in section 

2.2 on page 16. Generally in Florida, poorly drained 

sandy soils are highly acidic fostering lead leaching 

into groundwater. Soils with a large clay component 

are desirable since clay tends to bind soluble lead, 

restricting soil transport. However, clay may also make 

separation of the spent projectiles more difficult and 

may increase costs associated with reclamation and 

recycling. Soils high in organic matter also can bind lead, 

thereby reducing leaching. 

Your local County Extension Agent should be able to 

provide some general assistance in helping you assess 

wetland conditions on your property. The most important 

thing range owner/operators need to remember is 

that you cannot simply dredge or fill “wet” areas. 

Development in wetlands is strictly regulated. Dredge 

and fill operations in wetlands that are conducted without 

required permits and regulatory approval could lead to 

fines and potential legal action. You should contact your 

DEP district office and your local Water Management 

District prior to construction activities or disturbances to 

wetland sites.
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All of the information concerning water features on 

your property will enable you to assess potential 

environmental impact of your existing, proposed or new 

range activities. The one thing you can do immediately 
is to stop firing over and into surface water or 
wetlands. It does not matter if the water is marine, fresh 

or brackish. The liability is simply too great. Failure to 

stop such operations will undoubtedly result in eventual 

regulatory scrutiny. If you have the physical space to 

move ranges to a non-wetlands site, you should move 

them as soon as possible. If you do not have the space 

to re-orient the range, you should consider a rapid 

curtailment of range activities or switching to a non-lead 

shot. In evaluating a site for a new or renovated range, 

remember that it is not suitable for proposed shot fall 

zones to be located in water or wetland areas. You may 

need to hire a professional environmental engineering 

firm to assist you with accurate identification and 

delineation of wetlands on your site. It is important that 

a competent individual with experience on range siting 

and management conduct this assessment. 

Most handgun and rifle ranges typically utilize a soil 

impact berm or bullet-trapping system to capture 

discharged bullets. Berms are generally constructed 

from either on-site or off-site fill and are of such height 

and thickness to stop projectile penetration for the 

ammunition in typical use at the range. Berms may 

be reinforced with wood or metal stabilizers to help 

keep fill materials from shifting and eroding. A properly 

constructed and managed berm can facilitate lead 

removal and recycling and minimize environmental 

transport of lead and arsenic from the spent bullets. 

Conversely, an improperly designed berm can accelerate 

heavy metal pollution of ground and surface water. 

Management techniques such as installation of a clay 

layer or impermeable liner under the berm and the 

installation of sod on the berm face to prevent erosion 

are discussed in detail in Chapter 3. It should be noted 
that although a heavy clay layer may be beneficial 
under the berm, heavy clays in the berm face impact 
zone are not desirable. The spent bullets are difficult 

to remove from the clay during recycling operations. A 

sandy soil to an approximate depth of two feet should be 

present in the impact zone of the berm face to facilitate 

removal and recycling.

Bullet traps come in a number of designs and 

configurations and include steel traps; lamella traps 

using hanging rubber strips and granular rubber media. 

There is even Shock Absorbing Concrete (SACON), 

a special concrete, developed for use in bullet 

containment. All of these systems represent higher 

costs than berms. Many smaller private sporting ranges 

will likely continue to rely primarily on constructed earth 

berms for bullet containment.

Open fields are often utilized as shot fall areas for trap 

and skeet ranges and sporting clays facilities. Ideally, 

such sites should be relatively flat and not in close 

proximity to surface water and wetlands. A flat elevation 

helps minimize surface run-off from the area. Such 

run-off has the potential to transport soluble lead into 

surface waters. Spent shot is generally found on the soil 

surface or within the top few inches of soil and an open 

site will greatly facilitate mechanical lead shot removal. If 

you are looking at sites for new or relocated trap, skeet 

ranges and sporting clays facilities, a flat, open site will 

facilitate such management practices as mowing, liming 

and spent shot removal. Detailed lead management 

recommendations for trap and skeet ranges and sporting 

clays facilities are addressed in Chapter 3. 

Although open fields are preferable for trap and skeet 

ranges and sporting clays facilities, some facilities utilize 

wooded or scrub sites for this purpose. Wooded sites 

make lead management and removal difficult since lead 

removal equipment will have limited access. Wildlife is 

generally more attracted to wooded or scrub sites, thus 

increasing the risk of disturbance or injury to wildlife 

species. A wooded site also is more difficult to lime for 

pH adjustment if this is indicated by soil tests.

Another option to consider is the use of an impermeable 

liner under shot impact areas. An impermeable liner 

is designed to prevent pollutants from entering ground 

water and will prevent lead from doing so if bullet impact 

and shot fall zones are over the liner area. The essential 

factor is that impact zones must be sited over the 

liner-protected area. Care must be taken to ensure that 

projectiles do not penetrate liners. Techniques such as 

the installation of an impermeable liner are also 

addressed in Chapter 3.

Next to a shot fall zone located in water or over a 

wetland area, shooting onto property that does not 
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belong to the range owner is the most serious liability. 

The liability associated with this practice is enormous 
and range owner/operators should take immediate 
steps to get written permission from the land owner. 
The best solution for the range is to purchase the land. 
This should be done even if certain range activities must 

be curtailed, ranges moved or reoriented. Every effort 

should be made to acquire any available lands that have 

received spent projectiles from the range.

2.2 SOIL CHARACTERISTICS

Spent lead bullets and shot most often are deposited 

directly on and into soil during shooting. Lead may 

oxidize and form one of several soluble compounds. 

pH has the biggest impact on whether or not metallic 

lead breaks down into lead compounds. Knowing the 

soil characteristics of an existing range site is a key 

component to developing an effective lead management 

plan.

Figure 2-2: Soil pH

Soil acidity is measured as pH on a scale (illustrated 

in Figure 2-2) between 1 (most acidic) and 14 (most 

alkaline, or basic), where 7 is termed neutral. Ideal soil 
pH for shooting ranges is 6.5 to 8.5.

Lead corrodes and may become more mobile under 

acidic (pH<6) or higher alkaline (pH>8) conditions. This 

means that spent lead shot left in or on such soils 

may eventually corrode into water soluble compounds 

and contaminate underlying soil. In moderately alkaline 

soils (pH 7-8.5), the lead binds to the soil. This 

“binding” effect prevents the lead from migrating to the 

subsurface. The interstitial groundwater (damp soil with 

water in the pore spaces between the soil particles) 

helps dissolve the acid or alkaline salts present (e.g. 

phosphate) to create the pH conditions that allow the 

cation exchange and lead binding. If you change the acid 

or alkaline content of the damp soil beyond the ideal 

pH range, then the binding is reversed and the lead is 

mobile as an ion in solution with the groundwater. If a 

rainfall event takes place then the mobile/solubilized 

lead ions migrate with the storm water run-off into the 

nearest underground aquifer or surface water body.

In general, soils in the eastern part of the United States 

tend to be more acidic, whereas western soils tend to 

be more alkaline. The physical characteristics of soil 

affect the migration rate of specific lead compounds. 

For example, dense soils, containing heavy clays, will 

prevent the lead compound from moving quickly through 

the subsurface. However, with higher density soils, 

the amount of surface run-off increases, and lead 

reclamation by contemporary removal machinery tends 

to be more difficult in conditions where more clay is 

present. 

Organic material will absorb lead and remove it from 

a water solution. The thicker the organic layer (for 

example, leaf and peat cover) on the soil, the lower the 

lead content in the water solution leaving the shot area. 

Sandy soils or gravel do not impede migration because 

the open pores of these soils allow lead compounds to 

percolate readily. 

Lead in solution can move long distances through 

clean quartz sand. Sandy soils allow for easier lead 

reclamation activities. With this in mind, ranges located 

in areas of sandy soils should remove lead more 

frequently. (For more information on soils in Florida, 

see Appendix I.) All of this should be considered when 

you factor water into the equation, whether rainfall or 

groundwater. More rainfall will soak into sandy soils than 

into clay soils. Hence, for a given rainfall intensity, areas 

underlain by clays or other low permeable soils will have 

a greater volume of run-off than areas with permeable 

sandy soil. 

Additional information for lime addition and lead binding 

agents is included in Section 3.2 on page 28.

Acidic Neutral Basic

0 76.5 8.5 14
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2.3 ANNUAL PRECIPITATION AND SOIL 
EROSION

In determining if, when, where and how soils at a 

shooting range will erode, the range manager must look 

at several factors including the amount and intensity 

of rainfall, soil texture, soil structure, slope of ground, 

vegetative cover, and amount of impervious area. 

One of the most important factors that influences lead 

degradation (i.e., chemical reactions) and migration 

is precipitation. Water, most often in the form of rain, 

provides the means by which lead is transported. 

Generally, high precipitation rates result in heavy dew, 

more frequent rainfall, numerous streams, and shallow 

depth to groundwater, shorter distance of travel, as 

well as more rapid rates of groundwater flow. The higher 

the annual precipitation rate, the faster the lead may 

weather. Also, the contact time between water and lead 

increases during prolonged rains. In general, the higher 
the precipitation rates the higher the potential risk of 
lead migration off-site in solution. 

Intensity is a factor as well. The greater the volume of 

rainfall during a short period of time, the greater the 

amount of surface water run-off and the faster the 

velocity created to carry the rainfall off-site. The acidity 

of the rainwater decreases as basic (alkaline) minerals 

in the soil are dissolved. The contact time between 

acidic rain or surface water and lead is a factor in the 

amount of lead that is dissolved. For example, lead shot 

deposited directly into a lake has a longer contact time 

with water relative to lead shot deposited in dry, sandy 

upland areas. 

Erosion is the loss or unintended transport of soils 

caused by wind or water movement across the land 

surface. Run-off flowing down backstops and berms 

or over ranges and shot fall zones loosens and carries 

soil particles. Eroded soils can degrade aquatic 

environments including streams, ponds, estuaries and 

wetlands both on property owned or controlled by the 

shooting range and off-site. In addition to the nutrients, 

pathogens and sediment load associated with eroded 

soils. Soils eroded from shooting ranges may transport 

dissolved or particulate lead increasing the potential for 

environmental impacts. Wind erosion can suspend fine 

particles of soil and lead in the moving current of air. 

The suspended particles create dust that may be carried 

significant distances. 

In general, the greater the amounts of impervious 
land surface area, the greater the amount of run-off 
generated and the higher the erosion potential. Dense 

vegetation tends to decrease the erosion potential by 

holding soils in place and reducing run-off velocity. Gently 

sloping ranges are less susceptible to erosion from run-

off than are more steeply sloped sites. Finer sands and 

silts are more easily eroded than more coarse sands and 

gravels. Range sites should be examined for erosion. 

Regular inspections of berms and impact areas and 
shot fall zones are advised to identify areas needing 

erosion protection or restoration efforts.

Information on the amount and intensity of rainfall 

in Florida can be obtained from the Florida Climate 

Center at Florida State University, or on the worldwide 

web at http://www.coaps.fsu.edu/climate_center, or 

from the local office of the National Weather Service. 

Information on the soil texture and soil structure can 

be obtained from the Natural Resources Conservation 

Service of the USDA, or on the worldwide web at http://

www.fl.nrcs.usda.gov. Information regarding the slope of 

the ground, vegetative cover and amount of impervious 

area is easily observed or measured at the site by the 

range manager. 

Example of berm erosion.
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2.4 TOPOGRAPHY AND RUN-OFF DIRECTION

The topography of your range affects both the ease of 

lead reclamation and the mobility of the lead. Many 

lead reclamation companies use heavy machinery that 

cannot operate on steep slopes or hills. Also during and 

after periods of rain, stormwater run-off may wash lead 

particles or lead compounds off the range. Generally, 

the steeper the slope, the more difficult lead recovery 

is. Also, as stormwater run-off velocity increases, lead 

can remain consolidated, and potentially provide easier 

access for recovery equipment.

The direction in which your range slopes is another 

important characteristic to be considered when 

evaluating the impact of run-off. If there are surface 

water bodies such as lakes, rivers, or wetlands down 

gradient from the range, the potential for lead to 

adversely impact those resources is greater. If the 

property line is a short distance and down gradient from 

the impact area or shot fall zone, then lead may migrate 

off site and impact adjacent properties. Therefore, 

you must identify and control the direction of surface 

water run-off from your range. BMPs for modifying and 

controlling surface water run-off are described in detail in 

Chapter 3. 

2.5 GROUNDWATER AND SURFACE WATER

Groundwater depth should be considered when 
developing a Best Management Practices plan for 
your shooting range. The closer the groundwater is to 

the soil surface, the greater the potential for dissolved 

lead to cause groundwater contamination. The acidity of 

the water may also affect the solubility of lead. A good 

rule of thumb is that lead is likely to precipitate out of a 

solution when the pH is about 7.5, or slightly alkaline. 

(Refer to Section 2.2 on page 16 for further information 

on this). However, lead dissolved in groundwater may 

travel long distances. Groundwater contamination may, 

in turn, result in surface water contamination due to 

the fact that during the periods of low and no rainfall, 

the water flowing within many streams is groundwater 

discharging into the stream channel. In areas of 

groundwater discharge such as river flood plains and 

most flat areas, the groundwater surface is often a few 

feet below the surface. Remember, the shorter the 
distance traveled, the greater the risk that the lead will 
migrate into the environment. 

SURFACE WATER

Metallic lead from fired bullets and shot stays inactive 

in the environment (soil or water) for a relatively short 

time. The longer metallic lead is exposed to air and 

water, the more likely a chemical transformation will 

turn inactive and immobile lead into toxic and mobile 

lead compounds. These forms are hazardous to the 

environment and could be a threat to human health 

through contamination of drinking water sources. The 

behavior and movement of lead in the soil was discussed 

in Section 2.2 on page 16 (Soil Characteristics). This 

section discusses the impact of lead when it reaches 

surface waters. 

There are three main ways that lead can reach surface 

water: 

1.   Direct shooting over the water, 

2.   Bullet richochets that fall directly into water, and 

3.   Stormwater run-off containing lead particles that 

drain to surface water.

Ballistics can be used to predict the main shotfall and 

impact areas at your range. However, when pellets hit 

targets, they can flatten, fragment or ricochet outside of 

the designed areas. Even if you do not shoot directly over 

surface water, bullets, fragments and lead contaminated 

dusts may be transported to it by stormwater run-off. 

Florida’s pattern of high intensity summer rain storms, 

creates a high volume of run-off that can easily carry 

bullet fragments. Even if lead is not directly transported 

in the run-off in metallic form, lead can be transported in 

dissolved or ionic forms that have absorbed in particles 

of sand or clay.

The ability of water to transport particulate lead depends 

on velocity of the water and the size and weight of the 

particles. The amount of lead on the ground that could 

be transported by stormwater run-off to nearby surface 

water depends on many factors, such as: the rainfall 

intensity (extremely important for Florida conditions), 

topographic slope, soil type, velocity of the run-off, 

vegetative cover (grass) and the presence of control 

structures (such as weirs, berms, and dams). Most 

man-made structures and planted vegetative covers are 

designed to reduce run-off velocity and increase the 

amount of precipitation that filters into the ground water. 

Thus, the permeability of the soil (sand or clay) will 
affect the volume of run-off.
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Lead compounds can be dissolved in the stormwater 

run-off. Projectile fragments, that are exposed to the air, 

chemically react over time and become “weathered”. 

Acidic rainwater has the ability to dissolve weathered 

lead compounds. Major factors that may influence the 

amount of dissolved lead include:

    annual precipitation rate

    pH of rainwater

    contact time

    type of soil cover, and

    the form of lead (compounds)

The two most important factors are: pH of water and 
contact time.

Water soluble compounds form more easily in conditions 

of both very high and low pH. However, it must be noted 

that arsenic, a common component of lead alloys is most 

mobile in high pH conditions. The longer a particulate 

metal is in contact with water, the more time it has to 

dissolve. Organic wetland soils are acidic as a result 

of vegetation decay. It is, therefore, important to avoid 

firing over surface water. Minimizing water contact time 

is an extremely important design factor to consider when 

siting new shooting ranges, or upgrading and maintaining 

existing ones.

When shooting is done directly over surface water, 

or stray bullets fall into water because of faulty 

range design, or improperly designed and maintained 

stormwater collection/treatment systems allow lead 

to contaminate the water, remediation may become 

necessary. This could involve dredging the contaminated 

sediment, which can be an extremely expensive process 

because of the costs to properly dispose of the dredge 

spoil.

The next paragraphs provide a summary of chemical 

processes that contribute towards migration of lead and 

other heavy metals in the environment.

FATE AND TRANSPORT OF LEAD IN WATER.

Fate and transport of metals is governed by a number of 

processes, such as 

    oxidation/reduction

    precipitation/dissolution

    adsorption/desorption, and 

    complexation/chelation. 

These processes are highly affected by the properties 

of given surface water, such as: pH, redox potential 

(Eh), level of dissolved oxygen (DO), temperature, ionic 

content of water, depth of the water, microbial population 

in sediment and water column, type of sediment, and the 

types of plants growing through the water (wetland type) 

or on its surface (algae).

These processes are briefly explained below:

Oxidation is the process that is responsible for 

converting metallic lead (Pb0) into oxidized soluble forms 

(Pb0 into Pb+2 and Pb+2 into Pb+4). 

Reduction is the reverse of oxidation. 

Redox potential is the two separate processes of 

oxidation and reductions that are usually described 

together as oxidation-reduction or, in short, redox 

processes. The domination of either oxidation or 

reduction process in given conditions can be measured 

and expressed as the electrochemical potential (Eh). 

Positive values of Eh show oxidizing conditions, while 

negative values of Eh indicate conditions promoting 

reduction. 

Precipitation is chemical reaction between two ions 

that generate product that is insoluble in the water. 

Depending on the water chemistry, dissolved lead 

can contact specific anions such as sulfide, sulfate or 

phosphate and precipitate out of the water column. 

Bottom sediments are often anoxic and high in sulfides. 

Lead that precipitates into the sediments is relatively 

stable, compared to lead oxide and lead hydroxide.

Dissolution is the reverse of precipitation. Dramatic 

changes in pH and redox potential can occur during warm 

weather as free oxygen is depleted in standing water. 

These changes can trigger changes in metal solubility. 

Figure 2-3 Relationship between pH of water and solubility of lead 
Axes: “x” = pH and “y” = solubility
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Adsorption is the process that removes dissolved metals 

from the water column through binding the ions to the 

surface of a sediment particle. 

Desorption is the reverse process of freeing previously 

adsorbed ions. These two processes can depend on 

temperature, or can be affected by microbial activity, 

pH and the presence of other dissolved ions that can 

compete for the active sites of the sorbing particle. In 

general, conditions that favor adsorption are:  

    neutral to slightly alkaline pH

    low concentration of competing ions

    availability and type of sorbents

Generally, when water is either acidic (pH below 6.5) or 

alkaline (pH above 8.5), lead solubility is higher than in 

the safe range of pH 6.5 to 8.5. Biological activity can 

cause the pH in surface water to fluctuate depending on 

the time of the day and the amount of natural buffers 

in the water. In acidic water (pH below 6.5), dissolved 

lead will exist mostly in ionic form (Pb+2). In the range 

of pH 6.5 to 8.5, lead will precipitate from the water in 

the form of lead (II) hydroxide. When pH of water raises 

to about 8.5, it will create favorable conditions to induct 

reaction that would dissolve precipitated lead hydroxide 

and create a soluble ion of Pb (OH)3. Carbonates can 

decrease solubility of lead at this pH range.

In summary, solubility of lead will depend on the 

site-specific pH of water, Eh (redox potential), and 

concentration of carbonates, phosphates, sulfates, 

and sulfides. Redox Potential consists of two separate 

processes of oxidation and reduction, which are usually 

described together as oxidation-reduction or in short 

redox processes. The domination of either oxidation or 

reduction process in given conditions can be measured 

and expressed as the electrochemical potential (Eh). 

Positive values of Eh show oxidizing conditions, while 

negative values of Eh indicate conditions promoting 

reduction. An equilibrium can be demonstrated, when 

metallic, dissolved and precipitate forms of lead are 

shown as a function of pH and Eh in a lead-water system.

Most of the dissolved lead (Pb+2) can be found when 

water is acidic (pH below 7.0) and redox potential (Eh) 

is positive. Another form of dissolved lead, Pb (OH)
3
–, is 

present in highly basic conditions (pH above 12) and for 

redox potential between +0.6 and –0.8.

The corrosion/dissolution of lead in water will be 

affected also by the number of physical processes, such 

as: (a) the ratio of surface area of bullet to its mass 

(smaller shots will corrode faster than larger bullets); 

(b) time of exposure lead to the water; and (c) length of 

the period of time with increased temperature of water 

(typical for Florida’s conditions).

2.6 VEGETATION

Lead and its components can be impacted by vegetated 

ground. Vegetation absorbs rainwater, thereby reducing 

the time that the lead is in contact with water. Vegetation 

also slows down surface water run-off, preventing 

the lead from migrating off-site. However, excessively 

wooded areas (such as those often used for sporting 

clay ranges) inhibit lead reclamation by preventing 

access of commonly used lead-removal machinery, 

which is typically large in size. Understanding the type, 
concentration and variety of vegetation on your range 
is necessary for developing your lead management 
program and implementing BMPs at your range. Grass 

and other vegetation reduce run-off velocity and act as a 

filter to remove suspended solids from the water. 

2.7 POTENTIAL RISKS TO WILDLIFE 

Direct ingestion of lead shot or lead bullet fragments 

is the most important exposure pathway for wildlife. 

Birds may consume lead shot as grit for the gizzard, or 

it may be mistaken for small seeds and eaten. This can 

occur whether birds are feeding on land or in the water. 

Waterfowl are particularly susceptible to lead poisoning, 

which resulted in the ban on lead shot for waterfowl 

hunting.  

Lead shot and small bullet fragments may also be eaten 

with food by birds and animals feeding on earthworms, 

soil insects, fallen seeds, and other foods that are 

eaten at the surface of the soil. In addition, shooting 

range soils that may have elevated lead levels from the 

weathering of shot or bullets may also be inadvertently 

ingested by wildlife while feeding or when animals 

are cleaning their fur or feathers. The soil ingestion 

exposure pathway is generally considered a secondary 

risk for most animals. This exposure pathway is more 

important for small mammals that may have a significant 

portion of their home range on the shot fall or impact 
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area of a shooting range than for larger mammals or 

birds that range over a larger area. Generally, except for 

endangered or threatened species, unacceptable adverse 

effects are related to maintaining viable reproducing 

local populations rather than individual animals. For 

example, some small mammals, where their small home 

range may result in substantial portions of their feeding 

taking place in the shot fall zone may have a high risk to 

a few individuals. But, the local reproducing population 

involves many organisms not exposed to the shot fall 

zone, and therefore only a relatively small proportion of 

the local reproducing population is at risk. The net result 

is a minimal risk to the population, even though the risk 

may be high to a few individuals.

Lead from shot or bullets in the soil that has weathered 

can be absorbed by plants, and may accumulate in 

leaves, seeds and other parts that may be eaten by birds 

or animals. However, this indirect exposure pathway 

has not been demonstrated to be a major risk to most 

wildlife. Lead particles or lead-contaminated food that 

is ingested by a bird or animal may be passed on to 

predators. However, at shooting ranges, this pathway is 

not normally considered to be a significant risk unless 

unusual circumstances exist.  

If a range shoots into a field of corn or similar forage 

crop, there may be potential for ingestion of shot 

embedded in plants by both domestic animals as well as 

wildlife. 

Generally at shooting ranges, risks to wildlife, in 

decreasing order are:

Waterfowl
Numerous studies have documented the risk to 

waterfowl. The risk is especially high if spent shot 

falls into wetlands or water where waterfowl may feed. 

However, waterfowl (especially geese) may be at risk 

if they are allowed to feed in shot fall areas that are 

maintained as a short grass habitat.

Small, ground-feeding, seed-eating birds 
Few studies have been conducted on this exposure. 

However, they are believed to be at a moderate risk. 

Mourning doves have been documented to ingest spent 

shot in heavily hunted areas. Because shooting ranges 

represent only a fraction of a population’s distribution, 

any impact likely would be at the local level only.

Small mammals 
Two studies specifically have identified small mammals 

as being at risk at shooting ranges. However, both studies 

concluded that the risk is only at the local level and is not 

significant.

Ground-feeding, worm-eating birds 
These birds have a potential, but undocumented risk. 

The exposure pathway is through inadvertent ingestion 

of soil associated with worms. Because shooting ranges 

represent only a fraction of a population’s distribution, any 

impact likely would be at the local level only. As a result, 

the risk is believed to be moderate to low.

Medium-sized and larger mammals 
These animals have a low risk. Several studies considered 

this exposure and concluded that any risks present were 

not significant.

Wading birds, fish, reptiles and amphibians   
These are not known to be at high risk of lead exposure 

from shooting range activities. However, localized elevated 

lead levels in these species may occur in situations where 

lead shot is allowed to fall into wetlands or water.

It is important to note that, the mere presence of wildlife 

on the shot fall or impact are does not necessarily mean 

that a complete exposure pathway exists or a risk is 

present. To help assess the potential risk to wildlife the 
following information should be gathered: 

I.    Shot fall or impact area:
a.   Wetlands or open water- estimate the percent of the 

shot fall or impact area. 

b.   Mature trees- estimate the percent of the shot fall or 

impact area. 

c.    Woody brush- estimate the percent of the shot fall or 

impact area.

d.   Non-woody brush- estimate the percent of the shot fall 

or impact area. 

e.   Mowed fields- estimate the percent of the shot fall or 

impact area. 

f.    Bare ground- estimate the percent of the shot fall or 

impact area. 
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II.   Regular, scheduled, periodic wildlife observations 
in the shot fall or impact areas revealed (Note: 
a consultant may be needed to determine this 
information): 

a.   Waterfowl using the wetlands or open areas. 

b.   Small ground-feeding, seed-eating birds using the 

area. (If so, note the type of bird and habitat type 

being used.) 

c.    Ground-feeding worm-eating birds using the area. 

(If so, note the type of bird and habitat type being 

used.) 

d.   Other species of wildlife using the area. (If so, note 

the type of animal and habitat type being used.) 

III.  Do any endangered or threatened species reside 
in the county that your range is located? (Note: 
a consultant may be needed to determine this 
information.) 

a.   List the species and habitat preferences used by 

that species. 

b.   Have any endangered or threatened species been 

observed using the shot fall or impact area? 

c.    If so, list the species and habitat type being used. 

(Note, additional information on food habits and 

behavioral traits will be needed to determine if any 

risk is present.) 

IV.  Contact the wildlife heritage branch of the Florida 
Fish and Wildlife Conservation Commission at 
www.state.fl.us/fwc for information on endangered 
or threatened species. 

Management options to minimize the potential exposure 

to wildlife can be found in Sections 2.7on page 20 and 

2.8 on page 22.

2.8 WILDLIFE HABITAT AND FEEDING 

ISSUE 

As described in Section 2.7 on page 20 spent lead 

may be available to wildlife, and if so, may result in 

detrimental effects. Under existing law (RCRA and 

CERCLA), suits and/or regulatory actions can be brought 

upon parties that are thought to be involved with damage 

to natural resources, including wildlife populations or 

their habitats. Ranges can take the steps discussed 

in Section 2.7 on page 20 to minimize potential lead 

exposure and reduce the opportunity for birds and other 

animals to ingest lead. 

The presence of wildlife near shooting ranges is often 

desirable. Most range operators and shooters are 

conservationists and enjoy having wildlife around. The 

goal of protecting wildlife in areas where lead is present 

can go hand in hand with the goal of having wildlife 

present with high quality habitat on other parts of the 

range property. 

 
LANDSCAPING/PLANTINGS 

The pattern and type of vegetation at a range influences 

the suitability of habitat and the types of wildlife that 

occur there. Any time vegetated areas are present there 

is the potential for wildlife to use the area. Most ranges 

are intentionally maintained in relatively open condition 

to establish a clear field of view for shooting. These 

open, often grass-covered areas are suitable habitat 

for deer, small mammals, and ground-foraging birds. 

Preferred wildlife food, such as plants that produce 

edible stems and seeds, should not be planted around 

active range areas. Other areas of shooting facilities 

(away from the firing ranges) may be managed to 

support wildlife, as detailed in Section 3.5 on page 37. 

Issues related to erosion control (Section 3.2 on page 

28) should be kept in mind when selecting plantings. 

Plantings in some areas will be disrupted by lead 

recovery/recycling activities. 

MANAGEMENT OF VEGETATION 

Vegetation can be managed through mowing, cutting, 

burning, trimming, or chemical herbicide application. 

Mowing as an approach to vegetation management can 

be desirable because grass provides limited habitat for 

many animals. Grassy areas should be planted in less 

palatable plants such as fescue and Bermuda grass. 

Your local Natural Resource Conservation Service 

(NRCS) agent or state wildlife agency may be able to 

suggest other plants that are not attractive to wildlife in 

your area. Mowing should be conducted to keep grass 

somewhat as a lawn would look if the homeowner had 

been on vacation for a month. These management 

techniques can be used to keep shooting areas in open 

cover, to keep weedy vegetation away from structures 

and equipment, and to manage ornamental plantings for 

aesthetic purposes. 
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Vegetation conditions also help determine wildlife 

use at a range. Deterring sensitive wildlife (such as 

waterfowl) from a range pond is important. Not planting, 

or discouraging preferred food or cover plants, will create 

marginal habitat in areas of potential lead deposition. 

Planting trees or other tall woody plants on the edges 

of ponds will deter some waterfowl, such as geese and 

swans, from landing and using the pond. In field areas, 

dense, rank, higher vegetation and small shrubs may 

deter geese, crows, gulls and several other types of birds 

from landing. However, as is the case with many factors 

of range use, the actual management techniques and 

vegetative condition of range areas depends upon the 

specific situation of a range layout and the associated 

shooting needs. Vegetation should be considered in 

conjunction with other elements of an Environmental 

Stewardship Plan. 

WILDLIFE HABITAT ENHANCEMENT 

Areas of range facilities where active shooting does not 

occur are potential areas for wildlife food and habitat 

enhancement to draw the wildlife away from the active 

range areas. There are many types of fruit bearing 

trees and shrubs that can be planted for wildlife value, 

including apples, cherries, blueberries, blackberries, 

dogwoods, grapes, and nut-bearing trees such as 

beeches, hickories, and oaks, among others. Field areas 

that are not part of any active range can be planted in 

wildlife food and cover, including grasses, wildflowers, 

clover, lespedeza, etc. to provide for wildlife needs. The 

exact species of plants best suited to a given area differ 

depending on the region of the state and associated 

climate and soils. Many state natural resources 

departments, wildlife divisions, heritage programs, and 

other similarly named agencies have recommended 

planting lists for important native species valuable to 

wildlife as well as lists of invasive exotic/non-native 

plant species that should be avoided. Planting guides 

for wildlife enhancement may be obtained from NRCS 

offices, environmental consulting firms, landscaping 

firms, plant nurseries, state or local natural resource 

departments, or County Extension Offices may be helpful. 

Local Extension Offices are listed in Appendix K. 

It is important to note that wildlife should be kept wild 

and well away from areas used by people. If an artificial 

feeding program is undertaken, only recommended foods 

should be used. Bread products or other human food 

items should be avoided. Feeding areas should be kept 

well away from lead impact on shot fall areas. Artificial 

feeding may quickly create nuisance animal problems. 

Any feeding should be carefully evaluated before it is 

initiated and only after seeking the advice of the state’s 

natural resources department. 

2.9 PROXIMITY TO NEIGHBORS

A large sound buffer area surrounding your range is 

preferred. Complaints about the sound of shooting can 

be difficult to resolve and often evolve into environmental 

complaints. Firing ranges have historically tended to 

be located in rural areas where land costs and sparse 

development was more suitable for this type of activity. 

However, the current rapid development of rural areas 

makes it inevitable those range owners and operators 

will have to address the impact that the development will 

have on the range. Whether operating an existing range 

or planning a new one, it is important that surrounding 

land uses and landowners are considered. A well 

designed community relations plan will consider the 

concerns of the neighbors, provide opportunity for the 

community to ask questions and provide your range an 

opportunity to explain both your safety and environmental 

programs. An open relationship with your community will 

help make sure that they are informed about how your 

range is operated.

It is particularly important to inform the community 

of the safeguards that you are taking to protect the 

environment. The public is becoming increasingly aware 

of environmental issues in general, and is seeking 

assurances that your activities are not adversely 

impacting the environment. A well-designed and 

implemented Environmental Stewardship Plan will help 

provide those assurances.

Range owners and operators should also become 

involved in local community meetings, zoning boards 

and other activities. Being involved as a part of the 

community will help the community recognize the 

shooting range as a valuable asset.



24    BEST MANAGEMENT PRACTICES FOR ENVIRONMENTAL STEWARDSHIP OF FLORIDA SHOOTING RANGES CHAPTER 3    25

GROUNDS AND VEGETATION

The visual impact and manner in which the range 

grounds are maintained is often seen as a reflection of 

the way the overall range is being managed. Fresh paint, 

well maintained landscaping and lawn areas, and up-to-

date signs are subtle, but important means to impart a 

positive public image. 

PAST LAND USES

The range area should also be examined for any previous 

use of the site that may have introduced potential 

pollutants. Efforts should be made to contact previous 

owners and search public records to find out how the 

land was used.

ACCESSIBILITY

Accessibility to shotfall zones and impact berms is 

extremely important for lead reclamation activities. A 

range that is not accessible to reclamation equipment 

will have difficulty fully implementing lead reclamation 

practices. 

Common range soil characteristics, along with potential 

risk to wildlife and benefits during handling can be found 

in Appendix L

General Characteristics of Florida soils can be found in 

Appendix I.
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3.0 MANAGEMENT TECHNIQUES FOR 
OUTDOOR SHOOTING RANGES

To operate an outdoor range that is protective of 

human health, the environment and wildlife each range 

should have a site specific well designed BMP plan that 

includes a selection of management techniques. The 
following are items that can be included in your range 
management plan:

    Control and contain lead bullets and bullet fragments

    Prevent migration of lead to the subsurface and 

surrounding surface water bodies

    Remove the lead from the range and recycle

    Ensure targets and shooting lines are located to 

prevent spent ammunition from falling into surface 

water

    Document activities and keep records

After (Step 1) evaluating existing environmental 

conditions (Chapter 2), an effective lead management 

program requires implementing and evaluating BMPs 

from each of the four steps identified above. The BMPs 

discussed in Sections 3.1 on page 25 and 3.2 on 

page 28 should not be considered alternatives to lead 

reclamation, but rather practices that should be followed 

between lead reclamation and recycling events.

 

3.1 BULLET AND SHOT CONTAINMENT 
TECHNIQUES
(STEP 2)

BULLET CONTAINMENT

Knowing where spent lead is deposited allows the 

appropriate BMP to be used. Another important BMP for 

managing lead in these areas is by bullet containment. 

The containment systems mentioned in this section 

are for reference only. Each containment design for a 

range is site specific. You must look at various factors in 

determining which containment system is best for your 

range. Some factors include: site conditions, design and 

operating procedures, overhead, costs of installations, 

maintenance. You should consult with several 

contractors/vendors to determine which containment 

system is best for your range. The State of Florida does 

not endorse any bullet containment design. This section 

discusses BMPs for controlling spent lead bullets and 

fragments in a “controlled” and well-defined area behind 

the target area. 

A variety of containment device options exist to serve as 

BMPs to control lead. The principle behind all of them is 

trapping and containing the actual bullet. They include:

    Earthen Berms and Backstops

    Sand Traps

    Steel Traps

    Lamella or Rubber Granule Traps

For each type of trap, design variations have been 

developed to fit the specific needs of an individual range. 

Below are discussions of each general category of 

trap. This handbook identifies the possible advantages 

and disadvantages associated with each containment 

device in Appendix M. Information also is available at 

www.rangeinfo.org.

EARTHEN BERMS AND BACKSTOPS

Perhaps the most common bullet containment system at 

rifle and pistol ranges is the earthen backstop, located 

directly behind the targets. Range owners construct 

backstops and berms primarily to protect people from 

injury and property from damage. The backstops and 

berms also allow for manageable recovery of fired lead 

bullets.

The earthen backstop is generally between 15 and 

20 feet high with a recommended slope as steep as 

possible. You should consider weather conditions, 

annual rainfall, erosion rate and future lead reclamation 

activities in determining the appropriate steepness of 

slope. In some instances, backstops may be naturally 

occurring hillsides. Other types of backstop and berm 

materials are:

CHAPTER 3
MANAGEMENT TECHNIQUES
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    Earthen backstops constructed from clean fill

    Earthen backstops constructed from broken material 

and covered with clean dirt fill

    Earthen backstops constructed from clean fill and 

stabilized internally

    Fabricated backstops using steel or wooden cribs

When a bullet hits a berm it may behave in several 

ways. It can penetrate the berm, agglomerate into a 

single mass, fragment, smear and leave some lead 

on the surface soil, or ricochet. If you use an earthen 

berm or backstop for bullet containment, ensure that 

the uppermost layer exposed to the shooting activity 

(one to two feet deep) is free of large rocks or other 

debris. These materials tend to increase ricochet and 

bullet fragmentation, which will make lead reclamation 

activities more difficult and possibly raise safety issues.

Removal of lead from earthen backstops is a necessary 

component of range operations. This process may 

require lengthy reclamation of the soil to remove the 

lead. For example, some bullets get embedded deeply 

into the berm requiring recovery operations to cover 

greater depths. Continued use of the backstop without 

removing the lead may result in increased ricochet of 

bullets and fragments. In addition, the backstop may 

lose its slope integrity because of “impact pockets” 

that develop. The continuous disturbance by bullets 

entering the berm can create areas that are void of 

vegetation. Once the lead has been removed from the 

earthen backstop, the soil may be placed back in the 

berm and used again (See Sec. 3.8 on page 40 for more 

information). Adding lime and phosphate during the 

rebuilding process is recommended as appropriate. If 

extensive earth moving is required during the reclaiming 

operation, you may want to consider installing an 

impervious liner under the face of the berm, before 

you reconstruct it. Typically you will have to replace 

eroded dirt, reseed bare areas, water and maintain 

vegetation on the berms between lead recovery and 

recycling operations. During these activities, workers 

should wear protective gear and a breathing apparatus. 

Before re-establishing an earthen backstop, you should 

consider other, more environmentally protective, bullet 

containment techniques, including those listed below.

SAND TRAPS

A variation of the earthen backstop is the sand trap. 

Sand traps range from those that are simply mounds of 

sand or soil located directly behind the bullet targets, 

which serve as backstops to systems designed to 

contain, collect and control lead and contact water. 

Regular maintenance must be performed to remove 

larger particles (bullets) from the impact area. These 

traps are typically 15 to 20 feet high with a slope as 

steep as possible.

You should consider weather conditions, annual rainfall, 

erosion rate and future lead reclamation activities in 

determining appropriate steepness of slope. The most 

important design criteria for these traps is that the 

uppermost layer (to a depth of 1 to 2 feet) be free of 

large rocks and other debris to reduce ricochet and bullet 

fragmentation, as well as facilitate reclamation efforts. 

There may also be an impermeable layer (e.g., clay or 

liner) under the sand to prevent lead from contacting the 

soil underlying the trap.

Sand traps come in various designs and levels of 

complexity. The sand trap may be sand contained in 

a high backstop, or a more complex “Pitt and Plate” 

system. The Pitt and Plate system uses an angled, steel 

deflection plate cover that helps to direct bullets and 

bullet fragments to the top layer of sand only. However, 

the Pitt and Plate may increase the surface to mass 

ratio of the bullet splatter because of impact, and may 

increase the level of fragmentation and dust. This may 

increase the environmental risk of lead migration.

Some of the more sophisticated sand traps incorporate 

lead recovery devices. Regardless of the type of sand 

trap that is used, the traps become saturated with 

bullets and bullet fragments. Once this happens, the 

sand must be sifted to remove the bullets. The recovered 

bullets can then be sold to a lead recycler. After sifting, 

the sand may be returned to the trap (See Sec. 3.8 

on page 40 for more information). Continued use of 

the trap, without removing the lead, may result in an 

increased risk of ricocheting off the backstop and thus 

creating an increased safety hazard. Furthermore, the 

sand trap will become unstable over time. Sand traps 

may be located over an impermeable liner, which makes 

it impossible for lead to make contact with the soil 
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underlying the trap. This will provide additional protection 

to soil and groundwater.

STEEL TRAPS

Steel traps are located directly behind the targets so that 

expended bullets, along with bullet particles, are directed 

into some form of deceleration chamber. Once inside the 

chamber, the bullets decelerate until the bullets/bullet 

particles fall into collection trays at the bottom of the 

deceleration chamber. When the trap is full, or on a more 

frequent basis, the spent lead can easily be reclaimed 

for recycling.

With some steel traps, expended lead bullets may not 

come in direct contact with soils, thereby reducing lead’s 

contact with the environment. Consequently, the need 

for other BMPs (e.g., lime spreading, and/or engineering 

controls), such as those required at ranges with unlined 

earthen backstops or unlined sand traps, may be 

avoided if this trap design is selected for the range’s 

bullet containment device. In addition, bullet removal is 

somewhat easier than a sand trap, and may only require 

emptying a bucket or tray containing the bullets and 

bullet fragments. However, many steel bullet traps build 

up a layer of lead residue that may create additional 

environmental and safety concerns. These particles 

are extremely small and more easily transported by 

rain water. Also, the smaller the particle, the quicker 

it will degrade. A bullet trap needs to have a means to 

collect contact water, or to be covered to prevent water 

from reaching it, in order to minimize releases and 

degradation from occurring. Understanding the amount 

of lead dust and fragments is important to a successful 

lead management program. Also, some steel-trap 

designs are not intended for shooting at different angles, 

therefore limiting the shooter to shooting straight-on (no 

action shooting).

Steel traps vary in design and complexity. For example, 

the Escalator Trap has an upward sloping deflection plate 

that directs bullets into a spiral containment area at the 

top. The Vertical Swirl Trap is a modular, freestanding 

trap with four steel plates that funnel the bullets into 

a vertical aperture where they spin, decelerate, and 

become trapped in a bullet collection container. The Wet 

Passive Bullet Trap is equipped with steel deflection 

plates that slope both upward and downward. The 

upwardly sloped deflection plate is covered with an oil/

water mixture to help reduce the occurrence of ricochet 

and bullet fragmentation, as well as preventing lead dust. 

The bullet follows its own path in the round deceleration 

chamber for bullet recycling.

LAMELLA AND RUBBER GRANULE TRAPS

The Lamella Trap uses tightly hanging, vertical strips of 

rubber with a steel backing to stop bullets. This trap is 

located directly behind the targets and, in many cases, 

the targets may actually be mounted to the trap. Lead 

removal requires mining the bullets from the rubber. The 

Rubber Granule Trap uses shredded rubber granules, 

housed between a solid rubber front and steel backing, 

to stop bullets once they pass through the target. For 

both traps, the bullets remain intact, thus reducing 

lead dust and preventing lead and jacket back splatter. 

Depending on the design of the rubber trap, the bullet 

either remains embedded in the rubber strip or falls to 

the bottom of the trap, where the bullets are removed 

for recycling. Similar to steel traps, these traps minimize 

lead’s contact with the environment.

Rubber Granule traps, when properly installed and 

maintained, are intended to increase safety by 

decreasing the occurrence of back splatter, and 

eliminating the introduction of the lead dust into the air 

and ground. However, there are several concerns over 

their use since they may do one or more of the following:

    Require additional maintenance.

    Present a fire threat under extremely high volume 

use (due to heat from friction created upon bullet 

impact).

    Not withstand weather elements over the long term.

    Cause the rubber particles to melt the lead bullets– 

making lead reclamation more difficult.

    Lead smears on the rubber, which may have to be 

disposed of as hazardous waste.

BULLET CONTAINMENT INNOVATION

Aside from the bullet containment devices discussed 

above, there are new designs and innovations continually 

being developed. One of these innovative bullet 

containment devices is Shock Absorbing Concrete 

(SACON). SACON has been used as a bullet containment 

device since the 1980’s and extensively field-tested by 

the military. SACON is available as a backstop material 

for small arms ranges. SACON provides a means to 
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easily reclaim lead. Additionally, crushed, SACON can 

be recycled (re-cast) after bullet fragments have been 

removed by adding it to other concrete mixtures for use 

as sidewalks, curbs, etc. Sample bullet containment 

devices can be found in Appendix O.

SHOT CONTAINMENT 

Shot containment includes the following:

REDUCING THE SHOTFALL ZONE

Unlike rifle and pistol ranges, the area impacted by lead 

shot fired at trap, skeet and sporting clays ranges is 

spread out over a large area. However, the lead shot 

primarily remains at the surface of the soil. Knowing the 

location of the spent lead allows the appropriate BMP to 

be used. Another important BMP for managing lead in 

these areas is by reducing the shotfall zones.

Concentrating the lead shot in a smaller area facilitates 

lead management by providing a smaller and more 

dense area of lead to both manage in place and reclaim, 

thereby making the management and reclamation 

process simpler and more effective. To reduce the 

shotfall area at a range, you may choose to modify the 

shooting direction. An example of this can also be found 

in Appendix O.

SPORTING CLAYS COURSES

Technologies have been developed to assist in reducing 

the range size of trap and skeet, and sporting clay 

facilities. The National Sporting Clays Association (NSCA) 

has developed a Five-Stand Sporting Clays compact 

course designed for shooting sporting clay targets. The 

targets are directed over a smaller area than in English 

Style Sporting Clays (conventional sporting clays). It was 

originally designed to be overlaid on a conventional trap 

or skeet field and to be an alternative to English Style 

Sporting clays, which cover a much larger area. Another 

design, a portable target-throwing unit known as the 

NRA Clays, concentrates 15 rail-mounted machines on 

a two-story flatbed trailer. The NRA has also developed 

“compact sporting” specifically for sporting clay facilities. 

This practice alters the angle that the target is thrown to 

concentrate the shotfall zone.

SKEET FIELDS

The typical single skeet field has a shotfall zone that is 

fan-shaped. For skeet fields built side-by-side, the shotfall 

zones would overlap creating a shotfall zone that has a 

concentration of shot near the center of the fan.

Traditional sporting clays courses can, and should, be 

designed so that the shot fall areas overlap as much as 

possible. One way to accomplish this is to lay the course 

out in a large circle and have all shot be directed towards 

its center. Knowing where the shot falls is a critical BMP 

for sporting clays ranges.

TRAP FIELDS

One way to reduce the shotfall zone at trap fields is to 

build the fields at an angle to one another. This will make 

the shape of the shooting dispersal pattern smaller and 

more concentrated. However, if you do decide to choose 

this option, be aware of safety issues when designing 

the overlapping shotfall zones.

For a range with only one trap field, one way to minimize 

the shotfall zone is to keep trap machines set in as few 

holes as possible (e.g., the number 2 or 3 hole setting). 

This reduces the area of lead concentration by limiting 

the angles for pigeon throwing, and therefore the area 

for lead shot fall. However, when two or more trap fields 

are positioned side by side, the shotfall zone will be 

continuous regardless of the “hole” setting.

3.2 BMPS TO PREVENT LEAD MIGRATION 
(STEP 3)

This section discusses BMPs for preventing lead 

migration. These BMPs include:

    Immobilizing lead

    Monitoring and adjusting soil pH

    Controlling run-off

These BMPs are important for all outdoor ranges.

IMMOBILIZATION OF PB IN RANGE SOILS

One option to immobilize lead in range soils is by 

using lime to maintain neutral soil pH. Various types 

of lime and methods for raising the pH of soils exist. 
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This is important to shooting range operators who find 

themselves faced with acidic soil conditions, which are 

common in Florida. Adjusting of the soil pH to a more 

neutral level between 6.5 and 8.5 on the pH scale 

is desirable because it helps inhibit lead corrosion. 

Metallic lead is more likely to corrode into a water-

soluble compounds that can migrate into areas outside 

of the range when the pH is outside of the desired 

6.5-8.5 range. A pH scale is numbered between 1 and 

14, with a 7 considered neutral. Values of pH below 7 

are considered acidic and most areas in Florida have a 

naturally occurring acidic pH in the 4 to 6 range. Liming 

the soil is common practice with agricultural operations 

to raise soil pH and the same methods can be used on 

shooting ranges. 

Assistance is available from the University of Florida’s 

Institute of Food and Agricultural Sciences (IFAS), 

Extension Service. This service provides access to 

information generated from agricultural research and 

can provide testing and guidance with soils. County 

extension services are listed in Appendix K, and updated 

information can be located on the Internet at the 

website: www.extension.ifas.ufl.edu. Reference materials 

used for this article are also listed in the appendix. 

 

Once you have determined where the lead is deposited, 

the next step is to evaluate the site conditions to 

determine management needs. Soil testing provides 

valuable information for the shooting range operator. 

Equipment for testing pH can be purchased from lawn 

and garden services and laboratory supply services. 

Professional labs and county extension agents also 

commonly perform soil testing for modest fees. It 

is suggested that a test for lead not be performed. 

Tests for lead are not needed because operators are 

already aware that lead is on the site and it would be 

an unnecessary test and cost. In testing for shooting 

ranges, more emphasis should be directed toward the 

areas of highest lead concentration. This type of testing 

gives the operator the most information on the areas of 

greatest concern. 

 

The next step would be to determine the type 

and amount of liming material to apply. Liming 

material comes in multiple forms that have different 

characteristics. Local extension service or garden 

supply store will be helpful in determining an application 

program based on test results and type of lime being 

applied. (The first of those characteristics is the 

material’s ability to reduce soil acidity by increasing soil 

pH.) Since liming of soil requires relatively large amounts 

of material, it is important that it would be readily 

available and inexpensive. 

The most common material for liming agricultural soils 

is finely ground limestone, a mineral composed of 

calcium and magnesium carbonates. The materials 

are most often referred to as “aglime” since they are 

generally prepared for agricultural use. These minerals 

vary in concentrations depending upon where they are 

mined. The resulting differences in materials have 

generated names that may be locally based, or based 

upon the concentrations of the compounds making up 

the limestone. Calcitic limestone, aragonite and calcite 

are terms describing materials with a high calcium 

concentration and are often referred to as “hi-cal lime.” 

Pure calcite is calcium carbonate (CaCO
3
) and is the 

standard by which other liming materials used to change 

soil pH are compared. Dolomitic limestone and dolomite 

refer to limestones with up to forty-five percent (45%) 

magnesium carbonates (MgCO
3
). The exact makeup of 

the liming product and the fineness to which it is ground 

will determine its acid neutralizing capacity and the 

speed that it will react with the soil. Some compounds 

present in limestone neutralize more acid than calcium 

carbonate and allow a “calcium carbonate equivalency” 

(CCE) rating of greater than one hundred (100%). 

Limestone crushed for road building, although long 

lasting, is too coarse for effective use as a pH increaser. 

Since future range reclamation will be planned, particle 

sizes that are large enough to be removed during lead 

sifting operations would also be detrimental. Grinding the 

limestone to smaller sizes allows it to function faster on 

the site; however, additional refining will increase costs. 

At this point, it is important to note the differences 

between liming products and products that supply 

calcium and magnesium as soil nutrients. Soil nutrients 

are most often applied in rates of pounds per acre, while 

liming to change soil pH is usually applied at a ton or 

more per acre. In “Florida Commercial Fertilizer Law,” 

a ton of “standard liming material” is defined as the 

amount of material needed to be equivalent to 2,000 

lbs of material with a CCE rating of 90%. The tags on 

bags of Florida agricultural lime will describe this with 

the statement “This product requires _____ lbs. to 

be equal to one ton of standard liming material.” If a 
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product has a higher rating than 90% CCE, then it will 

require less of that product to achieve the pH change 

sought. The operator must also realize that products to 

supply calcium and magnesium soil nutrients without 

substantially altering soil pH are available as gypsum and 

magnesium sulfate. 

In addition, soil chemistry is also important. The 

“buffering capacity” of the soil will also determine 

the amount of liming material necessary to achieve 

the desired effect. Buffering can be thought of as the 

resistance of a soil to change pH. Professional soil tests 

will most likely include an “Adams-Evans Buffer” test to 

determine the amount of liming material required for a 

particular soil situation. Soil characteristics influence 

how effective liming material will be in changing soil pH. 

For example, a clay-loam soil generally has a greater 

buffering capacity than a loamy-sand soil. Because of 

this, it would require adding more liming material to 

the clay loam soil to raise its pH in comparison to the 

loamy sand soil. In addition, the use of lime to adjust 

pH requires periodic re-application. Soils should be re-

tested at least annually and lime added, if warranted by 

the test results. Florida soils, although often considered 

just sand, are a mixture of many different soil types and 

components. These soil types vary widely in different 

areas of the state. We recommend that operators seek 

advice from knowledgeable sources. 

In summary, the maintaining of a neutral soil pH is 

important for the reduction of lead mobility in Florida 

shooting ranges. Liming of acidic shooting range soils 

is a relatively inexpensive tool for maintaining of a 

neutral soil pH. Florida soil conditions vary and should 

be evaluated to determine the type and amount of liming 

materials that would be beneficial to the range pH. The 

costs of testing are generally nominal and testing is 

readily available through agricultural sources. Aglime 

materials vary by the areas mined so, although these 

materials are relatively inexpensive when comparing cost 

per ton, there are differences in the product and the best 

source of application information would be from local 

suppliers of aglime materials.

BINDING LEAD IN RANGE SOILS
  

Only forms of lead that can dissolve in water are able 

to affect surface and groundwater quality or become 

bio-available in tissue. Therefore, one of the most 

effective ways to prevent lead mobility is to bind water-

soluble lead compounds with substances that will 

create insoluble lead compounds. There are three 

substances of particular interest and applicability to lead 

management at outdoor shooting ranges: clay, phosphate 

and organic matter.

CLAY: 
Clay minerals have the capacity to bind with dissolved 

lead. A layer of clay between the spent lead projectiles 

and groundwater will protect the groundwater in two 

ways. First, if dissolved lead is present at a range, it will 

attach to the clay before it can reach the groundwater. 

Second, because water does not penetrate through clay 

very well, clay also acts as a physical barrier to lead 

transport. 

The amount of clay needed depends on the type of clay 

and the soil pH. Different types of clay have different 

capacities to adsorb lead. This is called the clay’s 

“cation exchange capacity”. Clay is more efficient at pH 

values above 6.

As an example, at a pH between 5 and 8, a layer of 

Montmorillonite clay (a type of clay with one of the 

highest cation exchange capacities) would only need to 

be 2 centimeters thick. However, if the pH were below 

3, a layer of Kaolinite clay (which has one of the lowest 

cation exchange capacities) would need to be between 

10 and 20 centimeters thick.

Advantages of using Clay:
Clay is very effective at preventing vertical migration of 

lead to ground-water. It is also good at removing lead 

from solution in water. The soil itself may contain clay or 

there may be a naturally occurring layer of clay. 

Cautions of using Clay:
Clay can increase the amount of surface water run-

off and therefore increase the risk of the horizontal 

migration of lead. Clay in the soil may not support the 

vegetative cover that would help prevent surface erosion.

PHOSPHATE:
Phosphate can be one of the most effective ways to 

bind lead and prevent adverse environmental impacts. 

Testing has shown the simple addition of phosphate can 



30    BEST MANAGEMENT PRACTICES FOR ENVIRONMENTAL STEWARDSHIP OF FLORIDA SHOOTING RANGES CHAPTER 3    31

eliminate up to 98.5% of water-soluble lead compounds. 

Lead and phosphate will rapidly bond to create insoluble 

lead phosphate compounds. No mixing is required for the 

lead and the phosphate to combine, making the effective 

application relatively easy. 

Phosphate tends to be more effective under acidic 

conditions. Once lead phosphates have formed they are 

very insoluble, even when exposed to the very acidic 

conditions of a digestive system. This indicates a very 

low level of bioavailability and risk to plants and wildlife.

Phosphate rock is the longest lasting. Crushed 

phosphate is most effective, but requires frequent 

replenishing. A combination of the two may be the best 

overall strategy.

Advantages of using Phosphate:
Phosphate is an effective and relatively inexpensive 

way to bind lead and prevent migration. It is second 

only to periodic reclaiming/recycling as a cost effective 

management practice.

Cautions of using Phosphate:
Phosphate requires periodic replenishment to be 

effective. Overuse can affect water quality in nearby 

surface water. Studies indicate that while phosphate 

application immobilizes lead, in some cases arsenic may 

be mobilized. FDEP is sponsoring research to further 

evaluate this issue for arsenic present in lead shot or 

bullets.

Get advice from professionals like the USDA-Natural 

Resource Conservation Service (NRCS) or your county 

extension office. It works best in an acid environment, 

which is not a recommended environment for successful 

implementation of BMPs. There is a simple test, the 

Synthetic Precipitation Leaching Procedure (SPLP, USEPA 

Test Method 1312), that can be run on the site’s soil to 

determine if the leaching of metals, particularly lead and 

arsenic, is a concern and to evaluate the effectiveness 

of subsequent phosphate amendments.

ORGANIC MATERIAL:
Organic material, most likely to be in the form of mulches 

or compost, can bind to lead compounds and prevent 

lead mobility. Adding organic matter to soils, especially 

sandy soils, can be beneficial. Organic layers will provide 

a binding point for lead as well as slow the percolation of 

water.

Advantages of using Organic Material:
Can be inexpensive and easy to implement. Some 

Florida soils have an organic layer several feet below the 

surface that acts as a barrier to protect groundwater.

Cautions of using Organic Material:
Organic matter can increase the acidity of the soil. Use 

of mulches and compost forms of organic matter can be 

a short term solution since lead will be re-released as 

the organic matter breaks down. Mulches and compost 

on the surface may make reclaiming activities more 

difficult.

PREVENTION OF STORM WATER RUN-OFF

The amount of lead transported off-site by surface water 

run-off is influenced primarily by three factors: the size 

of lead fragments, the volume of water, and the velocity 

of run-off. Lead as bullet fragments accumulated in 

berms and other backstop structures can be carried into 

the environment by the erosional effects of stormwater. 

These effects can by exacerbated by the leaching of lead 

where the stormwater and/or site soils are acidic. 

Various methods of active and passive controls are 

available to control the migration of lead from firing 

ranges. These include: 

A    Ground covers (vegetative, organic, removable liners, 

and permanent synthetic covers)

B    Engineered controls (may include filter beds, 

containment traps/detention ponds, dams/dikes, 

and topographic contouring) 

C    Constructed wetlands are still another form of 

control that has been suggested and involves both 

ground cover and engineering control aspects 

 

Shooting range owners should be aware that there 

are local, state and federal regulations relating to 

the discharge of stormwater. Owners constructing 

new ranges or modifying existing sites (resulting in 

an increase in impervious area) should contact the 

appropriate Water Management District and DEP’s 

NPDES Stormwater Program for information on 

stormwater construction permits. Federal rules are only 

applicable to discharges to surface waters of the state. 
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Owners are encouraged to avoid shooting over surface 

waters, such as wetlands, drainage ditches, lakes, ponds 

or canals, to prevent spent ammunition from falling 

into the water.  They are also encouraged to develop 

an environmental stewardship program including the 

implementation of BMPs as outlined in this document.

A. GROUND COVER

Vegetative: In areas where the bullet impact areas are 

sloped and erosive stormwater run-off is likely, grasses 

are generally the most suitable erosion control, provided 

an appropriate variety of grass is chosen and the 

ground cover is not attractive to wildlife, including birds. 

Stormwater conveyance should be away from the target 

area to minimize contact with bullet fragments and the 

resulting potential for lead migration. Grasses require 

periodic maintenance to maintain their effectiveness as 

well as for aesthetic reasons.

Organic: These include mulches and composts. These 

materials tend to be acidic and may not be appropriate 

if low pH is a concern, unless pH is controlled by using 

lime. Hermic acid contained in mulches and composts 

serves to chelate the lead out of solution, thereby 

reducing the mobility of the lead. Applied as a ground 

cover, a two inch minimum thickness is recommended. 

Mulches should be derived from wood which is free of 

CCA. These materials should be removed prior to lead 

removal events, as they may impede sifting or screening.

Removable Liners: During range inactivity, impermeable 

materials may be placed over the lead impact area, 

providing erosion protection and containing the spent 

lead within the impact area, out of contact with storm 

water.

Permanent Synthetic/Artificial Covers: These include 

roofed covers and eyebrows to prevent rainfall from 

contacting berms at pistol and rifle ranges, as well as 

synthetic liners such as asphalt, rubber, and HDPE 

for shotgun ranges. The choice of liner is usually site-

specific.

B. ENGINEERED CONTROLS

At ranges where heavy rainfall and/or steep topography 

is a factor, and where ground absorption is inadequate 

to prevent transient but substantial increases in storm 

water run-off, “hard” engineering controls may be 

needed. It should be kept in mind that any storm water 

system with the potential to pick up and discharge 

contaminants from industrial or other activities must be 

designed to provide appropriate retention and treatment, 

with discharge levels at a higher elevation than normal 

tail water (the level of the receiving water) levels. 

Some examples of engineered controls are as follows:

Filter beds: They work by routing collected run-off into a 

filtering system, which screens out larger lead particles 

and raises the pH of the run-off while draining it from the 

range area. They should be installed at the base of the 

backstop. They are best suited to open, rolling terrain 

where run-off can be easily directed to them, but can 

be installed at least on a limited basis at other ranges 

at backstops and other low places. Filter beds are not 

designed to capture bullets and larger lead fragments, 

but have minimal O&M requirements. 

Containment Traps/Detention or Retention Ponds: 
These controls are installed in the range’s drainage 

paths and settle out lead particles from run-off. Velocity 

reduction along the drainage paths can be achieved with 

vegetative cover to improve the controls’ efficiency. More 

frequent lead collection, from accumulated sediments, is 

required than with filter beds to maintain the capacity of 

the control. The removed material will require testing for 

proper disposal or to ensure suitability for re-use in the 

range berm or elsewhere. These controls entail higher 

design and construction costs than other alternatives, 

and often require permitting.

Dams and Dikes: These are used to control off-site 

run-off, where a sensitive adjacent property, wetland or 

surface water body may be hydrologically downgradient. 

They consist of mounds of dirt about a foot high, in all 

cases oriented perpendicular to the direction of run-

off. They reduce the velocity of the storm water and 

therefore reduce the size and weight of the lead particles 

transported by the run-off. Straw bales or rock rip-rap are 

often employed across drainage ditches to achieve the 

same effect.

Topographic Contouring: This results in alteration of 

drainage patterns which can assist in reducing the 

velocity of the run-off. An added benefit is that the soil 
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can be aerated or graded to increase infiltration and 

reduce run-off and off-site migration. However, it also 

results in lead being collected in surface soils and 

therefore lead reclamation and pH adjustment need to be 

considered in O&M plans.

C. CONSTRUCTED WETLANDS

This combines items associated with both of the 

aforementioned ground cover and engineered controls 

techniques.

3.3 LEAD REMOVAL AND RECYCLING
(STEP 4)

To successfully minimize lead migration, the most 
important BMP for lead management is lead 
reclamation. Implementing a regular reclamation 

program will allow you to avoid expensive remediation 

and potential litigation costs. Ranges in regions with 

high precipitation and/or with acidic soil conditions 

may require more frequent lead recovery since the 

potential for lead migration is greater. In regions with 

little precipitation and/or where the soil is somewhat 

alkaline, spent bullets may be allowed to accumulate on 

the soil for a longer time between reclamation events. It 
is recommended to add lime and/or phosphate during 
lead removal activities that involve soil screening.

It should be noted that to ensure that lead is not 

considered “discarded” or “abandoned” on your range 

within the meaning of the RCRA statute (i.e., a hazardous 

waste), periodic lead removal activities should be 

planned and conducted. Ensure that all of the lead 
bullets and other material removed for reclamation 
or disposal is stored in closed containers and sent 
to appropriately permitted facility within the allowed 
time. It is important to be aware that some recyclers 

often require that the material being sent for recycling 

have a minimum lead content. Screened soils shall not 

be stockpiled outside the active shooting range area; 

however, screened soils may be put back in the berm 

area or shot fall area (See Sec. 3.8 on page 40 for more 

information). 

Typically, lead removal and reclamation is achieved 

by hand raking, sifting and screening. Several other 

technologies for lead removal and reclamation are as 
follows: (Refer to Appendix P for more information)

    Soil Washing 

    Soil Flushing

    Wet Screening

    Gravity Separation

    Pneumatic Separation

    Phytoremediation

    Vacuuming

Note: Persons conducting the hand raking and sifting 

reclamation at ranges should protect themselves from 

exposure to lead. Consult an Industrial Hygienist or 

Occupational Safety and Health Administration (OSHA) for 

proper protection (see section 3.7).

Examples of Lead Reclamation Equipment can be found 

in Appendix N.

HAND RAKING AND SIFTING

A simple BMP that can be done particularly at small 

ranges, is raking and/or sifting bullet fragments from the 

soil. Sifting and raking activities should be concentrated 

at the surface layer. This is a low technology and low-

cost management alternative for lead reclamation. Once 

collected, the lead must be taken to a recycler or reused. 

Arrangement with a recycler should be made prior to 

collecting any spent lead to avoid having to store the 

lead and avoid potential health, safety and regulatory 

concerns associated with storing lead.

At trap and skeet ranges, conducting sifting and raking 

activities in the shot fall zone (approximately 125-150 

yards from the shooting stations) will yield the most 

lead. At sporting clay ranges, these activities should be 

conducted around tree bases, where lead shot tends 

to collect. Basically, the process consists of raking the 

topsoil with a yard rake in the shot fall areas into piles, 

as if you were raking leaves. This removes any large 

debris (e.g., rocks, twigs, leaves, etc.), and then sift the 

soil using screens. Once the soil has been raked and 

collected, pass it through a standard 3/16-inch screen 

to remove the large particles. This process will allow the 

lead shot sized particles to pass through the screen. 

The sifted material (those not captured by the 3/16 inch 

screen) should be passed through a 5/100-inch screen 

to capture the lead and lead fragments. This process 

also will allow sand and other small sediment to pass 

through the screen. Screens can be purchased at many 

local hardware stores. The screens should be mounted 
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on a frame for support. The frame size will vary based on 

the technique used by each range.

PURCHASING/RENTING MECHANICAL SEPARATION 
MACHINERY

Reclamation equipment can be rented from local 

equipment rental services. One type of machine that 

can be rented for lead shot reclamation is known as 

a screening machine (also referred to as a mobile 

shaker, gravel sizer, or potato sizer). This device uses 

a series of stacked vibrating screens (usually two 

screens) of different mesh sizes and allows the user 

to sift the lead shot-containing soil (gathered by hand 

raking, sweeping, or vacuuming as discussed above). 

The uppermost screen (approximately 3/16 inch mesh) 

collects larger than lead shot particles and allows the 

smaller particles to pass through to the second screen. 

The second screen (approximately 5/100 inch mesh) 

captures lead shot, while allowing smaller particles 

to pass through to the ground. The lead shot is then 

conveyed to a container such as a five-gallon bucket. For 

more information on rentals for this type of equipment, 

contact heavy equipment rental companies in your area. 

You could also rent vacuum systems/services that will 

collect the lead shot-containing soil from the range. Here, 

vacuuming takes the place of hand raking or sweeping. 

You may use the vacuum machine to collect the leadshot 

containing soil. Once collected, you must sift the lead 

shot containing soil through a screening system (either 

a rental screening machine, or a series of home-made 

framed screen sets). For more information about renting 

vacuums or vacuuming services (e.g., it may include 

a person to operate the machinery), contact heavy 

equipment rental companies in your area. Reclamation is 

much easier under dry soil conditions. 

HIRING A PROFESSIONAL RECLAMATION COMPANY

Another option for lead removal is to hire a professional 

reclaimer. Generally with reclamation companies there is 

no minimum range size requirement for lead reclamation. 

Concentration of lead is more important than quantity 

spread over a field, especially if it is a difficult range for 

reclamation (e.g., hilly, rocky, a lot of clay in the soil). 

Some reclamation companies require a site visit to 

view the topography, the soil composition and amount 

of lead observed on the ground. During the visit, some 

companies even may do a site analysis to determine 

whether or not it is feasible to reclaim. This analysis 

identifies the location of lead, the expected recovery 

amount and the depth lead reaches into the soils. You 

should plan ahead and call the reclamation company as 

early as possible because it may take a long time for the 

reclaimer to visit your site and work out the details of a 

contract.

SELECTING A LEAD RECLAIMER

You need to select the right reclaimer for your range to 

ensure that the reclamation is conducted appropriately. 

Some lead reclamation companies will travel to your 

range and assess the range prior to conducting lead 

collection activities. This assessment trip allows the 

reclamation company to confirm information gained 

during initial discussions, as well as to assist in 

appropriately estimating costs, time required and the 

estimated volume of lead at the range. Conducting this 

pre-assessment also allows you to determine which 

reclaimer is right for your situation.

QUESTIONS COMMONLY ASKED BY THE RECLAIMER

When you contact a reclamation company, the reclaimer 

likely will ask you several general questions. Typical 

questions include:

    When was the last reclamation conducted?

    What is the size of the berm?

    What are the site characteristics and soil types?

    What type of bullet containment device is used at the 

range?

    Is there road access for trucks?

    Who will handle lead for transportation?

    Are there any range personnel available for physical 

work?

Answering these questions will be a lot easier if you have 

maintained good records as is suggested above.

QUESTIONS TO ASK THE RECLAIMER

When choosing a reclaimer ask the general questions 

about prior clean-ups (past projects), insurance to 

cover company and clean-up (general liability insurance, 

pollution insurance, bonding, etc.), and site plans 

to ensure health and safety of workers and range 
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personnel. Other questions you may want to ask the 

reclaimer include:

    Can the reclamation take place outside of normal 

hours of range operation?

    What is the “profit” sharing arrangement?

    How long will the reclamation take?

    Does the vegetation at the range need to be 

removed?

    What type of equipment do you use to remove the 

lead from the range (hand screening, tumbler screen, 

shaker type screening equipment, water separation)?

    Will you be able to operate your equipment inside the 

range?

    What type of screen (mesh vs. harp) will be used?

    Do you submit written bid/contract?

ECONOMIC CONSIDERATIONS

Lead removal costs, if incurred, may vary dramatically 

depending upon the type and volume of soil or 

sediments, topography, amount of lead and location. 

Because the economics of reclamation vary due to 

many factors, this handbook does not provide specific 

estimates. However, you must understand that lead 

reclamation may or may not be beneficial economically. 

Though you may reap the following economic benefits:

    Monetary returns from selling reclaimed lead

    Future cost avoidance by minimizing the need for 

costly site remediation activities

    Cost of hiring a reclaimer

Some reclaimers bid the lowest flat fee with all the lead 

provided to the range for selling. You must then consider 

the transportation costs to send the reclaimed bullets 

to a recycling company. Alternatively, in a “profit-sharing” 

situation, the reclaimer ideally will split the economic 

return of lead sold for recycling based on the volume 

reclaimed and the current value of lead. In a best-case 

scenario, the average split may be 50/50, but it also 

may be lower. Although the value of lead varies, the value 

of reclaimed lead typically falls between $.08 and $.20 

per pound excluding transportation cost. 

RECLAMATION ACTIVITIES

Using machinery to reclaim lead usually requires that 

the area be clear of scrub vegetation. Grass, mulch, or 

compost is generally removed or destroyed during the 

reclamation process. Some reclamation companies have 

no problem beginning reclamation on a grassy field. 

Other reclamation companies will remove grass before 

or during reclamation (by burning it, if allowed locally, 

leaving behind the lead shot), and still others require 

that all vegetation be removed before they arrive at the 

range. Some companies will re-seed the area once the 

reclamation is completed. All of these details should be 

discussed and agreed upon in advance.

Since sporting clay ranges generally have many trees, 

removal of vegetation as discussed above may not apply 

directly to existing sporting clay ranges. At these ranges, 

the focus is on removing vegetative debris (i.e., fallen 

limbs, tree bark, etc.) prior to reclamation. This may 

include removing some trees to gain better access with 

the reclamation machinery. Of course, when designing 

a new sporting clay range, you should take into account 

steps to facilitate lead reclamation. For example, 

fewer and more widely spaced trees will facilitate lead 

reclamation.

Reclamation companies use several types of machinery 

to reclaim lead. Some companies drive their separation 

machinery over the site. They pick up the lead-laden soil, 

process it and then return it to the ground lead-free. 

Other companies scrape off the top several inches of 

soil from the ground, using a front-end loader to bring 

the soil/lead to stationary reclamation machines and 

then return the soil to the field after reclamation. Many 

companies till the top 2 to 5 inches of soil and grass 

immediately prior to reclamation to facilitate the process 

(some companies may require this to be done prior to 

arrival on the range).

Regardless of how it is collected, the actual reclamation 

of the lead follows the same general pattern. Most often, 

it is sifted through a series of shaking screens. The 

lead and soil pass through shaking screens (usually at 

least two screens) of decreasing mesh (hole) size, with 

the topmost screen having the largest mesh. This part 

of the reclamation machinery is usually adapted from 

machinery used for potato or gravel sizing.

Any soil/debris automatically screened out as being 

too big or too small is either returned to the field or re-

screened to ensure no lead is caught in the debris. This 

procedure is why moist, clay soils are more difficult to 

reclaim. The moist, clay soils can bind together into shot-
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sized pellets producing more “product” for the second 

part of the reclamation. The wet soils also can clog the 

screens.

For some reclamation companies, their process ends 

after sifting the soil and returning it to the ground. 

However, some companies take reclamation one step 

further. After screening, the resulting lead, soil and other 

lead-sized particles enter a blowing system. Here the 

lead shot is easily separated from the soil and other 

debris by blowing the air. The lead is much more dense 

than the soil and other lead-sized debris so that it falls 

out first. 

Some lead reclamation companies will perform the 

reclamation during club off-hours so that club activities 

are not interrupted. Additionally, some perform the 

reclamation on a field-by-field basis, to minimize any 

disruptions to club activities. However, other companies 

require the club to shut down during the reclamation. 

Reclamation time varies depending on weather, site 

accessibility, range size and number of personnel 

assigned to perform the reclamation.

Reclamation activities may generate dust, especially in 

drier locations. To prevent or minimize dust from traveling 

off the range and causing complaints from neighbors, 

reclamation activities generating dust should be 

conducted only during periods of no wind. In addition, you 

should complete such activities as quickly as possible.

FREQUENCY OF LEAD REMOVAL

It is important to perform lead removal at a frequency 

appropriate to your site. The appropriate frequency is 

specific to your site and is dependent on several factors. 

These include:

    Number of rounds fired

    Soil pH

    Annual precipitation

    Soil Type

    Depth of groundwater

    Distance to wetlands and surface water bodies

Lead volume, as estimated by the number of rounds 

fired, helps determine the appropriate frequency of 

reclamation at ranges. Generally, lead reclamation 

frequency is based on amount of visibly accumulated 

lead, ricochet of bullets and environmental conditions. 

One reclamation company indicated that a maximum of 

100,000 rounds per firing lane could be allowed before 

reclamation of the lead occurs. 

For shotgun ranges, tracking the number of targets 

thrown can help indicate when the lead shots should 

be reclaimed. For example, one source indicated that 

when a range has thrown approximately 2,500,000 

targets, reclamation of the lead should occur. Another 

source indicated that lead reclamation should occur at 

least every 6-8 years for even a low usage range. You 

could establish record-keeping procedures to monitor 

the number of rounds fired. You can accomplish this 

by maintaining logbooks and asking shooters to list 

the number of rounds shot and the type/size of shots/

bullets they use. Do this by lane and by stand.

There are many ranges where lead removal has not 

occurred for many years. Many of these ranges are used 

extensively. Such ranges are especially good candidates 

for potential positive cash flow as a result of removal 

and recycling. Subsequent removal frequency depends 

on range use and environmental factors. One possible 

approach to making reclamation more cost effective is 

for a number of ranges in the same geographical area to 

work together in organizing coordinated removal at their 

ranges. This will reduce the travel and mobilization cost 

for each range.

MINIMIZATION OF VEGETATION

As discussed previously, vegetation is useful both for 

controlling the amount of run-off and erosion from the 

range and inhibiting lead mobility. However, vegetative 

cover can interfere with reclamation activities. For 

example, excessive vegetation impedes the screening 

and sifting processes used by many reclamation 

companies. Therefore, prior to reclamation activities, 

remove, reduce or mow excessive vegetation from 

the area. After the reclamation, replant quick growing 

vegetation. Repeat this process for each reclamation 

event. In addition, heavily wooded areas may inhibit lead 

reclamation because they are less accessible by heavy 

reclamation machinery. For a heavily wooded range, 

you should minimize the vegetation or modify the range 

design to allow lead reclamation equipment access 

to the range. Access to the impact area should be 

developed to facilitate reclamation. Make sure that the 
pathways do not present a safety risk.
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INNOVATIVE LANDSCAPING

Some new owners/operators landscape their ranges 

to include a sand track (an area the size of the shotfall 

zone that is sand only) located behind some aesthetically 

pleasing trees and shrubs. This allows the spent shot 

to concentrate on the sand, making it very easy to 

perform reclamation because there is no interference 

by vegetation. Ranges with this design may require 

more frequent reclamation especially if groundwater is a 

concern.

3.4 RECORD KEEPING
(STEP 5)

Keeping good records and documenting activities 
is of paramount importance for an effective lead 
management program at a range. You should document 

what type of BMPs were implemented to control lead 

migration, recycling of lead, the date of service, and who 

did the services. The records should be kept for the life 

of the range. These records will help you in determining 

how often pH stabilization should be done and how often 

lead reclamation activities should be conducted. Useful 

records may include:

1.  Log of routine Range activities:

    Inspections

    pH testing (dates and results)

    Lime and phosphate addition

2.  Photographs (Before construction, during 

construction, during active range use and the life 

of the range, lead removal projects, documenting 

any special projects or changes in range design and 

operation)

3.  Log of BMP implementation:

    Initial environmental assessment/map of lead 

deposits

    Engineering and management options

    Rationale for range design, modifications and 

operations

    Dates and descriptions of reclamation activities

    Problems addressed

    Costs and expenditures

    Range conditions (e.g., environmental)

    Follow-up actions

4.  Changed operational practices: rationale, frequency 

and results

5.  Changes in operational costs related to changes in 

range operations

6.  Log of environment related complaints

Records may be used to show that you are doing your part 

to help prevent lead migration off-site and to be stewards 

of the environment.

Examples of record keeping tables are included in 

Appendix E.

3.5 WILDLIFE MANAGEMENT TECHNIQUES

Landscaping/Plantings: The pattern and type of 

vegetation at a range influences the suitability of habitat 

and the types of wildlife that occur there. Any time there 

are vegetated areas present, there is the potential for 

wildlife to use the area. Most ranges are intentionally 

maintained in relatively open conditions to establish 

a clear field of view for shooting. These open often 

grass-covered areas are suitable habitat for deer, small 

mammals, and ground-foraging birds. Preferred wildlife 

food, such as plants that produce edible stems and 

seeds, should not be planted around active range areas. 

Other areas of shooting facilities (away from the firing 

ranges) may be managed to support wildlife. Issues 

related to erosion control should be kept in mind when 

selecting plantings. It is also important to remember 

that plantings in some areas will be disrupted by lead 

recovery/recycling activities.

Management of Vegetation: Vegetation can be managed 

through mowing, cutting, burning, trimming or chemical 

herbicide application. Mowing as an approach to 

vegetation management can be desirable because grass 

provides limited habitat for many animals. Grassy areas 

should be planted with less palatable plants such as 

fescue and Bermuda grass. Your local NRCS agent or state 

wildlife agency may be able to suggest other plants that 

are not attractive to wildlife in your area. Mowing should be 

conducted to keep grass somewhat as a lawn would look if 

the homeowner had been on vacation for a month. These 

management techniques can be used to keep shooting 

areas in open cover, to keep weedy vegetation away from 



38    BEST MANAGEMENT PRACTICES FOR ENVIRONMENTAL STEWARDSHIP OF FLORIDA SHOOTING RANGES CHAPTER 3    39

structures and equipment, and to manage ornamental 

plantings for aesthetic purposes.

Vegetation condition also determines where, when, 

and how wildlife use a site. Deterring sensitive wildlife 

(such as waterfowl) from a range pond is important. Not 

planting, or discouraging preferred food or cover plants, 

will create marginal habitat in areas of potential lead 

deposition. Planting trees or other tall woody plants on 

the edges of ponds will deter some waterfowl, such as 

geese and swans, from landing and using the pond. In 

field areas, dense, rank, higher vegetation and small 

shrubs may deter geese, crows, gulls and several other 

types of birds from landing. However, as is the case 

with many factors of range use, the actual management 

techniques and vegetative condition of range areas 

depends upon the specific situation of a range layout 

and the associated shooting needs. Vegetation should 

be considered in conjunction with other elements of an 

Environmental Stewardship Plan.

Wildlife Habitat Enhancement: Areas of range facilities 

where active shooting does not occur are potential areas 

to undertake wildlife food and habitat enhancement, if 

desired by the range manager. There are many types of 

fruit bearing trees and shrubs that can be planted for 

wildlife value, including apples, cherries, blueberries, 

blackberries, dogwoods, grapes, and nut-bearing trees 

such as beeches, hickories, oaks along with many 

others. Field areas can be planted in wildlife food and 

cover, including grasses, wildflowers, clover, lespedeza, 

etc. to provide for wildlife needs. The exact species of 

plants best suited to a given area differ depending on 

the region of the state and associated climate and soils. 

Many state natural resources departments, wildlife 

divisions, heritage programs, and other similarly named 

agencies have recommended planting lists for important 

native species valuable to wildlife as well as lists of 

invasive exotic/non-native plant species that should be 

avoided. Planting guides for wildlife enhancement may 

be obtained from NRCS offices, environmental consulting 

firms, landscaping firms, plant nurseries, state or local 

natural resource departments, and others as listed in 

Appendix H.

It is important to note that wildlife should be kept wild 

and well away from areas used by people. If an artificial 

feeding program is undertaken, only recommended 

foods should be used. Bread products or other human 

food items should be avoided. Feeding areas should 

be kept well away from lead impact on shot fall areas. 

Artificial feeding may quickly attract animals that become 

problems. Any feeding should be carefully evaluated 

before it is initiated and only after seeking the advice of 

the state’s natural resources department.

You may contact the wildlife heritage branch of the 

Florida Fish and Wildlife Conservation Commission at 

www.state.fl.us/fwc for information. Also, the county 

Natural Resources Conservation Service has information 

on local plants that are both highly attractive to wildlife or 

are resistant to wildlife usage. They can be found in the 

blue pages of your local phone book.

3.6 LEAD SHOT ALTERNATIVES 

Another method of preventing lead contamination at 

pistol, rifle, trap, skeet, or sporting clays ranges is to use 

less toxic or non-lead ammunition.

Much progress has been made in the development of 

alternatives to lead shot for hunting uses. Information 

gathered since 1976 on lead poisoning of waterfowl due 

to lead ingestion, led the United States Fish and Wildlife 

Service (USFWS) to consider alternatives to eliminate 

lead poisoning among migratory waterfowl birds. A 

ban on lead shot for waterfowl hunting was phased-in 

beginning in the fall of 1986, and finalized in 1991. Lead 

shot is also now banned for shotgun hunting occurring 

near wetlands in national wildlife refuges. Starting in the 

fall of 1998, the USFWS banned the use of lead shot in 

waterfowl production areas.

There are several alternatives to lead shot on the market 

today and still more alternatives are being developed. 

Recent innovations in ammunition technology have 

allowed most major munitions manufacturers the ability 

to offer non-lead and non-lead frangible type rounds 

for shooters. Ammunition is commonly available for 

handgun, rifle, and some shotgun at somewhat more 

cost than conventional ammunition. In situations, like 

training or target applications, where lead must be 

controlled, most non-lead types of ammunition use a 

copper or brass jacket over a metal core of some heavy 

non-lead material (like tin, etc.) with a lead-free primer. 

Where lead must be controlled or where reduced splatter, 

ricochet, and/or reduced penetration characteristics 

are desired, non-lead frangible munitons are available. 



38    BEST MANAGEMENT PRACTICES FOR ENVIRONMENTAL STEWARDSHIP OF FLORIDA SHOOTING RANGES CHAPTER 3    39

The bullet is comprised of frangible non-lead material 

(i.e.: compressed metal, compressed copper particles 

held together with resins, etc.) using lead-free primers. 

Since available caliber gauge specifications applications 

vary, range operators and personnel should contact 

the manufacturers with specific questions regarding 

the potential benefits and costs of using these types 

of munitions at a given range or facility. Before being 

used for waterfowl hunting, these alternatives must be 

approved by the USFWS. Bismuth, steel, tungsten/iron, 

and tungsten/polymer shots have been approved by 

the USFWS and other alternative shot materials are in 

the USFWS approval process. Most of the ammunition 

manufacturers in the United States, as well as the 

military, have developed alternatives to lead. Research 

in Europe may also result in additional non-lead shot 

alternatives from which U.S. shooters may choose in the 

future.

A number of non-lead shot alternatives exist, such as 

steel and tungsten, as well as alloys and synthetic 

polymers. As demand for shot from these metals 

increases from migratory waterfowl hunters, it is 

anticipated that the costs will come down. 

To encourage use of lead shot alternatives, some 

ranges sponsor shooting competitions using lead-free 

ammunition, but these are rare. The use of steel or other 
alternative shot is a recommended BMP in established 
sporting clays areas at which reclamation of lead shot 
is difficult to impossible.

Note: Switching to non-lead shot may create additional 

issues. For instance, steel has an increased risk of 

ricochet. Switching to steel may require additional safety 

features and/or operating procedures.

3.7 HUMAN LEAD EXPOSURE STANDARD

The Occupational Safety and Health Administration 

(OSHA) is charged with protecting employee health and 

safety in the workplace. OSHA has a comprehensive lead 

regulation, 29 CFR 1910.1025. This standard defines 

your legal responsibilities to limit employee exposure to 

lead, provide protective equipment and hygiene facilities, 

maintain a clean workplace, and provide employees with 

safety training and medical care. The Lead Standard 

also establishes a limit on the amount of lead that can 

be in the air workers breathe. Failure to comply with the 

requirements of the Lead Standard could result in fines 

to your business. OSHA does not endorse any specific 

equipment. Their only function is to regulate the impact 

on the employee.

The following is a summary of the key elements of the 

Lead Standard for general industry. It is presented 

as an aid to understanding the Standard. This is not 
a complete discussion of all OSHA requirements of 
the Lead Standard. If you would like a copy of the 
complete standard, contact OSHA or visit them online at 

www.osha.gov.

SCOPE

The General Industry Lead Standard applies to all 

occupational exposures to lead with the exception of the 

construction industry and the agricultural industry. This is 

the standard that will be applied to your shooting range.

EMPLOYEE EXPOSURE

The OSHA Lead Standard establishes specific airborne 

lead exposure levels for employees working in areas 

where airborne lead may be present. Lead exposure 

is determined through air sampling that measures the 

number of micrograms of lead present in a cubic meter 

of air. The results of air samples taken at your range will 

determine specific actions you will need to take to be 

in compliance with the OSHA Lead Standard. The Lead 

Standard establishes two threshold levels of airborne 

lead that are important to range operators. The first 

threshold is the Action Level and the second, more 

serious, is the Permitted Exposure Level.

Action Level: The OSHA Action Level (AL) is 30 

micrograms of lead per cubic meter of air (30 µg/M3) as 

an 8-hour average. If the work day is longer or shorter 

than 8 hours, the Action Level is equal to 240 µg/M3 

divided by the number of hours worked that day. 

Permissible Exposure Limit: The Permissible Exposure 

Limit (PEL) for lead is 50 micrograms of lead per cubic 

meter of air (50 µg/M3) as an 8-hour average. If the work 

day is longer or shorter than 8 hours, the permissible 

exposure limit is equal to 400 µg/M3 divided by the 

number of hours worked that day. Employers must 

control exposure so that no employee is exposed to 

lead at concentrations over the PEL. If personal air 
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monitoring shows air lead levels above the PEL, certain 

requirements of the Lead Standard are triggered. 

HOW TO MINIMIZE LEAD EXPOSURE

It is recommended (to reduce the possibility of 

overexposure to lead) that the impact areas of the range 

be posted prohibiting access to patrons. Staff should 

be trained in the procedures required to handle lead 

and of the possibility of overexposure to lead particles. 

Everyone using or working on the range should be 

encouraged to wash their hands often and facilities 

provided for this purpose. You may consider prohibiting 

food, drinks and use of tobacco products on the range.

You should consult National Association of Shooting 
Ranges, an Industrial Hygienist or Occupational Safety 
and Health Administration (OSHA) for information about 
human lead exposure.

3.8 REMEDIATION/CLOSURE/LAND USE 
CHANGE AT SHOOTING RANGES

Remediation is very different from the ongoing 

management of an active range. However, the range 

operator needs to be aware of this issue. Remediation 

is usually associated with range closure and a change 

in the land use. Implementating BMPs while the 

range is active will help reduce the scope and cost of 

future remediation. Some remediation activities may 

involve managing materials including soils and other 

environmental media that may be considered hazardous 

waste under federal, state, or local law. Such activities 

require considerable coordination and detailed planning. 

Contamination that remains on a shooting range upon 

closure constitutes an adverse condition that must 

be disclosed to subsequent owners upon the sale or 

transfer of the property. Owners and operators that 

abandon a shooting range may be liable for cleanup 

costs under the federal Comprehensive Environmental 

Response, Compensation and Liability Act (Superfund).

FDEP highly recommends that facilities work closely with 

the Department in preparing a work plan and have the 

Department approve the plan prior to conducting any 

remediation activity.

LEAD REMOVAL AND RECLAMATION ACTIVITIES AT 
ACTIVE RANGES

You may conduct routine lead removal and reclamation 

activities, at active ranges, without having a DEP 

approved plan, as long as all of the activities take place 

within the same range, or area of contamination (AOC). 

For the purpose of this BMP, AOC at your range is a 

contiguous contaminated area consisting of one or more 

ranges that are not separated by non-contaminated 

area including woods and surface water bodies. Any 

storage or placement of contaminated soils or materials 

outside the AOC for any period is not covered under this 

paragraph and must be conducted under a Department 

approved remediation/closure plan described below. 

Storage of contaminated soils or materials in closed 

containers for a short period does not require 

remediation/closure plan. It is highly recommended to 

consult DEP to determine if an approved plan is required 

for the type of activities you want to conduct at your 

facility.

REMEDIATION/CLOSURE PLAN 

Any range that is conducting remediation for closure 

involving soil, groundwater or surface water remediation 

must prepare a detailed closure plan. A DEP approved 

closure plan is also required if you plan to store or place 

contaminated soils or material in a non-contaminated 

area or in a different AOC. Such plan is also required if 

there is going to be a change in the land use.

Some of the major items for inclusion in the remediation 

or closure plan should include:

    Name, address and telephone number of the range

    The name, address and telephone number of the 

range owner and operator

    Appropriately-scaled site plan 

    Contour map or topographic map showing boundary 

of the range

    Scaled drawing of the area to be remediated

    Soil, groundwater and surface water sampling plan

    Proposed and future land use information

    Quality assurance procedures, for sampling of any 

media in accordance with Chapter 62-160, F.A.C. 

You should select a NELAPS certified laboratory to 

perform the analyses
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    Details of on-site treatment of soils, sediments 

or groundwater if required, and any other planned 

activities 

    Location and method of storage of material and 

media to be recycled, managed or excavated and 

the identification of other materials that may be 

disturbed such as vegetation

    Plan for off-site shipment for recycling and disposal 

of materials removed from the range

    Proposed cleanup levels for soils, sediments or 

groundwater

    Security procedures

    Health and safety training and equipment

    Schedule of remediation and closure activities

The closure and remediation plan should be site specific 

to account for the unique characteristics of the site. A 

certification from qualified professionals (P.E./P.G.) may 

be required depending on the scope of work involved in 

the remediation plan. 

Remediation activities in or adjacent to wetland 

areas will require coordination with the Department’s 

Environmental Resources Permitting (ERP, formerly 

known as “dredge and fill”) section, or regional Water 

Management District.

Regardless of the closure and remediation process 

selected, the range is responsible for complying with 

all applicable federal, state and local environmental 

requirements.

3.9 SUMMARY OF KEY BMPS FOR 
SHOOTING RANGES

This manual contains several highly recommended 

BMPs for you to implement, if applicable to your range. 

Appendix M identifies the advantages and disadvantages 

of BMPs associated with preventing lead migration. This 

appendix serves as a quick reference guide for potential 

BMPs.
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CASE STUDIES AND MODEL RANGES

If you feel your range is a model for others please send us photos and a write-up on the good things you are doing, 
which we may include in future editions of this manual (i.e.: if you are doing something good let us know).

CASE STUDIES:

Environmental stewardship is the goal of developing BMPs.  You must be aware that contamination requiring 

remediation may result without a proper lead management plan.

A TRAP AND SKEET CLUB

Introduction:
A resident in a community near a trap and skeet club complained that groundwater was contaminated in that area. 

FDEP investigated and discovered that lead shot was not confined to the property owned by the club. In addition to 

contaminated groundwater, both on and off site, contamination extended through surface drainage to an urbanized 

area to the west of the site.  Enforcement was taken against the Water Management District (WMD) and the club for 

violations of groundwater and surface water standards caused by range operation.

Background:
The trap and skeet club, in operation since the 1930s for recreational use, originally butted up against a park, a 

portion of which it used for its shot fall zone.  In 1976 the club became part of, and continued to operate within the 

park, which belongs to WMD.  To the west of the property is a mobile home and RV park that receives drainage from 

the property via a ditch.

The WMD hired an environmental consultant to sample for antimony, arsenic and lead in the groundwater, soil, 

sediment and surface water.  The testing found those heavy metals in concentrations exceeding the primary drinking 

water standards in the groundwater.  Groundwater was found to exceed primary drinking water standards for several 

metals:  up to 55µg/L of antimony for which the standard is 6µg/L; 290µg/L of arsenic well above the 50µg/L 

standard; lead levels as high as 40µg/L, well above the standard of 15µg/L.  

Levels of arsenic, antimony, lead and polynuclear aromatic hydrocarbons (PAHs) were found above FDEP standards in 

the sediments and soils.  Surface water contamination levels also were high, including high levels of arsenic, lead and 

PAHs in a drainage ditch that discharges off-site to the west.

Fish tissue and liver samples confirmed the presence of contaminants mentioned above in excess of USEPA risk-based 

concentrations for long-term consumption of fish flesh.  Based on their findings consultants recommended that the 

WMD take remedial action to address source control, contaminated media management and long-term monitoring on 

the trap and skeet range and surrounding contaminated area.  They also recommended that fish no longer be taken 

from the site for human consumption.  

Outcome:
Contamination has been assessed. The facility entered into a settlement agreement with FDEP and the WMD for clean-

up and range reconfiguration. The gun range is still in operation, but only steel shot is being used.
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A FLORIDA COMMUNITY COLLEGE

Background:

A community college in Florida received an unannounced hazardous waste Compliance Evaluation Inspection by the 

Florida Department of Environmental Protection (DEP, or the Department) in January 2000. In addition to non-range 

related hazardous waste violations, the DEP inspectors also identified several potential environmental concerns, 

including a firing range that had no designs to reduce environmental impacts. 

After the inspection, the college began addressing the issues that had been identified, including those at the range.  

Their actions included removing approximately 90,000 pounds of lead contaminated soils from the shooting range 

berm without consulting DEP.  When the soil was removed from the berm, they stored it outside the actual range 

area (i.e., area of concern, or AOC). Because the soils were removed from the AOC without first removing the lead and 

treating the remaining soil, the college had to dispose of the soils as hazardous waste, which cost them approximately 

$14,000. This was in addition to the cost of penalties assessed by the Department for other violations found 

throughout the college, unrelated to the range.

Outcome:

The community college signed a consent order with the Department to settle the hazardous waste violations for a 

settlement amount of $24,450. There was a provision in the order that allowed them to offset 75% of the settlement 

amount through an “in-kind” project (i.e., spend money on other environmentally beneficial projects in lieu of penalty.)  

The facility elected to pursue the in-kind project. The proposed project was to create a Best Management Practices 

Manual for the shooting range, modify the stormwater collection system and immediately sieve the berm to remove 

lead.  Upon completing the sieving of the berm, lime and phosphate were to be added to the shooting range.

The Best Management Practices Manual was developed and was followed by the sieving of the berm and construction 

of the stormwater system.  
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A COUNTY OWNED PISTOL RANGE IN THE PANHANDLE OF FLORIDA:

When a range reaches the end of its life cycle and is converted to another land use, having a DEP approved plan for 

the closure of the range will guide you over the regulatory hurdles.

This site is located in a light industrial area.  It is an area approximately 800 feet wide by 650 feet deep and occupies 

about 12 acres.  The inactive range was used by a city police department and was open to public use.  The pistol 

range is divided into two separate shooting areas (North Range and South Range).  Both range areas consist of sand 

berm walls that range in height from 8 to 17 feet.  Spent bullets and lead impacted soils were reported in the berm 

areas and also the flat areas from the toes of the berms to concrete shooting stands.

The subject property is to be remediated and land use 

changed to a future permitted solid waste processing 

facility.  Initial sampling results indicate possible areas of 

lead contamination greater than RCRA TCLP standards.  

A Site Assessment Report was submitted to provide the 

methodology and analytical results of the investigation 

so far.  A Remedial Action Plan (RAP) was submitted to 

Florida DEP to provide the plan to remediate the site by 

removing spent bullets and lead impacted soils. The RAP 

proposed that the lead bullets be separated from the 

surrounding soils and recycled as scrap lead metal.  A 

testing protocol for the soils was determined to measure 

the concentrations of lead in the soils.  Depending on 

testing results, the RAP called for soils to be properly 

disposed of at either a permitted hazardous waste 

facility, a permitted non-hazardous landfill, or remain on-

site, based on the TCLP concentrations of lead found. 

Analysis of nine groundwater samples from the site 

did not disclose any concentrations of lead above the 

groundwater protection standard of 15 micrograms 

per liter.
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MODEL RANGES:

Success stories at ranges that have implemented, or are implementing, BMPs for range improvements for lead 

management provide models for other ranges of all types and sizes.

A COUNTY OWNED RANGE IN FLORIDA:

A county sheriff's department has used this range since 1987. The County Sportsmen Association also used areas 

of the range. The sheriff's department began a proactive approach to lead management in 1996, when they extracted 

4,000 pounds of lead from the soil. They then stabilized the soil with lime and rebuilt a 14-foot high berm that is 100 

feet long and comprised of mainly sand. In hopes of preventing lead from reaching the groundwater, they lined the berm 

with a PVC liner, glued together at the seams to control water seepage. They continued this approach in 2000 when they 

installed a new liner, at a cost of $3,000.

Their approach was proactive because their land was not being used for any other purpose and because DEP cleanup 

standards were not an issue for this range. Initial sampling from temporary wells indicated no lead in the groundwater. 

The amount of lead-impacted land was .06 acres.

Some of the ammunition that the agency uses is a special lead free, non-toxic frangible bullet manufactured by SPEER.  

They are made of copper dust and epoxy resin and they vaporize and disappear when they hit steel.  The bullets cost 

about 30% more than regular ammunition.  

They plan to continue developing new lead management plans and hope to undertake a cleanup project.
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A FLORIDA COMMUNITY COLLEGE LAW ENFORCEMENT ACADEMY:

This Law Enforcement Academy started in 1976 under the direction of the county schools. The Community College 

acquired it in 1999.  Since the acquisition, the College has worked to improve the quality of the shooting ranges. To 

achieve their purpose the following practices were implemented:  

The creation of the Range Master position was crucial in the management of the 11 ranges at the academy. To 

increase the efficiency in which the ranges were managed, the Range Master and Construction Manager attended a 

range management class sponsored by the National Rifle Association. From that class, they were able to implement 

practices of the National Shooting Sports Foundation using Federal EPA manuals as a guide. 

A range checklist was established and is used to address issues of safety and environmental concerns.  

Lead reclamation is a key concern for all shooting ranges. The Law Enforcement Academy is in the process of cleaning 

their lead ranges, which includes lead recycling. 

Shooting ranges 1 – 4 comprise a total of 150 shooting 

stations. These ranges are used for law enforcement 

training with various gun types. On these ranges, testing of 

soil, water, water flow and ph is done semiannually. 

Shooting ranges 6 – 11 will be "clean" (lead free). 

Establishment of these ranges has been instrumental to 

educate and encourage law enforcement agencies to look at 

alternative, environmentally friendly methods of shooting.  

In implementing best management practices, one large 

storm water facility was installed for the ranges. Initial tests 

were performed to establish a benchmark. The benchmark 

will be used over time as a reference for measuring 

environmental impact.
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The sporting clays course, opened 

late in 1999, is arranged such that 

it shares a common shotfall zone 

with the trap and skeet ranges.

The law enforcement range (far right 

in this aerial view) is covered with 

overhead baffles to focus lead into 

the berm, which is sifted annually.

The fifty-yard range has a two-tiered berm 

design with a back gradient on top of the first 

tier that channels away stormwater, helping 

avoid erosion of the berm face.

A COUNTY OWNED RANGE IN SOUTH FLORIDA:

Constructed in 1985, this range is set in a beautiful, 

well-kept park.  It includes a law enforcement range, 

public pistol and rifle ranges, trap and skeet, sporting 

clays course and an archery range.  
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AN AIR FORCE BASE SHOOTING RANGE IN FLORIDA:

The outdoor shooting range at this Air Force Base 

installed two Action Target systems at a cost of 

$300,000.  Bullets are caught between metal plates 

that channel them into a deceleration chamber behind.  

There is a large open area behind this range that 

catches stray rounds that might clear the trap.  

Otherwise another mechanism would be required to 

ensure stray rounds do not impact the environment or 

the neighboring land.

Once the bullet’s momentum is exhausted, it drops into a 

bucket for easy recycling.  

The range has a contract for maintenance and lead 

recycling.  Last year that cost was about $25,000 per 

system.  Approximately 600,000 rounds were shot into 

the targets and recovered by the traps during that time.  

Recurring and costly lead reclamation efforts of a soil 

berm are eliminated.  

This is a four-year-old range. The integrity of the thick 

armor steel plate is in no way impaired by surface rust 

seen in this photo.

Shooting into the steel trap generates a bit more noise than into a conventional 

earth berm. 

The system includes a vacuum with hepa-filter for collecting dust at the target 

trap.

For more information on the Action Target system you can contact the company 

at:

Action Target Inc.

1281 West 220 North

Provo, UT  84601

(801) 377-8033.
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A SMALL PRIVATE RANGE IN FLORIDA:

This range is located next to an estuary and in relative proximity to wetlands.  Planned improvements to the range to 

better protect the environment include:

Lead reclamation is scheduled for 

June of 2002 at a contracted cost of 

approximately $9,000;    

A new bullet trap design, to replace 

the open berm, is scheduled for 

construction at an approximate cost 

of $50,000.
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CASE LAW AND LEGAL REFERENCES

The fundamental reason for ranges to address 

environmental issues is to be good stewards of the 

environment. Environmental laws and regulations provide 

a framework for environmental stewardship as well as 

substantial potential liabilities for poor stewardship.

This appendix attempts to clarify the basic legal issues. 

However, the application of environmental laws and 

regulations to shooting ranges is complex and evolving. 

Therefore range managers are advised to discuss 

specific issues with experienced legal counsel. 

While not written expressly or specifically to cover 

outdoor shooting ranges, three comprehensive federal 

environmental laws, the Resource Conservation and 

Recovery Act (RCRA), the Clean Water Act (CWA), and the 

Comprehensive Environmental Response, Compensation 

and Liability Act (CERCLA, also called the “Superfund” 

law) have been applied to shooting ranges. State and 

local statutes and regulations also often apply. 

RESOURCE CONSERVATION AND RECOVERY 
ACT  (RCRA)

Under RCRA, the US Environmental Protection Agency 

(EPA) developed a “cradle-to-grave” system to ensure 

protection of human health and the environment when 

generating, storing, transporting, treating and disposing 

of solid waste, especially hazardous solid waste. The 

State of Florida has developed a substantially equivalent 

program. Generally the state regulatory program is 

authorized by EPA to operate “in lieu of” federal law. 

Under RCRA regulations, particular solid waste that 

contains lead in a concentration equal to or greater than 

five milligrams per liter (mg/l) (as measured using a 

specific laboratory test) is toxic hazardous waste. Bullet 

fragments, spent shot, and lead dust generally meet this 

criterion.

RCRA’s primary focus is the regulation of hazardous 

solid wastes at operating commercial or industrial 

facilities. In Long Island Soundkeeper Fund v. New York 
Athletic Club (94 Civ. 0436, S.D.N.Y March 20, 1996) 

the plaintiffs argued that a trap shooting range should 

be required to have a RCRA permit for the “treatment, 

storage, or disposal” of hazardous waste. The United 

States District Court for the Southern District of New 

York disagreed and adopted EPA’s position that firing 

lead shot/bullets is not “disposal” because the shot 

is used for its intended purpose. Under this reasoning, 

RCRA does not require a permit for on-going operations 

at a shooting range.

However, in Connecticut Coastal Fishermen’s 
Association v. Remington Arms Company, et al (989 

F.2d 1305, 2nd Cir. 1993), the United States Court 

of Appeals for the Second Circuit decided that lead 

shot and clay targets deposited in Long Island Sound 

as a result of shooting activities meet the statutory 

definition of “solid waste” because these materials were 

“discarded (i.e. abandoned) and left to accumulate long 

after they have served their intended purpose.” 

Although the Coastal Fishermen’s decision is not binding 

law outside the jurisdiction of the Second Circuit, 

regulators and private parties are likely to assert that 

lead materials “left to accumulate” in the environment 

are “abandoned” or “discarded” and therefore subject 

to RCRA regulations. This is especially true when shot 

or bullets are left on the ground for extended periods or 

when a shooting area is permanently closed without first 

removing the shot and bullets.

In general, the following points should serve as guidance 

in understanding RCRA and how it applies to your range. 

    Timely separation of lead shot and bullets from 

soil at active ranges, recycling of the lead, and 

subsequent redeposition of the soil on the active 

range is exempt from RCRA regulation.

    Lead, if recycled or reused, is considered a scrap 
metal pursuant to 40 Code of Federal Regulations 
(CFR) 261.4(a)(13) and/or 261.6(a)(3)(ii) and 
is, therefore, excluded from RCRA.  EPA’s Office 

of Solid Waste issued a guidance letter on March 

17, 1997 indicating that lead shot, when recycled, 

is considered a scrap metal and therefore exempt 

from RCRA regulation. A copy of this guidance is 

available from the FDEP. Scrap metal does not 

have to be transported using a hazardous waste 

manifest. A range that recycles or reuses essentially 

all lead-containing material is not a hazardous waste 

“generator” and does not have to obtain a RCRA 

generator identification number.
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    Range management, including range clearance, 

is considered to be a necessary part of the safe 

use of ammunition for its intended purpose. Thus, 
recovery of lead shot and bullets is an intrinsic 
part of the range use and excluded from RCRA 
hazardous waste management regulations. Removal 
contractors or reclaimers should apply standard 
best management practices (BMPs) to separate 
the lead from soil. The soil may then be placed 
back on the range. The reclaimer does not need 

to be a registered hazardous waste transporter. 

EPA sent a guidance letter dated April 29, 1997, 

confirming that the range clearance principles apply 

equally to non-military ranges. A copy of the letter is 

available from the FDEP. 

    RCRA puts the burden of proof on the defendant 

in an enforcement action to prove a claim that a 

material is not solid waste or is otherwise exempt 

from regulation [40 CFR 261.2(f)]. Therefore, ranges 
should retain records of shipments of lead between 
them, and the facilities to which they are sent in 
order to demonstrate that the lead is not solid 
waste because it was reclaimed and recycled. For 
the same reason, records also should be kept of 
people re-using the shot.

    RCRA Sections 7002 and 7003 [42 United States 

Code (USC) §§6972 and 6973] allow EPA, states 

or citizens to use civil lawsuits to compel cleanup 

of “solid waste” (e.g., spent lead shot) that poses 

an actual or potential imminent and substantial 

endangerment to human health or the environment. 

Such actions can be sought whether the range is 

in operation or closed and are based solely on a 

determination that harm is being posed or may 

be posed by the range to public health and/or the 

environment. The risk of lead migrating increases 
with time, making ranges that have not removed 
lead more likely candidates for government action 
or citizen lawsuits under RCRA. Therefore, ranges 
are advised to maintain a schedule of regular lead 
removal.

    If lead is present in environmental media (soil, 

surface water or ground water) at a concentration 

of five mg/l or more, the environmental media 

“contains” hazardous waste. During remediation, 

the hazardous soil or water is subject to RCRA 

storage and treatment requirements. Contact 

the Department for guidance on management of 

contaminated media that contains hazardous waste.

 

CLEAN WATER ACT (CWA)

The goal of the CWA is to “restore and maintain 

the chemical, physical and biological integrity of the 

Nation’s waters.” The CWA, 33 USC §1362 prohibits 

“the discharge of any pollutant by any person” into the 

waters of the United States without a National Pollution 

Discharge and Elimination System (NPDES) permit. 

In Long Island Soundkeeper Fund v. New York Athletic 

Club, the trial and appellate courts ruled that the New 

York Athletic Club violated the CWA by discharging 

pollutants from point sources into the Long Island Sound 

without a NPDES permit. The United States District Court 

for the Southern District of New York specifically found 

that:

    The mechanized target throwers, the concrete 

shooting platforms and the shooting range itself are 

considered point sources as defined by the CWA.

    Expended shot and target debris, including non-toxic 

shot, such as steel shot, left in water are pollutants 

defined by the CWA.

Any range whose shot, bullets or target debris enters 

the “waters of the United States” could be subject to 

NPDES permitting requirements. The waters may include 

lakes, ponds, rivers, streams and wetlands that may 

not be obvious to you. These ranges may be required 

to cease operations over waters and wetlands, as 

well as remediate contaminated sediments and soils, 

which could be both difficult and expensive. Also, gun 

clubs at which there is shooting into water, wetlands, 

rivers, creeks and other sensitive environments have 

the highest degree of litigation risk. It is strongly 
recommended that these ranges switch to non-lead 
shot and bio-degradable targets, change the direction 
of shooting, to avoid shooting over or into wetlands or 
other waters, and initiate lead removal and recycling 
activities.  

Ranges located away from coastal areas or whose 

operating areas are situated wholly over land can comply 

with the CWA by obtaining a NPDES permit for piped or 
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channeled runoff from the range into water. At this point 

in time, no ranges in Florida have been issued a NPDES 

permit to allow the range to discharge spent ammunition 

into water.

Shooting ranges impacting wetland areas may be subject 

to other regulations found in Section 404 of the CWA 

[33 USC §1344]. This section is the principal federal 

regulatory program protecting the nation’s remaining 

wetland resources. Any plans for range owners/operators 

to dredge and/or fill wetlands will come under close 

scrutiny by the federal, state and local governments, 

and citizen groups. You must comply with the CWA when 

range design, redesign, construction, reclamation or 

remediation occurs in wetland areas.

COMPREHENSIVE ENVIRONMENTAL 
RESPONSE, COMPENSATION AND LIABILITY 
ACT (CERCLA)

CERCLA imposes liability on past and present owners 

or operators of property where release or threat of 

release of a hazardous substance into the environment 

exists. Lead is a hazardous substance. The hazardous 

substance need not be a “waste” for CERCLA liabilities 

to apply. CERCLA typically is used when a party (either 

the government or a private party) has cleaned up 

someone else’s contamination and seeks reimbursement 

from past owners/operators or disposers (potentially 

responsible parties or PRPs). EPA also has the authority 

to order a PRP to clean up a site. 

Responsible parties may be held liable for all cleanup 

costs, which can be substantial. Under CERCLA, shooting 

ranges may be liable for recovery of costs incurred during 

the cleanup or remediation of ranges, natural resources 

damage, and health assessment and/or health effects 

studies. CERCLA is a powerful statutory authority that 

can impact current and former range owners/operators. 

Liability may extend to past owners and operators long 

after the range ceases operation. The following two 

examples illustrate how shooting ranges (including one 

operated by the federal government) can be impacted by 

CERCLA.

Southern Lakes Trap and Skeet Club Site, Lake Geneva, 
Wisconsin, et al. 
The US Fish and Wildlife Service (USFWS) determined 

that over 200 Canadian geese died as a result of acute 

lead poisoning after ingesting lead shot.  Research 

indicated the shot came from the Southern Lakes Trap 

and Skeet Club, which leased the property from the 

owners to operate a shooting range. The USFWS, in 

its role as Natural Resource Trustee, sued to recover 

damage to the natural resources (e.g., migratory 

birds/geese) under CERCLA. In addition, EPA pursued 

a separate action under CERCLA’s cleanup response 

provisions. In 1994, USEPA entered an Administrative 

Order on Consent (AOC) with two current/former owners 

of the property where the now closed Southern Lakes 

Trap and Skeet Club was located. The AOC required the 

owners to perform a site assessment, which included 

an evaluation of the costs to restore the wetlands. In 

1998, USEPA completed activities to cleanup the site 

and restore some of the natural resources and wetlands. 

In a negotiated settlement, the USEPA recovered 

$1million of the cost of the cleanup and removal activity, 

approximately one half of the actual cost.

Walter L. Kamb v. United States Coast Guard, et al. 
In another CERCLA action, Mr. Kamb (court appointed 

property guardian) sued the U.S. Coast Guard, California 

Highway Patrol, city of Fort Bragg and the county of 

Mendocino (the defendants) for recovery of cleanup 

costs under CERCLA. The defendants formerly used the 

property as a rifle, pistol and trap range. Soil analysis 

indicated the presence of lead in the form of leadshot, 

bullets, pellets and dust. The court found the defendants 

were “responsible parties” (liable for cleanup costs) 

under CERCLA. This case shows that range activity need 

not impact a water body to trigger CERCLA liability. 

ADDITIONAL LAWS AND REGULATIONS

Florida statutes designed to protect the environment 

may be applicable to remnants of lead shot or bullets 

left to accumulate at shooting ranges. These statutes 

could be used to impose penalties and require cleanup 

at shooting ranges where lead accumulation or migration 

causes a violation of ground water or surface water 

quality standards, or constitutes unauthorized disposal 

of solid waste or a violation of solid waste management 

rules, or creates a “polluting condition,” or “causes 

pollution” or constitutes an “imminent hazard.” 
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    Section 376.302(1), F.S., prohibits the “discharge” 

of “hazardous substances into or upon the surface 

or ground waters of the state or lands” if the 

discharge violates any department rule relating to air 

and water quality and solid-waste management. 

    Section 376.308, F.S., provides that current and 

past owners and operators of facilities are “liable 

to the department for any discharges or polluting 

condition.” 

    Section 403.708(1), F.S. states that “No person 

shall place or deposit any solid waste in or on the 

land or waters located within the state except in a 

manner approved by the department …” 

    Section 403.131(1), F.S., authorizes the department 

to “institute a civil action … to enforce compliance 

with this chapter … to enjoin any violation … and … 

to prevent irreparable injury to the air, waters, and 

property, including animal, plant, and aquatic life, of 

the state and to protect human health, safety, and 

welfare caused or threatened by any violation.” 

    Section 403.141(1), F.S., provides that “whoever 

commits a violation specified in s. 403.161(1) is 

liable to the state for any damage caused to the 

air, waters, or property, including animal, plant, or 

aquatic life, of the state and for reasonable costs 

and expenses of the state in tracing the source of 

the discharge, in controlling and abating the source 

and the pollutants, and in restoring the air, waters, 

and property, including animal, plant, and aquatic 

life, of the state to their former condition….”  

    Section 403.161(1), F.S., makes it a violation for 

“any person to cause pollution … so as to harm 

or injure human health or welfare, animal, plant, 

or aquatic life or property … or fail to comply with 

any rule, regulation, order, permit, or certification 

adopted or issued by the department pursuant to its 

lawful authority.” 

    Section 403.031(7), F.S., defines “pollution” as 

“the presence in the outdoor atmosphere or waters 

of the state of any substances … in quantities or 

at levels which are or may be potentially harmful or 

injurious to human health or welfare, animal or plant 

life, or property or which unreasonably interfere with 

the enjoyment of life or property, including outdoor 

recreation ... ”

    Section 403.726, F.S., authorizes the department to 

“take any action necessary pursuant to s. 403.121 

or s. 403.131 to abate or substantially reduce any 

imminent hazard caused by a hazardous substance, 

including a spill into the environment of a hazardous 

substance. The department is authorized to use 

moneys from the Water Quality Assurance Trust Fund 

to finance such actions, and such expenditures from 

the fund shall be recoverable … ”

This is not intended to suggest that all the statutes will 

apply to all ranges, and it is not a complete or definitive 

list of all legal claims that could possibly be made 

against any particular range. The statutes are cited 

simply to point out that failure to practice environmental 

stewardship at an outdoor shooting range could 

potentially result in legal or governmental action.

Finally, activities at shooting ranges also may be subject 

to local laws, ordinances and regulations addressing 

issues such as noise, zoning, traffic, wetlands and 

nuisance. Often, citizens or neighbors of outdoor 

shooting ranges can initiate noise nuisance claims 

against range owners/operators. These may turn into 

claims of environmental violations due to the presence of 

lead and other products at ranges.
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APPENDIX C
Example Self-Inspection Checklist
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RANGE OPERATOR CHECKLIST

FACILITY NAME:

FACILITY ADDRESS:

MAILING ADDRESS:

CITY:

COUNTY:

STATE:

ZIP CODE:

LATITUDE/LONGITUDE:

TELEPHONE:

FACILITY CONTACT:

TITLE/POSITION:

OPERATING SCHEDULE:

I. GENERAL INFORMATION

(Note: N/A = Not Applicable, CD = Could Not Determine)

I.A. FACILITY HISTORY

1. Dates of facility operation: 

2. Is the facility currently active?

DAYS/HOURS/ANNUAL
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 Hours of operation:

 Days per week operating:

3. Describe facility ownership history and use (i.e. who owned/operated previously, any potential hazardous 

constituent activity).

4. For law enforcement and publicly-owned ranges: 

What agencies, police departments, member groups, or other organizations use the range?

5. Are there any design drawings/maps for the facility? (If so, obtain.)

6. Approximate size/location of communities surrounding facility (include distance, direction):

7. Have you had any recorded wildlife kills? (Describe.)
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8. Have you initiated any site design changes to prevent pellets, bullet fragments, bullets,and casings from 

migrating offsite, including:

  Kevlar lining mats     Drainage systems

  Use of lime      Mowing of fields

  Other

 Describe:

 Year installed:

9. Have any remedial actions related to environmental issues been initiated or required by the local or state 

agencies with respect to the site? 

 Year:

 Describe:

10. Were any changes created to the surrounding terrain to construct or add to the facility, such as large 

excavations and grading?

 Describe:
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I.B. DESCRIPTION OF OPERATIONS

I.B.l. Trap and Skeet Ranges

1. Number of active ranges Trap:    Skeet:

 Number of inactive ranges  Trap:   Skeet:

2. Number of years each range has been used:

 Expected lifespan of ranges:

3. Number of people who use facility each year  Trap:   Skeet:

4. Approximate number of  Trap:  Skeet:  rounds shot per (week, month, year).

 Approximate amount of ammunition expended:

 Trap rounds:   at 25 shots per round =

 Skeet rounds:   at:  shots per round =

5. What is the approximate overall size of the pellet impact area?

6. Has the facility ever or periodically removed the accumulated pellets/topsoil from the impact area?

 If so, what is the disposition of the pellets/soil?

7. How much clay pigeon waste (estimated) is generated per month?

 What is done with the clay “pigeon” wastes?

8. Describe the surface soil type(s) on the range.
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I.B.2. Rifle and Pistol Ranges

1. Number of active range areas   Rifle:   Pistol:

2. Number of shooting positions per range  Rifle:   Pistol:

 Approximate number of people who use facility each year  Rifle:   Pistol:

3. Number of years each range has been used:

4. Number of inactive/abandoned range areas Rifle:   Pistol:

5. Approximate number of rounds fired per year:

6. Are the spent casings periodically collected and removed from the firing line?

  Yes   No

7. Are there any bullet traps/collectors used besides berms that allow bullets to be caught, collected and re-

moved easily? Describe:

 Sketch:
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8. What is the soil type in the berm?

 Clay %

 Sand %

 Lime %

 Other (specify): %

 Is the berm       natural or   constructed ?

9. Typical berm size and dimensions (use sketch if necessary to show number and location of intermediate 

berms, structural support, or other materials):

 Length

 Width

 Height

10. Has the soil/accumulated lead ever been removed from the berm to reduce ricochet hazards or other 

problems?      Yes          No

 If yes, what was done with the soil?

11. Has the berm soil been sifted?

 How often has it been performed?

 Who does the sifting?
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I.C. Additional Information

1. Are you documenting environmental sampling (soils or groundwater)?

 Describe:

II. ENVIRONMENTAL SETTING

1. Describe berm drainage system, if applicable.

 Sketch:

2. Location of any nearby wetlands or surface water bodies:

3. What is the depth to groundwater from the surface of the soil in the vicinity of the ranges?

4. Are ranges oriented to avoid shooting over or into water or wetlands?

5. Where do the local communities and/or nearby residents obtain drinking water:

 Public groundwater wells:

 Private groundwater wells: 

 Surface water sources:

 Other:

 Location of nearest drinking water well:
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6. Are local surface water bodies used for commercial or recreational fishing or other recreational activities?

 If yes, describe distance, direction, and activities:

7. Have nearby surface waters, groundwater wells or drinking water wells ever been chemically analyzed for lead 

or other metals? (This information is commonly available from the local/county Department of Health.)

 Were the wells upgradient or downgradient?

 Results:

8. Does any wildlife traverse the area?

 If so, what type?
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PLAN VIEW OF RANGES)

(SKETCH)

SURROUNDING AREA

(SKETCH, INCLUDING LAND USE)
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APPENDIX D
Template for Environmental Stewardship Plan
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ENVIRONMENTAL STEWARDSHIP PLAN

This document serves as a template that may be used by sportsmen’s clubs and shooting ranges within the State of 

Florida in their preparation of an Environmental Stewardship Plan (ESP or Plan). A copy of this template is included on 
the CD accompanying this manual in order to ease the modification of this template into a workable Environmental 
Stewardship Plan for your specific range. 

This template was adapted from the National Shooting Sports Foundation’s manual entitled Environmental Aspects 

of Construction and Management of Outdoor Shooting Ranges, Appendix C (i.e., the NSSF manual). This template is 

only a tool to assist in making ESP preparation easier for sportsmen and should be modified to incorporate specific 

information relative to your club and its ranges. This template is intended to be used in conjunction with the NSSF 

manual and with the U.S. Environmental Protection Agency (EPA) and Florida Department of Environmental Protection 

(DEP) manuals.

Websites for the aforementioned agencies are included in Appendix H “Resources” of this manual.

A list of County Cooperative Extension offices is available in Appendix K of this manual.

Disclaimer: This template does not serve as a substitute for understanding the concepts and techniques discussed 

in the NSSF manual. This template is not to be used as a substitute for consultation with scientists, engineers, 

attorneys, other professionals, or with DEP.
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ENVIRONMENTAL
STEWARDSHIP

PLAN

[Club Name]

[Street Address]

[City/Town,] FL [Zip Code]

[Date]
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1.0 INTRODUCTION

The XYZ Club, Inc. is located at 123 X Road in Blanktown, Florida…

1.1 Mission Statement

The XYZ Club, Inc. is committed to…

1.2 Purpose

The Purpose of this Environmental Stewardship Plan (i.e., the Plan) is to:

    Identify issues of potential environmental concern that may exist;

    Identify, evaluate, and prioritize appropriate actions to manage these issues;

    List short and long-term action items and the steps needed for implementation;

    Develop an implementation schedule;

    Identify ways to measure the Plan’s success;

    Annually evaluate the progress made towards achieving our environmental stewardship goals:

1.3 Goals

    Avoid shooting over and into water and wetlands.

    Prevent off-site migration of lead through groundwater and surface water runoff.

    Conduct lead recovery.

    Discourage ingestion of lead by wildlife.

    Maintain soil pH between 6.5 and 8.5 in the shotfall zone.

 

2.0 SITE ASSESSMENT

2.1 Description of Ranges and Support Facilities

The XYZ Club has an x position Trap Range, a y position Skeet Range, a z position Sporting Clays Course, and a q 

position Small Arms Range. These ranges are located in a rural setting and are oriented away from residential areas 

and surface water bodies.

Briefly describe each range, its dimensions, orientation, vegetative cover, numbers of shooters and targets used per 

year, wildlife usage, etc.

2.2 Existing Environmental Conditions

Describe the most significant environmental issues associated with the ranges. Refer to figures, tables, the results of 

surveys, inspections, professional opinions, etc.



APPENDIX D    D-7 

2.2.1 Trap and Skeet Fields

2.2.2 Sporting Clays Course

2.2.3 Rifle and Black Powder Range(s)

2.2.4 Outdoor Handgun Range(s)

3.0 TRAP (AND) SKEET FIELD(S)

3.1 Action Plan

3.1.1 Potential Management Alternatives

Alternative 1:        Achieve all of the environmental goals identified simultaneously.

Alternative 2:        Work on one goal this year and address all other later.

Alternative 3:        Choose a few Goals that can be implemented immediately and begin planning longer-term 

alternatives.

Alternative 4:        Vegetate sparse grass area of trap/skeet field.

Alternative 5:        Reorient trap field to avoid lead shot entering wetlands.

Alternative 6:        Reorient sporting clays stations to maximize the overlap of falling shot into the open field where it 

can be more easily recovered for recycling.

Alternative 7:        Limit use of the trap/skeet range to only those stations that do not have wetland areas within the 

shotfall zone.

Alternative 8:        Apply lime to shotfall zones if soil test results indicate this would be beneficial.

Alternative 9:        Prepare fields for lead reclamation.

Alternative 10:      Get bids for lead reclamation project.

Alternative 11:     Conduct lead reclamation within the trap/skeet shotfall zones.

Alternative 12:     Conduct lead reclamation within the berm of the small arms range.

Alternative 13:     Conduct lead reclamation within the sporting clays shotfall zone.

Alternative 14:     Change mowing frequency to closely mow grass in shotfall zones.

Alternative 15:     Construct lean-to’s at backstop berms.

Alternative 16:     Construct a lime-lined drainage swale for stormwater management.

Alternative 17:     List additional Best Management Practices that may be appropriate to your club.
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3.1.2 Selection of Management Alternatives to be Implemented

Describe the process by which the above alternatives will be, or were, selected. Incorporate club officers, the 

membership, and outside consultants as applicable.

3.1.3 Alternatives Selected

Based on the stewardship goals of the Plan, the benefits provided, and the current availability of funds, the following 

priorities were chosen for the current calendar year. 

 Alternative x:

 Alternative y:

 Alternative z:

These choices were made to address: the most pressing concerns, the most easily resolved issues, and to initiate 

management practices that would create longer-term environmental benefits.

In order to achieve the goals of the Plan, the following actions are necessary.

a)   Management Actions: Assign personnel responsible for initiating, conducting, and completing the alternatives 

selected above.

b)   Operational Actions: Collect soil samples for pH analysis, consult with USDA’s Natural Resources Conservation 

Service and/or the county Cooperative Extension Service regarding best suited vegetative management 

recommendations.

c)    Construction Actions: Do site preparation work, get bids, institute mowing and vegetative management 

recommendations, reorient shooting position as appropriate.

3.2 Plan Implementation

3.2.1 Schedule for Implementation

Winter/Spring: pH survey, contact local officials for vegetation management recommendations, reorient shooting 

positions as appropriate, realign shooting positions as appropriate.

Summer/Fall: Prepare site for reclamation project, apply lime/fertilizer/seed, get bids for berm lean-tos/reclamation. 

As a rule of thumb, 50 pounds of lime per 1,000 square feet should raise soil pH by 1 once the residual acidity is 

overcome.

3.2.2 Responsibilities

For example: The trap/skeet chairman/chairmen will… The club treasurer will… The membership will provide the labor 

to…
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4.0 RIFLE, BLACK POWDER, AND OUTDOOR HANDGUN RANGE(S)

4.1 Action Plan

4.1.1 Potential Management Alternatives

Alternative 1: Achieve all of the environmental goals identified simultaneously.

Alternative 2: Work on one goal this year and address all other later.

Alternative 3: Choose a few Goals that can be implemented immediately and begin planning longer-term alternatives.

Alternative 4: Culvert the stream through the shooting ranges.

Alternative 5: Vegetate the backstop berm(s) to minimize erosion.

Alternative 6: Construct a lime lined drainage swale for stormwater management.

Alternative 7: Apply lime to the berm and foreground if pH test determines it is necessary.

Alternative 9: Begin planning a lead reclamation project.

Alternative 10:  Change mowing frequency to closely mow grass in shotfall zones.

Alternative 11:  Construct lean-tos at berms.

Alternative 12:  List additional Best Management Practices that may be appropriate to your club.

4.1.2 Selection of Management Alternatives to be Implemented

Describe the process by which the above alternatives will be, or were, selected. Incorporate club officers, the 

membership, and outside consultants as applicable.

4.1.3 Alternatives Selected

Based on the stewardship goals of the Plan, the benefits provided, and the current availability of funds, the following 

priorities were chosen for the current calendar year. 

 Alternative x:

 Alternative y:

 Alternative z:

These choices were made to address: the most pressing concerns, the most easily resolved issues, and to initiate 

management practices that would create longer-term environmental benefits.

In order to achieve the goals of the Plan, the following actions are necessary.

a) Management Actions: Assign personnel responsible for initiating, conducting, and completing the alternatives 

selected above.

b) Operational Actions: Collect soil samples for pH analysis, consult with USDA’s Natural Resources Conservation 

Service and/or the county Service Forester regarding best suited vegetative management recommendations.

c) Construction Actions: Do site preparation work, get bids, institute mowing and vegetative management 

recommendations, reorient shooting position as appropriate.
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4.2 Plan Implementation

4.2.1 Schedule for Implementation

Winter/Spring: pH survey, contact local officials for vegetation management recommendations, reorient shooting 

positions as appropriate, realign shooting positions as appropriate.

Summer/Fall: Prepare site for reclamation project, apply lime/fertilizer/seed, get bids for berm lean-tos/reclamation.

4.2.2 Responsibilities

For example: The small arms range chairman/chairmen will… The club treasurer will… The membership will provide 

the labor to…

5.0 SPORTING CLAYS COURSE

5.1 Action Plan

5.1.1 Potential Management Alternatives

5.1.2 Selection of Management Alternatives to be Implemented

5.1.3 Alternatives Selected

5.2 Plan Implementation

5.2.1 Schedule for Implementation

5.2.2 Responsibilities
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6.0 MEASURING SUCCESS

By monitoring the impact or success of the Plan, the club is best prepared to make whatever changes may be 

necessary to reinforce success and make the most of environmental stewardship efforts.

6.1 Vegetation

The density of vegetation growth should be measured throughout the growing season, especially in areas of sparse 

growth where steps have been taken to increase the vegetative cover. This is can be done by taking periodic 

photographs (e.g., once a month) from the same places to document the impact of the Plan.

6.2 Wildlife

Keep a log of visual observations made regarding the frequency of range usage by the variety of species in the area.

6.3 Soil and Runoff pH

Track soil and runoff pH through semi-annual monitoring and adjust the amount of lime applied to different areas of 

the range to maintain a pH level that will prevent lead from dissolving (i.e., a pH of 6.5 - 8.5).

6.4 Erosion

Again, keeping a photographic record of problem areas best prepares your club to document achievements and adjust 

the Plan as appropriate.

7.0 PLAN REVIEW AND REVISIONS 

Continue to monitor the environment and review the Plan on an annual basis. Update the Plan as needed and set 

goals for subsequent years. Make recommendations for future club officers to consider when updating the Plan and in 

setting goals (tell them what worked, what didn’t work, and what still needs to be done).
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FIGURES
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(Insert Site Location Map Here)

Typically, a Site Location Map is cut from a USGS Topographic Map of you Club’s area.

The Club should be centered on the map.

Indicate the property boundaries and layout of the range.
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(Insert other figures as necessary to support the text)

Other figures may include an aerial photograph, and sketches of the 

Club property in general and/or specific ranges in particular.

Example:
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Appendix A

Information from USDA, Natural Resources Conservation 
Service (and/or county Cooperative Extension Service)

(concerning soil and vegetation management recommendations)

A list of Cooperative Extension offices 
is available in Appendix K of this mannual
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Appendix B (etc.)

(For other supporting documentation as needed.)
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APPENDIX E
Record Keeping
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RECORD-KEEPING AND EVALUATION

Evaluation of the success of an Environmental Stewardship Plan should occur one or more times per year. Keeping 

the Plan current will help the range make mid-course corrections where necessary and document the results from 

the previous year’s initiatives. The focus of the evaluation should be to determine whether the Environmental Stew-
ardship Plan has been implemented as intended, the problems (if any) encountered, and what types of adjustments 
should be made to the plan for the future. In addition, it will be useful to monitor the environmental benefits that have 

resulted from implementation of management and engineering actions. This will demonstrate the effectiveness of the 

actions that have been taken. 

Just as with other aspects of business, record-keeping is essential for evaluation of the Environmental Stewardship 

Plan. Typical records that may be useful in evaluating the effectiveness of a Plan may include:

    Range “inspections” by range manager.

    Photographs of pre-existing conditions versus conditions after environmental improvements have been imple-

mented (“before” and “after” photographs).

    Log of actual implementation dates, problems addressed, associated costs, conditions, problems encountered 

and follow-up actions.

    Frequency of changed operational practices (i.e., mowing on poorly vegetated soils) and observed results.

    Comparison of changes in operational costs related to changed procedures; and

    Frequency and type of environmentally related complaints from customers or the public.

Quantitative measurement of environmental improvements will most likely be beyond the capabilities of range man-

agers and need not be sought unless they are necessary to support legal proceedings. In these cases, support from 

outside consultants may be in order. Local universities or non-profit groups with an environmental research interest 

may also represent a viable source of assistance.

Examples of record-keeping forms and logs are included below.

DOCUMENT IMPORTANT INFORMATION FOR EACH PLANNED IMPROVEMENT:

Project or Action Person or Primary
Responsibility

Initial (I) or
Recurring (R)

Completion Date

Planned            Actual

Aniticpated
Budget
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FACILITY NAME: _____________________
Lime and Phosphate Addition Form

Date:__________      Employee_____________
Time:__________

Type of Lime:__________________________________________________________________________

Source of Lime:________________________________________________________________________

Type of
Phosphate:____________________________________________________________________________

Source of
Phosphate:____________________________________________________________________________
Firing Lane Location of Lime Addition:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Amount of Lime Added at each Firing Lane:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Firing Lane Location of Phosphate Addition:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Amount of Phosphate Added at each Firing Lane:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
Notes:___________________________________________________________
________________________________________________________________
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RANGE LOG FOR EACH FIRING LANE
FIRING LANE_____

Date Organization Ammunition Type Rounds Fired

TOTAL

PH TESTING FORM: YEAR________

Date Method Firing Lane No. pH Action Taken
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APPENDIX F
Glossary of Terms
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Absorption:                    The act of taking in, soaking up.

Adsorption:                    The process that removes dissolved metals from the water column through binding the ions to 

the surface of sediment particle.

Acid:                             pH below 7.0. Under acid conditions, lead tends to dissolve and not adhere to particles. The 

lower the pH, the more acidic the conditions and the more lead tends to dissolve. 

Agglomerate:                 To form into a rounded mass. 

Alkaline:                        Not acidic, basic, pH above 7.0. Under moderately alkaline conditions, lead tends to adhere 

tightly to soil and other particles. However, under strong alkaline conditions, lead mobilization 

may be increased.

Anion:                          Negatively charged ion. 

Anoxic:                          The state of being in the absence of oxygen. 

Backstop:                      A structure specifically constructed to stop and store projectiles fired on a range. Backstops 

reduce the size for the surface danger zone.

Baffles:                         Barriers to intercept projectiles and/or to reduce, redirect or suppress sound.  Baffles are 

used overhead, alongside or at ground level to restrict or intercept errant or off-target shots. 

Use of baffles and backstops reduce the surface danger zone to the immediate limits of the 

range containment area.

Berm:                           An alongside structure of soil or embankment used for restricting bullets to a given range 

containment area and/or as a dividing wall between ranges. 

Buffer:                          Solutions (specially prepared) that resist changes of hydrogen ion (H +) concentrations. In 

surface water, dissolved specific ions (bicarbonate and carbonate) are in equilibrium with the 

carbon dioxide in the atmosphere (gas) and dissolved in water.  Together they act like a buffer; 

this means pH of water won't change even if we add an acid or a base (to a certain extent, of 

course).

Bullet Trap:                    A device designed to trap and capture bullets and fragments.  

Cation:                         A positively charged ion.

Detention/Retention      A storm water pond designed to reduce the flow and collect storm water runoff, allowing 

particulates (such as lead) to settle from the runoff.  A detention pond always contains 

water and subsequently discharges excess water to surface water, where a retention pond 

discharges to groundwater by percolation only and eventually goes dry by percolation and 

evaporation.

GLOSSARY OF TERMS

Pond:
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Firing Lane:                   The area within which a firearm is fired. It consists of firing and target lines and left and right 

limits of fire.  

Firing Line:                    The base line to a range to which the targets are parallel to, from where firearms are 

discharged and forward of which no one is permitted during fire. 

Firing Position (Point):    An area directly behind the firing line having a specific width and depth that is occupied by a 

shooter, equipment and, if appropriate, an instructor or coach. 

Green Ammunition:        Environmentally friendly, lead free bullets or shot. 

Ground Baffle:               A device on the range floor, and designed to intercept and stop ricocheting projectiles. May be 

used on backstop areas where the slope does not positively contain bullets. 

Impact Area:                  The area in a backstop bullet trap or shotfall zone directly behind the target where bullets 

are expected to impact or shotgun pellets land.  The term may also refer to the part of the 

surface danger zone area down range of an outdoor range where bullets will impact if not 

intercepted by a backstop. 

Ion:                              A charged form of any atom or specific group of atoms (in our case metals). 

Noise:                           Unwanted sound. 

Noise Baffles:                Sound suppression barriers constructed using sound absorbing materials. Noise baffles may 

be designed to either absorb (stop) and/or reflect sound waves. 

Non-Point Source          A discharge of pollutants that does not come from a discernable, confined and discrete 

conveyance.

pH:                               A measure of how acid or alkaline a material is. A pH of 7 is neutral, that is, neither acid nor 

alkaline. The farther the pH is below 7, the more acidic the material, and the farther the pH is 

above 7, the more alkaline the material. 

Discharge:
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Particulate Metal:          The tiny dust-sized particles of a bullet that are crushed or weathered.

Point Source                  As defined by the Clean Water Act, “any discernable, confined and discrete conveyance, 

including, but not limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, 

container...from which pollutants are or may be discharged.” 

Reclamation:                 The processing of a material to recover a usable product, or regenerate it by processing it in a 

way that restores it to usable condition. 

Regulation:                    Set of rules, requirements, or directions for complying with or implementing statutes and 

laws.

Remediation:                 Response actions that represent the final remedy for a site’s contamination.  They are 

generally long-term and more expensive than removal. 

Range:                          The distance traveled by a projectile from the firearm to a final impact point.  Three adjectives 

applied to range: “pointblank”, “effective” and “extreme”.  Pointblank range refers to 

distances less than five yards; effective range means the greatest distance a projectile will 

travel with accuracy; extreme range means the maximum distance a projectile will travel. 

Safety Baffles:               Vertical or angled barriers to prevent a projectile from traveling into an undesired area or 

direction. Used to reduce the surface danger zone to prevent bullets from leaving the range 

properly between the backstop and berms. 

Statute:                        A law enacted by the legislature. 

Surface Clearance:        A range clearance where the surface area is searched visually and dud and other munition 

are removed and disposed of properly. Surface-cleared ranges are restricted to activities that 

require no groundbreaking and limited access. 

Surface Danger Zone:    That segment of the range area endangered by a particular type of firearm firing.  Examples 

include the following areas:  Target Area, Impact Area, Ricochet Area. 

Target Line:                   A line parallel to the firing line along which targets are placed. 

Wetland:                       Any intertidal area, swamp, marsh, bog or similar area, including areas that may not appear 

to be wetlands to non-scientists. Construction in or modification of wetlands, including those 

entirely on private property, are regulated under the Clean Water Act.

Discharge:
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AOC:                 Area of Contamination. 

ARSO:               Assistant range safety officer. 

BMP:                Best Management Practice. 

CERCLA:           Comprehensive Environmental 

Response, Compensation, and Liability 

Act of 1980 (SUPERFUND). 

CFR:                 Code of Federal Regulations. 

CWA:                Clean Water Act. 

DEP:                 Department of Environmental Protection 

(State of Florida). 

DOH:                 Department of Health. 

EOD:                 Explosive ordinance disposal. 

EPA:                 United States Environmental Protection 

Agency. 

FAC:                 Florida Administrative Code. 

FS:                   Florida Statute. 

FWCC:              Florida Fish and Wildlife Conservation 

Commission. 

GIS:                  Geographic Information System. 

GPS:                 Global Positioning System.

HDPE:               High Density Polyethylene. 

HSWA:              Hazardous and Solid Waste 

Amendments of 1984. 

MCL:                Maximum Contaminant Level. 

NASR:               National Association of Shooting 

Ranges. 

ABBREVIATIONS/ACRONYMS 

NPDES:             National Pollutant Discharge 

Elimination System. 

NRA:                 National Rifle Association, charted 

in 1871, the oldest sportman’s 

organization in USA. 

NRCS:               Natural Resources Conservation 

Service.

PEL:                  Permissible exposure level. A 

standard level of exposure to noise 

or lead levels set by government 

regulations. 

RCRA:              Resource Conservation and Recovery 

Act. 

SOP:                 Standing operating procedure.

SPLP:               Synthetic Precipitation Leaching 

Procedure. 

TCLP:               Toxicity Characteristic Leaching 

Procedure. 

USPSA:             United States Practical Shooting 

Association/IPSC, Inc. This is the 

governing body for practical shooting 

in the United States. 

WMD:               Water Management District. 
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APPENDIX G
Frequently Asked Questions (FAQs)
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Q. - What would be the first step in eliminating some of the potential hazards from the spent lead that is deposited 
in the berm?

Answer: First steps would include controlling run-off and pH to prevent lead from degrading and moving. The 

recoverable lead should be picked up and sent for recycling. The lead can be raked, shoveled, sifted, etc. and placed 

in containers for transport to the recycling facility.  See Chapter 3 for additional information.

Note: If the lead is not recycled or reused, then some of the bullets and lead residues may meet the definition of 

hazardous waste and must be disposed of properly.

Q. - How do I determine how much lead is on my range?

Answer: Analyze all documentation you have regarding the numbers of shooters that have used the range since 

the last lead reclamation, and estimate the types and number of rounds they shoot. Ideally you may wish to keep 

more detailed logs of shooters’ rounds. Count clay targets purchased. Section 3.3 of this manual might aid in this 

determination. If you can’t estimate, seek the counsel of an expert.

Q. - Who can I hire to pick up the lead?

Answer: In this manual’s Appendix H you will find some listed. Also, check Florida DEP’s web page, NASR’s web page, 

yellow pages, and other listings in Appendix H, entitled Resources. Contact other range managers for referrals.

Q. – Does a contractor who I hire to reclaim the lead from my berm have to be registered with the State, or have a 
license?

Answer: No, there is no registration requirement for someone to pick up lead from your site, provided they transport 

it to a bona fide recycling facility. However, we recommend that you confirm their experience with your type of range. 

Check their references. OSHA also requires safety measures be followed during this type of activity. The contractor 

and his staff should have appropriate OSHA training (29 CFR 1910.120). See Section 3.7 of this manual for more 

information.

Q. – If I pick up the lead from the berm, can I store it for a while, and where?

Answer: The lead can be stored in containers (not placed in a scrap pile on the ground) at your site provided you 

eventually recycle it. Keep the containers closed.  It would be advisable to label the contents as lead bullets or scrap 

metal. You cannot store it indefinitely; it is recommended that you recycle it as quickly as possible. The longer you 

store the lead on-site the more the potential for release, contamination, and liability.

Frequently Asked Questions:
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Q. – Who recycles lead?

Answer: Lead is recycled by smelters, who melt down and separate metals for use/reuse in manufacturing. A list of 

smelters can be found in this manual in Appendix H. NASR’s web site and in the EPA manual. Additional smelters may 

be found through an Internet search and possibly in the yellow pages. If you send your lead to a scrap metal dealer, 

that facility may not be allowed to smelt it without a permit. Ensuring that the lead goes to a reputable dealer/smelter 

will reduce your liability. You are responsible for the ultimate fate of your lead.

Q. - Where do I find consultants?

Answer: The NASR web site (see this manual’s appendix on resources) has a list of environmental consultants. You 

might find them listed in the yellow pages as well.

Q. - How do I know I’ve got a good consultant?

Answer: Ask the consultants for references and check them. Word-of-mouth referrals from other shooting range 

managers will be most helpful.  See Section 3.3 for additional information.

Q. - Can I remove/relocate, etc. the sand for the berm?

Answer: The sand at the berm will in the majority of cases be classified as a hazardous waste. Therefore, no matter 

how long the range has been in operation, if you dig up and move the sand it may need to be treated and/or disposed 

of as hazardous waste if not returned to the berm. For use in another location or as construction material you would 

first need to sample the soil for lead and manage it appropriately (see section 3.8 of this manual). While reclaiming 

lead from a range, you may move soil during the reclamation process, but it must remain within the AOC (the bounds 

of that range and area of lead contamination).  

Q. – What documentation/records must I keep?

Answer: Keep copies of contracts for lead removal; bills of lading for shipping; confirmation from the recycling facility 

that the lead was received. Without proof of these things you may be liable for improper lead disposal, since it is a 

hazardous waste if not recycled. See Section 3.4 for additional information.

Q. – Can my range be sued or subject to legal enforcement if I follow the advice in this manual?

Answer: Yes, any range can be sued at any time; however, with the use of BMPs your legal position should be 

enhanced.

Q. – Is it mandatory that ranges use BMPs?

Answer: No, the use of BMPs is voluntary; however, it is in the best interest of the range to implement BMPs.
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Q. – Where do I find environmental regulations pertaining to shooting ranges?

Answer: The solid and hazardous waste regulations that apply to ranges are the same as those that apply to other 

industries. They can be found in the Florida Administrative Code, chapter 62-730 which adopts most of the Federal 

Regulations under 40 CFR parts 261-265. A summary of the relevant requirements effecting ranges can be found in 

Appendix B of this manual. A copy of the Florida environmental regulations can be found at:

http://www.dep.state.fl.us/legal/rules/mainrulelist.htm

There may be county or municipal regulations that also affect your range.

Q. – Of state or federal requirements, which do I have to follow?

Answer: You would be required to meet the most stringent requirements. Generally those will be the Florida DEP 

regulations. If you are uncertain regarding regulations, contact your district DEP office.

Q. – How much will it cost to implement BMPs?

Answer: It depends on the circumstances. Start now with a basic site evaluation by the members at relatively little 

cost. Develop a master plan, choose those activities that you can afford now, and budget funds for those that you 

decide to implement in the future.

Q. – Why would lime be used on a shooting range?

Answer: Lime is used as a method of increasing the relative pH of soil and promoting a more neutral pH. Lime is a 

naturally occurring, relatively inexpensive, locally mined product.  Lead is less likely to become mobile in a neutral 

soil. To determine if lime should be used, conduct or have a soil test conducted to determine if the soil pH is in an 

acidic range (below 7).  Most Florida soils are in the slightly acidic to acidic pH range. See Section 3.2 for additional 

information. 

Q. - If assistance with soil testing or liming is required, where should a manager search?

Answer: Lawn and garden centers often have information or equipment for soil testing.  Agricultural fertilizer suppliers 

can be sources for soil testing and liming material. The county extension service can provide assistance with soil 

testing and application rates of liming materials. Note: information available will be based upon agricultural use. See 

Section 3.2 for additional information.

Q. – Where can I get additional information on endangered or threatened species?

Answer: Contact the wildlife heritage branch of the Florida Fish and Wildlife Conservation Commission at 

www.myfwc.com for information. See Section 2.8, 2.9 and 3.5 for additional information.
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Q. – Where can I get additional information on wildlife plantings?

Answer: The county Natural Resources Conservation Service has information on local plants that are both highly 

attractive to wildlife and are resistant to wildlife usage. They can be found in the blue pages of your local phone book.  

See Section 2.9 for additional information.

Additional Questions you may have concerning lead management at your range are addressed in Chapter 3 of this 
manual, Range Management:

    Are there any bullet and shot containment techniques? See sec. 3.1.

    What is an appropriate slope for a berm? See sec. 3.1.1.

    How do I reduce the shotfall zone/contaminated area? See sec. 3.1.2.

    How do I prevent migration of lead? See sec. 3.2.

    Are there any lead binding agents for soils other than lime? See sec. 3.2.2.

    How do I minimize lead in storm water runoff? See sec. 3.2.3.

    How do I remove lead bullets from my range? See sec. 3.3.

    How often should I remove lead from my range? See sec. 3.3.1.

    Are there any alternatives to lead shot? See sec. 3.6.

    Where do I get information on human exposure from lead? See sec. 3.7.

    Do I need a State approved plan for lead removal activities? See sec. 3.8.

    Whom should I contact for closure or remediation at my range? See sec. 3.8.
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APPENDIX H
Resources
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RESOURCES

FLORIDA AND FEDERAL GOVERNMENT SITES 

Florida Department of Environmental Protection’s BMPs for Shooting Ranges Web Site

 http://www.dep.state.fl.us/waste/categories/hazardous/pages/lead.htm

                                                         

Florida Department of Environmental Protection’s Bureau of Solid and Hazardous Waste 

http://www.dep.state.fl.us/waste

Florida Department of Environmental Protection’s regulations (downloads) 

http://www.dep.state.fl.us/legal/rules/mainrulelist.htm

Florida Department of Environmental Protection’s Lists of Outstanding Waters 63-302.700

http://www.dep.state.fl.us/legal/rules/shared/62-302.pdf

Florida Department of Environmental Protection’s Office of Coastal and Aquatic Managed Areas (Preserves)

http://www.dep.state.fl.us/coastal/default.htm

Florida Fish and Wildlife Conservation Commission 

http://www.floridaconservation.org/ 

Florida Fish and Wildlife Conservation Commission’s Division of Wildlife

http://wld.fwc.state.fl.us/        

Florida Fish and Wildlife Conservation Commission’s Public Shooting Ranges 

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

Florida Center for Solid and Hazardous Waste Management

http://www.floridacenter.org/  

University of Florida’s Institute of Food and Agricultural Sciences (County Agricultural Extension)

http://www.extension.ifas.ufl.edu/  

U.S. Environmental Protection Agency (EPA) 

http://www.epa.gov/

U.S. Environmental Protection Agency’s Shooting Range Site

http://www.epa.gov/region2/waste/leadshot/  

U.S. EPA – Military Munitions Rule       

http://www.epa.gov/epaoswer/hazwaste/military/

http://www.epa.gov/tribalmsw/thirds/remunition.htm

U.S Fish and Wildlife Service

http://www.fws.gov
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U.S. Occupational Safety and Health Administration (OSHA)

http://www.osha.gov/             

National Institute for Occupational Safety and Health (NIOSH)

http://www.cdc.gov/niosh/homepage.html 

TECHNICAL, GOVERNMENT, AND COMPLIANCE ASSISTANCE SITES IN OTHER STATES

Ohio EPA’s Lead Shot Reclaimers list

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

                                                         

Massachusetts Department of Environmental Protection’s Lead Shot in the Environment page 

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

Minnesota Department of Health’s poster for “Firing Range Hazards” 

http://www.cdc.gov/niosh/mnables.html 

National Association of Shooting Ranges’ Reference Library 

http://www.rangeinfo.org/resource_library/facility_mngmnt/index.htm

Connecticut Coastal Fishermen’s Association v. Remington Arms Co. 

http://www.duedall.fit.edu/summer/rcra.htm

Institute of Scrap Recycling Industries, Inc.

http://www.isri.org                 

Long Island Soundkeeper Fund and NY Coastal Fishermen’s Assoc. v. New York Athletic Club 

http://www.epa.gov/region02/waste/leadshot/lisfnyac.htm

Lead Contamination in Soils at Military Small Arms Firing Ranges (U.S. Air Force)

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

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

Lead Industries Association

http://www.leadinfo.com

U.S. Army Environmental Center – Small Arms Range Technology 

http://aec.army.mil/usaec/technology/rangexxi03.html 

Green Bullets (U.S. Army)

http://aec.army.mil/usaec/publicaffairs/publicity02.html

http://aec.army.mil/usaec/technology/rangexxi00a.html 

http://aec.army.mil/usaec/publicaffairs/update/spr97/bullets.htm

Recycling of Firing Range Scrap (U.S. Army) 

http://aec.army.mil/usaec/publicaffairs/update/spr99/spr9911.htm

Small Arms Range Technology (U.S. Army)

http://aec.army.mil/usaec/publicaffairs/update/win97/range.htm 
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SHOOTING SPORTS ORGANIZATION

National Skeet Shooting Association/National Sporting 

Clays Association                                

http://nssa-nsca.com/

Shot Show                                         

http://www.shotshow.org/

Single Action Shooting Society            

http://www.sassnet.com/

Sporting Arms and Ammunition Manufacturers’ Institute

http://www.saami.org

United States Practical Shooting Association 

http://www.uspsa.org/

Where to Shoot                                  

http://www.wheretoshoot.org/

Wildlife Management Institute

http://www.wildlifemanagementinstitute.org

World Shooting Federation

http://www.worldshootingfederation.org/ 

                                            

Amateur Trapshooting Association

http://www.shootata.com/

Civilian Marksmanship Program           

http://www.odcmp.com/

International Defensive Pistol Association 

http://www.idpa.com/

International Handgun Metal Silhouette Association 

http://ihmsa.org/

International Practical Shooting Confederation 

http://www.ipsc.org/

Izaak Walton League of America           

http://www.iwla.org/

National Association of Shooting Ranges 

http://www.rangeinfo.org/

National Rifle Association                    

http://www.nra.org/

National Shooting Sports Foundation   

http://www.nssf.org/
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LEAD RECYCLING COMPANIES *

Below is a list of recycling companies for lead in soils and spent lead shot/bullets that were contacted during the 

writing of this manual. Local scrap metal recyclers may also accept spent lead shot or spent bullets. It is not inclusive 

and is included for informational purposes only. Mention of these companies does not serve as an endorsement by 

the Florida DEP.

The Doe Run Company
Resource Recycling Division

HC1 Box 1395

Boss, MO 65440

800-633-8566

573-626-3476

Lou Magdits

East Penn Manufacturing Company, Inc.
P.O. Box 147 

Lyon Station, PA 19536

610-682-6361

Rick Leiby

Web Site: http://www.eastpenn-deka.com

 

Exide
Spring Valley and Nolan Streets

Reading, PA 19612

800-437-8495

Robert Jordan,

Maritza Rojas-Suarez 

Web site: http://www.exide.com

Gopher Smelting and Refining
3385 Highway 149

Eagan, MN  55121

612-454-3310

800-354-7451

Mark Kutoff

Web Site: http://www.gopherresource.com/

Gulf Coast Recycling
1901 N. 66th St

Tampa, FL  33619

813-626-6151

William Weston

 

Kinsbursky Brothers, Inc.
1314 N. Anaheim Blvd

Anaheim, CA 92801

714-738-8516

Paul Schneider

Web Site: http://www.kinsbursky.com 

Reserve Trading Corp.
P.O. Box 302

Medina, OH 44258

330-723-3228

Jerry Moody

RECYCLERS

* Lead recycling companies smelt lead.
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LEAD RECLAMATION COMPANIES *

Below is a list of reclamation companies for lead in soils and spent lead shot/bullets that were contacted during the 

writing of this manual. It is not inclusive and is included for informational purposes only. Mention of these companies 

does not serve as an endorsement by the Florida DEP.

Brice Environmental
555 Route 31

P.O. Box 78

Ringoes, NJ 08551 

908-806-3655   

Mike Warminski

     -and-

3200 Shell St

P.O. Box 73520

Fairbanks, AK  99707

907-456-1955

Craig Jones

Web Site:  http://www.briceinc.com

Reclaims primarily from earthen backstops and 

sand traps.

En·Range
3326 NW 29th St.

Miami, FL  33142-6310

(305) 999-9965  Fax:(305) 635-8645

Thomas M. Taylor

enrange1@yahoo.com

Provides lead reclamation and other environmental 

and maintenance services to indoor and outdoor 

ranges, primarily in Florida.

  

Entact
1360 N. Wood Dale Road

Suite A

Wood Dale, IL 60191 

630-616-2100

Web Site:  http://www.entact.com

Performs physical removal of the lead from back-

stops, chemical treatment of soils and returns soil 

to the backstop. 

Karl & Associates, Inc.
20 Lock Road

Mohnton, PA 19540

610-856-7700

Works primarily in the the mid-Atlantic area. Lead-con-

taining soil is physically removed and sent to licensed 

disposal sites or licensed recycling facilities.  

MARCOR
246 Cockeysville Road

Hunt Valley, MD 21030

410-785-0001

Dave Jungers

Web Site: http://www.marcor.com

Uses a shaker system to remove lead from contami-

nated soils, with soils replaced in the backstop.

Metals Treatment Technologies, LLC  (MT2)
12441 West 49th Avenue, Suite 3

Wheat Ridge, CO  80033

303-456-6977

Jim Barthel

Web site:  www.metalstt.com

Removes lead from soil and treats soils at all types 

of ranges.

RECLAIMERS

* Lead reclamation companies remove and reclaim lead from ranges.
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Sport Shooting Services, Inc.
P.O. Box 667

Crawfordville, FL  32326

850-926-7375

Cellphone 850-294-0132

Captain Ed Tyer

Email:  envirorange@aol.com

Works primarily in Florida. Removes lead from 

earthen berms and uses a shaker and screen sys-

tem to separate lead from soils, or rents screening 

equipment. 

Sears Trucking Company 
P.O. Box 38

El Reno, OK  73036

800-522-3314

Fax 405-262-2811

Garland Sears

Physically removes lead from soils at trap and skeet 

ranges.

Southern Lead Removal
P.O. Box 2645

Daytona Beach, FL  32115

386-763-0115

Kevin Gilchrist

Removes lead from pistol ranges only.

Waste Recycling Solutions, Inc.
19 Peconic Avenue

Riverhead, NY 11901

631-369-9601

Tommy Arabia

Uses a vacuum system to remove lead from trap and 

skeet ranges.

 

 

 

RECLAIMERS (CONTINUED)
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APPENDIX I
 Information on Florida Soils
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INFORMATION ON FLORIDA SOILS

Spent lead bullets and shot most often are deposited directly on and into soil during shooting. When exposed to air 

and water, lead may oxidize to form one of several soluble compounds. Soil characteristics, such as pH and soil type, 

greatly influence the specific compounds created and their rate of migration. Knowing the soil characteristics of an 
existing range site is a key component to developing an effective lead management plan.

FLORIDA SOILS:  DESCRIPTION AND 
DISTRIBUTION OF DIFFERENT TYPES OF SOILS

Many differences exist between Florida soils, developed 

from marine deposits, and other soils in the United States. 

Florida soils are characterized by their sandy nature, acidic 

(low) pH, flat topography and underlying limestone. Florida 

encompasses a wide variety of soils and landscapes, ranging from 

the red, loamy soils of the upper Florida Panhandle to the deep, dry sands 

of central Florida, to the poorly drained, sandy soils of the flatwoods, to the peat 

soils of the northern Everglades and the shallow, limestone-influenced soils of 

South Florida (Brown et al., 1984).  Seven of the 11 soil types in the United 

States soil classification system are found in Florida. These seven include 

Spodosols, Entisols, Ultisols, Alfisols and Histosols in the order of descending 

abundance (Fig. 3.2).

Spodosols, the most abundant soil in Florida (28%), are dominated by nearly 

level, poorly drained sandy soils with a dark sandy subsurface and a subsurface 

zone with organic matter. Aluminum and/or iron has accumulated due to down-

ward migration. As such, this horizon tends to concentrate more contaminants 

than soil layers above and below it. Spodosols generally exist in flatwoods and 

wet to dry prairies with ponds and cypress domes.

Entisols, the second most abundant soil in Florida (22%), has little or no soil development. They are dominated by 

nearly level to sloping, excessively drained thick sands or by level, very poorly drained thin sandy soils underlain by 

limestone (South Florida). They vary greatly in geographic presence (Fig. 3.2) and soil characteristics such as wetness, 

soil depth and landscape position. Entisols usually are found in sand hills and sand pine scrub.

Ultisols, the third most abundant soil in Florida (19%), are dominated by level to sloping, well-drained loamy and sandy 

soils with loamy subsurface soils. Ultisols are characterized by a subsurface horizon enriched by clay size particles 

that have moved downward from the overlying soils. This horizon tends to concentrate more contaminants than soil lay-

ers above and below it. Utisols generally exist in areas of mixed hardwood and pine forests.

Alfisols, the fourth most abundant soil in Florida (14%), have a horizon similar to Ultisols. However, Alfisols contain 

more calcium and magnesium than Ultisols with slightly higher pH. Alfisols are gently sloping, well-drained sandy soils 

with loamy subsoils underlain by phosphatic limestone. Alfisols inhabit largely mixed hardwood forests.
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Histosols, the fifth most abundant soil in Florida (10%), are largely organic, consisting of peat and muck deposits of 

varying thickness over sand, marl, limestone, or other materials. The organic material has usually accumulated in an 

extremely wet environment and can vary in consistency. Level, very poorly drained organic soils underlain by marl and/

or limestone dominate Histosols, which exist in swamps and marshes primarily.

Mollisols, the sixth most abundant soil in Florida (4%), have a thick, dark surface horizon and relatively high pH and 

organic matter. Found only in relatively small, scattered areas, they don’t occur extensively in Florida. 

Inceptisols, the seventh most abundant soil in Florida (3%), they have some development and differentiation of hori-

zons. Like Mollisols, they exist only in small, scattered areas in Florida.

GENERAL CHARACTERISTICS OF FLORIDA SOILS

Table 3.2 lists important soil properties relevant to BMPs in shooting ranges. As discussed in Section 3.1, under-

standing soil characteristics of shooting ranges is critical for developing an effective BMP. Soils with high clay, organic 

matter, and iron and aluminum oxide contents or high Cation Exchange Capacity (CEC) tend to have low lead mobility 

and leachability. High CEC indicates greater potential for lead to bind to soil particles. Soils with high pH tend to slow 

down the rate at which lead becomes soluble. Compared to other soils in the United States, Florida soils have low 

pHs and are extremely low in clay (extremely sandy), organic matter, iron and alumminum oxide, and CEC, which make 

them more favorable for lead weathering and leaching in soils. 

In addition to favorable soil conditions for lead leaching in Florida, other factors make Florida more vulnerable for lead 

contamination. Subtropical and tropical environments (i.e., high humidity and temperature, enhanced lead weathering, 

and a high groundwater table) make it easier for lead to contaminate groundwater. Because of the high vulnerability of 

soil in Florida, development and implementation of good BMPs are doubly important for shooting ranges in this state.

CURRENT STATUS OF RESEARCH ON SHOOTING RANGES IN FLORIDA

Lead and arsenic, both trace metals of great environmental concern, have adverse impacts on humans and animals. 

Use of lead pellets at shooting ranges has significantly increased these metals in the environment. Because of this, re-

searchers and those involved with ranges have a large responsibility to evaluate their impacts on the environment and 

establish proper management practices to minimize their contamination.

In lead shot, lead comprises 95-97% of the weight, with antimony contributing 0.4-2.0%, arsenic 0.2-0.8%, and tin, 

selenium, manganese, cadmium, chromium, copper, and nickel having average concentrations > 30 mg/kg (Fisher 

and Hall, 1986). Until recently people assumed lead shot was stable and therefore did not consider it as a source of 

environmental Pb contamination, except by direct ingestion of shot or sinkers by animals. However, all of the metallic 

lead in shot may transform into dissolved and particulate species and spread over the environment (Jorgensen and 

Willems, 1987).  

Many studies have focused on potential lead contamination in shooting ranges. However, studies also need to ad-

dress potential arsenic contamination, especially in Florida. A University of Florida study noted arsenic contamination 

in Florida shooting ranges. In Florida, several natural factors, such as low soil pH, low clay and organic matter content 

(Chen et al., 1998), shallow groundwater level, and high rainfall and temperature, can accelerate lead pellet weath-

ering and thus increase the risk of lead and arsenic contamination in the environment. In spite of this, information on 

the environmental impacts of lead pellets in Florida and best management practices to minimize their adverse environ-

mental impacts remains largely unavailable.
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TABLE I-1: PROPERTIES OF FLORIDA SURFACE SOILS BASED ON SOIL ORDERS

Soil order                                         pH†              OC            Clay             CEC           Total Al       Total Fe  

                                                                            %               %          (cmol/kg)      (g kg-1)         (g kg-1)

Spodosols                                   4.5           1.55         1.15            NA            0.64           0.33 

Entisols                                      5.2          0.93           1.77           5.75           1.40           1.20 

Ultisols                                      5.2          1.46           2.54           6.17           1.67           1.22 

Alfisols                                       5.3          6.42           1.69           6.86           1.18           0.98 

Histosols                                   4.8          34.1             NA            129           4.91           3.50 

Mollisols                                    6.0          24.9           3.84           8.56           2.10           2.06 

Inceptisols                                 5.3          2.50           5.34           17.4           1.72           1.44 

† Arithmetic means for pH and Geometric mean for other parameters 

OC = Organic Carbon

                                                                                                                                                                                 

Data collected from six public shooting ranges by UF researchers showed that lead and arsenic contamination in soils 

and surface water can be a potential problem. They found extremely high lead concentrations (1% to 4%) in soils col-

lected from berms. In addition, they detected lead contamination (11-694 ppb) in surface waters at a range exceeding 

the USEPA drinking water standard of 15 ppb.

The researchers detected elevated arsenic concentrations in shooting range soils. However, the samples revealed 

relatively low arsenic concentrations in surface water. Based on the researchers’ preliminary data, shooting ranges 

should recognize the importance of properly managing shooting ranges while they are in active use to minimize lead 

and arsenic contamination in soils and water.

EXPOSURE PATHWAYS AT RANGES

Lead can be introduced into the environment at shooting ranges in one or more of the following ways. Each of these 

pathways is site-specific and may or may not occur at each individual range:

    Lead oxidizes when exposed to air and dissolves when exposed to acidic water or acidic soil.

    Lead bullets, bullet particles or dissolved lead can be moved by stormwater runoff.

    Dissolved lead can migrate through soils to groundwater.

Table I-1, below, lists important soil properties relevant to BMPs in shooting ranges. As discussed in Section 3.1, 

understanding soil characteristics of shooting ranges is critical for developing an effective BMP. 

Soils with high clay, organic matter, and iron and aluminum oxide contents or high Cation Exchange Capacity (CEC) 

tend to have low lead mobility and leachability. High CEC indicates greater potential for lead to bind to soil particles. 

Soils with high pH tend to slow down the rate at which lead becomes soluble.  Compared to other soils in the United 

States, Florida soils have low pHs and are extremely low in clay (extremely sandy), organic matter, iron and aluminum 

oxide, and CEC, which make it more favorable for lead weathering and leaching in soils.  In addition to favorable soil 

conditions for lead leaching in Florida, other factors make Florida more vulnerable for lead contamination. Subtropical 

and tropical environments (high humidity and temperature, enhanced lead weathering) and a high groundwater table 

make it easier for lead to contaminate groundwater. Because of the high vulnerability of soil in Florida, development 
and implementation of good BMPs are doubly important for shooting ranges in this state.
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APPENDIX J
Do’s and Don’ts for Siting Shooting Ranges
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DO’S AND DON’TS FOR 
SITING SHOOTING RANGES

Be sure that any measurements 

taken are during a high water time 

frame. Areas with a groundwater 

table less than 3 feet during any time 

of the year will require special design 

and management. Groundwater may 

vary seasonally. 

 

Consider the management of storm-

water during the site selection 

process. Dry, stormwater detention 

ponds are preferred to wet stormwa-

ter retention ponds. Wet ponds or 

swales may require special design 

and management.

 

Avoid shooting into or over water or wetlands. 

Some sites may be wet only during some 

seasons.  Seasonally wet should also be 

avoided.

 

Avoid shooting where there is a possibility 

of lead entering into a Florida “Outstanding 

Water” (generally a buffer of 600 yards would 

be an adequate distance).

 

WATER ISSUE

SOIL ISSUES Clay soils are preferred for shotfall 

and impact areas.

Sandy soils require special design and man-

agement considerations.

TOPOGRAPHY 
AND VEGETATION 
ISSUES
 

Use appropriate vegetation to dis-

courage wildlife from being in impact 

areas and shotfall zones.

Avoid areas that have steep slopes or are 

heavily wooded. Steep slopes encourage ero-

sion and make reclaiming difficult. 

Wooded areas make any active management 

more difficult and make reclaiming extremely 

difficult. 

WILDLIFE ISSUES Provide special attention to the de-

sign and management of areas that 

may provide habitat for threatened 

or endangered species.

Avoid placing areas for wildlife feeding and 

habitation within impact and shotfall zones.

TOPIC DO’S DON’TS
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APPENDIX K
County Extension Offices
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Alachua County 

William Brown, 

County Extension Director 

2800 NE 39th Avenue 

Gainesville, FL  32609 

(352) 955-2402 

 

Baker County

Michael Sweat, CED 

1025 W. MacClenny Ave. 

MacClenny, FL  32063 

(904) 259-3520 

 

Bay County

Marjorie Moore, CED 

647 Jenks Avenue Suite A 

Panama City, FL  32401 

(850) 784-6105 

 

Bradford County

David Dinkins, CED 

2266 North Temple Avenue 

Starke, FL  32091 

(904) 966-6224 

 

Brevard County

Jim Fletcher, CED 

3695 Lake Drive 

Cocoa, FL  32926-4251 

(321) 633-1702 

 

Broward County

Mary Peters, CED 

3245 College Avenue 

Davie, FL  33314 

(954) 370-3725 

 

Calhoun County 

Logan Barbee, CED 

20816 Central Avenue East, Suite 1

Blountstown, FL  32424 

(850) 674-8323 

 

 

Charlotte County

Ralph Mitchell, CED 

25550 Harbor View Road, Unit 3 

Port Charlotte, FL  33950 

(941) 764-4340 

 

Citrus County

Katherine Allen 

3600 South Florida Avenue 

Inverness, FL  34450 

(352) 726-2141 

 

Clay County

Muriel Turner, CED 

2463 State Road 16 West 

PO Box 278 

Green Cove Springs, FL  32043 

(904) 284-6355 

 

Collier County

Denise Blanton, CED 

14700 Immokalee Road 

Naples, FL  34120 

(941) 353-4244 

 

Columbia County

Don Goode, CED 

PO Box 1587 

Lake City, FL  32056 

(904) 752-5384 

 

Desoto County

James Selph, CED 

120 North Volusia 

PO Box 310 

Arcadia, FL  34265 

(863) 993-4846 

 

Dixie County

Holly Houghton, CED 

PO Box 640 

Cross City, FL  32628 

Duval County

Harold Jones, CED 

1010 North McDuff Avenue 

Jacksonville, FL  32254 

(904) 387-8850 

                                                                                
Escambia County

Lamar Christenberry, CED 

3740 Stefani Road 

Cantonment, FL  32533 

(850) 475-5230 

                                                                                
Flagler County

Charles Lippi, CED 

150 Sawgrass Road 

Bunnell, FL  32110 

(904) 437-7464 

                                                                                
Franklin County

William Mahan, CED 

28 Airport Road 

Apalachicola, FL  32320 

(850) 653-9337 

                                                                                
Gadsden County

Henry Grant, CED 

2140 West Jefferson Street 

Quincy, FL  32351 

(850) 875-7255 

                                                                                
Gilchrist County 

Marvin Weaver, CED 

PO Box 157 

Trenton, FL  32693 

(904) 463-3174 

                                                                                
Glades County

Charlie Vavrina, Acting CED 

Shelley Humphries, 

Extension Agent I 

PO Box 549 

Moore Haven, FL  33471 

(863) 946-0244 

                                                                                

COUNTY EXTENSION OFFICES
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Gulf County

Roy Carter, CED 

200 East 2nd Street 

PO Box 250 

Wewahitchka, FL  32465 

(850) 639-3200 

 

Hamilton County

Allen Tyree, CED 

PO Drawer K 

Jasper, FL  32052 

(863) 792-1276 

 

Hardee County 

Lockie Gary, CED 

507 Civic Center Drive 

Wauchula, FL  33873 

(863) 773-2164 

 

Hendry County

Dallas Townsend, CED 

PO Box 68 

Labelle, FL  33975 

(863) 674-4092 

 

Hernando County

Wayne Odegaard, CED 

19490 Oliver Street 

Brooksville, FL  34601 

(352) 754-4433 

 

Highlands County

Gary Mikulecky, CED 

4509 West George Blvd 

Sebring, FL  33872 

(863) 402-6540 

 

Hillsborough County

Mary Chernesky, CED 

5339 County Road 579 South 

Seffner, FL  33584 

(813) 744-5519 

 

Holmes County

Shep Eubanks, CED 

201 North Oklahoma Street 

Bonifay, FL  32425 

(850) 547-1108 

 

Indian River County

Daniel Culbert, CED 

1028 20th Place, Suite D 

Vero Beach, FL  32960 

(561) 770-5030 

 

Jackson County

H. Ed Jowers, CED 

2741 Pennsylvania Avenue, Suite 3 

Marianna, FL  32448 

(850) 482-9620 

 

Jefferson County

Larry Halsey, CED 

275 North Mulberry 

Monticello, FL  32344 

(850) 342-0187 

 

Lafayette County

Jana Hart, CED 

Route 3, Box 15 

Mayo, FL  32066 

(904) 294-1279 

 

Lake County

Deborah Boulware, CED 

30205 SR 19 

Tavares, FL  32778 

(352) 343-4101 

 

Lee County

Susan Hedge, CED 

3406 Palm Beach Blvd. 

Ft. Myers, FL  33916 

(941) 338-3232 

Leon County

Lawrence Heitmeyer, CED 

615 Paul Russell Road 

Tallahassee, FL  32301 

(850) 487-3003 

 

Levy County

Albert Fuller, CED 

PO Box 219 

Bronson, FL  32621 

(352) 486-5131 

 

Liberty County

Linda McClellan, CED 

PO Box 369 

Bristol, FL  32321 

(850) 643-2229 

 

Madison County

Diane Douglas

902 College Drive 

Madison, FL  32340 

(850) 973-4138 

 

Manatee County

Brenda Rogers, CED 

1303 17th Street West 

Palmetto, FL  34221 

(941) 722-4524 

 

Marion County

David Holmes, CED 

2232 NE Jacksonville Road 

Ocala, FL  34470 

(352) 620-3440 

 

Martin County

Carol Cloud-Bailey, CED 

2614 SE Dixie Hwy. 

Stuart, FL  34996 

(561) 288-5654 

Duval County

Harold Jones, CED 

1010 North McDuff Avenue 

Jacksonville, FL  32254 

(904) 387-8850 

                                                                                
Escambia County

Lamar Christenberry, CED 

3740 Stefani Road 

Cantonment, FL  32533 

(850) 475-5230 

                                                                                
Flagler County

Charles Lippi, CED 

150 Sawgrass Road 

Bunnell, FL  32110 

(904) 437-7464 

                                                                                
Franklin County

William Mahan, CED 

28 Airport Road 

Apalachicola, FL  32320 

(850) 653-9337 

                                                                                
Gadsden County

Henry Grant, CED 

2140 West Jefferson Street 

Quincy, FL  32351 

(850) 875-7255 

                                                                                
Gilchrist County 

Marvin Weaver, CED 

PO Box 157 

Trenton, FL  32693 

(904) 463-3174 

                                                                                
Glades County

Charlie Vavrina, Acting CED 

Shelley Humphries, 

Extension Agent I 

PO Box 549 

Moore Haven, FL  33471 

(863) 946-0244 
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Miami-Dade County

Don Pybas, CED 

18710 SW 288 Street 

Homestead, FL  32056 

(305) 248-3311 

 

     at the Miami International Mall: 

     1455 NW 107 Avenue, Suite 786 

     Miami, FL  33172 

     (305) 592-8049 

 

     at Blanche-Morton, City of Hialeah: 

     300 East 1st Avenue, Room 113 

     Hialeah, FL  33010 

     (305) 888-5010 

 

     at Rickenbacker Causeway: 

     4600 Rickenbacker Causeway, 

     Room 132 

     Key Biscayne, FL  33149 

     (305) 361-4017 

 

Monroe County

Doug Gregory, CED 

UF/MC Extension Service 

Room 2-260 

1100 Simonton Street 

Key West, FL  33040 

(305) 292-4501 

 

Nassau County

Mary Williams, CED 

972 South Kings Road 

Callahan, FL  32011 

(904) 879-1019 

 

Okaloosa County

Gerald Edmondson, CED 

5479 Old Bethel Road 

Crestview, FL  32536 

(850) 689-5850 

 

 

Okeechobee County

Pat Miller, CED 

458 Highway 98 North 

Okeechobee, FL  34972 

(863) 763-6469 

 

Orange County

Dee Wilkins, CED 

2350 East Michigan Street 

Orlando, FL  32806 

(407) 836-7570 

 

Osceola County

Mary Beth Salisbury, CED 

1901 East Irlo Bronson Hwy. 

Kissimmee, FL  34744 

(407) 846-4181 

 

Palm Beach County

Clayton Hutcheson, CED 

559 North Military Trail 

West Palm Beach, FL  33415 

(561) 233-1712 

 

Pasco County

Vivienne Harris, CED 

36702 State Road 52 

Dade City, FL  33525 

(352) 521-4288 

 

Pinellas County 

Judy Yates, CED 

12175 125th Street North 

Largo, FL  33774 

(727) 582-2100 

 

Polk County

James Stricker, CED 

Drawer HS03 

PO Box 9005 

Bartow, FL  33831 

(941) 533-0765 

Putnam County 

W. Austin Tilton, CED 

111 Yelvington Road, Suite 1 

East Palatka, FL  32131 

(904) 329-0318 

 

St. Johns County

Loretta Hodyss, CED 

3125 Agriculture Center Drive 

St. Augustine, FL  32092 

(904) 824-4564 

 

St. Lucie County 

Anita Neal, Acting CED 

8400 Picos Road, Suite 101 

Ft. Pierce, FL  34945 

(561) 462-1660 

 

Santa Rosa County

Michael Donahoe, CED 

6051 Old Bagdad Hwy., Room 116

Milton, FL  32583 

(850) 623-3868 

 

Sarasota County

Michael Holsinger, CED 

2900 Ringling Blvd. 

Sarasota, FL  34237 

(941) 316-1000 

 

Seminole County

Barbara Hughes, CED 

250 West County Home Road 

Sanford, FL  32773 

(407) 665-5551 

 

Seminole Tribe

Berl Olswanger, Program EA II 

Route 6, Box 767 

Okeechobee, FL  34974 

(941) 763-5020 
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Sumter County 

Ed Jennings, CED 

PO Box 218 

Bushnell, FL  33513 

(352) 793-2728 

 

Suwannee County

Meredith Taylor, CED 

1302 11th Street, SW 

Live Oak, FL  32060 

(904) 362-2771 

 

Taylor County

Clay Olson, CED 

203 Forest Park Drive 

Perry, FL  32347 

(850) 838-3508 

 

Union County

Jacque Breman, CED 

25 NE 1st Street 

Lake Butler, FL  32054 

(904) 496-2321 

 

Volusia County

David Griffis, Acting CED 

3100 East New York Avenue 

DeLand, FL  32724 

(904) 822-5778 

 

Wakulla County

Dale Bennett, CED 

84 Cedar Avenue 

Crawfordville, FL  32327 

(850) 926-3931 

 

Walton County

Bruce Ward, CED 

732 North 9th Street, Suite B 

DeFuniak Springs, FL  32433 

(850) 892-8172 

 

Washington County

Andy Andreasen, CED 

1424 Jackson Avenue, Suite A 

Chipley, FL  32428 

(850) 638-6180 
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APPENDIX L
Common Range Characteristics
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COMMON RANGE CHARACTERISTICS
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APPENDIX M
Summary of Key BMPs
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SUMMARY OF KEY BMPS
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1. May require modification 
of the range layout or a 
change in allowable 
ammunition.

Engineered Controls

Do not shoot lead based ammunition over 
surface waters such as lakes, streams, bays 
or their adjacent wetlands.

1. Reduces environmental 
liability. 
2. Lowers future costs of 
lead reclamation. 
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APPENDIX N
Examples of Lead Reclamation Equipment
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EXAMPLES OF LEAD RECLAMATION 
EQUIPMENT
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APPENDIX O
Sample Bullet Containment Devices
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SAMPLE BULLET CONTAINMENT DEVICES
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APPENDIX P
New Technologies for Lead Removal
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SOIL WASHING (PHYSICAL AND GRAVITY SEPARATION)

Soil washing is a proven technology most often used for remediation. However, it may be used for reclamation in some 

circumstances. Twenty-three Superfund sites around the United States have used it. It involves the separation of 

soils into its constituent particles of gravel, sand, silt and clay. Because of the much higher surface area and surface 

binding properties of clay, most lead contaminants tend to adhere to the clay particles.

Soil washing, therefore, attempts to generate a clean sand and gravel fraction by removing any fines adhering to the 

larger soil particles and, if necessary, to transfer contaminants bound to the surface of the larger particles to the 

smaller soil particles. Typically, the soils first are excavated from the range and then mixed into a water-based wash 

solution. You then separate the wet soil using either wet screening or gravity separation techniques. This system does 

not require you to wait until the soil dries.

Soil washing process does not destroy the contaminants when used alone so you should not consider it a complete 

process. In addition, soil washing may recover all or almost all lead particles through a combination of wet screen 

sizing and density separation. This technique is an option for remediation of a range where it is to be closed and may 

compare favorably from an economic standpoint with the disposal option.

There are several conditions that do not lend themselves to soil washing.

    Soils with high silt and clay fraction

    Soils that vary widely and frequently in characteristics such as soil type, contaminant type and concentration

    Complex mixtures

    Presence of substances that interfere with the leaching solution

    Metal contaminants in a low solubility, stable form

Soils treated using this method have been shown to be below 5 mg/L TCLP and to have up to 99% of particulate 

lead removed. Water used in soil washing is from a closed loop system and must only be disposed at completion 

of cleanup. Experience shows the water not to be a RCRA regulated hazardous waste, allowing disposal to a local 

wastewater treatment plant.

SOIL FLUSHING

Another alternative for remediation is soil flushing, which is the in situ (in place) removal of contaminants from soil. 

The process involves flooding the soil with a washing solution to push the contaminants out to where they can be 

removed. The washing solution is made up of either water or water with an added chemical. In situ soil flushing works 

well in soil with a low silt or clay content.

Because soil flushing can be customized to extract specific contaminants, it is harder to use on soil that has several 

contaminants. The water or solution used for flushing can be recycled. If not, it needs to be disposed of properly.

NEW TECHNOLOGIES FOR LEAD REMOVAL
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WET SCREENING

USEPA suggests developing a conceptual site model before you begin screening. This allows you to compare current 

levels with soil screening levels the USEPA provides as guidance. The site model requires general site information and 

site characteristics, which include groundwater flow direction, aquifer parameters, infiltration rate, and meteorological 

parameters. It also requires you to examine exposure pathways and receptors and soil contaminant source 

characteristics. With this method, you’ll pass particles larger and smaller than the surrounding soils through a series 

of large-mesh to small-mesh screens. Each time the mixture passes through a screen, the volume of the soil mixture 

decreases. Large particles such as lead shot/bullets and fragments get screened out of the soil/wash mixture early in 

the process and can be taken off-site for recycling. This allows the soil to be placed back on-site.

GRAVITY SEPARATION

You can use this technique in cases where the lead particles are the same size as surrounding soil particles. You pass 

the wet soil/wash mixture through equipment, which allows the more dense materials (i.e., lead materials) to settle to 

the bottom of unit and separate out of the soil/wash mixture.

PNEUMATIC SEPARATION

Pneumatic separation is an effective means to enhance the traditional screening results. Traditional screening cannot 

separate shot and bullets from other shot and bullet sized material (i.e., rocks, stones, roots and various debris). A 

recycling facility considers nonlead items as “contaminants” which drastically reduces the value of the recycled lead. 

Pneumatic separation utilizes an air stream, and specific density analysis, to effectively separate the shot/bullets from 

the other shot/bullet sized material.

PHYTOREMEDIATION

Phytoremediation involves using selected metal-accumulating plants to extract contaminants from soils. The water-

soluble metals are stored in the plant’s aerial shoots, which can be harvested, smelted for metal recovery, or 

disposed of as hazardous waste. 

With other plants, the plants may inactivate the lead in the soil. Phytoremediation is mostly useful in shallow areas 

with low levels of contamination. Studies are evaluating the use of trees instead of plants to reach deeper soil 

levels. The process takes longer than other remediation methods, but the cleanup costs associated with hazardous 

wastes are much lower. This process can accompany another remediation method to ensure complete remediation. 

Some commonly used plants in the phytoremediation process are the hybrid poplar, the Indian mustard, sunflowers, 

cottonwood and grasses.
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VACUUMING

For ranges located on hilly, rocky, and/or densely vegetated terrain, some reclamation companies employ a vacuum 

system that collects the lead shot (and soil and other detritus). They place the resulting mix into the reclamation 

machinery discussed above. This method works well for sporting clay ranges where lead shot tends to pile up around 

tree bases.  Vacuuming has been used in some foreign countries and is considered an emerging technology.

People traditionally used vacuuming for removal of lead shot from trap, skeet and sporting clay ranges. Another way to 

apply this method involves removing the top layer of an earthen backstop or sand trap with shovels. You then spread 

it thinly over an impermeable material such as plywood. A vacuuming device is then used to collect the materials 

that are lighter than lead (e.g., sand or soil), while leaving behind the heavier materials (i.e., lead bullets/shots and 

fragments). You can then return the soil to the range. This process works best for dry, sandy soils without a lot of 

organic material. A more recent innovation is the use of a high suction vacuum. You don’t have to move this vacuum 

around because it has a very long hose (up to 600 feet) to move in and around trees during the collection of lead shot 

at trap and skeet ranges.
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