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F.I.T.A.S.C.
Fédération Internationale de Tir aux Armes Sportives de Chasse
The FITASC, created in 1921, is recognized by its members as the sole
international organization with competence for shooting disciplines with
sporting / hunting weapons (not prescribed to the programme of Olympic
games), using strictly artificial targets.
Fitasc owns all the rights attached to the disciplines for which it is responsible
and has sole authority over all international competitions, delegating the
organization thereof to its members.
FITASC brings together sixty-eight federations in fifty-eight countries. FITASC
holds fifty annual international championships on all five continents, in which
some eleven thousand marksmen and women participate, as well as all local,
regional and national events in the 68 member federations.
Federations and competitions under the aegis of FITASC:
− Forty-one European member federations, thirty-three of which are based
in the twenty-seven EU member countries and eight in seven non-EU
European countries;
− Between thirty and thirty-five annual international championships in
Europe, involving between six thousand five hundred and eight thousand
participants;
− Plus all local, regional, and national events in the forty-one member
national federations in Europe.
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Introduction
At the request of the European Commission, ECHA is currently conducting an enquiry
aimed at proposing, if necessary, certain restrictions on the use of lead in ammunition
for hunting, sports and in fishing tackle.
One of the cases of use under investigation is that of ammunition intended for outdoor
shooting ranges.
This case of use notably applies to clay target sports shooting.
Because the ECHA investigation does not cover either the primer or the powder, it is
the lead shot contained in the ammunition used in clay target sport shooting that is the
subject of risk analysis.
A workshop was organised by ECHA in February 2020 to facilitate technical and
scientific discussion among the various stakeholders.
During this workshop, ECHA reminded the attendees that its objective was to make
sport shooting safer for human health and the environment.
ECHA also pointed out that it would assess the net benefits of any proposed restriction.
*
*

*

As official representative of clay target shooting sports for non-Olympic disciplines,
FITASC adheres to the health and environmental objectives pursued by ECHA.
Wishing to ensure that its sporting discipline is sustainable in the long term, it has
investigated, on an objective basis, the possibility for sports shooters to use steel shot
instead of lead shot. This alternative is in fact the only option that would be viable from
a strictly economic point of view, given the quantities of ammunition used each year in
clay target shooting (see below 2.4.4).
On the basis of available literature and studies commissioned by it, FITASC has
scientifically assessed the consequences of replacing lead shot with steel shot in terms
of practicing the sport, the health of sports shooters and the shooting range
environment.
On the basis of the scientific evidence in its possession, FITASC has become confident
that banning lead shot and replacing it with steel shot for clay target shooting would
increase rather than reduce health and environmental risks.
It is also convinced that its affiliated shooting clubs can perfectly well commit to a lead
shot risk control approach as well as a circular economy approach (use of recycled lead
and recycling lead shot).

Page 9 / 89

Contribution of FITASC prior to ECHA’s decision
regarding a possible call for restrictions on the use of lead shot at clay target shooting ranges

17th July 2020

Indeed, clay target shooting differs from other practices in that:
-

firing is concentrated on well-delimited, closed areas;

-

the shot is recoverable, which makes it possible to recycle lead;

-

Shooting range soils can be tested and treated to neutralize the chemical mobility
of lead.

To fully implement lead management as applied to clay target shooting, FITASC has
undertaken, in parallel to this contribution, to draft two documents which it will finalize
at the end of 2020 when ECHA has issued its final conclusions:
-

A specification on the traceability and purity of lead shot used in clay target sports
cartridges, aimed at establishing a standard applicable at European level with the
industry;

-

A draft European Lead Management Charter for Sport Shooting Ranges, which it
will have enforced by its member national federations in their affiliated shooting
clubs.

FITASC hopes its analysis and proposal to control the attendant environmental risks will
meet with ECHA’s approval.
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Clay target shooting in Europe
Introduction

2.1

Clay target shooting is a dynamic shooting sport that uses artificial mobile targets.
It is practised outdoors, on approved shooting ranges spanning several hectares, in
accordance with the National law of the country where they are located. These ranges
are either fenced off or access to them is stringently controlled for obvious security
reasons. As a result, the shooting range has perfect control of its ground.
Clay target shooting includes ten official disciplines:
-

ISSF: two Olympic disciplines (Olympic Skeet and Olympic Trench) and one
non-Olympic one (Double Trap);

-

FITASC: seven Non-Olympic disciplines: Sporting, Compak Sporting,
Universal Trench, Helices, Trap1, Universal Skeet, Combined Game Shooting.

Each discipline requires its own set of equipment (firing stations and traps) complying
with international standards.
Each discipline has its own type of trajectory. Shooting distances vary from less than 20
m to more than 60 m.
Shooters use:
-

a shotgun (smoothbore barrel)

-

lead shot sports cartridges with ballistics suited to each discipline.

Sporting regulations and rules on ammunition use are issued at global level by the
following two international organizations:
-

FITASC, founded in 1921, which manages the non-Olympic disciplines and brings
together sixty-eight federations in fifty-eight countries. FITASC holds fifty annual
international championships on all five continents, in which some eleven thousand
marksmen and women participate, as well as all local, regional and national events
in the 68 member federations.

-

ISSF, founded in 1907, which manages the Olympic disciplines and brings together
one hundred and sixty-one federations in one hundred and forty-seven countries.

2.2

Federations et competitions

Federations and competitions under the aegis of FITASC:
-

forty-one European member federations, thirty-three of which are based in the
twenty-seven EU member countries and eight in seven non-EU European
countries;

-

between thirty and thirty-five annual international championships in Europe,
involving between six thousand five hundred and eight thousand participants;

-

plus all local, regional, and national events in the forty-one member national
federations in Europe.
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Federations and competitions under the aegis of ESC (ISSF):
Fifty-seven member federations in fifty countries, including thirty-three member
federations in twenty-seven EU member countries;
Annual European Championships in Europe;
plus all local, regional, and national events in the member national federations in
Europe.

Figure 1 : Clay target shooting organization

Shooters from all over Europe (EU and non-EU) take part in international competitions,
including the European Championships, across all clay target shooting disciplines.
Any shooting range, member of its National Federation, can host training for athletes
of all levels with sports facilities that comply with international regulations.
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Clay target shooting ranges

There are currently more than 3,000 clay target shooting ranges in EU countries and
900 shooting ranges in non-EU European countries:

Table 1 : Clay target shooting ranges in EU and in non-EU

The vast majority of European shooting ranges are affiliated with their national sports
shooting federation (itself overseen by their Ministry of Sport). Only a small proportion
of them are affiliated, in some countries, with their national hunting federation.
In a number of countries, European clay shooting ranges are subject to an authorisation
procedure prior to their installation, during which the potential risks of noise and soil
pollution are investigated.
All of them are also subject to national regulations on sound emissions, and are
required to limit the level of noise to avoid neighbourhood disturbances (see below
6.4.2).
The vast majority of European shooting ranges are run by non-profit-making sports
associations, only some of which are authorised to sell cartridges. For the others, which
are comparable in terms of operating conditions, the sale of clay targets is their sole
resource.
However, large sports facilities often have two legal entities:
-

a sports club;

-

a business company that may have weapons dealer status and thus be authorised
to sell cartridges.
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Cartridges used
2.4.1

Definition

A sports cartridge is loaded with 24 or 28 grams of lead shot, which must be spherical
in shape and have a regular diameter of 2.5 mm maximum.
It consists of a steel base, a primer and a plastic case housing the powder, the wad and
the lead shot. The amount of powder, the size of the wad and the diameter of the shot
vary depending on the desired ballistic result.
The shapes of the shot patterns vary greatly between a cartridge loaded with 24 g and
a cartridge loaded with 28 g. They are suited to the shooting techniques and ballistics
of each of the trajectories specific to each discipline.

Figure 2 : : Cross-sections of a 28 g cartridge, one with a fibre wad and the other with a plastic shotcup wad

2.4.2

Number of sports cartridges fired on European soil

The European industry manufactures 520 million lead shot sports cartridges a year for
the European market (source: Association of European Manufacturers of Sporting
Ammunition - AFEMS).
The main manufacturing countries are Italy, France, Spain, the United Kingdom and
Germany.
28 g cartridges (non-Olympic disciplines managed by FITASC) account for 60% of the
market, and 24 g cartridges (Olympic disciplines managed by ESC) 40% (source: AFEMS).
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Table 2 : European production of sports cartridges

Lead shot fallout from clay target shooting therefore represents approximately
14,000 tonnes a year in Europe (EU and outside the EU).

2.4.3

Number of cartridges fired by a sports shooter each year

The number of shot cartridges fired by a sports shooter each year ranges from one
thousand for a recreational shooter to more than sixty thousand for a high-level shooter
(including training and participation in international competitions)1.

Table 3 : Number of cartridges fired by a sports shooter each year

2.4.4

Consequences of possible alternatives

Given the annual volume of lead shot used in clay target shooting and the quantity of
cartridges that shooters have to purchase, neither tungsten nor bismuth can be
considered as viable alternatives. They would create tension on the raw materials
market and would have a crippling economic impact on sportsmen.

1

Attestations from George Digweed and Richard Faulds
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Purchase price per Purchase price per
tonne (Euros)
tonne (USD)
2,000

Lead content:
4,706,000 (in 2019)

Nickel-plated lead 2% Sb

2,300
2,700

Bismuth (Bi)

16,000 (in 2018)

19,000

Tungsten (W)

82,000 (in 2018)

57,000

Steel
(sports cartridges)

1,600
1,869,000,000 (in 2019)

Nickel-plated steel
(hunting cartridges)

2,000

Table 4 : Worldwide production and purchase price of lead and alternative metals

A ton of steel shot costs less than a ton of lead shot, but steel shot cartridges are much
more complicated to machine. As a result, the cost price of a steel cartridge is
substantially similar to that of a lead cartridge.
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Metallic composition of lead used in sports shooting

FITASC had seven samples of lead shot supplied by cartridge manufacturers2 and six
samples of lead shot supplied by the manufacturers analysed for metallic composition.3
The table below summarizes the results of these analyses:
O
Ag
As
Al
Bi
Cd
Cu
Ni
Sb
Zn
Pb

1
0,008
0
0,25
0
0,018
0
0,48
0,13
1,9
0
97,1

Fournisseurs de grenaille
2
3
4
5
0,018 0,029 0,005 0,012
0,024 0,005
0
0
0,27 0,51 0,25 0,81
0
0
0
0
0,035 0,08 0,014 0,11
0
0
0
0
0 0,015
0 0,034
0
0
0
0
4,6
1,5
2,1
1,5
0
0
0
0
94,9 97,7 97,5 97,4

6
0,012
0
0,23
0
0,014
0
0,008
0
2
0
97,6

1
0,018
0,001
0,81
0
0,005
0,009
0
0
1,3
0
97,7

Fournisseurs de cartouche
2
3
4
5
0,007 0,012 0,011 0,006
0,002 0,02 0,002 0,002
1,1 0,47 0,25 0,24
0,001 0,008
0
0
0,007 0,005 0,009 0,009
0,013 0,006 0,003 0,003
0,026 0,006 0,002 0,001
0
0
0
0
2
1,7
2,2
1,5
0
0
0
0
96,7 97,6 97,4 98,1

6
0,007
0,003
0,31
0,003
0,007
0,004
0,001
0
2,9
0
96,6

7
Min Max
0,005 0,005 0,029
0,007
0 0,024
0,32 0,23
1,1
0
0 0,008
0,26 0,005 0,26
0,004
0 0,013
0,006
0 0,48
0
0 0,13
3,2
1,3
4,6
0
0
0
96 94,9 98,1

Table 5 : Analysis of the metallic composition of lead shot

These results show:

3.2

-

Lead content ranging from 94,9% to 98.1%;

-

Antimony content ranges from 1.3% to 4.6%;

-

Arsenic content in the range of 0.23% to 1.1%;

-

Extremely low estimated lead oxide content: min 0.005% and max 0.029%.

Behaviour of pure lead in the soil

Lead is the 36th most abundant element constituting the earth's crust, which contains
14.8 mg/kg of it. Lead is found in the composition of nearly 240 identified natural
minerals, more than a third of which are listed in the sulphites and sulphates groups.
The general availability of lead and its unique ballistic properties (see Section 6.1)
explain why this material has been used for centuries in ammunition.
However, because lead is toxic and non-biodegradable, concerns prevail about its fate
in the environment and the consequences for human health.
Lead is no longer used in pipes to prevent it from being in drinking water. The presence
of lead in drinking water is not related to the water source itself: like all metals in water,
lead corrodes. It is the electrochemical corrosion reactions that lead to the emission of
lead. The slightly acidic pH of drinking water and the significant presence of alkaline
anions (hydroxides, carbonates) likely to form lead complexes are two effects that
promote the dissolution of lead, or maintain dissolved lead in an aqueous solution.
Can an equivalent phenomenon occur with lead shot dispersed in large quantities over
small tracts of land such as a shooting range?
To answer this question, we need to look at the corrosion process of lead in soils.
2

Laboratoire FILAB - lead shot metal analysis - cartridge manufacturers

3

Laboratoire FILAB - lead shot metal analysis - manufacturers
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Metallic lead is persistent. The Roman Baths at Bath, Somerset, were built on a preRoman pagan site between 100 and 300 AD. The lead plumbing is still in place and in
working order after more than 1,700 years.
The chemical corrosion of lead is a very slow process. When a lead particle comes into
contact with the atmosphere, corrosion is limited by the rapid formation of a lead oxide
(PbO) layer on the surface of the particle.
In fact, there are two main stages in the transformation of metallic lead from shot
dispersed over shooting ranges into lead compounds in the soil:4
-

The initial erosion of lead forming corrosion products;

-

The interaction of corrosion products with soil pore water and soil colloids.

Lead leaching, which can be weak, depends on the pH of the soil.
In the case of a basic pH, e.g. limestone soil exposed to the atmosphere, leaching5 is
slowed down by the formation of lead carbonate (PbCO3), which protects the lead.
Conversely, acidic soil conditions (pH < 6) promote the leaching of lead by solubilizing
the degradation products formed on the surface of the shot, thereby exposing new
surfaces to weathering.
Studies have estimated that in the case of wasteland with a pH of 5.5, complete
dissolution of lead pellets could take between 100 and 300 years.6
However, these durations can be divided by three if the soil undergoes major
disturbances. In this case, the mechanical erosion of the shot during transport
(particularly in the presence of sand) will damage the mineral gangue deposited on the
surface and result in the release of fine particles of lead compounds. These fine particles
will then dissolve more easily when soil conditions are sufficiently acidic, resulting in
the release of lead in an aqueous phase. This should be kept in mind when, for instance,
shot recovery is carried out on site.
The geochemical conditions in which metallic lead is totally stable in a natural
environment are uncommon and therefore rarely encountered, as illustrated by the EhpH diagram, known as the Pourbaix diagram.

4

ROONEY C. et al - Control of lead solubility in soil contaminated with lead shot: effect of soil pH - ScienceDirect,
environmental pollution 149 (2007) p 149 - 157
5

Extraction of soluble products by a solvent, especially by water circulating in the soil.

6

Methodological Guidance on Lead Applied to the Management of Polluted Sites and Soils, BRGM, 2004, BRGM-RP52881-FR.
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Figure 3 : Eh-pH diagram of lead-water system at 25°C

In fact, speciation calculations have shown that when lead dissolves in natural water
like river, carbonate complexes predominate for pH values > 6.5, and the Pb2+ ion for
pH < 6.
The pH undeniably plays a major role in the risk of lead migration. However, it is too
simplistic and possibly damaging in some cases to consider this parameter alone when
assessing the risk of lead migration. Soil redox potential and organic matter also play
an important role that should not be neglected.
In the solid phase, organic matter contributes significantly to the adsorption of lead,
whereas in the dissolved phase, it contributes to the organic complexing of lead, which
can increase its mobility. In some soils, lead can form methylated species, the
microbiological origin of which is generally advanced. These species can also occur in
water, for example in the form of lead trimethyl, most likely of bacterial origin. Among
the organic species, lead alkyls can also be distinguished. And lead also has a very strong
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affinity with natural organic matter and will tend to form organo-mineral complexes
that can be fairly stable, such as acetate complexes.
In short, lead is present in many minerals and is rarely found in its native state. The
main lead-bearing minerals are sulphates, carbonates, oxides and hydroxides, sulphides
and phosphates. All of these minerals exhibit very low solubility in water. Because of
the low solubility of most of its compounds, lead is considered to be a poorly mobile
element in natural environments. It mainly accumulates in the upper soil horizons.
Under slightly acidic or slightly alkaline soil conditions (pH between 6.5 and 8.5),
metallic lead tends to be relatively stable, i.e. it degrades at a slow rate. Furthermore,
these conditions are favourable for the precipitation of lead carbonates, oxides and
hydroxides and for the adsorption phenomena of lead present in cationic Pb2+ form or
in the form of hydroxylated complexes on the most common mineral and organic
phases of the soil. In most cases, these phenomena will limit the mobility of lead in
shooting ranges. On the other hand, the presence of organic matter can promote more
significant degradation of shot and the formation of organic complexes with soluble
lead that can restrict its adsorption and increase its mobility, even in these apparently
more favourable pH conditions.
In an acidic environment (pH < 6), the risks associated with the dissolution and mobility
of lead may be more significant. A number of studies have found an increase in the
migration of lead in these conditions deeper underground, in run-off or groundwater.
A Finnish 7study also highlighted the role of acid rain in the migration of dispersed lead
at a shooting range. However, even in these circumstances, migration remains limited.

3.3

Lead in sports shooting - antimony (Sb) content

Pure lead is ductile (soft) and relatively erodible. To ensure that the pellets do not crush
each other when the shot is fired, they are hardened by adding antimony and arsenic,
two metals that are also toxic and ecotoxic. Since none of these three substances or
their mixture is biodegradable, they tend to accumulate on shooting ranges, unless the
shot is washed away by run-off. They can remain for centuries in the environment, more
or less bioavailable.
Antimony easily forms alloys with the main base metals, including lead, copper or
precious metals. It is often considered a hardening element in alloys, such as those
based on lead (Pb) and tin (Sn). Together with bismuth, it forms so-called bismuth
antimonide alloys at various proportions. It also forms compounds with arsenic.
Simple antimony is a polymorphic metalloid that is toxic and carcinogenic, as is the
arsenic with which it is often associated. This explains why, due to the formation of
neutral or anionic complexes in the water, this metal behaves differently from lead in
the subsoil.

7

Manninen S. and Tansken N. (1993) - Transfer of lead from shotgun pellets to humus and three plant species in a
Finnish shooting range. Arch Environ Contam Toxicol, 24, p410-414.
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Antimony is a naturally occurring element found in low concentrations in the earth's
crust (0.2 mg/kg). Antimony is obtained as a by-product of lead and zinc ore processing.
Sources of antimony emissions into the environment can be natural (wind-borne soil
particles, volcanoes, marine aerosols, forest fires, biogenic sources) or anthropogenic
(the non-ferrous metal industry, coal and domestic wastes combustion). For instance,
antimony concentrations may be significant in shooting range soils compared to natural
background, but are generally ten to forty times lower than for lead, which matches
fairly well with the proportional content of this metalloid in shot of 1.3 to 4.6% (see
Section 3.1.). The maximum value is achieved by extra-hard shot.
Not all of these concentrations in surface soil may pose a risk to human health and
ecosystems since only the soluble fractions that are bioaccessible and bioavailable to
living organisms result in toxicity to them. In this regard, it has been noted that
antimony generally exhibits a higher bioavailability than lead because it is recognised
that the presence of antimony in lead shot increases corrosion rates as shown in the
figure below.8

Figure 4 : comparison of corrosion of 2 mm pure lead shot vs. lead shot containing 1.25% by weight of antimony

3.4

Lead in sports shooting - arsenic (As) content

As noted above, arsenic is also used to harden lead shot.
Arsenic has intermediate properties between those of metals and non-metals, such as
antimony, with which it often coexists in natural conditions. It is generally considered
as a metalloid.

8

Conventional ammunition, alternative materials and risk, 2004, Cylenchar Limited
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A French study carried out by BRGM in conjunction with INRA has determined the
natural geochemical background of trace elements in soils in France.9. The objectives
of the programme “Contribution of Pedological Stratification for the Interpretation of
Trace Element Content (ASPITET) are to:
-

Provide references for the total contents of metallic trace elements measured in
various French soil types;

-

Propose and explain interpretation procedures that are applicable everywhere.

The value ranges for arsenic shown below correspond to various soil horizons, not only
tilled surface horizons. Levels are expressed in mg/kg of "fine soil" (< 2 mm).

Value range commonly
observed in "ordinary" soils
of all grain sizes

Value range observed for
moderate natural
anomalies

Value range observed for
strong natural anomalies

Arsenic

1 to 25

30 to 60

60 to 284

Lead

9 to 50

60 to 90

100 to 3,000

Table 6: total As and Pb content in soils (France) - ranges of "ordinary" values and natural anomalies

Arsenic concentrations observed at shooting ranges using lead shot appear to be
significantly lower than for lead. A concentration one thousand two hundred times
lower is given in one study10, and these concentrations generally appear only slightly
higher than the natural background values (1 to 25 mg/kg dry matter), which is
consistent with the low proportions of this metalloid in shot with a maximum of 1.1%
(see Chapter 3.1.).
Arsenic is considered to be a secondary contaminant at these sites and because it
exhibits behaviour in the environment similar to that of antimony (arsenic is a Group
XV element (pnictogens11: N, P, As, Sb, Bi and Mc)) and therefore provides a fortiori
similar immobilisation possibilities. In fact, antimony and arsenic occur in the same
oxidation states in the environment and have the same electron orbital configuration
because they are found in the same column of Mendeleev's periodic table, i.e. the
fifteenth column.
The low level of arsenic soil pollution at shooting ranges is confirmed elsewhere12.
Unlike the field observations made by other researchers, no significant arsenic,
chromium or copper pollution has been observed directly from the corrosion of

9

Darmendrail D., Baize D., Barbier J., Freyssinet P., Mouvet C., Salpéteur I., Wavrer P. (2000) - The natural
geochemical background: State of knowledge at national level - BRGM/RP-50158-FR. 93 p., 24 fig., 14 tabl.
10

Lewinska et al. 2014.

11

Pnictogene is derived from the Ancient Greek word πνίγειν (pnigein) meaning “to choke” or “to stifle”.

12

Cylenchar - The Structure, Redox Corrosion and Protection of Commercial Lead-Antimony Shot, by Dr Peter J.
Hurley.
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commercial lead. However, there is extensive literature suggesting that secondary
pollution may occur due to the redox effects of the corrosion products of commercial
shot on soils already containing otherwise insoluble heavy metal minerals.
In conclusion, the average arsenic content of less than 1% in lead shot does not pose a
major toxicity problem at shooting ranges.

3.5

Lead in sports shooting - lead oxide (PbO) content

In fact, lead oxide occurs as several types of compounds, in which the degree of
oxidation is variable:
-

Lead oxide (II) with formula PbO;

-

Lead oxide (II, IV) with the formula Pb3O4 (also known as minium);

-

Lead oxide (IV) with the formula PbO2;

-

Etc.

As stated above, the chemical corrosion of lead is a very slow process. When a lead
particle comes into contact with the atmosphere and in the presence of moisture,
which triggers the diffusion of gaseous elements, it combines with oxygen to rapidly
form an oxide layer on the surface. This layer slows down further degradation of the
metallic lead underneath it. This chemical reaction is as follows:
2Pb (s) + O2→ 2PbO (s)
Where (s) = solid
Under the action of CO2 in the atmosphere and, again, in the presence of humidity,
which diffuses it, lead oxide can then form carbonates in the form of cerusite (lead
carbonate) and hydrocerusite (lead hydrocarbonate). These chemical reactions are the
following:
PbO (s) + CO2→ PbCO3 (s)
9 PbO (s) + 6 CO2 +3 H2O → 3 Pb3(CO3)2(OH)2 (s)
A number of investigations carried out on shooting ranges have thus shown that these
minerals can be found in the coating of weathered lead shot (whitish or brown material
consisting mainly of cerusite, hydrocerusite and small quantities of anglesite (lead
sulphate).
In the presence of water and an acidic pH, these neocompounds can be dissolved and
release soluble and mobile Pb2+ ions (lead ions). These ions are the more oxidized form
of lead in the +2 oxidation state. These chemical reactions are the following:
PbCO3 (s) + 2 H+→ Pb2+ +CO2 +H2O
Pb3(CO3)2(OH)2 (s) + 6 H+→ 3 Pb2+ +2 CO2 +4 H2O
In other words, the formation of lead oxide during the weathering process of pure lead
is a definite advantage, especially when the medium is alkaline and lead oxide is
transformed into carbonate or other compounds. However, the soils must be
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maintained at an alkaline pH to avoid the dissolution of the gangue which will release
the lead ions, which are more soluble and therefore more mobile.
This said, what are the effects of lead oxide when it is mixed with pure lead rather than
as a corrosion product?
According to Dr. Peter Hurley13, all European cartridge manufacturers are increasingly
tending to use imported shot. This shot generally has a lower concentration of
antimony but a higher concentration of lead oxide due to secondary sources of lead.
Imported shot is manufactured from low-antimony content shot (typically 0.5 to 2.4%)
obtained by immersing it in water, which most EU manufacturers do not do, as this
creates an aqueous waste stream requiring decontamination and disposal as toxic
waste.
Due to the complexity and variables involved in low lead corrosion, i.e. its lead content,
site mineralogy, soil type, pH and the presence of other redox materials (e.g. iron shot),
etc., anything more than a subjective assessment of the corrosion times of lead shot
and thus the release of lead oxide is ruled out. Again, according to Dr. Peter Hurley, by
far the most important factor in the rate of corrosion comes from contaminants in the
secondary lead from which the shot is manufactured, and the greatest destabilizing
agent is residual PbO. Some U.S. ballistic grades attain up to 50% by weight PbO in
metallic lead. The corrosion of these antimony-poor materials can be measured in
weeks and months, not years.
Finally, it should be noted that the chemical hazard status of metallic lead is very
different from that of the lead oxide (PbO) that metallic lead contains. The sale of lead
shot containing PbO but not stating on the toxicity of this agent is contrary to the
current European REACH regulation. In addition, no European manufacturer even
checks the peripheral contamination by oxide of its own factory or of its imported shot.
In other words, lead oxide is beneficial when it forms a gangue around the lead pellet
and if the soil stays in basic conditions. On the other hand, it becomes harmful when it
is a constituent of the lead pellet in that it speeds up mobilisation of lead in soils. Lead
oxide content in lead shot must be as low as possible.

13

http://www.cylenchar.com/CylencharPRArchive.html
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Composition of steel shot for sports shooting

Analysis of the metallic composition of a sample of steel shot used in sports cartridges
shows14:
-

Iron content ranging from 98.9% to 99.4%;

-

The presence of alloyed steel ("Fe + C + Mn + Si" base) to which elements known
as addition elements "Cr + Mo + Ni" are added. This steel is called "low carbon":
its overall carbon content is less than 0.04%.

As a general rule, low carbon steel, also known as mild steel or alloy steel, is steel with
a carbon content ranging from 0.05% to 0.2%. This type of steel includes common
structural steels (profiles, sheet) and certain reinforced concrete reinforcements. While
it has good mechanical characteristics (tensile strength ranging from 200 to 2,000 MPa),
it is very sensitive to oxidation corrosion.
To overcome this rapid corrosion rate, mild steel can be electro-galvanized. The electrogalvanized coating, which looks white, provides protection against corrosion because
zinc is a highly reducing metal that oxidises instead of steel.
The steel shot from sports cartridges, which we have had analysed, does not contain
zinc (concentration below the laboratory’s quantification limit). This is known as "black
steel", because of its appearance. The black finish generally results either from surface
oxidation subsequent to hot manufacturing (plates, bars, tubes), or from phosphating,
as is done for hexagonal socket screws.
In conclusion, the steel used for sport shooting cartridges is not protected against
corrosion. It contains no zinc and less than 0.1% chromium. As a reminder, stainless
steel, whose main advantage is its low sensitivity to corrosion, contains more than 10%
chromium.
However, galvanized steel and stainless steel are also toxic. Chromium VI+ is
carcinogenic and galvanized steel requires further studies, notably regarding the
consequences of its ingestion by animals and on its impact on lead already present in
the soils of shooting ranges. The Munich University study15 has provided an initial first
comparison of the leaching and ecotoxicological impacts (acute toxicological tests on
Daphnia) resulting from the exposure of shot types to fresh water. The comparative
study was conducted on lead-based shot and alternative shot containing bismuth,
copper, steel, tungsten and zinc. Strong leaching of copper with concentrations up to
4.22 mmol/litre and zinc with concentrations up to 41.12 mmol/litre was noted, as well
as the release of manganese from galvanized steel pellet up to a concentration of 0.49
µmol/litre. These pollutants, from three types of substitute shot, have led to a
significant increase in daphnia mortality rates of up to 100%.

14

Laboratoire FILAB - metal analysis of steel shot

15

Technical University of Munich – 2018 - Leaching behavior and ecotoxicological effects of different game shot
materials in freshwater
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On the other hand, even the most significant leaching of lead did not lead to a
significant reduction in daphnia lifetime.
These results show that the release of metals from shot other than lead shot is an
underestimated ecotoxicological risk, especially since it has been shown that the
release of copper and zinc from substitute shot is more hazardous to aquatic fauna and
flora than conventional lead shot. There is an urgent need to manage the use of
ammunition near water bodies on the basis of realistic ecotoxicological risk
assessments and to verify the impact of these alternative shot types at sports shooting
ranges.

4.2

Behaviour of steel shot on the ground

The iron in steel shot corrodes much faster than lead. The corrosion rate of iron can be
five times16 to thirty times17 higher than that of lead. Compared to other common
metals, lead has a very low susceptibility to corrosion when exposed to ambient air,
including aggressive urban atmospheres.

Table 7 : Comparison of corrosion rates of metals (µm / year) in an urban atmosphere

In addition, steel shot contains impurities at significant concentrations, mainly heavy
metals such as chromium and copper, which can be released through corrosion.
The film of iron hydroxide and iron oxide that forms on steel shot can take the form of
an efflorescence18. This results in the formation of microscopic particles (2.5 μm), which
are very dangerous for the respiratory tract.
Iron forms soluble compounds that migrate to soil, groundwater and surface water. In
other words, the transformation of iron in the soil leads to pollution of all
environmental compartments.

16

Dr Corinne Rooney - Contamination at Shooting Ranges - Soil, Plant and Ecological Sciences Division, Lincoln
University, Canterbury, New Zealand, 3 pages.
17

Lisin V., Chizhikova V., Lubkova T., Yablonskaya D. - Management of Environmental Risks Related to the Use of
Lead Ammunition at Outdoor Sports Facilities (Shooting Ranges) - Guidelines on the Best Available Practices - ISSF,
Helsinki, February 10, 2020.
18

Efflorescence is the migration of mineral elements to the surface of a porous material forming a deposit. The
process involves dissolving the salts in water or possibly another solvent and transferring them to the surface by
capillary action.
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Steel shot, considered a priori as a "non-toxic" alternative, is in fact also likely to cause
significant soil pollution: further investigation is required.
There is no reference value for iron pollution in soils. However, iron is monitored by the
authorities in: surface water, fishing streams, and groundwater. Similarly, hazardous
ferrous compounds in the atmosphere are also monitored. These pollutants are iron
oxides (FeO or Fe2O3), which are dangerous not because of a toxic effect, but because
of their penetration into the alveoli of the lungs. This disease is called siderosis, similar
to silicosis in miners or asbestosis. Other toxic iron compounds are iron sulphate (FeSO4)
and iron chloride (FeCl3), which can be formed in the environment, in moist air and soil.
Special air concentration standards have also been established for these compounds.
The impact of the dispersion of large quantities of steel shot on air and water quality in
the vicinity of shooting ranges should therefore also be assessed.
As mentioned in Section 4.1, to counteract the rate of rapid corrosion, steel shot often
contains electro-galvanised steel with a white appearance. The zinc oxidizes instead of
the steel it protects. In the study conducted by the University of Munich, alarming levels
of zinc were measured in a sample of iron shot. These obviously came from the coating
of the shot.
The study also shows that even small amounts of copper and zinc have consistently led
to very high or complete mortality of daphnia. On the other hand, pure iron shot had
no impact on daphnia mortality. Lead shot also had no significant impact on daphnia
mortality compared to the control group.
The study concludes that, if lead shot were to be banned for environmental protection
reasons, the current results on daphnia indicate that a ban on copper and zinc for the
manufacture of steel shot should also be requested. As a reminder, there is no zinc in
lead shot and its copper content is tiny (maximum of 0.03% for the analyses carried
out).
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As stated previously, lead in drinking water is mainly related to the presence of metallic
lead pipes and/or lead solder, and not to the water source itself: like all metals in water,
lead corrodes and electrochemical corrosion reactions lead to the emission of lead. The
slightly acidic pH and the significant presence of alkaline anions (hydroxides,
carbonates) likely to form lead complexes are two effects that promote the dissolution
of lead or maintain dissolved lead in an aqueous solution and generate high lead
content for consumers.
This why, for a number of years, several alternative materials have been sought as
substitutes for lead, especially for hunting in wetlands. These materials include: iron /
mild steel, bismuth, tin, copper, heavy steel or tungsten / nickel / iron (TNI) and
tungsten / nylon-12 composites. However, the studies conducted by Dr Peter J. Hurley19
have shown that the presence of steel on lead generates pollution with much worse
risks than lead alone:
Redox reactions are particularly important in metal chemistry. These are
electrochemical reactions where a metal will "sacrifice" itself and corrode in the
presence of a more "noble" metal. For instance, zinc corrodes to protect iron from rust.
Similarly, it has been shown that in a mixture of sulphides, composite grains dissolve
first compared to a pure pyrite (iron sulphide) grain.
For instance, studies have been able to predict, using an electrochemical series of
ammunition materials, that the addition of bismuth, copper or tungsten to soil
contaminated with metallic lead will accelerate the corrosion of lead, while the
presence of lead and antimony will accelerate the corrosion of tin. More importantly,
these studies predict that antimony will corrode lead. Furthermore, given that iron is a
less noble metal than lead, it can be reasonably predicted that iron will precipitate toxic
soluble lead salts in soils. As a result, steel shot fired onto lead-contaminated soil could
theoretically remedy pollution. Iron shot and iron filings have been used for the
remediation of soils containing metals.
An initial beneficial effect has been reported in the remediation of lead-contaminated
soils using iron. However, it was also noted that leaching of soluble lead salts occurs to
a much greater extent, resulting in greater mobilization of lead. In fact, like most
chemical elements, the mobility of lead is mainly controlled by its speciation in the
aqueous phase and by adsorption/desorption and/or dissolution/precipitation
processes. The role played by certain parameters such as pH, redox potential, the
mineralogical composition of the sediment and the presence of ligands or colloids in
the solid phase, will be decisive.
A study was therefore carried out to investigate the effects of redox reactions of
ammunition used in sports shooting and to evaluate the effectiveness of the Integrated
Fixation System (IFS) technology in preventing pollution by inhibiting or "passivating"
the materials of lead bullets in such a way that the soil does not permanently retain the

19

https://www.fitasc.com/upload/images/echa_july_2020/19_2004_cylenchar_structure_redox_corrosion_and_pr
otection_of_commercial_lead_antimony_shot.pdf
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potentially harmful corrosion products. Four tests were carried out using four different
products:
-

Pure lead;

-

Lead containing 1.25% antimony;

-

Lead containing 1.25% antimony and iron oxide;

-

Lead containing 1.25% antimony and 1% IFS.

IFS is derived from the Molecular Bonding SystemTM (MBS), remediation solution
approved by the US Environmental Protection Agency and used on US shooting ranges.
The MBS solution converts soluble heavy metal compounds into sulphites, which are
very poorly soluble.
The MBS approach has therefore been extended to create the Integrated Fixation
System (IFS). The MBS component is encapsulated in a degradable matrix and can thus
be added to manufactured products. The use of a small amount of an appropriate IFS,
in this case calcium sulphide, in the pellets would be sufficient to remove metallic lead
from the soil. The self-remediation capacity of the pollutant minimizes the need to treat
the entire site and affords significant cost advantages.
The lessons that need to be learnt from this study:
-

For pure lead, the leachate reached a maximum concentration of 1.58 mg/l after
50 days with no significant increase after 100 days;

-

For the lead and antimony material, leaching of the alloy was intensive: the
corrosion rate (mg / m² / day) is estimated to exceed 22 times that of pure lead;

-

For lead, antimony and iron oxide material, although leaching initially raised the
pH to 8.9 within 7 days, the pH then declined to 5.1 for the duration of the
experiment. Lead alloy shot was found to corrode 6.3 times faster in the presence
of iron oxides;

-

In the fourth test using IFS, the surface of the material blackened within a few days.
Investigation of the coating after 3 days of immersion showed that it was a
crystalline deposit mainly composed of lead sulphide, and hence almost insoluble.

The table below summarizes the data obtained on corrosion rates for lead leaching
from the different materials:

Table 8 : Corrosion rates based on lead leaching from different shot types
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Corrosion rate results show that 1.25% antimony lead alloy corrodes 22 times faster
than pure lead in acid rainwater. In addition, this corrosion is accelerated significantly
(6.3 times) by the iron oxides produced by the co-corrosion of commercial steel shot.
Comparable studies of lead-antimony shot protected by an Integrated Fixation System
(IFS) have shown significant stability to acid rainwater.
Expected lead shot corrosion times of approximately 10,000 years are expected in
temperate regions, and more than 1,000 years in tropical regions have been quoted in
the literature. Studies suggest that with regard to acid rain, pure lead shot can last more
than 21,000 years in the soil, whereas 1.25% antimony alloy shot would last only 1,200
years, and the presence of iron would reduce this timeframe to 190 years. On the other
hand, the corrosion rate of shot protected IFS yields a corrosion time of approximately
1.49 million years.
Our studies show that shooting steel shot on soils containing lead shot will acidify the
soil at the site, accelerate lead corrosion and promote metal transport that will facilitate
the migration of lead, antimony and other heavy metals from the contaminated site
and deposit them in solution further downstream. Because they are more mobile,
heavy metals will also migrate more easily to the water table. Furthermore, commercial
steel shot generates manganese and nickel as additional undesirable pollutants. The
presence of manganese in particular is known to amplify the toxic effects of existing
lead pollution.
The main implication of these studies is that any change in ammunition manufacturing
materials is very likely to have a major negative impact on soil chemistry. Some of these
alternative materials (tungsten, TNI and other nickel steel specialties) have been
promoted as "non-toxic" and "inert" materials without a thorough environmental
assessment of their chemical nature and ecological consequences.
On the other hand, shooting with purer lead, i.e. without antimony and iron oxide,
heralds a viable and environmentally sound alternative. Lead protected against
corrosion by an IFS-type system is a promising area of research, the technical feasibility
and large-scale economic viability of which have yet to be confirmed.
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Ballistics – comparative study lead/steel

The theoretical and numerical comparative analysis of the influence of material on the
ballistic trajectory characteristics of a metal pellet from a sport shotgun cartridge has
been carried out by the physicist Lucien Audibert in May 202020, quoted hereafter:

6.1.1

Introduction

“This document is a theoretical study established at the request of the FITASC
(Fédération Internationale Tir Armes Sportives Chasse). The study relates to shot
cartridges (i.e. with metal pellets) used in hunting weapons (shotguns with smooth
barrel).
This study aims to compare the characteristics of ballistic trajectories of a lead pellet on
the one hand and the of a steel pellet on the other hand. More precisely, it aims to
evaluate the influence of the material the pellets are made from on these
characteristics, most of the other parameters and assumptions will be established at the
beginning of this study21.
The results of this study are not intended to be used for the dimensioning of machines,
equipment or any other use outside of its purely educational nature on the appreciation
of the influence that a change of material can have on the characteristics of a shot. […]
Vocabulary: in the remainder of this study, the following expressions are used:
-

“Initial time” indicates the moment when the pellet is shot, i.e. the moment it exits
from the barrel.

-

“End of flight” means the moment when the pellet impacts the ground.

-

The “distance travelled” by the pellet (or the “distance travelled along the
trajectory”, or “trajectory length”) at a certain time designates the curvilinear
abscissa of the pellet at that time (the curvilinear abscissa at the initial instant
being zero).

-

The “horizontal distance travelled” by the pellet at a certain time indicates the x
coordinate of the pellet at that time (the x coordinate at the initial time being zero).

-

The “deflection” (or “lateral deflection”) of the pellet at a certain time designates
the y coordinate of the pellet at that time (the y coordinate at the initial time being
zero). This deflection exists only in the presence of a side wind.

-

The “altitude” of the pellet at a certain time designates the z coordinate of the
pellet at that time (the z coordinate at the initial time equalling to 1.5 m).

20

Lucien Audibert - Theoretical and numerical comparative analysis of the influence of material on the ballistic
trajectory characteristics of a metal pellet from a sport shotgun cartridge (9 June 2020)
21

See Appendix 20, Chapter 3 to 6, all other physical data derived from the data in table 9, for the calculation
of the trajectories (air dynamic viscosity, air density, Reynolds number, Aerodynamic drag coefficient (Cx), as well
used equations.
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-

A shot is qualified as “quasi-vertical” when the shooting angle relative to the
horizontal is 85° upwards.

-

The “reach” of a pellet indicates the horizontal distance travelled by this pellet
when it hits the ground, i.e. at the end of flight.

-

The “apogee” (or “maximal height”) of a trajectory designates the point of this
trajectory having the highest altitude. The apogee of a pellet designates, by
extension, the apogee of the trajectory of that pellet.

6.1.2

Parameters and assumptions

The shot is supposed to take place in dry air, at atmospheric pressure, at a temperature
of 20°C.
The metal pellets are supposed to be solid and homogeneous metal spheres, with a
diameter of 2.4 mm.
The pellets are supposed to be fired from a weapon which mass is 3.8 kg.
The ejection velocity of the pellet at the barrel outlet is assumed to be equal (by default)
to 400 m/s, the barrel outlet being positioned 1.5 m above the ground which is assumed
to be perfectly horizontal.
These parameters, along with the values of other physical constants that will be used in
this study are summarized in Table 9 below:
Air temperature
Air pressure
Weapon mass
Default diameter of the pellets
Default pellet ejection velocity
Gravity intensity
Density of lead
Density of steel
Type of fluid flow around the pellet

20°C
1 atm = 101 325 Pa
𝑀 = 3.8 kg
d = 2.40 mm
𝓋₀ = 400 m/s
g = 9.81 m/s²
11.35
7.70
turbulent (Re>2000)

Table 9 : Assumptions and values used in this study

6.1.3

1st part: get the same reach with a steel pellet

« A first part consists in determining the ejection velocity that a steel pellet should have
so that it has the same reach as a lead pellet, shot horizontally, without side wind, with
an ejection velocity of 400 m/s. […]
When a lead pellet is shot horizontally from a height of 1.5 m with an ejection velocity
of 400 m/s, it has a reach of 107.77 m.
For a steel pellet to have the same reach, still with a horizontal shot, the ejection velocity
must be increased by 61.4% to reach 645.7 m/s.
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Table 10 : Comparison of parameters in order to obtain the same reach with a steel pellet

In doing so, the pellet energy at the outlet of the barrel, and consequently the energy
necessary to communicate to the pellet via combustion of powder, increases by 76.8%.
Thus, to have the same reach, the shot requires more powder, generating more noise
and an increased recoil of the weapon.
Indeed, the recoil for the lead pellet is 3.35 kg-equivalent22 whereas it reaches
3.67 kg-equivalent with the steel pellet.
It should be noted that despite higher ejection velocity and recoil, the residual pellet
energy at the end of flight is significantly lower for the steel pellet, compared to the lead
pellet (62.6 %).

6.1.4

2nd part: comparison lead pellet vs. steel pellet

In all the following comparisons, both pellets are assumed to have the same ejection
velocity of 400 m/s at the barrel outlet. In each configuration, the results are similar:
the steel pellet shows a smaller reach, undergoes a greater deflection in the event of a
side wind and shows a faster loss of energy than the lead pellet.
6.1.4.1

Horizontal shot with / without side wind

In both configurations (with / without wind) the range of the lead pellet is 108 m and
that of the steel pellet 89 m, i.e. a reduction in range of 17%.
In case of a side wind, there is a lateral deflection of 3.5 m for the lead pellet at the end
of flight (distance travelled 108 m). For the steel pellet, the lateral deflection is 4.0 m at
the end of flight (distance travelled 90 m). At an equivalent distance travelled (90 m) the
lead pellet undergoes a deflection of only 2.2 m, i.e. 1.8 m less than the steel pellet.
The data is collected in the Table 11 below.

22

Clarification on the concept of kg-equivalent: the recoil quantity of motion of the weapon can be calculated
by taking into account the ejection velocity of the pellet and its mass. This quantity of motion is supposed to be
stopped by the shooter's shoulder in 1 ms, which results in a certain acceleration which, divided by the intensity of
gravity g gives a result homogeneous to a mass, hence the term kg-equivalent.
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Table 11 :Trajectories characteristics - Shooting angle 0°

Table 12 and Table 13 below collect velocity and energy data for the lead pellet and the
steel pellet according to the distance travelled along the trajectory.”

Table 12 : Shooting angle: 0°, lateral wind 0 km/h

Table 13 : Shooting angle: 0°, lateral wind: 30 km/h

At an equivalent distance travelled (80m), there is a lateral deflection of 1.63m for the
lead pellet and of 2.97 m for the steel pellet.
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« In the below Pictures, the colour along the trajectory is function of the pellet residual
energy. As we can see, the energy of the steel pellet decreases faster than that of the
lead pellet. A larger version of these pictures is given in the appendix.

Figure 5 : Trajectories during a horizontal shot with / without side wind – 3D view

Figure 6 : Trajectories during a horizontal shot with / without side wind – view in X-Z
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Figure 7 : Trajectoires lors d'un tir horizontal avec / sans vent latéral - vue en X-Y

6.1.4.2

Quasi-vertical shot with / without side wind

« In both configurations (with / without wind) the reach of the lead pellet is 30 m and
that of the steel pellet is 21 m, i.e. the steel pellet reach is almost 30% lower than for
the lead pellet. The trajectory apogee is at a 190 m altitude of for the lead pellet and
only 139 m for the steel pellet, i.e. a decrease of almost 27%.
In case of a side wind, there is a lateral deflection of 100 m for the lead pellet at the end
of flight (distance travelled 404 m). For the steel pellet, the lateral deflection is 88 m at
the end of flight (distance travelled 301 m). The steel pellet shows less deflection at the
end of flight than the lead pellet because the trajectory is shorter. At an equivalent
distance travelled (301 m) the lead pellet undergoes a deflection of only 71 m, 17 m less
than the steel pellet.
Regarding the apogee, the wind induces a lateral deflection of 29 m for the lead pellet
and 25 m for the steel pellet. These results cannot be directly compared since the steel
pellet, which loses energy faster, not only has a lower apogee, but also reaches the
apogee after having travelled a shorter distance.
The data is collected in the Table 14 below.
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Table 14 : Trajectories characteristics – Shooting angles 85°

The Table 15 and the Table 16 below collect velocity and energy data for the lead pellet
and the steel pellet according to the distance travelled along the trajectory.

Table 15 : Shooting angle: 85°, lateral wind: 0 km/h

Table 16 : Shooting angle: 85°, lateral wind: 30 km/h

Page 41 / 89

Contribution of FITASC prior to ECHA’s decision
regarding a possible call for restrictions on the use of lead shot at clay target shooting ranges

17th July 2020

In the trajectory pictures below (Picture 8, Picture 9, Picture 10), we can see again that
the energy of the steel pellet decreases faster than that of the lead pellet.

Figure 8 : Trajectories during a quasi-vertical shot with / without side wind - 3D view

Figure 9 : Trajectories during a quasi-vertical shot with / without side wind – view in X-Z
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Figure 10 : Trajectories during a quasi -vertical shot with / without side wind – view in X-Y

6.1.5

3rd part: influence of the pellet diameter

Finally, a third part examines the influence of the diameter of a steel pellet on its reach
and determines the diameter to give to a steel pellet so that it has the same reach as a
2.4 mm-diameter lead pellet
When a 2.4 mm-diameter lead pellet is shot horizontally from a height of 1.5 m with an
ejection velocity of 400 m/s, it has a reach of 107.77 m.
The reach of a steel pellet, shot under the same conditions, depends on its diameter23.

23

As the diameter of the steel pellet increases, not only does its mass increase, but the aerodynamic drag that
applies to the pellet also increases. This has two conflicting effects: the increasing mass tends to increase the reach,
while the increasing drag tends to decrease the reach.
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Table 17 : Influence of the diameter of the steel pellet

Overall, we can see that the increase in diameter of the steel pellet increases its reach.
However, this increase in diameter also translates into an increase in mass and therefore
an increase in the energy required to eject the pellet, as well as in the recoil of the
weapon in the shooter's shoulder.
For a steel pellet to have the same reach of the 2.4 mm-diameter lead pellet, it must
have a diameter of almost 3.7 mm.
In doing so, the pellet energy at the outlet of the barrel, and consequently the energy
necessary to communicate to the pellet via combustion of powder, increases by 129.0%.
Thus, to have the same reach, the shot requires more powder, generating more noise
and an increased recoil of the weapon.
Indeed, the recoil for the lead pellet is 3.35 kg-equivalent whereas it reaches 8.33 kgequivalent (+146%) with the steel pellet.

6.1.6

Conclusions

“In conclusion, this analysis highlights the consequences of using steel pellet vs. lead
pellet, on the ballistic trajectory of the pellet:
-

Shot under the same conditions, a steel pellet has a significantly shorter reach than
a lead pellet.

-

Shot under the same conditions, a steel pellet reaches a highest altitude (apogee)
significantly lower than that of a lead pellet.

-

A steel pellet is more significantly affected by the wind than a lead pellet.
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A steel pellet loses energy faster than a lead pellet. The steel pellet is thus less
effective hitting a target at equal distance.

If, however we aim to obtain the same reach of a lead pellet with a steel pellet (for a
horizontal shot - Shooting angle 0°), then:
-

The ejection speed of the steel pellet can be adjusted, but in this case:
• A larger quantity of powder must be used, with noise consequences.
• The shooter experiences a greater recoil during the shot.

-

The diameter of the steel pellet can be adapted, but in this case:
•

The required diameter is 3.7 mm, which raises the question of compatibility
with the context of the study (shot cartridges).

•

A way larger quantity of powder must be used, with noise consequences.

•

The shooter experiences a way greater recoil during the shot.

And this, without matching the performance of a lead pellet in terms of energy: the steel
pellet, even shot so as to have the same reach as the lead pellet, loses energy faster
than the lead pellet along its trajectory. »
The energy of a steel pellet is two to three times lower than that of lead pellet, in the
main range of distances in clay target shooting disciplines (20 to 60 meters).
If, however we aim to obtain the same reach of a lead pellet with a steel pellet (for a
horizontal shot - Shooting angle 0°), then it is necessary to increase the ejection speed
by 61%.
Increasing the ejection speed will have two major consequences:
-

increase in noise (powder quantity more important);

-

increase in recoil, injurious to shooter’s health.

However, increasing the ejection speed will not make it possible to equal the energy
performance of a lead pellet: steel pellets, even when fired so achieve the same range
as a lead pellet, loses energy faster than a lead pellet along its trajectory.
The ballistic behaviour of steel pellets makes them totally unsuitable for clay target
shooting as defined in international regulations, whatever the discipline.
Let us recall here that mastering ballistics is the very basis of any competitive shooting
practice, including clay target shooting, but that clay target shooting also requires
enough energy to break the targets.
Steel pellets not only make the shot random, and even hazardous, but are also unfit for
their purpose, which is to break the clay targets.
Replacing lead with steel in the EU would mean the demise of competitive events for
European shooters:
-

shooters from the twenty-seven countries of the European Union would no longer
be able to take part in the European championships involving fifty-nine countries,

-

and would have almost no chance of winning in world competitions.
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Indeed, it is clear from the ballistics study that it is not possible to train using steel pellet
cartridges and shoot competitively with lead pellets: two types of ammunition, two
weapons, and two completely different shooting techniques are involved.
A clay target sports shooter makes progress in his skill by learning, through training, to
perfectly master his weapon and the ballistic properties of the ammunition he uses.
How could he excel competitively if these two parameters are completely different
from his training conditions?
Furthermore, if the use of lead shot were to be banned inside the EU, none of the
member countries would be able to organise international championships, including
the shooting events at the Olympic Games.
As official representative of the clay target shooting for non-Olympic disciplines, FITASC
must protect its sport and therefore propose an alternative to the replacement of lead
shot with steel shot.

6.2

Ricochets

It is obvious that the harder a pellet, the more the issue of ricochets will be relevant
and unquestionable.
Lead is the safest material for sport shooting. It presents virtually no risk of ricochet for
either the shooter or the public. To the best of our knowledge, for more than 50 years
there have been no bodily injuries on shooting ranges due to ricochets.
For this reason, CIP has made it compulsory to affix a specific marking on the packaging
of lead-free cartridges:
"Beware of ricochets, avoid shooting on a hard, rigid surface”24.
The risks due to ricochets would be particularly dangerous in:

6.3

-

Olympic Skeet;

-

Universal Skeet;

-

Compak Sporting;

-

Helices;

-

Sporting;

-

Combined Game Shooting.

Shotgun resistance

The shotguns used to fire lead shot cartridges cannot be used to fire steel shot
cartridges, partly due to the pressure difference required.
The two types of shotguns are not subject to the same approval procedure by the
Permanent International Commission (CIP)25:
24

CIP_Decision XXXII-45-4-eng

25

Text CIP_d-4-3-2014-eng
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The two types of proof are defined as follows in the official texts:
« 1.1. Standard proof
The standard proof involves the firing of not less than two cartridges per tube. The firing
of these two cartridges must permit each of the following conditions to be achieved:
a. the development in the chamber at the first pressure take off point M1 of a
maximum mean pressure of not less than 930, 980, or 1040 bar respectively,
depending on the calibre;
b. the development in the bore at the second pressure take off point M2 of a maximum
mean pressure between 450 and 600 bar.
1.2. Superior proof
Superior proof involves the firing of not less than two cartridges per barrel, taking into
account any standard proof that may have been carried out. The firing of these two
cartridges must enable each of the following conditions to be achieved:
a. the development in the chamber at the first pressure take off point M1 of a
maximum mean pressure of not less than 1320 bar;
b. the development in the bore at the second pressure take off point M2 of a maximum
mean pressure between 450 and 600 bar. »
Besides, the shotguns proofed for « steel pellets » are identified by a proof mark,
namely a fleur-de-lis26.

6.4

Acoustics
6.4.1

Comparative lead / steel acoustic impact study

A comparative acoustic impact study between lead shot cartridges and steel shot
cartridges has been carried out by performing two types of acoustic tests on
commercial cartridges with 400 m / s speeds27:
-

First test between two 28g cartridge models with comparable speeds:
• Lead shot cartridge / 28g / V.2.5 of 398 m/s
• Steel shot cartridge / 28g / V.2.5 of 389 m/s

-

Second between two 24g cartridge models with comparable speeds:
• Lead shot cartridge / 24g / V.2.5 de 423 m/s
• Steel shot cartridge / 24g / V.2.5 de 414 m/s

In short:

26

Text CIP_d-4-1-2014-eng

27

Comparative lead / steel acoustic impact study - Antoine Laurent (June 2020)
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Generally speaking, it should be noted that steel shot cartridges have a much higher
exit velocity than lead shot cartridges at a comparable performance level (close to
400 m/s, range for high performance cartridges).
-

Significant difference at exit between the lead and steel cartridges tested
Ambient noise of
firing ds(A)

Exit dB(A)

31

83

52

31
31

32

61

87

56

31

91

60

Identification

Model

Residual noise L50
dEl(A)

1

Premium 28 Lead cartridge (violet)

2

SZEWC steel 28 cartridge (red)
Premium 24 Lead cartridge (green)
Diamsteel 24 steel cartridge (pink/mauve)

3
4
Average

Lead

Average

Steel

Average value

54
60.5

Table 18 : Difference at exit between lead shot cartridges and steel shot cartridges tested

-

The difference at exit is of 9dB(A) for 28g cartridges and of 4 dB(A) for 24g
cartridges;

-

This disparity is mainly explained by the fact that the 24g lead cartridges are noisier
than the 28g lead cartridges, by 4dB(A);

-

Considering that on the logarithmic scale, adding 3 dB(A) is equivalent to doubling
the perceived sound level (and the associated sound power).

It is recalled that the acoustic energy of a sound wave is the area under the Laeq
emergence curve, which is the equivalent sound pressure level. The higher the levels,
the higher the energy28.

6.4.2

Comparative values of pressures and velocities of ammunition tested
(lead/steel)29

A comparative table of ammunition test results is provided on Table 18 below (Test
results source: CIP):

28

Clarifications on the logarithmic decibel scale in acoustics - Antoine Laurent (June 2020)

29

Details on comparative values of pressures and velocities of ammunition tested (lead/steel) - Antoine Laurent
(June 2020)

Page 48 / 89

Contribution of FITASC prior to ECHA’s decision
regarding a possible call for restrictions on the use of lead shot at clay target shooting ranges

Identification

1

2

3

4

Mean
values

Model

Premium 28 Lead cartridge
(violet)
SZEWC steel 28 cartridge
(red)
Premium 24 Lead cartridge
(green)
Diamsteel 24 steel cartridge
(pink/mauve)

17th July 2020

Pmean
(bars)

Max limit value
Pmax CIP
(bars)

Pstat
(bars)

Max limit
value
Pstat CIP or
Pk (bars)

V 2.5 mean
(m/s)

Maximum limit
value
V 2.5 CIP
(m/s)

571

740

664

850

398.9

425

637

740

717

850

389.9

425

602

740

732

850

423.3

425

646

740

712

850

414.2

425

Lead

586.5

698

411.1

Steel
Delta lead / steel (%)

641.5

714.5

402.05

9.4%

2.4%

-2.2%

Table 19 : comparative table of ammunition test results (pressure - speed) - Test results source: CIP

These results show that velocities of the cartridges tested are comparable (-2% on
average for steel). However, mean pressures show a difference between Lead and Steel
ammunition of almost 10%: this characteristic is the primary factor of significant
difference in resultant noise emission levels.
The second influential factor here is the type and especially the composition of the
projectiles, which varies greatly between lead shot and steel shot.
In fact, air penetration and the related shockwave (at the energy level) are different for
a lead load (deformable) and a steel load.
Where the load emerges into the air at the muzzle, the overall penetration of the
deformed shot is slowed down, so a steel loaded cartridge will form a pattern 50 to 60%
shorter and 60 to 70% tighter than its lead equivalent (See Figure 10 below):

Figure 11 : Comparison between the patterns lead / steel
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Analysis of comparative shots and conclusion

This comparative acoustic study has been confirmed by the acoustics expert Yves
COUASNET30, a Judicial Expert to the Paris Court of Appeal, the Administrative Courts
of Paris and Versailles, and accredited by the Supreme Court, in a note dated 25 June
2020, which we quote below:
“28 g cartridges loaded with steel pellets, with the same 28 g payload as cartridges
using lead, have a 11.5% higher powder charge than lead shot cartridges.
The higher powder charge used for steel pellet projectiles is related to the increase in
noise during the detonation phase.
It has been observed that the difference in noise level measured at a distance of 100 m
from the firing point, measured using the standard NF S 31-160 (2019) and NF EN ISO
17201-1 (December 2018) methodologies, for an integration time of 100 ms, is very
significant, i.e. + 9 dBA maximum emergence for steel pellets, and a mean value of + 6
dBA when comparing the results of a sample of 10 shots using lead and steel pellet
cartridges with a 24 g charge.
This increase in noise emergence produced in the environment by the use of steel shot
is likely to cause a different emergence value with respect to existing local residents’
homes in relation to shooting ranges near these dwellings, on the one hand, and are
likely to exceed the emergence threshold set by the regulations pursuant to the Public
Health Code (art.R.1334-33 and R. 1334-34 of Decree 2006-1099, articles re-codified by
R. 1336-7 and R. 1336-8 of Decree 2017-1244, on the other hand.
6 dBA emergence and increased pressure on the hearing system:
For information, we can determine the variation in sound pressure for an emergence of
+ 6 d.BA across the range of noise levels measured at a distance of 100 m from muzzle
exit during an experimental test at an operational shooting range using the calculation
below:
The noise levels in decibels (dB) in relation to the sound pressure in Pa (Pascal) is
expressed by the logarithm of the square of the ratio of the actual pressure P to the
reference pressure Po, expressed analytically by the following formula:
N(dB) = 10 log (P/P0) 2
P0: Sound pressure in Pa (Pascal) on the hearing system corresponding to the ear's
perception threshold, called the reference pressure.
Considering the comparative noise levels measured at the same point i.e. 83 dB (lead
projectile) and 92 dB (steel pellet projectile) respectively, an emergence of 9 dB gives an
increase in sound pressure expressed in Pa, according to the calculation below:
Sound pressure corresponding to a level of 83 dB: P = 0.282 Pa
Sound pressure corresponding to a level of 92 dB: P = 0.796 Pa
That is, an 180% increase in environmental sound pressure on the human ear.
30

Yves Couasnet - Noise impact of clay target shooting - Analysis of lead and steel pellet projectiles (June 2020)
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It should also be noted that an emergence of 3 dB and more caused by a particular noise
over and above the residual noise (measured without the particular noise), constitutes,
in terms of legislation, a threshold for assessing a breach of peace and health as referred
to in the Public Health Code.”

6.4.4

Consequences on the operating continuity of shooting ranges

Maître Frédéric Sauvain, the Fédération Française de Ball-Trap (FFBT)’s lawyer, wrote a
legal note describing the impact on shooting ranges in France of replacing lead shot
with steel shot, with regard to noise legislation31:
“To evaluate the impact of this speculative substitution, you asked Mr. Antoine
LAURENT, the FFBT’s member at the AFNOR "Noise in the environment" S 30 J
Commission to conduct a comparative acoustic impact study, carried out on 7 June
2020, involving lead cartridges and steel cartridges with respective comparable speeds
at V2.5:
- For 28-gramme cartridges: 398.9 m/s for lead and 389.9 m/s for steel;
- For 24-gramme cartridges: 423.3 m/s for lead and 414.2 m/s for steel;
This study complies with the NF S 31-160 (2019) standard, as attested by Yves
COUASNET32, a Judicial Expert to the Paris Court of Appeal, the Administrative Courts of
Paris and Versailles, and accredited by the Supreme Court, in a note dated 25 June 2020.
According to the conclusions of this study, the difference between lead shot and steel
shot cartridges is, for 28-gram cartridges (the only ones used in the disciplines
supervised by FFBT, in compliance with FITASC international regulations) as high as:
9 dB(A): lead 83 dB(A) / steel 92 dB(A).
Pursuant to French regulations, notably the provisions of article R. 1336-7 of the Public
Health Code, "overall emergence in a given place is defined by the difference between
the ambient noise level, including the particular noise in question [in this case the shots],
and the residual noise level (...) when the particular noise is not heard".
According to the same article, the emergence limit values between residual noise
(without the shots) and ambient noise (with the shots) range, depending on how long
the particular noise lasts (the shots), between 7 and 8 dB(A).
Consequently, the substitution of lead shot by steel shot would, de facto, result in a noise
increase of 9 dB(A), i.e. even higher than the entire permitted emergence.
As a result of this substitution, activity at every shooting range in France would become
non-compliant with the regulations set by the Public Health Code, thereby leading to
their possible shut-down by the judicial or administrative authorities.”

31

Legal consultancy report describing the impact on shooting ranges in France of substituting lead shot with
steel shot, with regard to noise legislation- Me F. Sauvain (June 2020)

32

Yves Couasnet - Noise impact of clay target shooting - Analysis of lead and steel pellet projectiles (June 2020)
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Consequences on the health of shooting range personnel and local
residents

The significant increase in noise of up to 9dB(A) for 28 gram cartridges - an 180%
increase in environmental sound pressure on the human ear - induced by the
replacement of lead shot by steel shot, will not be without consequences on the health
of shooting range personnel, for whom it is difficult to impose the wearing of protective
hearing headgear the whole day long. It will also have a potential impact on the health
of local residents, for whom wearing hearing protection is not an option

6.5

Sport shooters’ health
6.5.1

Lead toxicity and sport shooters’ health

We quote hereafter the whole report of Dr Vouaux, Specialist in Rheumatology,
Graduate in Biology and Sports Medicine and National Federal Physician for the French
Clay Target Shooting Federation (FFBT), on lead toxicity and sport shooters’ health at
clay target shooting (June 2020)33:
« Acute or chronic lead poisoning is a well-known health problem that has been the
focus of medical attention for more than a hundred years, and was already described in
antiquity.
A great deal of research has been devoted to it, mainly in the context of professional or
occupational illnesses.
Of course, the harmful effects of lead on the human body depend on a critical blood
concentration threshold, measured in micrograms per litre or per decilitre.
However, this threshold is difficult to specify and determine, as it varies greatly from
one individual to another, and because high lead content can sometimes have no effect
on health.
Lead initially acts by disrupting haemoglobin synthesis, which can lead to anaemia.
It can bind to certain tissues (brain, bone, kidney, liver) and damage them, resulting in
a variety of disorders such as anaemia, high blood pressure, neurological and brain
damage, kidney failure, growth retardation in children, premature delivery and foetal
lesions in pregnant women.
Those most vulnerable to the potential toxicity of lead are young children, pregnant
women, and people already suffering from anaemia or iron deficiency.
There are many sources of lead poisoning:

33

-

Occupational activities (construction work, paint or battery factories) involving
regular and prolonged contact with lead.

-

Foods containing lead (certain mushrooms or shellfish), intensive consumption of
game meats (killed with lead ammunition, or having ingested lead), and water
pollution.

Dr M. Vouaux – Clay target shooting / Lead toxicity and sport shooters’ health (June 2020)
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Accidental: mouth/hand contact after contamination by lead dust or particles (e.g.
on fishing sinkers, stained glass windows, or toys).

There are three types of contamination pathways.
-

The main pathway is direct ingestion (digestive absorption) of dust or lead
particles;

-

Lead can also enter the body through inhalation (toxic fumes in some industries or
on some construction sites);

-

Much less often, percutaneous passage (skin contact with jewellery or make-up
products) can occur).

Leisure activities such as clay pigeon shooting (cartridges loaded with lead shot) or
target shooting (lead bullets) could theoretically expose people to lead toxicity.
A considerable number of studies have been carried out in this field, notably in the USA
and primarily on target shooting ranges, as the papers we have researched and
consulted attest. They concern shooters who practice intensively as well as range
maintenance personnel.
Although there have been occasional reports of elevated blood lead levels (with the
important caveat that the toxicity threshold for each individual is highly variable), there
do not appear to have been any serious symptoms or illnesses described that are directly
attributable to lead poisoning.
The theoretical risk is significantly higher when shooting in an enclosed space, such as a
target shooting range, where the atmosphere can be potentially polluted by lead vapour
and the infrastructure covered with lead particles.
Hence the importance of good ventilation and hygiene precautions (hard surfaces
regularly cleaned using damp cloths).
Another risk factor to be taken into consideration is the direct handling of lead by the
shooter (skin contact and possibly ingestion if hands are brought into contact with the
mouth).
This may be the case when shooters reload their own cartridges with lead bullets or lead
shot (a very common practice in the USA), or if they make their own projectiles by
pouring lead into bullet moulds.
Generally speaking, insufficient basic hand hygiene could have harmful consequences,
especially for shooting range employees who come into daily contact with infrastructure
or furniture soiled by lead particles.
This mainly concerns indoor ranges intended for target shooting practice.
My personal experience is based on 20 years spent on the Steering Committee of the
Fédération Française de Ball-Trap (FFBT) in the capacity of a National Federal Physician
in charge of athletes’ health and protection.
For the record, FFBT is the federation with the largest number of clay target shooters in
the European Union (an average of 27,000 licence-holders a year).
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For a number of years, and in accordance with the regulations of our Ministry of Sport,
some high-level shooters had to undergo annual biological check-ups and medical
examinations (notably cardiac and auditory).
In addition, the medical supervision of the French national teams during international
championships (more than 60 trips worldwide) gave me the opportunity to discuss this
topic with many heads of foreign federations and champions.
We have never been aware of any health problems attributable to lead.
Nor have we ever observed any biological (anaemia) or cardiovascular (hypertension)
disturbances in our athletes.
CONCLUSION:
-

Clay target shooting does not usually involve people who are vulnerable to lead
(children, pregnant women).

-

Unlike target shooting, it is an outdoor sport that is practised in an open
atmosphere which does not directly expose the shooter to the possible harmful
effects of lead vapour or particle deposits.

-

Almost all shooters use manufactured ammunition (closed and crimped), and are
therefore protected from direct skin contact with lead.

Consequently, with regard to clay target sport shooting, using cartridges loaded with
lead shot, it is our opinion that the toxicity of lead is more of a theoretical risk than a
reality.
Lead toxicity has never been a concern in sports medicine, because it is not an issue that
is encountered in practice. »

6.5.2

Increase in recoil and sport shooters’ health

We quote hereafter the whole report of Dr Vouaux, Specialist in Rheumatology,
Graduate in Biology and Sports Medicine and National Federal Physician for the French
Clay Target Shooting Federation (FFBT), on the effects of cartridge type on recoil at clay
target shooting34:
« When fired, the recoil of a shotgun is an inevitable physical constraint for a sports
shooter, and can cause injuries and traumatic pathologies with varying degrees of
severity.
The injuries it causes are sometimes comparable to those encountered in sports such as
boxing, martial arts or rugby.
To understand how brutal recoil can be, it may be compared to the impact produced by
a 500-gram weight falling from a height of 7.50 metres directly onto the shoulder of an
individual lying on his back on the ground.
Direct consequences include injuries with a rapid or brutal onset:
34

Skin abrasions (anterior shoulder, jaw, cheek and cheekbone);

Dr Marc Vouaux – Clay target shooting / Effects of cartridge type on recoil (June 2020)
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-

Bruises to the shoulder, biceps and arm area;

-

Wounds to the fingers (middle finger against the shotgun’s trigger guard);

-

Impact of thumb against the nose;

-

Acromioclavicular subluxation (upper shoulder)

-

Headaches caused by repetitive shocks and vibrations to the head, often
aggravated by acoustic resonance.

Indirect consequences include lesions involving gradual and potentially chronic onset:
-

Rotator cuff tendinitis in the shoulder area;

-

Stress cracking or fracture of the coracoid process (scapula);

-

Cervical contractures and degenerative lesions of the cervical spine (which, like the
shoulder, absorbs much of the recoil energy), favouring the appearance or
aggravation of cervical osteoarthritis in the medium and long term;

-

Tendinitis of the elbow and forearm, especially on the side holding the shotgun
stock.

The harmful effects and damage potentially caused by recoil are directly related to the
number of cartridges fired by the sports shooter.
In this regard, there are obviously important differences between a leisure or regional
competition shooter (1,000 to 5,000 cartridges a year), a national competition shooter
(5,000 to 15,000 a year), and an international level shooter (several tens of thousands
per year).
Recoil is therefore an important factor to be considered, and an effort must be made to
limit the harmful consequences for the marksman as far as possible.
Recoil depends, of course, on several factors which need to be taken into proper
consideration whenever possible.
Some factors are purely physical (weight and characteristics of the shotgun, compliant
stock design, clothing), while others are technical (physical preparation, shooting
position, training plan).
But the type of cartridge used is the parameter that impacts recoil intensity the most.
In fact, the complex formula used to calculate the energy produced by the recoil when
a shot is fired takes into account three fundamental cartridge characteristics: weight of
the shot charge, weight of the powder charge, and most importantly, gas ejection speed
at the muzzle.
Traditionally, clay target shooting is practised with cartridges loaded with lead shot
(lead pellets).
In recent years, steps have been taken to reduce the maximum permissible load to 28
grams, and this has been a beneficial factor in reducing recoil.
For the same diameter, a steel pellet is approximately 30% lighter than a lead pellet.
In sports shooting and its inherent performance requirements in terms of range,
penetration and breakage of the clay targets, the steel pellets must be propelled at a
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higher speed. Whereas lead, which is denser, does not require high speeds to be
effective.
Consequently, to maintain the level of performance required by competitive shooting,
speed must be increased (by increasing the powder load) if steel pellet cartridges are to
be used.
The effects expected will be a noticeable increase in the intensity of recoil, further
increased by the fact that the steel pellets deform little or not at all as they transit
through the barrel.
Not to mention the noise produced by this type of ammunition, which is harmful to
shooters’ hearing, as well as causing environmental noise pollution.
CONCLUSION:
Clay target shooting requires the use of a large number of cartridges, fired at sustained
rates, especially for competitive shooters.
Recoil is the most significant physical constraint, and remains a major concern in sports
trauma.
Every effort must be made to reduce and limit this inconvenience.
Enforcing the use of steel pellet cartridges through regulations leading to an increase in
recoil (and noise), would therefore be contrary to the imperatives of health prevention
and protection of sports people. »
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Environmental risk control: lead management
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Area concerned

The surface area of clay target shooting ranges can span several hectares. However,
only some of this area is impacted by lead fallout, while the rest is used for intake
(buildings, car parks, etc.) and safety buffer areas.
The techniques used to control the risk of lead contamination of the soil should be
applied to all shot fallout areas, which vary depending on the sports discipline.

Figure 12 Shot fallout areas - Diagram valid for the Olympic Trench, Universal Trench, Trap1 and the Combined Game
Shooting clay target disciplines

Figure 13 : Shot fallout areas - Diagram valid for the Olympic Skeet, Universal Skeet, Compak Sporting, Helices, and
Combined Game Shooting clay target disciplines,
and partly for the Sporting discipline

Figure 14 : Distribution of lead shot fired from side-by-side shooting ranges
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Fired lead shot dispersion control: berms

Wherever it was feasible, many existing shooting ranges have built structures such as
earth berms located opposite the shooting stations covered with plastic film to collect
and concentrate a large proportion of the lead pellets in appropriate places. The shot
is then easily collected before being recycled.
However, it is important to note that this type of berm is only feasible for certain ranges
and for certain disciplines with fixed trajectories.
It is recommended that new ranges plan this solution from the design stage, when
possible.

Figure 15 : Earth berm configuration valid for the Olympic Trench, Universal Trench, Trap1,
Olympic Skeet, Universal Skeet, Compak Sporting, Hélice and Combined Game Shooting clay target disciplines

7.3

Main soil management techniques

An investigation into lead mobility on shooting ranges35 was conducted for the NSSF
(National Shooting Sports Foundation) and circulated by the NSSF to U.S. shooting
range managers. This study describes the different methods used to control lead
mobility suitable to shooting ranges, and its conclusions served as the basis for the

35

E.A. Engineering, Science, and Technology, Inc. - Lead Mobility at Shooting Ranges prepared for SAAMI, 5 January
1996, 50 pages
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guidelines 36published by the U.S. Environmental Protection Agency (USEPA) and
updated in June 2005.
We will not examine chemistry and lead mobility again here, since they were widely
discussed earlier on. However, it should be pointed out that the dissolution and mobility
of lead from lead shot is ultimately dictated by geochemical processes, including
oxidation/reduction (redox), precipitation/dissolution, adsorption/desorption, and
complexation/chelation. If metallic lead was inert to the environment, it would not
dissolve and could not be transported by any chemical means. However, metallic lead
is not inert to the environment. It oxidises into more mobile compounds. It is these
oxidation products that determine the mobility of lead after firing, not the metallic lead
itself. The rate of oxidation and the type of oxidation products resulting from the
process are highly variable and site-specific (cf. chapter 7.6.).
More recently, the Finnish Ministry of the Environment published guidelines on Best
Available Techniques (BAT) which governs environmental permits for sport shooting
ranges in Finland37.
A single given BAT cannot be clearly specified as being applicable to all shooting ranges.
The technical requirements for managing pollutants must, above all, be determined by
site-specific environmental protection needs. In other words, the BAT that will be
implemented is site specific. For this reason, Finland has defined four different risk
levels for applying BATs. The level of risk can be determined for each range using the
pollutant management requirement assessment procedure. Depending on the
characteristics of the site and the source data already available, the study can be
conducted either on the basis of existing data, or it may include field surveys and
environmental sampling. The figure below sums up the process.

36

United States Environmental Protection Agency - Best Management Practices for Lead at Outdoor Shooting
Ranges, EPA-902-B-01-001, Revised June 2005, 103 pages.
37

The Finnish environment - Best Available Techniques (BAT) - Management of the Environmental Impact of
Shooting Ranges, 4/2014, 300 pages.
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Figure 16 : : the pollutant management planning process and its links to the environmental permit process

7.4

Soil treatment

Methods for treating soil polluted by lead and other heavy metals can be divided into
two categories:
1. Methods to limit or prevent the spread of pollution into the immediate environment;
2. Methods intended to eliminate pollution.
The methods for eliminating metals from soil and water are essentially physicochemical. Depending on the treatment, implementation will be different. It may
involve:
-

In situ: without excavation of the soil, pollution is treated in place;

-

Ex situ: the soil is excavated and then treated either on-site or off-site.

A number of studies aimed at finding a solution to remediate lead-polluted soils exist:
stabilization/solidification with lime, phytoremediation, chemical washing,
biotransformation, electrokinetics, etc.
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Controlling lead mobility by increasing pH : liming

As stated many times, ideally, the pH of the shooting area should be between 6.5 and
8.5. In this pH range, the mobility of lead is minimal and the soil does not require
corrective treatment as preventive measures suffice here. Because the pH of natural
soil does not exceed 8.5, lowering the pH is irrelevant. In fact, if we consider soils in
formation, especially in a region where climatic factors have low energy, such as in our
temperate regions, the action of the subsoil remains quite clear. Soils lacking in
limestone are slightly acid, with a pH generally between 6 and 7, while those containing
limestone remain above pH 7, between pH 7 and pH 8. Soil pH values generally deviate
little from the neutral pH 7 value38.
In arable land, pH is generally below 6.5. While it is legally permitted to shoot lead onto
arable land, the more acidic the cropland, the greater the propensity of the shot to
corrode and release lead into the food chain through plant absorption39.
The pH can be increased by liming the soil, i.e. by adding lime, notably limestone.
Indeed, limestone reduces acidity. Liming the soil has the additional advantage of
increasing soil stability.
Liming frequency will depend mainly on the type of soil:
-

For filtering (sandy) soils: frequent or even annual applications to limit leaching
(particles transported to deeper layers);

-

For clayey soils: application every 5 years at most. Application should not be
delayed too long: a frequency of 2 to 3 years seems optimal.

Because it controls pH, liming can be highly effective in reducing lead solubility and
shifting the lead management problem from dissolved to particulate phases, which can
be more easily handled. Lime is readily available in all countries where soil acidity is an
agricultural problem, inexpensive and easily applicable with standard farming
equipment.
The disadvantages of liming are that it works only in acidic areas, requires periodic
application, and excessive use can affect water quality in nearby water bodies.
Agricultural lime powder delivers the most intense effect, but requires more frequent
application. Because of its larger particle size, coarsely crushed limestone provides a
less intense effect, but lasts longer. Optimal use of limestone may require a mixture of
powdered and crushed rock in proportions determined by site-specific conditions40.
Limestone could also be beneficial in some cases as a component in run-off control.
Filling drainage ditches and settling ponds with crushed limestone can help raise the pH

38

Franc de Ferrière J. - Ground pH zones. In: Bulletin de l'Association de géographes français, N°69, 10th year, May
1933. pp. 74-78
39

Cylenchar – Email from Dr. Peter Hurley dated 14 February 2020

40

E.A. Engineering, Science, and Technology, Inc. - Lead Mobility at Shooting Ranges prepared for SAAMI, 5 January
1996, 50 pages
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of the water, promote the sorption of lead on soil particles, and reduce dissolved lead
concentrations.
Lime has been successfully used as a barrier to the mobility of metals in municipal solid
waste leachate into surrounding soils.
Monitoring acid-base soil status provides a gauge to ascertain whether pH is evolving
as expected/planned. If it is not, monitoring allows the application strategy to be
adapted to the actual behaviour of the soil. Frequency also depends on the quantities
of products used, their rate of dissolution and the pH of the medium. Depending on the
strategy chosen by the shooting range manager, and the target acid-base status, lowvolume annual applications with fast-acting products, or more widely spaced
applications with increased amounts of less soluble products may be considered.
While the main role of liming is to control soil acidification and thus the mobility of
pollutants, lime is also very useful to limit the sinking of lead shot into sandy soil. Lime
treatment is an operation that consists of mixing natural soil with lime and/or a
hydraulic binder. By improving its characteristics, it “hardens" soil. Lime treatment
(quicklime) makes it possible to very quickly reduce the water content and make soils
"load-bearing” that would not naturally be able to bear loads. This technique is derived
from the Construction and Public Works trade: the treatment of soil with lime
(quicklime, slaked lime or lime milk) increases its mechanical properties. Average lime
dosages are of the order of 1 to 4%. Treatment with a hydraulic binder provides the mix
with long-lasting mechanical properties and thus enables it to be used in subbase or
base courses.

7.4.2

Control through insoluble lead compounds: addition of phosphates

Lead phosphates are the most insoluble lead compounds in soils and can form rapidly
in the presence of adequate lead content and available phosphate. Thus, hydrogen
phosphate ions HPO4-2 react with Pb2+ ions to form white lead phosphate precipitate:
3 Pb2+ + 4 HPO4-2 → Pb3(PO4)2 + 2 H2PO4
Commercially available finely ground phosphate rock has been used as phosphate
fertilizer for many years41. Apatites [Ca₅(PO₄)₃] are by far the most abundant phosphate
minerals. Hydroxyapatite with the formula Ca10 (PO4)6 (OH)2 is efficient in removing
divalent metal ions such as lead and has already been used in wastewater treatment.
Phosphate rocks, with a composition similar to Ca10 (PO4)6F2, have also been shown to
immobilise lead in water and soils. Phosphate rock spread on lead-contaminated soils
reduced water-soluble lead concentration from 56.8 to 98.5% in several studies. It has
also been demonstrated that this ability to immobilise lead was identical in the
presence of other metals such as zinc, nickel, copper, cadmium, aluminium and iron.
Immobilization of lead in soil by the addition of rock phosphate does not require mixing
41

E.A. Engineering, Science, and Technology, Inc. - Lead Mobility at Shooting Ranges prepared for SAAMI, 5 January
1996, 50 pages
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to be effective. Lead immobilisation depends on the concentration of rock phosphate:
the more phosphate rock is applied, the more soluble lead it reduces. Reduced lead
solubility is achieved under various conditions with a wide variety of phosphate soils
and rock types.
In addition to immobilizing lead, lead phosphate compounds are highly insoluble, even
in the acidic medium of the human stomach. This suggests limited bioavailability for
wildlife with similar gastric conditions that accidentally ingest lead while feeding on
phosphate-treated soils.
The addition of phosphate has the advantage of being highly efficient at a low relative
cost. Apart from the recovery/recycling option, the addition of finely ground rock
phosphate to lead-contaminated soils may be the most cost-effective way to control
the mobility of lead in shooting range soils.
Its disadvantages are the same as those applying to liming: improved performance
under acidic conditions, the need to repeat applications and the risk of excessive use
affecting water quality in nearby bodies of water.
Like lime, powdered phosphate rock is the most effective form, but requires the most
frequent application. Crushed, phosphate rock with larger particulate size lasts longer.
Optimal use of phosphates may require a mixture of powdered and crushed rock in
proportions determined by site-specific conditions.
More recently, C.P. Rooney42 confirmed the results of a study conducted in 1996.
Several options had been considered for managing Pb-contaminated soils. Phosphate
was added to precipitate lead in the form of relatively insoluble pyromorphite minerals.

Table 20 : Solubility products (Log Ksp) of some geologically important lead minerals

Phosphorus input appears to be the main parameter in determining the effectiveness
of lead immobilization. Regardless of soil pH conditions, lead immobilization is possible

42

C.P. Rooney - The fate of lead in soils contaminated with lead shot, Ph.D, Lincoln University, New Zealand
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provided there is sufficient phosphorus to force the reaction towards pyromorphite
formation.
The performance of lead phosphate immobilisation was confirmed in a preliminary
incubation study using fine soil with high Pb concentrations. Lysimeter studies showed
that when P:Pb e.g. 6:5 molar ratios were high enough, a substantial reduction in
leachate lead concentrations was observed, confirming that phosphate could be used
in areas of lead fallout to reduce its mobility.
In addition to reducing the mobility of soluble Pb, the addition of phosphate potentially
allows massive transformation of soluble lead minerals contained in the corrosion
gangue and soil into much less soluble pyromorphite compounds. The use of phosphate
immobilization will be limited by soil vulnerability to phosphorus loss and the sensitivity
of the environment to the eutrophic effect of phosphorus.
As stated above, phosphate immobilization is more effective under acidic conditions. It
may be necessary to apply lime to the soil to counteract acidifying phosphorus
amendments so as to maintain an optimum soil pH for pyromorphite formation.
Saturating the soil solution with Ca2 + would limit the dissolution of Ca-phosphate
compounds applied to the soil. However, the addition of additional Ca2 + to the soil from
lime should be carefully examined, even if applications of phosphoric acid and lime to
immobilize lead in contaminated soils have been successfully conducted. This
combination avoids the dissolution-curbing potential of calcium phosphates.

7.4.3

Phytoremediation

Phytoremediation is a recent technology for soil depollution using plants and
microorganisms. Its application is restricted to areas where the level of pollution is not
toxic to plants and their roots.
There are various types of phytoremediation:
-

Phytodegradation: the concentration of organic contaminants is diluted in situ,
without the need to harvest the plants;

-

Phytoextraction: metallic contaminants are extracted by plants, which are
harvested until the site is clean;

-

Phytostabilisation: the concentration of organic or metallic contaminants is
stabilised by a plant cover maintained in situ;

-

Phytovolatilisation: organic or metallic contaminants are removed by a plant cover
maintained in situ.
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Figure 17 : The different types of phytoremediation

With respect to soil pollution by lead at shooting ranges, phytoremediation may be
applied in the form of43:
Phytoextraction (mobilization): Phytoextraction (also known as phytoaccumulation,
phytoabsorption or phytosequestration) is the absorption of pollutants from the soil or
water by plant roots, their translocation and their accumulation in the aerial biomass,
i.e. the shoots. Translocation of metals to shoots is a crucial biochemical process and is
desirable for effective phytoextraction since root biomass harvesting is generally not
feasible.
This is a major disadvantage of this method. If translocation is effective, then the aerial
biomass should be harvested and then treated as hazardous waste with regard to its
concentration of toxic heavy metals. Furthermore, phytoextraction remains a relatively
lengthy method: several years are sometimes necessary to reach the toxicological
reference value for lead in soils.
Liming soils can reduce the uptake of lead by plants under certain conditions. Higher
levels of lead were observed in plant roots than in plant shoots after liming, indicating
that there is little translocation of lead from roots to shoots. In other words, liming and
phytoremediation are not entirely compatible: the plant must also have a greater
capacity for phytoextraction.

43

Peter Sanderson, Fangjie Qi, Balaji Seshadri, Ayanka Wijayawardena & Ravi Naidu - Contamination, Fate and
Management of Metals in Shooting Range Soils—a Review, Current Pollution Reports e-ISSN 2198-6592, Curr
Pollution Rep DOI 10.1007/s40726-018-0089-5, 2018, 15 pages
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Phytostabilisation: Phytostabilisation or phytoimmobilisation is the use of certain
plants to stabilise contaminants in polluted soils. This technique is used to reduce the
mobility and bioavailability of pollutants in the environment, thereby preventing them
from migrating to groundwater or entering the food chain. Plants can immobilise heavy
metals in soils by root absorption, precipitation, metal complexing or valence, and
rhizosphere reduction. The toxicity of metals with different valences varies.
Furthermore, by excreting special redox enzymes, plants convert dangerous metals to
a relatively less toxic state and decrease possible metals stress and ensuing damage.
Phytostabilisation limits the accumulation of heavy metals in flora and fauna and
minimises their leaching into water. However, with phytostabilisation, heavy metals
remain in the soil, only their movement is restricted. This method constitutes a strategy
to stabilise (inactivate) potentially toxic contaminants.
Phytoremediation is a relatively new technology that requires further investigation on
a wider variety of plants suitable for practical application in the field, including their
ability to remove metals and metalloids, as well on as the symbiotic relationships of
plants with microbes, to improve its effectiveness. Few plants are currently identified
as suitable for lead hyperaccumulation. Studies have isolated: the common pea44
(Pisum sativum) capable of removing 96.23% of lead, maize (Zea mays)45 capable of
removing 74% with the help of EDTA application. Brown mustard or Chinese mustard
(Brassica juncea)46 has also been shown to accumulate up to fifty-five times the
concentration of lead in soil in laboratory experiments. Other cultivated plants have
shown considerable capacity for lead accumulation in shoots, although in laboratory
studies.
These few examples, far from being exhaustive, show that the use of higher plants in
remediation strategies is considered with growing interest. This trend is particularly
marked on the North American continent, where some 20 patents have been filed over
the past seven years.47. Lead and nickel are now considered to be absorbed passively
through certain porin-like proteins48, while zinc and copper are absorbed actively via a
selective transport protein in a process requiring energy.

44

The common pea is a species of annual plant of the legume family, widely grown for its seeds, eaten as a vegetable
or used as animal feed. The term also refers to the seed itself, which is rich in energy and protein.
45

Zea is a genus of monocotyledonous plants of the family Poaceae, native to the Americas. This genus includes corn
and teosintes, which originated in Mexico and are often considered to be the ancestors of cultivated maize.
46

Brown mustard, or Chinese mustard, is a biennial herbaceous plant of the Brassicaceae family, grown mainly for
its seeds used in the preparation of condiments but also for its leaves and stems used in various Asian cuisines.
47

Esteban Remon. Tolerance and accumulation of heavy metals by spontaneous vegetation on metallurgical
wastelands: towards new bio-depollution methods. Plant biology. Université Jean Monnet - Saint-Etienne, 2006, 167
pages.
48

Porins are membrane proteins that form channels for diffusing small hydrophilic molecules through the cell
membrane.
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However, the crucial point is probably the recognition of the potential phytoavailability
of lead. Phytoavailability is the propensity of a trace element to pass into a soil
compartment or substrate in which it will be directly assimilated by a plant.
Phytoavailability is a potential resulting from the interaction of three sets of factors:
1. The chemical species present in the soil solution (type and concentration);
2. The species and varieties of the living organism under consideration (genome);
3. The physico-chemical and microbiological properties of the soil.
Once it enters the plant, the element (or chemical species) is either stored in the roots
or redistributed to other organs (stems, leaves, seeds) according to a "strategy" specific
to each plant, depending on whether the element is useful (nutritious) or toxic.
This property applies to nutrients (phosphorus, potassium) as well as trace elements
and other toxic metals. Phytoavailability involves crossing a biological barrier: cell walls,
roots or stomata in higher plants.
We will implement a scientific watch on all areas of lead phytoremediation research.

7.4.4

Conclusions

Given the spectrum of physico-chemical conditions encountered on shooting ranges
around the world, certain soil types may not require lead mobility control. For soils
where lead mobility management will be required, it is unlikely that all of the
techniques described above will be used. A combination of these techniques tailored
to site-specific conditions is probably the most efficient and cost-effective approach.
The first step will be to determine whether lead mobility is a potential problem in the
relevant soil, and then set management objectives. If control is required, measuring the
factors that determine mobility at the site (e.g., pH, Eh, phosphates, sulphates,
carbonates) will provide the basis for determining which combination of management
techniques will be most appropriate. This information will also be needed to establish
site-specific design parameters: for example, the quantity and particle size of crushed
limestone, optimal pH control, etc…

7.5

Water flow control49

As already stated, the first step in environmentally responsible shooting range
management is to determine whether lead mobility is a potential problem in the soil in
question, and then to determine site-specific management objectives. One of the
problems sometimes encountered is that when the soil can no longer absorb rainwater
or melted snow, excess water runs off the surface until it encounters drainage channels
through which it can wash away. This runoff can carry lead particles to soils and water
bodies outside the area under management. Runoff can also cause soil erosion at the
shooting range. Erosion is the movement and loss of the surface layers of soil caused
mainly by water, but also by wind and other factors. Soil type and structure, ground
49

AFEMS - Manual for shooting range managers in Europe - "Shooting ranges and the environment" (2002)
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gradients and plant cover are important determinants of soil erosion. Topsoil can be
lost and deep runoff channels created that promote lead transport outside the
boundaries of the shooting range. As a result of this process, water quality and aquatic
habitats can be damaged and contaminants transported to other sites. Range land
construction and management activities can increase the risk of this erosion.
Consequently, shooting ranges must be managed so as to minimise harmful erosion.
A number of measures can be implemented to water control flow and minimise lead
migration outside the boundaries of the shooting range. The shooting range manager
will have to ascertain whether he requires authorisation from the State or the local
administration to undertake water management works in accordance with applicable
regulations

7.5.1

Settling ponds

A settling / sedimentation pond is an artificial water retention structure initially
intended to reduce soil erosion due to storm-water runoff (flooding). The term also
refers to settling ponds designed to separate the solid particles carried by the run-off
water, or to treat any other water with a high solid particle load.
The operating principle is simple: run-off water collects in the pond during floods, and
is then slowly drained away through a gulley or an overflow: the solid phase (soil + lead
particles) is thus retained according to the principle of decantation, which requires that
the bottom of the basin be watertight. A pond can also be built directly in the channel
of a ditch.
Therefore, settling ponds can be built to temporarily retain runoff water and release it
slowly to reduce the movement of lead or contaminated soil. Periodic dredging of the
lead concentrate deposit and its disposal in licensed facilities may be required. In
addition, it will be necessary to ensure that the lead content of the effluent does not
exceed legal limits.

7.5.2

Filter beds

Initially, a filter bed or leaching bed is a component of the non-collective sanitation
chain. Located downstream from a septic tank, its role is to continue purifying the water
by a filtering action. The water to be filtered percolates through a filter bed consisting
of one or more granulates, whose characteristics and layer thickness must be adapted
to the water to be treated and type of filter used. Suspended solids are trapped in the
intergranular spaces over most of the layer thickness.
Shooting range surface water can thus be collected at the fringe of the range or around
protective embankments, in filter beds. These beds, made of more or less coarse
crushed limestone, trap the largest lead particles, increase the pH of the water flowing
out of them (thereby reducing the mobility of the lead), and drain the water from the
shooting range. Filter beds containing sand, limestone or gravel and including a
drainage pipe, can be particularly effective. They require practically no maintenance,
but do require periodic removal of residues, contaminated sand and replacement of
the limestone to ensure permanent flow (minimum pressure drop).
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Figure 18 : Changes in pressure loss in the bed as a function of porosity (clogging)

Note that placing bales of straw or crushed rock such as limestone in drainage channels
can reduce run-off water flow and so promote settling of any suspended lead or lead
particles.

7.5.3

Infiltration

Run-off water management is extremely sensitive. By promoting the penetration of
run-off water into the soil, surface soil erosion and lead migration can be mitigated.
Vegetation can slow down the flow rate and promote infiltration. Above all, however,
care must be taken to prevent the migration of lead into groundwater.
Furthermore, infiltration presents a double risk in cases of:
1. Insufficient capacity of the surface soil to absorb rainwater, which would lead to
prolonged stagnation of surface water, possibly in the form of mud or even run-off;
2. Insufficient capacity of the underlying soil to transport water down to the water table
and thus to drain the structure.
These two elements are very different and should not be confused:
-

The surface soil is an integral part of the structure. Its nature, and therefore its
initial infiltration capacity, can be controlled. The risk lies in maintaining this
infiltration capacity over time (clogging);

-

The underlying soil, on the other hand, is beyond control: it is a given design
parameter.

The mean infiltration capacity of the underlying soil is therefore an important design
parameter that must be taken into consideration through correct measurements taken
at the structure. The fact of this infiltration capacity being low is not, however, an
obstacle, and gullies with or without vegetation or infiltration ditches can be used
without too much difficulty, even with permeability values of the order of 10-6 to 10-8
m/s, provided that the structure has sufficient storage capacity (surface and volume)
and that it manages the fate of excess water in the event of a shortage.
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If the infiltration capacity of the soils on the plot is really too low, surface water can be
diverted from high lead content areas by low embankments or other constructions, to
route it to drainage channels and infiltration areas. This also reduces the contact time
between water and lead-enriched soil.

7.6

Climatology, rainfall and hydrology
7.6.1

European Climatology

European climatology is highly diverse as Europe has a very broad range of landscapes
and reliefs. A careful distinction must be made between Eastern Europe, with its
extreme, abrupt, dry "Asian" climate, and Western Europe, with its humid, moderate
climate owing to westerly and south-westerly winds, combined with the warm or hot
winds flowing in from the Mediterranean Sea to the south. The high lands are in the
south (with the exception of Scandinavia, Scotland and Iceland), while the low-lying
plains, the various "low countries" are in the north.
Several types of climate thus exist in Europe:
1. Oceanic: Regions on the coasts of the Atlantic Ocean have an oceanic climate. This
climate type is linked to the Gulf Stream. Thermal amplitude is low in this climate type
(about ten degrees maximum). Mean maximum temperatures are not very high,
between 8 and 15 degrees Celsius. Winters are mild and summers are warm.
Depressions accompanied by rain are very frequent. Winds are predominantly westerly.
Precipitation is abundant (from 800 to 1,500 mm/year) with a peak during the cold
season. Humidity takes various forms: mists, spitting, gales.
The abundant rainfall is due to the proximity of the sea, which means that the air
approaching the continent is laden with a lot of moisture.
2. Continental: inland, in the east, the climate is continental. Due to its remoteness
from the ocean, which could provide it with moisture, continental climates show little
precipitation, which is especially concentrated in the summer months. Rains then fall
during severe thunderstorms, and the rainwater is likely to run off significantly over the
ground.
3. Mediterranean: In the south, the Mediterranean climate dominates. Precipitation
occurs in autumn and spring. The rains come in the form of heavy downpours and fall
in a short lapse of time (50 to 100 days depending on the region), resulting in potential
problems for run-off water management. Suffice it to mention the notorious Cévennes
thunderstorms or the Cévennes downpours. A Cévenol episode normally lasts several
days and leaves an average quantity of water of between 200 and 400 mm, although
this is not exceptional for these mountainous regions, and more rarely up to 600 or 700
mm during really intense episodes.
4. Mountain: Mountain climates are located on the great reliefs of Europe such as the
Alps and the Ural Mountains. The form of precipitation varies according to altitude:
generally rain on the plains (at least in spring, summer and autumn), and snow at high
altitudes (except in summer when it generally does not snow). The slopes facing the
prevailing winds are wetter than the slopes behind the summit of the same mountain.
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The air already loses moisture as it rises. In addition, as the air descends, it warms up
and is able to hold more water vapour, so there is less precipitation.

Figure 19 : the different climates in Europe

7.6.2

European rainfall

The combined influences of latitude, topography and distance to the sea result in a
highly variable distribution of precipitation across Europe, ranging from less than 400
mm / year in parts of the Mediterranean region and the central plains of Europe, to
more than 1,000 mm / year along the Atlantic coasts from Spain to Norway, the Alps
and their eastern extension50. Much of this rainfall is lost in the form of
evapotranspiration, so that effective precipitation is only 250 mm / year in much of
Europe. In some parts of southern Europe, actual rainfall is less than 50 mm / year.

50

European Environment Agency - Water resources across Europe - Confronting water scarcity and drought - EEA
report 2/2009, 60 pages.
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Figure 20 : world rainfall map

Rainfall in Europe has generally increased during the 20th century (an average of 6-8%
between 1901 and 2005). But these trends vary from one territory to another. Rainfall
has decreased in the Mediterranean and Eastern Europe. In addition, some seasonal
changes have occurred, including an increase in winter precipitation in most of western
and northern Europe, and a decrease in winter precipitation in southern Europe and
some parts of central Europe.
Climate models predict a trend towards a future increase in precipitation in Northern
Europe and a decrease in Southern Europe.

7.6.3

European Hydrology

Although it remains hidden, the underground waters for most of the earth's freshwater
supply, along with glaciers and sea ice. Water tables feed wells and springs and
contribute to changes in regional ecosystems. It can also have a local impact account
on climate, especially when it emerges at the surface. The water table (from Greek
φρέαρ (phréar) which means the well) is a body of water found at a shallow depth. It is
the first aquifer encountered when digging a well and the one most exposed to
pollution from the surface. “Table" refers to that part of the soil that is saturated with
water, i.e. where the interstices between solid particles are completely filled with
water, allowing it to flow.
A study carried out in 2013 by U.S. researchers and updated in 2018 shows, among
other things, that while the water table is less than 5m deep, or even less than 25 cm,
in northern European wetlands, it is much deeper in southern Europe, where a
Mediterranean climate prevails51. According to this model, one third of the planet is
affected by groundwater, either as a supply for surface water (water table overflow in
valleys) or to nourish deep-rooted plants. The map shows several trends: shallow water

51

Sciences et avenir - Nature-Environnement/une-carte-des-eaux-souterraines_9934
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belts encircling the continents, and shallow water tables in the valleys, even in arid or
desert areas.

Figure 21 : World groundwater depths

7.6.4

Conclusions

It is vital to take into consideration the specific features of each region and each site
when planning a shooting range, and to adopt the right measures for lead management
in soils.

7.7

Methods of recovering lead for recycling, and their frequency

As long as the right techniques are used to stabilise lead and prevent it from migrating,
shooting ranges have a reasonable period of time to recover it. It is, for instance,
possible:
-

To wait until the quantity of lead deposited on the land is sufficient to finance its
collection through its residual value;

-

Or to recover it only every ten years when quantities are small (small shooting
ranges).

Furthermore, lead recovery may be mandatory at the time of closure for shooting
ranges that are shutting down.
Recovery methods in lead deposition areas must be adapted to each type of terrain, as
well as to the climatology and relief of the geographical area.
Lead can be recovered by:
-

Stripping off a few centimetres of topsoil and separating the lead by washing, or
by drying and ventilation;

-

Scraping;

-

Sweeping.

There are currently only a few companies in Europe that specialise in collecting lead
from sports facilities. The obligation to collect and recycle lead could add to the market
offer, which would be very positive for our clay target shooting activity as a whole.
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Conclusions: lead, steel and soils
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In the light of the above, Dr Jean-Louis Sévêque, Hydrogeochemist, Independent
environmental expert and Court Expert, draws the following conclusions:
Lead shot has been used for centuries in outdoor shooting activities, particularly clay
target shooting, because of its unique ballistic properties: high energy retention over
long distances and limited deflection under the effect of wind.
Lead shot toxicity has never been a concern in sports medicine because it is not an issue
that is encountered in in clay target shooting:
-

Because shooters are in an outdoors atmosphere, they are not exposed to any
harmful effects of lead vapour or particle deposits;

-

In their immense majority, they use manufactured ammunition (closed and
crimped), and are therefore protected from direct skin contact with lead.

In twenty years of practice, the National Federal Physician to the French Clay Target
Shooting Federation (FFBT), which has the largest number of competitive clay target
shooters in the European Union, has monitored many sportsmen and women and
exchanged views with representatives of federations from all over the world. He has
never encountered health problems attributable to lead nor has he ever observed any
biological (anaemia) or cardiovascular (hypertension) conditions in shooters.
On the contrary, the cartridge load used for clay target shooting a few years ago was
limited to 28 grams to reduce the intensity of recoil, which is the most substantial
physical constraint of our sport, and remains an essential concern in terms of sports
traumatology.
Metallic lead is persistent in the soil, as evidenced by the plumbing in the Roman baths
at Bath, Somerset, which is still in place and in working order after more than 1,700
years.
When a lead particle comes into contact with the atmosphere, it is rapidly covered by
a layer of lead oxide (PbO) that rapidly forms on the surface of the particle. The lead
oxide "gangue" protects the lead from further oxidation.
It is the interaction of lead oxide with soil pore water and soil colloids that can generate
pollution by dissolving lead oxide and releasing soluble and mobile Pb2+ ions (see
diagram below)52.
The dissolution of lead oxide is limited when the soil pH is 6.5 or higher; it is more
problematic in acidic soils and in the presence of abundant rainfall in the

52

Lisin V., Chizhikova V., Lubkova T., Yablonskaya D. - Management of Environmental Risks Related to the Use
of Lead Ammunition at Outdoor Sports Facilities (Shooting Ranges) - Guidelines on the Best Available Practices - ISSF,
Helsinki, February 10, 2020
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transformation of metallic lead from the shots into lead compounds in soils (see
diagram below):53

Figure 22 : model of lead shot transformation in the environment

I.

At the surface of the soil, the shot reacts with the ambient air and becomes
covered with a lead oxide coating. The chemical stability of metallic lead and
the low solubility of its oxide means that there is no impact on the environment
when exposed to air;

II.

Under the effects of environmental factors such as the acidity of acid rain and
soil water, and their saturation with carbon dioxide and humic acids, the oxide
coating begins to dissolve, ionic lead is released into the soil.

III.

The surface of the shot is again "encapsulated" by a coating of almost insoluble
lead oxide compounds (hydroxide, carbonate, sulphate).

IV.

This condition potentially persists until natural or anthropogenic phenomena
alter the factors in the aerial or aqueous environment: acidity, carbon dioxide
content or humic acid concentration. In this case, the gangue dissolves again,
releasing more ionic lead into the soil, which may eventually reach the
groundwater, and create the conditions for further oxidation of the metallic
lead.

The lead alloy used in sports shooting cartridges contains between 96% and 98% lead,
but also other toxic and non-biodegradable heavy metals such as antimony and arsenic.
Depending on its origin, it may also contain lead oxide and copper.

53

Lisin V., Chizhikova V., Lubkova T., Yablonskaya D. - Management of Environmental Risks Related to the Use
of Lead Ammunition at Outdoor Sports Facilities (Shooting Ranges) - Guidelines on the Best Available Practices - ISSF,
Helsinki, February 10, 2020.
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Arsenic concentrations found at shooting ranges using lead shot are low. The average
arsenic content of less than 1% in lead shot does not pose a major toxicity problem at
shooting ranges. Antimony concentrations, on the other hand, can be significant
relative to natural background levels. Since antimony has a higher bioavailability than
lead, special attention should be paid to this component. Especially since antimony
accelerates lead corrosion: the relative corrosion rate is 22 times higher for an alloy
containing 1.25% antimony than for pure lead.
The presence of lead oxide in the shot alloy should also be closely monitored. In fact,
while lead oxide plays a protective role when it forms a gangue around the shot, "intra"
lead oxide leads to the opposite effect: it significantly increases corrosion.
Some U.S. ammunition contains up to 50% PbO by weight. The corrosion of this
ammunition can be measured in weeks and months, not years. As a comparison, the
expected dissolution lifetimes for a 2 to 3 mm lead pellet are more than 21,000 years
for pure lead and 1,200 years for shot containing 1.25% antimony.
Several solutions exist to minimise or even eliminate the risk of lead mobility in the soil:
-

Soil liming, intended to counteract the natural propensity of soils to acidify
because the more acidic the soil, the greater the potential for the shot to corrode
and release lead into the food chain through phytoabsorption. Because it controls
pH, liming can be highly effective in reducing lead solubility and shifting the lead
management problem from dissolved to particulate phases, which can be more
easily handled.

-

The addition of phosphate rock is effective in removing divalent metal ions such
as Pb2+ by converting them into insoluble compounds. Phosphate rock spread on
lead-contaminated soils reduced water-soluble lead concentration from 56.8 to
98.5%. And the ability to immobilise lead is identical in the presence of other
metals such as zinc, nickel, copper, cadmium, aluminium and iron. Immobilisation
by phosphate is more effective under acidic conditions. However, it may be
necessary to apply lime to the soil to counteract acidifying phosphorus
amendments so as to maintain an optimum soil pH for pyromorphite formation.

-

Phytoremediation, a more recent technology, proposes the use of plants and
microorganisms to clean up soils or stabilize contaminants. Phytoextraction make
it possible to reduce the content of heavy metals by harvesting the above-ground
biomass where they accumulate, while phytostabilisation make it possible to
reduce the mobility and bioavailability of heavy metals, thus preventing their
migration to groundwater or their penetration into the food chain. The use of
phytoremediation in the case of clay target shooting ranges involves identifying a
greater variety of plants capable of removing lead, and for this purpose to identify
more precisely the potential phytoavailability of lead.

Given the spectrum of physico-chemical conditions encountered on shooting ranges
around the world, certain soil types may not require lead mobility control. For soils
where lead mobility management will be required, it is unlikely that all of the
techniques described above will be used. A combination of these techniques tailored
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to site-specific conditions is probably the most efficient and cost-effective approach.
The first step will be to determine whether lead mobility is a potential problem in the
relevant soil, and then set management objectives. If control is required, measuring the
factors that determine mobility at the site (e.g., pH, Eh, phosphates, sulphates,
carbonates) will provide the basis for determining which combination of management
techniques will be most appropriate. This information will also be needed to establish
site-specific design parameters.

Figure 23 : Lead shot management as a function of pH

Replacing lead shot with steel shot, over and above the ballistic drawbacks and the
consequences for clay target shooting competitions that it entails, would have negative
effects on shooters’ health by increasing the intensity of the recoil and the acoustic
pressure experienced when shooting.
The increase in noise emissions associated with the use of steel shot at ranges will also
be detrimental to the health of range staff and the neighbourhood. It could lead to the
outright shut-down of the ranges.
But the main revelation of this study is that shooting steel shot in areas where lead shot
has previously been fired can be disastrous for the environment. This is due to both its
composition and its interaction with lead.
The iron in steel shot corrodes 5 to 30 times faster than lead. Soluble compounds
resulting from corrosion are also carried away to soil and water. They may also contain
heavy metals such as chromium or copper, owing to the presence of impurities in the
steel.
The iron hydroxide film that forms on the surface of steel shot takes the form of
efflorescence that is dangerous to the respiratory tract.
Steel shot can be protected against corrosion by applying an electro-galvanized coating.
Zinc, a highly reducing metal, oxidizes instead of the steel it protects. But this leads to
strong leaching of zinc and a release of manganese, which studies have shown can cause
almost total mortality on daphnia (small crustaceans measuring one to four millimetres
at the base of the food chain).
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Furthermore, studies have shown that lead shot was found to corrode 6.3 times faster
in the presence of iron oxide. While commercially available lead shot can last 1,200
years in the ground, this timeframe would be reduced to 190 years if lead shot is mixed
with iron shot.
Steel has been promoted as a "non-toxic" and "inert" alternative without a thorough
environmental assessment of its behaviour in this case. Adding steel shot to a leadpolluted site is not a viable or environmentally sound alternative.
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Proposals for actions to control environmental risk on shooting ranges
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Environmental specification for clay target cartridges
9.1.1

Determining environmental requirements for clay target cartridges

To facilitate the lead management by shooting ranges, we must reduce as much as
possible what enters the lead alloy and which contributes to the acceleration of its
corrosion.
For this purpose, FITASC is offering to determine, in consultation with the cartridge
industry, the environmental requirements to be considered when manufacturing
cartridges intended for clay target shooting.
The environmental requirements will include:
-

Lead origin traceability and promoting the circular economy (use of recycled lead
and recycled lead shot);

-

The minimum pure lead content;

-

The maximum antimony, arsenic, copper and lead oxide content.

The objective is to be able to promote widespread use of a lead alloy with a maximum
of 0.5% arsenic, 2% antimony and 0.3% lead oxide for the shot used in cartridges made
for clay target shooting.
Furthermore, FITASC wishes to encourage the cartridge industry to come up with new
lead alloys by 2026 by pursuing investigation into the following avenues:
-

Purer lead: lead alloy without antimony, zinc or selenium, while maintaining a
maximum content of 0.5% arsenic and 0.3% lead oxide. The object is to replace
antimony with another non-toxic metal.

-

Lead protected against corrosion: a feasibility and economic viability study on the
IFS treatment, derived from the Molecular Bonding Systems (MBS) technology,
which is a complex cement-like material containing calcium sulphide.
MBS is probably the most technically effective of these reagents because of its
ability to reduce the concentration of a wide range of heavy metals below
regulatory limits, thereby reducing soil toxicity and the permanence of these
effects.

9.1.2

Creating a label

Cartridge manufacturers that comply with the environmental specifications will be
awarded a label they can print on their packaging.
Shooting ranges will thus be able to gain control over the quality of the lead used on
their grounds before having to process and collect it.
Plus, shooting ranges that adhere to the European charter for the management of lead
on shooting ranges (see next point) will undertake to accept only labelled cartridges on
their grounds.
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European Lead Management Charter for Sport Shooting Ranges

In the light of all the scientific elements collected and analysed, FITASC is convinced
that the lead issue can be managed in a sustainable and voluntary manner without
endangering the very existence of clay target shooting, i.e. by complying with the
applicable sporting regulations resulting from more than one hundred years of practice
around the globe.
To do this, FITASC is offering to draw up and have adopted by its European member
federations a charter for the management of lead on clay target shooting ranges.
By adhering to this charter, the national federations will undertake to ensure that their
affiliated shooting ranges comply with the recommendations of FITASC regarding:
-

The environmental quality of the cartridges used,

-

The layout of the ranges,

-

Soil neutralisation,

-

Lead recovery.

FITASC proposes that the application of this charter be voluntary for the first three
years, so as to give shooting ranges time to organize financing and implementation of
the requested measures.
Applying the Charter will become compulsory on the 1st of January of the fourth year
for sports facilities located in EU member countries, and strongly recommended for
non-EU European countries.
FITASC will itself support implementation of the charter by:
-

Creating a training program for technical advisors for lead management and
developing clay target shooting ranges;

-

Training delegates to national federations and regional leagues in charge of then
training shooting range managers in how to apply the charter.

The charter may, if necessary, lead to the creation of a BAT (Best Available Techniques)
applicable to the whole of Europe.

9.2.1

Training programme

This training programme will be created by FITASC with the collaboration of its scientists
and will take into consideration the specific climatic, hydrological and rainfall features
of the different countries or regions of Europe.
National Federations will be invited to send delegates to the training course which will
be offered, during which they will learn how to manage lead and plastic, soils and water
run-off, in a way appropriate to their climatic zone. These national delegates will then
be responsible for:
-

Training regional delegates based geographically near the shooting ranges;

-

Advising and training shooting range managers;

-

reporting back on the correct application of the charter on shooting ranges.
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Support for financing lead management, collection and recycling

To financially support shooting ranges in their lead management process, and especially
those that, because they are not allowed to sell cartridges, have limited resources,
FITASC and ESC (see ESC letter on page 2) propose to reach an agreement with the
cartridge industry on the principle of an eco-contribution which would be:
-

Built into the selling price of sports cartridges, and therefore fully borne by the
final consumer regardless of the point of sale;

-

Collected by the European ammunition industry through invoicing sales of sporting
cartridges;

-

Paid to the European organization.

This eco-contribution would also be embodied by affixing a logo on the boxes (and
possibly on each cartridge) to promote the manufacturers who collaborate in lead
management.
The funds collected would be used to:
-

Create the lead management training programme aimed at national federation
delegates;

-

Helping sports facilities to finance the equipment needed to treat the soil, recover
the lead and range amenities & layout;

-

Help small facilities that will never have enough lead to self-finance its collection;

-

Provide national federations with the technical advisers they need to deploy the
best practices on their national territory.
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Organisation chart

Figure 24 : Organisation chart for implementing the Charter,
ammunition distribution circuit and financial circuit

9.5

Application schedule

If ECHA returns a positive opinion on our proposal in October 2020, here is the action
calendar that FITASC is committed to taking:
1st January 2021:
-

Finalizing the Charter and presenting it to ECHA and the European Commission.

1st quarter 2021:
-

FITASC has its national federations in the EU member countries adopt the charter
on principle; national federations of European countries outside the EU may adopt
it on a voluntary basis.

Year 0 (2022):
Final adoption of the outcome of the decision to restrict the use of lead in sports
ammunition.
If the European Commission, on the recommendation of ECHA, decides not to apply a
restriction on the use of lead in sporting cartridges, subject to the application of the
European Lead Management Charter for Sport Shooting Ranges, FITASC will commit to
the following deadlines.
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Year 1 (2023):
-

Negotiations with the industry to draft the lead quality standard for sports
cartridges and define the level of the eco-contribution.

-

Asking the industry to do research and come up with a lead alloy that replaces
antimony with another metal within 5 years (by 2027);

-

Signing an agreement with the industry on the principle and terms of the ecocontribution;

-

Setting up the organization that will manage the eco-contribution received as of
year 2: a committee of this organisation will be specially dedicated to managing
and distributing funds to the national federations;

-

Vocational training programme kicks off, applicable on a voluntary basis for 3 years
(until 2025).

Year 2 (2024):
-

Shooting ranges start to implement the recommendations in the charter on a
voluntary basis;

-

the eco-contribution starts to be collected by the organisation created in year 1.

Year 3 (2025):
-

Shooting ranges continue to implement the recommendations in the charter on a
voluntary basis.

Year 4 (2026):
-

The application of the charter becomes mandatory for national federations in EU
member countries affiliated to FITASC: the federations include in their internal
regulations a provision whereby their affiliated shooting ranges are under the
obligation to apply the charter.

-

National federations in European countries outside the EU will be able to apply it
on a voluntary basis.

-

The funds collected as part of the eco-contribution begin to be distributed via the
national federations.
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10 General conclusions
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This study was initiated without prejudice or bias. Our intention was to find out the
truth to improve our knowledge and come up with solutions.
Our goal included understanding lead, understanding steel and how these materials
interact in soils to see if substitution of one for the other was possible / desirable or if
we should propose something different.
We now know - even beyond the problems of ballistics, noise and health impact - that
replacing lead with steel would lead to an increased risk of soil pollution at shooting
ranges.
In addition, we propose to ensure the sustainability of shooting ranges and of our sport
shooting activities by implementing, within a circular economy, a global, reasoned and
financially autonomous management of the environmental risk.

Jean-François PALINKAS
President of FITASC
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ADDITIONAL NOTE ON
PLASTIC MANAGEMENT ON SPORTS SHOOTING RANGES

It is not part of this ECHA mission to assess the problem of plastic from cartridges.
However, for your information, you will find below the plastic waste management rules
contained in the FITASC and ISSF sports rules.
Two plastic elements are used in the shooting cartridges: the case and the wad.
The FITASC and ISSF sports rules require the shooter to dispose of the empty case of his
cartridge, after firing, in a waste bin provided next to each shooting position. Not
observing this rule will result in the usual penalties which may go as far as excluding the
shooter from the field or the competition.
The collection of plastic cases is thus greatly facilitated. These are then entrusted to a
recycling circuit. No case remains on the ground of the shooting range.
All facilities do or should have their land cleaned regularly on the fallout areas of pieces
of clay targets and plastic wads.
In some EU countries such as Italy, there are circuits that buy and recycle this waste.
However, this practice remains marginal and it will also be important to facilitate the
creation of equivalent circuits in all countries so that it can become widespread.
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