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Section 1

OBJECTIVES OF TOXIC-FREE AMMUNITION SURVEY

There are four basic study objectives, as follows:

1. Investigate the Requirement in Detail, and Define "Toxic-Free"

One of the most fundamental requirements, and one of the most complex, is to
determine what substances that may be used in ammunition components should be
considered to be toxic. There are both medical and regulatory requirements, which
are possibly in conflict with each other, and neither of these considers the effects on
ammunition lethality in a quantitative way, so that performance tradeoffs can be made.

The distinct regulatory related criteria that need to be considered, are:

> The Department of the Army (DA) regulations refer to a specific EPA list
which contains several hundred compounds. If we strictly interpret the
regulations, according to the DA an item is considered toxic if and only if it is on
this list. -This particular list is small and relatively benign. Even lead is not on
this list, although several lead salts are. No insoluble metals are on this list.

> At the other extreme, there is a master EPA list which contains over
70,000 substances. Everything is on this list.

> There are in-between criteria, as well as several useful handbooks that
detail the effects and recommended exposure limits for a number of
substances.

> The National Institute of Occupational Safety and Health (NIOSH) has
published a list of substances that should be prohi_bited and/or monitored at the

.
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work place. This list is useful because it describes the effects of the various
substances.

It is important to understand that many toxic substances may be acceptable if
they enhance military effectiveness, and thereby reduce risks to troops. It is important
to understand the tradeoffs between various levels of military effectiveness and the
toxicity of materials that are necessary to achieve this effectiveness.

All of these issues need to be reconciled in order that we can generate a
realistic understanding of toxicity and the effects of varying levels of toxicity.

2. Determine Status of Current Development and Production

The issue of eliminating and/or reducing the amount of toxic materials in
ammunition is not new. Since a high percentage of small caliber ammunition is used
in training, there have been several programs to develop training ammunition that did
not use lead and was relatively non-toxic. In addition, several companies have
developed lead-free primer formulations that may be useful. Some of the concepts
that have been developed may have service applications. On the other hand, some of
the concepts may involve the use of other toxic materials, and a detailed analysis is
required.

t

3. Determine Progress of Ongoing Ammunition Research

It was felt that several organizations, both in the U.S. and overseas, have
recognized the importance of this problem and looked into the development of toxic-
free ammunition or ammunition components. In addition, it is possible that several
ammunition concepts that were originally derived for other applications, such as
training may, coincidentally, be less toxic than conventional small caliber ammunition.
These concepts may be amenable to service use with some development. It is
important to understand the status of ongoing research and development that may
affect our ability to field non-toxic small caliber ammunition. |

S
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4. Delineate Possible Approaches to Toxic-Free Service Cartridges

There are many tradeoffs in the design and development of toxic-free
ammunition. It is possible, for instance, to do a generic material tradeoff to determine
the effects of bullet material properties (density, strength, ductility, etc.) on
performance. The results can then lead to an approach. A more fruitful approach
may be to look at material tradeoffs that have already been made and to note the
lethality parameters that are associated with different material properties.
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Section 2

SURVEY APPROACH

1. What is Meant by "Toxic"

The first issue to be resolved was the determination of what materials are toxic
or, just as important, what materials need to be considered as toxic. All substances,
and especially metals, are toxic to some extent at certain dose levels, and it is
necessary to examine the relative toxicity in order that it can be related to potential
usage and to weapon system performance. It is also important to note that the
definition of toxicity is directly related to various regulations and to DA policy and
definitions.

In order to determine how toxicity is viewed by the Army, we first focused on
determining what current DA policy is, what structure is now in place to formulate and
implement objectives, and what current laws, regulations, and procedures need to be
implemented by DA. Relevant procedures for DoD agencies are contained in Part 32
of the Code of Federal Regulations. The specific procedures and regulations we are
concerned with are contained in 32 CFR 650. This section then references various
sections in Part 40, which contain EPA policy and regulations, including lists of the
specific materials that are of concern. ‘

However, this documentation is not necessarily complete in that it addresses
primarily materials that have already been proliferated, or that it has been felt are likely
to be proliferated. It is necessary to also refer to other sources to determine the
relative toxicity of all materials we felt were likely to be considered for small caliber
ammunition components. The first source was a report prepared by an AMCCOM
Task Group' which compared the relative safety and lethality of depleted uranium

1 Danesi, Michael E., "Final Report for the Kinetic Energy Penetrator Long Term Strategy Study,” The AMCCOM Task Group,
February 1990.

A
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(DU) vs. tungsten penetrators. This was one of the first U.S. Army reports to indicate
that tungsten, alloyed with other metals, could be a highly toxic material. It is in these
alloyed forms that it might be used for small caliber ammunition. This report was also
useful because of its very extensive bibliography, which is contained, along with a
description of the toxicity of tungsten, in Appendix I, that led to other useful
documentation. This documentation that was eventually used to determine relative
toxicity, and was divided as follows:

1. Lists of compounds that have been identified by the EPA as toxic and/or
as controlled with respect to release into the environment, as stated in the
CFR’s and other EPA derived sources.

2. Lists of compounds that have been identified by the National Institute of
Occupational Safety and Health (NIOSH) as being toxic.

3. Several references that were located describing the results from indoor
firing range tests.

4, Commercial handbooks that summarize toxicity data on soluble and
insoluble compounds.

5. Reports from various medical journals

6. Material from the U.S. Department of Health, Education and Welfare
(HEW).

7. Summaries from several private organizations such as the American
Conference of Governmental Industrial Hygienists (ACGIH), The American
Medical Association Industrial Medicine Specialty Group, and several foreign
groups.

The final objective has been to look at the different materials that are generally
used in ammunition components, and to focus on their relative toxicity. This has
resulted in some controversy, since several organizations had already reached

s —_—
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conclusions and have been designing ammunition that was supposed to be toxic-free.
The problem may be that lead-free and toxic-free may have been taken to mean the
same thing.

We felt that there was absolutely no question regarding the toxic effects of lead
and lead compounds, and we tended not to emphasize this material. At the other
extreme, several organizations have focused on tungsten as a substitute for lead, and
very little concern has been shown for the potential toxic effects of tungsten by the
small arms community. We therefore paid more attention to tungsten and other heavy
metals, to be sure that we were not leading into making a substitution where the new
material is not thought of as being toxic only because it has not yet been proliferated.
Bismuth and molybdenum are other examples of such candidate materials, and will be
discussed.

2. Regulatory Issues

The regulatory responsibilities and procedures that determine DA policy and its
implementation are all outlined in 32 CFR 650, which defines the U.S. Army
organization and infrastructure responsible for the protection and preservation of the
environment in peacetime. DA is responsible, in one way or another, for implementing
various parts of a number of laws (listed in Table 1), as they relate to the U.S. Army
activities in peacetime, and there are various councils, committees and working groups
that have been set up to implement and report on policy. In addition to the major
army installations, the Offices of the Corps of Engineers and the Surgeon General
have certain mandated responsibilities. An annual report, which is derived from inputs
from major army commands and prepared by HQDA is due annually. An
understanding of these regulations, policies, and procedures defines the relevant
infrastructures at AMC and at HQDA. The approach that was used has been to
compare the legislated organization and polices with the current organization and to
have meetings with the cognizant individuals.
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3. Survey of Industry

The information search was to survey industry, both in the U.S. and overseas.
This was accomplished by mailing a questionnaire to likely industry sources for
ammunition. A copy of the questionnaire is in Appendix Il.

4. Design of Toxic-Free Ammunition

We looked at the overall ammunition system constraints and developed an
approach to design a round that can function as a service as well as training round,
and be as non-toxic as possible. This followed an. investigation of the performance of
two currently used 7.62mm cartridges as an example of what is possible in all small
calibers. The performance of the M80 and M59 were compared in detail, since one
contains much more lead than the other. Various design philosophies were adapted,
and the performance of a possible all steel ammunition family that is ballistically
matched to the M80 was considered. Although 7.62mm designs were used in this
example, the methodology is useful at all calibers.

5. Economic Implications of Candidate Materials

There are three very important aspects of lead. It is cheap, it has a high
specific gravity, and it has been proliferated in so many places that its use in
ammunition represents only a minuscule part of the total world consumption. This is
not true for other heavy metals, and data on consumption and cost, and other
logistics issues (such as dependence on overseas sources) was thought to be very
important. '

6. Resources Used to Perform Survey |

To the best of our knowledge, this survey is very unique, and several of the
results are surprising. The research that was performed required documents from

A
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many diverse sources. The DA regulations, policies, and procedures were obtained
from the CFR. The EPA regulations and lists of toxic substances and substances
‘requiring dumping permits were also obtained from the salient sections of the CFR?
Many of the reports that were studied originated from the bibliography in the Danesi
report that is in Appendix I. The main reference for tungsten is a study performed by
NIOSH, and is published as NIOSH-77-127°, |

In addition, there are several general references that address issues relating to
the toxicology of metals*>®7. Sittig was found to be the most succinct, complete,
and useful. This work covers all of the materials of concern, and it sums and cites
recommendations of EPA, NIOSH, ACGIH, and other organizations. It also discusses
various state regulations and applicable regulations from other countries, where they
conflict with U.S. regulations. Appendix Il contains reprints of several of the -source
lists that were used to perform this survey.

LY
2 32 CFR 650 "prescribes policies, assigns responsibilities, and establishes procedures for the protection and preservation of
environmental quality for the Department of the Army in peacetime.”
40 CFR 116 designates hazardous substances, and is referenced in 32 CFR 650 as the defining list for purposes of
the Department of the Army.
40 CFR 140 designates

3 National institute for Occupational Safety and Health, "Criteria for a Recommended Standard - Occupational Exposure to
Tungsten and Cemented Tungsten Carbide," Stanford Research Institute, September 1977.

4 Sittig, Marshall, Handbook of Toxic and Hazardous Chemicals and Carcinogens, Third Edition, Noyes Publications, 1991,

S Ciayton, George E. & Florence E. (ed), Patty's Industrial Hygiene and Toxicology, Third Edition, 1991, John Wiley and
Sons, New York

8 brael'son, Z. 1. (ed), Toxicology of the Rare Metals, U.S. Department of commerce, National Technical information Service
{NTIS ACE-tr6710).

7 Congress of the United States, Office of Technology Assessment, "Neurotoxicity - identifying and Controlling Poisons of the
Nervous System”.
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Section 3

HAZARDOUS AND TOXIC MATERIALS - MANAGEMENT AND POLICY ISSUES

1. Policy and Regulations

"The Department of the Army goal is to control hazardous and toxic materials to
minimize hazards to health and damage to the environment'® is the stated objective of
the Army Environmental Program. In order to achieve this objective:

a) "All material developed and procured by the Army is to be designed to
minimize health and environmental hazards during research, development,
testing, production, use, storage, and disposal."

b) DA will "limit, to the extent practicable, the use of toxic and/or hazardous
materials, and employ procedures which provide maximum safety during
storage, use, and disposal when less toxic or hazardous substitutes are not
available."

Cc) It is necessary to "Develop safe and environmentally acceptable methods
for the storage and disposal of materials which are inherently hazardous or
potentially dangerous”

d) Finally, the Army needs to “"provide properly trained personnel for the
management, use, storage, and disposal of hazardous and toxic materials."

The materials that are considered "hazardous and toxic" from the point of view
of DA regulations are defined by 40 CFR 116, which is a short list that has apparently
not been updated for an extended period. It is interesting to note that a strict

8 32 CFR 650.122
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interpretation of these regulations leads to the conclusion that insoluble lead is not a
toxic substance. This is, of course, merely a regulatory nuance, and is in
disagreement with an overwhelming preponderance of data and experience. The
issue of what is and is not toxic is further complicated because there are numerous
EPA lists of toxic substances. The DA is concerned, from a regulatory point of view,
with Part 116 DESIGNATION OF HAZARDOUS SUBSTANCES, and a second list, Part
241 lists substances that are considered hazardous from a point of view of controlling
dumping or disposal. At the same time, the master EPA list of toxic substances® '
contains over 70,000 compounds. From the DoD point of view only, a basic manual

~ and periodic updates are available by subscription"’

Although EPA is the principal DA contact point for compliance from a regulatory
point of view, it is curious that the Federal Department of Health and Human:Services
(HHS) is not more involved. Although EPA is concerned with preservation of the
environment, NIOSH which is a part of HHS, has responsibility for the protection of the
workplace and has primary responsibility for determining how toxic a particular
substance is to human exposure. NIOSH is also responsible for determining
recommended exposure limits, that can then be implemented by OSHA. These
NIOSH limits are significant, since we are interested in direct human exposure in
addition to the effects on the environment. For instance, EPA is concerned with toxic
pesticides, and is also concerned with various freon gases that may directly affect the
environment even though they are not direct toxins. NIOSH would be concerned only
with substances that are directly toxic hazards to humans.

DA policy is also affected by federal, state, and local objectives and regulations.
There is no indication that DA is legally responsible for satisfying local or state
regulations, but policy indicates that they shall be considered as objectives. Army
authorities are required to cooperate with local authorities, to grant access to activities
that may be responsible for pollution, and to report activities that may resutlt in the
release of pollutants and/or toxic substances. Liaison with other federal agencies is

9 Toxic Substances Control Act Chemical Substance Inventory: 1985 Edition
1% Toxic Substances Control Act Chemical Substance Inventory: 1990 Supplement to the 1985 Edition

1" DoD Hazardous Materials Information system: Hazardous item Listing.

10
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through the Corps of Engineers.

One issue of serious concern is that the substances that various agencies have
been concerned with are those that either have already been proliferated (lead,
asbestos) and those that they feel may be proliferated in the near future. For the case
of toxic-free ammunition, we need to ensure that we are paying attention to the
substitute materials as well as the lead we are trying to eliminate. The importance of
this approach is illustrated by noting that at least three companies have developed
“toxic free" ammunition using powdered tungsten alloys in place of lead, and that
these organizations have chosen to ignore the fact that the various powdered tungsten
alloys may actually be more toxic than lead. In several céses, bismuth has been
considered as a potential substitute for lead, and it seems to have many of the same
properties. Proponents of bismuth emphasize that it is not on the relevant EPA list of
toxic substances, however this is probably because it has not been used in
applications where it may be in close contact to humans - nor has it been introduced
into the environment in significant amounts. It is important that we very thoroughly
investigate any toxic effects of bismuth and other less proliferated materials before we
use them.

2. Procedures and infrastructure

The DA policy implemented by 32 CFR 650 creates a formal entity called the
Army ‘Environmental Program, which leads to an infrastructure and the subsequent
assignment of responsibilities. The salient regulations'? assign the Army
Environmental Council the management responsibility to "review and redirect, as
necessary, Army environmental policy and programs to ensure that the Army fulfills its
responsibility under the National Environmental Policy Act and other Federal laws and
regulations pertaining to pollution control and environmental protection." The Army
Environmental Committee is the working group that supports the Army Environmental
Council by proposing new programs and serving as a forum for the exchange of ideas
and information; as well as assisting in the formulation of Army-wide implementing

2 350 CFR 650.7
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instructions, in the resolution of interagency problems, and in maintaining surveillance
over the ongoing Army Environmental Program activities. It is now believed that this
infrastructure has been in fact replaced by the Senior Executive Environmental Council:
(SEEC)®.

. Other DA organizations are also involved in the environmental program. The
responsibility for directing and coordinating. environmental activities rests with the Chief
of Engineers'. The Chief of Engineers also act as the liaison with local and state
authorities, prepares any reports that are to be submitted outside DA and prepares the

annual Department of the Army Environmental Quality Status Report as an input to the
Annual Status Report on Environmental Programs and Activities, which will be
discussed later. Of course, the Chief of Engineers also performs his traditional
function of providing necessary technical and engineering assistance. The Office of
the Surgeon General has the responsibility to "Monitor, evaluate, and disseminate data
on health and welfare aspects of environmental pollution within the Department of the
Army to ensure that the required degree of environmental enhancement is |
maintained."'®> The Surgeon General provides technical assistance, and is the office
responsible for providing administrative determination regarding what is and is not
toxic, and the degree of toxicity.

Using inputs from these organizations, Major Army commanders are required to
“"Establish an organizational structure to plan, éxecute, and monitor environmental
programs."'® Each commander is responsible for formulating and executing a
program to ensure compliance with the Army’s environmental goals. Army installation
and activity commanders are to "Establish an organizational structure to plan, execute,
and monitor environmental programs."” The installation commanders are to
formulate and execute the operational plan, integrate the environmental plans into the

'3 Conversation with Mr. Louis D. Walker, Deputy Assistant Secretary of the Army for Environmental Affairs.
14 32 CFR 650.7(c)

1% 32 CFR 650.7(d)(1)

'8 32 CFR 650.7(g)(1)

17 32 CFR 650.7(h)(1)

12
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installation’s basic mission, and to then report to major commanders the progress and
effectiveness of the environmental programs and how they relate to the basic mission.

The inputs from Major Army commanders, Army Reserve commanders, and the
National Guard commanders are furnished to HQDA-I&L (Installations and Logistics),
and are used to prepare a yearly report, the Annual Status Report on Environmental
Programs and Activities (RCS-DD-I&L (A) 1269'. This report describes the activities

of the Army Environmental Program and details the activities of the major Army
commands, the Reserves and the National Guard. The report also describes status of
compliance with Federal/State standards and laws, the status of programs, estimates
of the cost to bring facilities into compliance, and significant accomplishments to
protect and enhance the environment while satisfying salient mission requirements.

18 30CFR 650.9

13




Section 4

DETERMINING CRITERIA FOR TOXICITY

1. General

There is an abundance of data that describes the relative toxicity of various
materials and compounds. The master EPA list contains over 70,000 substances.
This indicates that even the most innocuous substances are toxic under certain
circumstances. It is possible to assume, from this list, that everything is toxic to some
degree. Various other lists contain lesser numbers and go into different levels of detail
regarding exposure limits and the effects of exposure. The matter is further
complicated by the fact that some effects may not manifest themselves for a long
period of time. For instance, it took over 100 years for people to realize how toxic
lead actually is, and the Minimata tragedy in Japan illustrates how toxic mercury is and
how long it took to recognize its effects. Therefore, since tungsten, bismuth, and
molybdenum have been considered as potential candidate materials, it is extremely
important that we understand their potential for toxicity at a very early stage.

As earlier mentioned, the Department of the Army regulations'® state that a
hazardous substance is defined by the list in 40 CFR 116. This is a regulatory list, and
is certainly incomplete. Metallic lead, antimony and barium are not indicated on this
list, but this certainly does not mean that they are not toxic. There are a number of
more complete government and commercial sources that tabulate the toxic effects
more thoroughly, and especially toxicity of the heavy metals®?',

9 32 CFR 650.123

248, Department of Health and Human Services, Public Health Service, Centers for Disease Control, National Institute for
Occupational Safety and Health; Recommendations for Occupational Safety and Health, Compendium of Policy Documents and
Statements, January 1992, i

21 sittig, Marshall, "Handbook of Toxic and Hazardous Chemicals and Carcinogens®, Third Edition, Noyes Publications.
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2. Lead

There is very little controversy to the declaration that lead in both inorganic (as
a metal) and its various salts (also inorganic) are toxic. It is important that lead has
been proliferated in solder used in plumbing, as a pigment in paints, as an ingredient
in gasoline, as well as a common ammunition component. Lead is known to have
both short-term and long-term effects, and is a cause of kidney, blood and nervous
system damage. Lead is a cumulative poison that can build up in the body, and it can
enter by inhalation, ingestion or directly through the skin. Long term exposure can
lead to anemia, pale skin, decreased strength, nausea, paralysis, and permanent
kidney damage. Ingestion of large amounts of lead can lead to permanent brain
damage, seizures, coma, and death. There are several different time weighted
average® (TWA) exposure limits that have been set. NIOSH has a TWA dust
exposure limit of 0.1 mgPb/m?, and a concentration in the blood of 0.060 mg/100 g of
whole blood. OSHA has set a more stringent TWA limit of 0.05 mgPb/m?3. The lead
salts, which are commonly used in primers, are also toxic and the various references
discuss this. The relative toxicity seems related to the equivalent amount of inorganic
lead that enters the body.

3. Barium

Barium and its compounds are of interest because they have been used as a
substitute for lead salts in some primer compounds. Barium salts are not as widely
used as lead salts, and actual experience with symptoms are less common. Barium is
used as an alloying compound in metals, in pigments, as a pyrotechnic, in oil refining,
and glass making. Due to the relatively low exposure, barium poisoning is essentially
unknown in industry, although it is known that it can attack the heart, lungs, central
nervous system, skin, and eyes. The OSHA and ACGIH limits for barium dust are
both 0.5mg/m®.

22 TWA concentrations are generally for up to a 10 hour workday, during & 40 hour workweek.
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4, Bismuth

Bismuth is of interest because it has physical characteristics very similar to
those of lead, and it appears to be far less toxic. Bismuth is used as an alloying
compound to enhance machinability of various metals and in low-melting point alloys.
There is currently no evidence connecting bismuth with industrial poisoning, however it
has not been used as much as lead and other metals. It is not absorbed through the
skin, and the only exposure has been with bismuth compounds used in medical
procedures, such as the treatment of ulcers and other gastro-intestinal disorders.
There is no federal exposure limit for inorganic bismuth.

5. Antimony

Antimony is currently a component of the lead alloy that is used in most small
caliber ammunition, as well as lead alloys used for battery plates and other commercial
applications. It is also used as an alloying component of steel and other metals.
Antimony is considered to be a primary skin irritant, and to cause severe
cardiovascular and heart effects. Liver and kidney degeneration can be the result of
prolonged exposure. The ACGIH AND NIOSH exposure limits for atmospheric
antimony are both set at 0.5mg/m® 2. However, this metal is still controversial, and
numerous states have set far more stringent limits and New Zealand has banned or
severely restricted the use of antimony.

6. Tungsten

Tungsten is probably the most controversial of the heavy metals from the point
of view of its toxicity. This is unusual because it has been used in industry and in
consumer products for many years, and there is a great deal of data on its effects.
Tungsten has been used as an ammunition component in armor-piercing rounds of all
calibers, and several companies have made bullets of frangible tungsten, which is a

23 gittig, op cit

16

SA -




S. Adelman Associates

tungsten alloy powder bound in a plastic matrix. The express purpose of several of
these rounds has been as a non-toxic training substitute for lead service

cartridges. It is in this powdered form that it is an insidious toxin, and may actually be
more dangerous than lead. Tungsten is most commonly used in the hard metal
industry, as a component of cutting tools, and this is where much data has been
gathered®*®®

Tungsten, in its unalloyed, insoluble form causes transient or permanent lung
damage and skin irritation. Occupational exposure to mixed tungsten dusts result in
exertional dyspnea, coughing, weight loss, extrinsic asthma, pneumonitis, fibrosis,
headaches, dizziness, nausea, and loss of the sense of smell. Tests in laboratory
animals have resulted in epileptic-like seizures. Unlike lead, tungsten is deposited in
the bone tissue and cannot be excreted by the body®. It has also been observed
that breast cancer mortalities among the residents of tungsten mining areas in China,
where over one half of the world’s tungsten production is mined, are markedly higher
than the national average.

The NIOSH TWA exposure limit for tungsten depends on the alloyed form. For
pure insoluble tungsten this limit is 5 mg/m?, however when tungsten is alloyed with
3% nickel, it goes down to 0.015 mg/m3. Aithough tungsten has been an important
industrial metal, and an important ammunition component for many years, there
seems to be a dearth of quantitative data that can be used to assess the effects of the
alioys of interest. Much of the available data is not consistent. It is clear that tungsten
is a highly toxic substance, and its use in any situation where dust will be produced
must be measured very carefully. Due to its potential use in frangible training
ammunition, it is important to understand the potential danger to proliferating tungsten
ammunition, and to monitor its use very carefully.

24 1.8. Department of Health, Education, and Welfare, Public Health Service, Center for Disease control, National Institute for
Occupational- Safety and Health; "Criteria for a Recommended Standard... Occupational Exposure to Tungsten and Cemented
Tungsten Carbide"; NIOSH-77-227.

25 Bech, A. 0., Kipling, M. D., Heather, J. C., Hard Metal Disease, British Journal of Industrial Medicine, 19, 133, 1962.

2 Danesi, Michael E. (Task Leader), "Final Report for the Kinetic Energy Penetrator Long Term Strategy Study”, Prepared for
Mr. Michael F. Fisette - Assistant Deputy Chief of Staff for Ammunition.
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7. Molybdenum

Molybdenum is another hard, dense metal that has been considered as suitable
for ammunition components. Virtually all of the current supply is used as a metal
alloying component in steel alloys, and as a component in lubricants. Its adverse
effects are limited to transient irritation of the eyes and mucus membranes. In this
respect, it would make-a good choice for an ammunition material if we were
concerned with the effects of the powder form. OSHA has set the TWA at 10mg/m?®.

8. Copper Alloys

Copper is currently used in a number of applications, including currency,
electrical wiring, etc. It is not known to be toxic in its solid form, however the copper
dust and mists are toxic, causing upper respiratory irritation. OSHA has set the TWA
limit at 1mg/m?>. It would be prudent to consider the effects of a frangible copper
training cartridge very carefully, and to plan adequate ventilation.
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Section 5

CHARACTERISTICS AND AVAILABILITY OF CANDIDATE METALS

1. General

In order to consider the possible use of other metals as a substitute for lead, or
as a component in a redesigned bullet, it is important to understand the cost and
supply situation, as well as the properties that determine ballistic performance. Lead
and steel are two of the cheapest metals available, and this is part of the reason why
they are so commonly used. In order to replicate the aerodynamic and terminal
ballistic properties of current ball ammunition we need materials that are close in
density and strength. If we are to proliferate rounds that exhibit ballistic similitude with
respect to the existing rounds, the materials we choose need to be fairly close in
characteristics to the current materials. This is to make the redesign effort as simple
and straightforward as possible. Several candidate materials have been investigated
to determine relative cost, logistics considerations and availability®”.

2. Bismuth

Bismuth is a soft, heavy metal which is very much iike lead in appearance, feel
and properties. With a specific gravity of 9.8, it has approximately 83% of the density
of lead. Bismuth, at approximately $2.50/pound, is substantially more expensive than
lead. The main issue appears to be supply, since bismuth is currently available only
as a by-product of the mining of copper and lead. There is only one domestic source
of bismuth. In 1991, the U.S. consumed 1,427 metric tons, and imported 1,411 metric
tons. It is felt that widespread substitution for lead is unlikely, due to the limited world
supply. It is estimated that to replace lead with bismuth only in plumbing fixtures
would require a doubling of the world supply. 1t is curious, however, that the Defense

27 "Metal Statistics - The Statistical Guide to the Metals Industry”, 85th Edition, Chilton Publications, New York 1993
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Logistics Agency recently sold 91 metric tons from the national defense stockpile in
1992, retaining 740 metric tons.

3. Lead

Lead, with a specific gravity of 11.3, is one of the cheapest metals available, at
approximately $0.35/pound. Mine production in the U.S. alone was over 1.1 million
metric tons. The main use is in batteries and plumbing fixtures, and the amount used
in ammunition is not sufficient to affect prices.

4, Molybdenum

Molybdenum is both dense and hard, with a specific gravity of 10.2, which is
90% that of lead. It is therefore a candidate ammunition material. Its primary industrial
use is as an alloying material to strengthen steel and make it less susceptible to
corrosion. Current price is about $3.35/pound. The supply is relatively elastic, and
there does not seem to be a problem with supply.

5. Tungsten

Tungsten has a specific gravity of 19.3, and ‘can be alloyed to be very hard.
For these reasons it makes an excellent penetrator, and it has good aerodynamic
properties. Both tungsten and tungsten carbide are currently used in anti-tank rounds
as well as small caliber armor piercing rounds. Most tungsten is used in electrical
equipment and in cutting tools. Most of the world’'s supply of tungsten comes from
China and the domestic cost is driven by import duties, which are dependent on
political considerations. The selling price, in the U.S. of the powdered metal is
generally not quoted directly, but has been between $20 and $50/pound. The U.S.
production of tungsten is solely in California and quantities are not available as they
are considered proprietary to the two companies who are the only sources.

s
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6. Steel/Iron

~

Another very important méterial is iron/steel. Steel has a specific gravity of
approximately 7.8. When it is properly alloyed, it can be very-hard. A properly
designed bullet using steel in combination with a denser material to provide ballistic
material can be very effective. Iron is indigenous to the environment and it rusts
rapidly. It is therefore very friendly to the environment. In addition, if cleanup is
required, it can be accomplished with a magnet. The U.S. production and
consumption of steel are both very large, and the ammunition market is a very small
part of total usage.

7. Copper and Alloys

Copper in pure form or alloyed with zinc (brass) or tin (bronze) is in wide
spread use currently used in bullet jackets and cartridge cases. These alloys have a
specific gravity of 8.9 and can be good ballistic materials. Cost is approximately
$1.00/pound, and the supply situation is favorable.
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Section 6

RESPONSES TO QUESTIONNAIRE

1. General

In order to ascertain what industry was doing in the area of toxic-free
ammunition, a questionnaire was sent to a list of companies that are historically in the
small arms marketplace. This included a number of overseas organizations. The
results were not astounding. In the area of penetrator/bullet materials, the only
significant work seems to be in the area of substituting another heavy metal (usually
tungsten) for the lead in training ammunition. At least two companies are using a
frangible tungsten/plastic material for training ammunition, and one company has
designed a series of aluminum training rounds and they use tungsten powder ballast
to ensure weapon function. It appears that the powder is then dispersed in the area
of the gunner.

In the area of service cartridges, there is no known effort to replace lead,
except in areas where other materials have traditionally been used (eg. armor
penetrators). Several organizations are working on lead-free primers but, here again,
we need to be careful to ensure that wé are not substituting another toxic substance.
At least one organization is replacing the lead salt with a barium salt that is also toxic.

2. Responses to Questionnaire
The organizations that were sent questionnaires are listed in the left column,

and a summary of the response is on the right. A blank on the right indicates that no
response was received. -




Accudyne Corporation
ATT: Mr. William Flaherty
340 N. Franklin Street
Janesville, WI 53545

Acrojet Corporation

ATT: Marketing Department
1025 Connecticut Ave NW
Suite 1107

Washington, DC 20035

Alliant Techsystems

ATT: Mr. Howard C. Healey
5901 Lincoln Drive

Edina, MN 55436

Amron corporation

ATT: Mr. Richard R. Peters
525 Progress Avenue
Waukesha, WI 53186

Applied Ordnance Technology, Inc.
ATT: John S. Budzinski

103 Paul Mellon Court

Suite A

Waldorf, MD 20602

Armtec Defense Products Co.
ATT: Mr. Jack J. Alt

PO Box 848

Coachella, CA 92236

Ashot USA, Inc.
PO Box 5554
New York, NY 10185

Astra Holdings Corporation
ATT: Richard W. White
8260 Greensboro Drive
Suite 330

McLean, VA 22102

Atlantic Research Corporation
Att: Director of Marketing
5945 Wellington Road
Gainsville, VA 22065

S. Adelman Associates

Does not manufacture small caliber ammunition.

They do not manufacture small caliber ammunition.

They produce metal parts for 20mm - 40mm cartridges
and submunitions.

They do not produce small caliber ammunition.

They indicate they can manufacture tungsten heavy metal
projectiles that they claim will be cost competitive with
lead projectiles. They did not furnish details.

Their subsidiary, Kilgore, laps 20mm Phalanx and M50
series to US TDP.
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Babcok & Wilcox

ATT: Mr. E. O. Hooker
PO Box 11165
Lynchburg, VA 24506

Barrett Firearms Manufacturing, Inc.
PO Box 1077
Murfreesboro, TN 37133

Battelle Columbus Operations
505 King Avenue
Columbus OH 43201-2693

Belcan Technologies, Inc.

ATT: Marketing Department
500 Sherbrooke Street W. #970
Montreal, Quebec

CANADA H3A 3C6

Blount, Inc.

ATT: Mr. Bob Bjerke
PO Box 856

Lewiston, ID 83501

Bofors AB

ATT: Mr. Hikan Persson
1800 Diagonal Road

Suite 280

Alexandria, VA 22314-2850

British Aerospace, Inc.

ATT: Mr. Peter McLoughlin i
1101 Wilson Blvd.

Suite 1200

Arlington, VA 22209

Calico Light Weapon Systems
ATT: Schuyler R. Graham, Jr.
405 E. 19th Street

Bakersficld, CA 93305

Chamberlain Manufacturing Corporation
ATT: Mé:keting Department

845 Larch Avenue

Elmbhurst, IL 60126

They manufacture both lead-free primers as well as
training cartridges. Their primers are probably the most
advanced, from the point of view of being non-toxic, but
do not meet military specs. They also have copper
bullets and lead bullets that are completely sealed.




CMS, Inc.

ATT: Mr. Edward J. White
4904 Eisenhower Blvd.
Suite 310

Tampa, FL 33634

Delta Defense, Inc.

1235 Jefferson Davis Hwy
Suite 710

Arlington, VA 22202

Denver Research Institute
ATT: Mr. Larry L. Brown
2050 E. ILff

Denver, CO 80208

Dyna East Corporation

ATT: Mr. Robert D. Ciccarelli -
3201 Arch Street

Philadelphia, PA 19104

EMCO, Inc

Att: M.D. Blood

201 Industrial Parkway
Gadsden, AL 35903

Ensign Bickford Aerospace company

ATT: Mr. Robert J. Gilchrist
PO Box 427
Simsbury, CT 06070

ET Inc.
PQ Box KK
Fairfield, CA 94533-0659

Expro Chemical Products, Inc.
ATT: Mr. Robert Brousseau
PO Box 5520 ‘
Valleyfield, Quebec

Canada J6S 4V9

Federal Cartridge Company
ATT: Marketing Director
900 Ehlen Drive

Anoka, MN 55303

S. Adelman Associates

They manufacture a frangible tungsten/plastic round.
They represent this round as having applications for

_ training and limited service use. They purchase cartridge
cases and lead-free primers.

They manufacture medium and large caliber ammunition
components only.

They manufacture propellants, including propellants for
small caliber ammunition.
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Fiocchi of America, Inc.
ATT: Mr. ER. Oxsen
Rt. 2 Box 90-8

Ozark, Missouri 65721

FN Manufacturing, Inc.
ATT: Mr. Willy Dumeunier
PO Box 24257

Columbia, SC 29224

General Ordnance Corporation
1640 W. Oakland Park Blvd.
Suite 401

Ft. Lauderdale, FL 33311

Hands Fireworks, Inc.
221 Nipissing Road
Milton, Ontario

L9T 1R3 CANADA

Hanley Industries, Inc.
ATT: Mr. Gaynor Blake
PO Box 1058

Alton, IL 62002-1058

Heckler & Koch, Inc.
ATT: Mr. John N. Meloy
21480 Pacific Blvd.
Sterling, VA 22166-8903

Hercules Aerospace

ATT: Mr. Richard Schwartz
Hercules Plaza !
Wilmington, DE 19894

Hi-Shear Technology Corporation

ATT: Mr. Don A. Novotny
24225 Garnier '
Torrence, CA 90505

HITECH, Inc.

ATT: Mr. Paul Bryan
PO Box 3112
Camden, AK 71701

S. Adelman Associates

They have referred us to the parent company in Italy.
Previous contact has indicated that they do manufacture
lead-free primers, but they may contain other toxic
materials.

They manufacture small arms, but no ammunition.

They do not manufacture ammunition. They
suggested Royal Ordnance.

They manufacture propellants only. They indicate that
some propellants contain lead, and they are working on
formulations that will replace these with lead-free
formulations.

They do not manufacture small caliber ammunition.
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Holston Defense Corporation They do not manufacture finished ammunition products.
ATT: Mr. G. P. Gage

PO Box 1483 '

Kingsport, TN 37662-1483

ICI Explosives

ATT: Mr. Derek J. Crofton
PO Box 810

Valley Forge, PA 19482

IMI Services USA, Inc.

2 Wisconsin Circle

Suite 420 .
Chevy Chase, MD 20815

Jericho Precision Manufacturing Corporation
Att: Marketing Department

1 Lawton Street

Yonkers, NY 10705

Martin Electronics, Inc.
ATT: Mr. Roy B. York
Route 1, Box 700

Perry, FL 32347-9721

Mason & Hanger, Inc.
ATT: Mr. Jim Garnjobst
2355 Harrodsburg Road
Lexington, KY 40504-3363

New Mexico Tech

ATT: Mr. Herbert M. Fernendez
Campus Station

Socorro, NM 87801

NI Industries, Inc. They are a producer of large caliber ammunition.
ATT: Marketing Department

5215 South Boyle Avenue

Los Angeles, CA 90058

Nico Pyroprecision, Inc. They do not manufacture small caliber ammunition.
ATT; Mr. Mark Fleiszer

1081 Ambleside Drive

Suite 710

Ottawa, Ontario

Canada K2B 8C8
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Nomura Enterprises, Inc.
ATT: Mr. Joseph A. Manna
2832 5th Street

Rock Island, IL 61201

Olin Ordnance Referred to East Alton
ATT: Mr. Albert J. Calabrese
St. Petersburg, FL 33716

Olin Ordnance
Winchester Division
Att: Mr. J.D. Demaire
427 N. Shamrock

East Alton, IL 62024

Olin Corporation

ATT: Marketing Director
120 Long Ridge Road
Stamford, CT 06902

Olympic Load and Test, Inc.
ATT: Mr. Reed D. Copsey
547 Diamond Point Road
Sequim, WA 98382

Orlando Technology, Inc.
ATT: Jerry D. Abrams
PO Box 855

Shalimar, FL 32579

Pacific Scientific Co.
Energy Dynamics Division
ATT: Mr. Thomas Walsh
Box 5002

Chandler, AZ 85226-5111

Physics International Co.
ATT: Mr. Emil Seaman

PO Box 5010

San Leandro, CA 94755-0599

Pyrotech International, Inc.
ATT: Mr. Gary A. Fadorsen
PO Box 206

Macedonia, OH 44056-0206
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Pyrotechnic Specialties, Inc.
ATT: Mr. Jerry D. Hall
RR2, Box 733

Byron, GA 31008-9412

Quantic Industries, Inc. No ammunition manufacture
ATT: Mr. Robert M. Valenti '
990 Commercial St.

.San Carlos, CA 94070

Rheinmetall GmbH/Rheintech, Inc.
ATT: Marketing Director

2000 Corporate Ridge Drive

Suite 515 ‘

McLean, VA 22102-7854

Safety Consulting Engineers, Inc.
ATT: Mr. C. James Dahn

2131 Hammond Drive
Schaumburg, IL 60173

SIGARMS, Inc. They do not manufacture ammunition.
ATT: Mr. David A. Flanders :
Corporate Park

Exeter, NH 03833

Small Arms Development & Testing Co., Inc.
ATT: Mr. Bruce W, Seiler

123 Summit Lane

Bala Cynwyd, PA 19004

SNC Industrial Technologies, Inc. They requested additional data on our contract and .
"ATT: Marketing Director relationship with ARDEC. A final reply has not yet

5, Montee des Arsenaux been received. Discussions indicate that they make

Les Gardeur, Quebec training ammunition using frangible or powder tungsten,

J5Z 2P4 CANADA and it appears that the powder exits the barrel.

SNPE They do not manufacture small caliber ammunition, and

ATT: Mr. Bernard Zeller they have forwarded inquiry to Giat. (We had indepen-

1111 Jefferson Davis Hwy dently sent an inquiry to Giat.)

Suite 700

Arlington, VA 22201

Sturm, Ruger & company, Inc.
ATT: Mr. James P. Cowgill
PO Box 2009

Springfield, VA 22152
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Stresau Laboratory, Inc.
ATT: Mr. James C. Graber
PO Box 368

Spooner, WI 54801

Talley Defense Systems, Inc. They do not manufacture small caliber ammunition.
ATT: Mr. William W, Mogan
3500 North Greenfield Road

-Mesa, AZ 85205

Talon Manufacturing Company, Inc. Verbal data indicates that they manufacture plastic
ATT: Mr. Larry S. Thompson training ammunition in various calibers.

HC71, Box 130AA

Hickory Corner Road

Augusta, WV 26704-9524

Technical Ordnance, Inc. They are currently developing a lead-free primer. They
ATT: Mr. John C. Yuhas have not supplied details. They expect costs to be

PO Box 800 identical with current primers.

St. Bonifacius, MN 55375-0800

Trojan Corporation
ATT: Mr. Tom M. Clark
PO Box 310

Spanish Fork, UT 84660

Western Cartridge Company

. East Alton, IL 62024

Wetherly, Inc.

ATT: David E. Boyd, Jr.
1100 Spring St. NW
Suite 800

Atlanta, GA 30309

Whittaker Ordnance
ATT: Mr. Michael Todd
2751 San Juan Road
Hollister, CA 95023

Winchester Repeating Arms Company
New Haven, CT
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Director of Marketing ‘

Direcciont General de Fabricaciones
Militares

Cabildo 65

Buenos Aires

ARGENTINA

Director of Marketing
Department of Defence
Office of Defence Production
Anzac Park West Offices
Canberra ACT 2600
AUSTRALIA

Small Arms Ammunition Factory No. 1
Footscray, Victoria
AUSTRALIA

Director of Marketing
Companhia Brasileira Cartuchos
Av Industrial 3330

PO Box 51

09000-Santo André-SP

BRAZIL

Dominion Arsenal
Industries Valcartier, Inc
Valcartier, Quebec
CANADA

Haerens Ammunitionsarsenalet
Copenhagen
DENMARK

Armeria de Fuerzas
San Cristobal -
DOMINICAN REPUBLIC

Etablissements Luchaire S. A.
ATT: Marketing Director
180 Boulevard Haussmann
75382 Paris Cedex 08
FRANCE

Nitro-Nobel AB
GYTTORP
F-71382 Nora
SWEDEN

Adelman

Associates

They do not manufacture toxic-free ammunition. «

They do not manufacture finished -ammunition.
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Dynamit-Nobel AG
Postfach 1261
Kaiserstrasse 1
D-5210 Troisdorf
WEST GERMANY

Dynamit-Nobel Wien GmBH
Postfach 74

Opernring 3-4

A-1015 Vienna

AUSTRIA

Hellenic Arms Industry SA
ATT: Marketing Director
160, Kifissias Ave.

115 25 Athens

GREECE

Greek Powder & Cartridge S/A.
ATT: Marketing Director

1, Iioupoleos Ave

172 36 Hymettus

GREECE

Director of Marketing

Poongsan Metal Corporation

Keuk Dong Building

60-1, 3 Ka Chungmu-Ro

Chung-Ku

CPO Box 3537 Seoul !
REPUBLIC OF KOREA

Director of Marketing
Pakistan Ordnance Factories
Wah Cantt

PAKISTAN

Director of Marketing

Industrias Nacionals de Defesa, EP
Rua Fernando Palha

1899 Lisboa Codex

PORTUGAL

Director of Marketing

Chartered Industries of Singapore
Pte Ltd. a

249 Jalan

Boon Lay

SINGAPORE 2261

Associates

Referred inquiry to Greek Powder & Cartridge.
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Director of Marketing
Empresa Nacional ‘Santa Barbara’
Manuel Cortina No. 2
Madrid 28010

SPAIN

Director of Marketing
Vammaskoski Works
PO Box 18

SF-38201 Vammala
FINLAND

Eurometaal NV
Postbus 419

1500 EX Zaandam
THE NETHERLANDS

Giat Industries

Att: Marketing Director
7 Route de Guerry
Bourges 18023
FRANCE

NMW de Kruithoorn B.V.
PO Box 1080

5200 BC ’s-Hertogenbosch
THE NETHERLANDS

Adelman Associates

They do not manufacture small caliber ammunition.

They manufacture both training and service cartridges.
Training cartridges use copper or tin powder in a plastic
matrix. They also make lead core bullets and completely
encapsulate the lead using either metal or plastic. They
purchase lead-free primers. ‘

They do not manufacture small caliber ammunition.
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Section 7

DESIGN/PERFORMANCE ISSUES FOR TOXIC-FREE AMMUNITION

1. Generai

There are several approaches to the design of toxic-free ammunition. The most
straightforward is to look at materials that have the desired physical properties and are
not known toxins or carcinogens. In order for a bullet to maintain the maximum
possible energy in flight, and to simultaneously exhibit superior terminal ballistic
effects, we need the bullet material to have a high average specific gravity. Lead has
traditionally been the material of choice for ball ammunition because it is dense and
cheap, yielding unique ballistic characteristics. This is where the conflict arises - lead
and other heavy metals are, for the most part, toxic and most substitute metals are
also considerably more expensive than lead. Of all the materials we have looked at to
replace lead, it seems that the only one that is truly toxic-free, has adequate terminal
ballistic performance, and can be available in quantity and at reasonable cost is steel.
This section, therefore, focuses on an obvious solution - the issues and constraints
involved in the use of steel for small caliber service cartridges.

The issue of primer materials is also important. The current primers also use
lead in the form of lead salts. Primer design has evolved over the years, and virtually
all current primers use lead styphnate, and exhaust lead, barium, and antimony as
products of combustion. These primer formulations seem to be the most satisfactory
from the point of view of sensitivity, lack of corrosive properties, and aging
characteristics. We know of at least two efforts to modify the primers to make them
less toxic. In one case (Fiocchi), the lead byproducts have been removed, but barium
remains. In the Blount primer®, the primary effluent is potassium, which is
theoretically less toxic. Here again, this relative toxicity needs to be re-examined very

28 .8. patent No. 4963201
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carefully before a decision to proliferate a new primer composition is made.

It is also significant that neither of the new primer compositions is capable of :
meeting the requirements of MIL-P-46610E, and further development work is needed.

2. Requirements Issues of Toxic-Free Ammunition

In order to understand the complete design problem, we need to consider a
wide range of issues that relate to logistics, effectiveness and life-cycle cost, as well as
relative toxicity. It is especially important that any degradation in performance be kept
to an absolute minimum, and be well understood. From a practical point of view, it is
also clear that existing stocks of ammunition will not be thrown away, and it will take a
long time for the production base of any non-toxic replacement round to reach the
level where continued production of the current round is no longer necessary, if this
ever occurs. This implies that any replacement round must ballistically match the
current round(s).

The life-cycle costs for an ammunition family are more complicated than simply
the cost involved in manufacture and distribution. The entire ammunition system life-
cycle cost includes range and battlefield clean up of toxins, if this is deemed
necessary. As a result, a non-toxic round which has a higher per item procurement
cost may be, in the long run, less expensive to use than the existing lead based
round. Manufacturing cost projections are also made very difficult in that current
material costs may eventually differ significantly from future material costs if world-wide
supply and demand relationships are upset by high volume production of this new
type of ammunition. Therefore, that which appears to be cheaper or more expensive
today based on a superficial examination of the market, may actually be in the future
more or less expensive, given these marketplace adjustments.

Performance requirements of toxic-free (or any other) ammunition which must
be considered when determining its suitability include: 1) soft (human) target lethality
effects; 2) penetration of helmets and body armor; 3) anti-material (thin metal and
ballistic fabric) effects; 4')'effective range and accuracy; 4) ballistic match to current
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rounds; 5) safety; and 6) restrictions imposed by international conventions. The
development of a non-toxic service round presents a significant, yet surmountable,
challenge with respect to these performance requirements. If, however, the intent of
the non-toxic ammunition is to be a substitute for the use of toxic ammunition in
training alone, compromises in all of these performance requirements except safety
may be relaxed depending on the objectives of the training ammunition. Relaxing
training ammunition requirements may offer the opportunity to develop a suitable
round faster and at lower cost, although this possibility has not been considered in
this survey.

3.  Performance Restrictions Imposed by Interational Conventions

This issue has been brought to the front of the discussion so that it can be
resolved without detracting from the technical merits of any of the toxic-free concepts
to be presented. We have, in the past, performed extensive research in the lethality
effects of small arms ammunition, and this research inevitably involved issues of
inhumane weapons and aspects of the Stockholm Convention to which the United
States is a signatory. Briefly summarized, the primary concern is that the bullet
perform such that it does not extensively mushroom and shatter into many pieces
within the body, and that it does not tumble as it penetrates. The worry with these
types of bullets is that they create a very large and perhaps unnecessarily destructive
bullet wound tract. In practice, traditional lead core bullets are required to have a full
metal jacket to restrict mushrooming and fracture to the minimum extent possible to
ensure high and reliable lethality (e.g. no hollow points, jacketless lead ball rounds, or
exploding projectiles). Copper has been the material of choice for buliet jackets.
However, copper clad steel is also used as a jacket material.

Ensuring that the bullet does not tumble during penetration requires specific
attention to the spin rate and mass properties of the bullet, and its fluid dynamic
behavior while penetrating human tissue.

There are many ways to respect these aspects of international conventions.
Although certain specific designs are accepted by convention, alternate'designs which
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achieve the same equivalent lethality effects, while using alternate materials, should
receive no credible objections. A detailed study of bullet design principles as related
to maximizing wound ballistic effects will be necessary when considering alternate
materials, however, there does not seem to be any reason to believe that this will be a
driving issue.

4, Penetration Comparison of Steel Core and Lead Core Ball Ammunition

Standard service 7.62mm ball ammunition is exemplified by the M80 projectile,
shown in Figure 1. Its core is a lead-antimony alloy, and is the primary toxin of
concern. Due to its use in ammunition, lead-antimony has also been considered a
material of strategic military importance, and there has been concern about its
availability during time of war. For this reason, small arms ammunition has also been
designed to use less lead based material in the bullet core. One example of this is the
M59 ball round, shown in Figure 2, which replaces most of the lead core, by volume
and weight, with a mild steel core. Under these circumstances, we will show that the
performance did not degrade, and may actually improve against many targets. The
Steel, therefore, becomes a logical non-toxic candidate to substitute for lead in ball
ammunition. '

It is fortuitous that both the M80 and M59 have been extensively tested against
a variety of targets, and this test data is conveniently available online using the SAA
AADS data base. We have therefore investigated both quantitatively and qualitatively
whether there appear to be any indication of terminal ballistic performance
disadvantages to using steel as a replacement for a portion of the lead in the bullet
core. Five targets of interest were investigated for which AADS comparison V50 data
existed for both of these projectiles: Rolled Homogenous Armor (RHA), High Hard
Armor (HHA), 2024-T4 aluminum, woven fiber glass fabric (WRF), and 16 ounce per
square yard per ply Keviar. As a footnote, both the M80 and M59 have the same
muzzle velocity and ballistic coefficient, and are considered to be ballistically matched
(see Table 1). Therefore, straight V50 comparisons are valid without the need for
range-velocity corrections.
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() Metallic Target Performance Comparisons

For RHA plate up to 3/8ths of an inch thick, regardless of obliquity, both the
M80 and M59 have essentially the same V50. (See Figures 3a,b,c.) As RHA targets
become thicker and more vertical up to a maximum of 1/2 inch at zero degree
obliquity, the M80 shows a slight edge, requiring only 3000 fps for. the vertical 1/2 inch
target as opposed to 3500 fps for the M59 round (both greater than normal muzzle
velocity). Since both bullets effectively weight the same, a plausible explanation for the
reduced normal impact effectiveness of the M59 is the inhomogeneity of the bullet
near the tip with its highly pointed nose on the steel core coupled with the thin layer of
lead filler. Whereas the entire bullet mass of the M80 will uniformly flatten out and
contribute to penetration against the normal target, the lead filler mass forward of the
steel core in the M59 will be dramatically displaced radially upon impact. The steel
core will resist flattening out and the lead filler will be dispersed and not deposit its
energy into the target. At oblique impact, however, these design difference have less
impact on penetration efficiency, since some tip filler in the M80 will also tend to be
wiped away and not contribute to penetration. However, the muzzle velocity for these
rounds is just under 2800 fps. In addition, true normal impact against any armored
target is rare in actual combat. Therefore, within the realistic range of impact velocities
and target orientations, there appears to be little difference in performance between
the M59 and M80 against RHA, and only very close to the muzzle, which is a highly
unlikely engagement range in actual combat.

Against high hard armor (HHA) (Figures 4a,b,c), however, the steel core M59
shows a slight advantage over the M80. At muzzle velocity, HHA targets which can be
penetrated by both bullets range from 1/8th inch at 60 degrees obliquity to 1/4 inch
vertical. At 60 degrees obliquity the M59 requires approximately 200 fps less than the
M80, but effectively the same V50 at normal impact. Clearly, both rounds are about
half as effective against HHA as against RHA. However, the penetration resistance of
the HHA is disrupting the homogenous lead core M80 to a greater extent than the loss
of the lead filler in the steel core M59. Steel mild appears to be a more efficient
penetrator against the hard armor.
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Against typical aluminum armor, such as 2024-T4 (Figures 5a,b,c), the steel
core M59 performs somewhat better than the lead core M80 projectile. Aluminum
targets which can be penetrated by both rounds at muzzle velocity range from 1/2
inch at 60 degrees obliquity to 1.25 inch at normal impact. At the thicker normal
targets, the M59 requires about 250 fps less to penetrate, and at the thinner oblique
targets, about 50 fps less is required by the M59 over the M80. This phenomenon
against aluminum targets is that the aluminum is hard enough to deform the lead core
of the M80 such that it expands to a larger diameter, adding further resistance to
penetration. The steel core of the M59, however, will not deform significantly, so it
remains more streamlined as it penetrates. This accounts for the greater efficiency of
the steel core at normal impact against aluminum. This effect is lost to a degree
against oblique aluminum targets, since the more streamlined steel core will begin to
deviate in the aluminum target and its trajectory will be slightly longer before it breaks
out of the back surface. Against very thick aluminum targets at high obliquity, non-
deforming bullet cores have been known to broach. That is, their penetration
trajectory curves to the point where the core actually exits from the impact surface, but
at a considerable distance from the entrance point. The lead core is not susceptible
to changing direction while penetrating aluminum, since it remains stable due to its
continued deformation. In any event, for this caliber ammunition, the steel core M59
retains a slight edge over the lead core M80 against aluminum targets at all obliquities.

Neither of these rounds, however, is considered an armor piercing bullet. This
comparison was made only to see if substituting a mild steel core for the currently
employed lead-antimony core would present a performance risk against this target set.
This data indicates that on the average, no performance degradation occurs when
using the steel core, as in the M59 design, and in some cases performance slightly
improves.

(b) Plastic and Composite Target Performance Comparisons

Ballistic test data exists, and is online in the SAA AADS data base, for both the
M59 and M80 rounds against fiber glass (WRF) (Figures 6a,b,c), typically used for
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protection in light vehicles and shelters, and Kevlar composite laminates (Figures
7a,b,c), typically used for helmets and other body armor. These two materials are
considered to be relatively soft targets, and as one would expect, the steel core M59
performs better than the lead core M80. These effects are similar to that of the
aluminum target, which is capable of deforming the lead core, but not the steel core.
The M59 requires about as much as 1000 fps less velocity than the M80 against WRF
depending on obliquity, and as much as 500 fps less velocity than the M80 against
thick vertical Kevlar targets. Against thinner oblique Kevlar, the difference in
performance is not as great. Again, it appears that the use of steel in the bullet core
of ball rounds does not degrade overall performance as compared to a similar lead
core bullet.

5. Design and Ballistic Match of Toxic-Free 7.62mm Ammunition

(a) Lead Substitutes

The M59 steel core bullet still retains 39 grains of lead-antimony alloy filler. The
amount of lead in the M59 is approximately 35% of that in the M80. This
demonstrates that at least this amount of lead can be replaced by steel without
degrading performance, however, the M59 is still unsuitable as a truly toxic-free bullet.
Both rounds are ballistically matched, in that they have effectively the same weight,
form factor, ballistic coefficient, and muzzle velocity. Therefore, they will fly the same
trajectory.

Given the requirement under this task to ballistically match to this family of
ammunition, one course of action is to take these designs and substitute another,
non-toxic, material for the lead. Three materials appear as candidates from our
material and toxicity investigations -- bismuth, copper, and molybdenum. Bismuth has
86%, copper has 78%, and molybdenum has 90% of lead’s density. Substituting one
of these metals for the lead contained in either the M59 or M80 would yield a
straightforward solution. The resulting projectile will almost certainly have to be slightly
different from these existing rounds, but we do not see any difficulty making
adjustments in form factor or dimensions to keep the resulting ballistic coefficient
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equivalent.

An M80 substitution using bismuth or molybdenum would be slightly longer
than the current M80 to achieve equivalent weight (150 grains), but not as long as the
M59. Therefore, the bullet form factor should not change. However, the gyroscopic
stability factor decreases by using the less dense material in a longer bullet, but an
adequate margin remains even to -40 degrees centigrade. Ironically, lengthening the
MB80 design to accommodate a pure copper core with a 150 grain weight resuilts in a
pure copper core M59 design. In other words, remove all the lead and steel from the
M59 and put copper in the existing copper jacket, and the bullet weighs 150 grains.
The gyroscopic stability factor does suffer, however, with a pure copper M59. The
stability margin is adequate at service temperatures, but at -40 degrees C the bullet is
at the margins of stability. The resulting bullet form may have to be slightly different to
regain some stability margin safety factor, but we do not see any difficulty making
adjustments and keeping all relevant trajectory parameters within tolerances.

Substituting bismuth or molybdenum for the lead contained in the M59 would
also vield a straightforward solution. ' A one-for-one substitution bismuth based M59
would weigh 146 grains and a molybdenum based M59 would weigh 147 grains.
Since the original bullets weigh approximately 150 grains, there would be negligible
difference in the trajectory parameters. In any event, the bullet could be slightly
lengthened to make up the difference in weight. The M59 design can still be stretched
and retain good gyroscopic stability, with bismuth or molybdenum as a lead substitute,
and still retaining the steel core. Close attention, however, will have to be paid to not
introducing more drag due to the longer body and any resulting change in the yaw
drag as the projectile precesses during flight. In either case, an aerodynamically
successful design is certainly within the realm of feasibility.

The substitution of copper for the lead in the M59, while retaining the steel core,
is not feasible, due to loss of gyroscopic stability. Since the steel core has less inertia
than an equal volume copper core, the only alternative for the use of copper is in the
form of a pure copper based bullet. As previously discussed, such a bullet will, in fact,
have the form of the M59.
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Candidate solutions presented thus far include a copper jacketed bullet with
either a pure copper (jacket not necessary), bismuth, or molybdenum core in the M80
configuration, or an M59-type steel core bullet with bismuth or molybdenum as a lead
substitute. Since the lead in the M59 design was shown to provide negligible terminal
ballistic performance, and that it is the steel core that actually defeats the target, the
use of bismuth or molybdenum should not affect the penetration characteristics of
such a bullet design. Bullets using pure copper, bismuth, or molybdenum cores may,
however, have different terminal ballistic performance than a pure lead core bullet.

This issue of differences in terminal ballistic performance of pure copper,
bismuth, and molybdenum will require further study. Although the mass of these
substitute bullet cores may be designed to be equal to the mass of the original lead
core but with more volume, it is important that the non-lead cores deform similarly to
the lead against candidate targets. In this manner, the kinetic energy of the cores will
be properly deposited on the target. Bismuth is the closest to lead in physical
properties such as hardness and melting point, which will affect its softening and
ductility upon impact with a target. It will most likely perform similarly to lead.

Copper and molybdenum, however, have significantly higher melting points and
hardness than lead. Relatively speaking, copper is significantly harder and stronger
than lead, and molybdenum even more so. They will most likely resist flattening out
against a steel or composite targets and respond significantly different than lead. In
the case of copper and molybdenum cored bullets, it may be better to choose
properties which begin to mimic those of the mild steel core in the M59 bullet. *In this
manner, target penetration performance will be preserved. A suitable copper cored
bullet may in fact perform better in the form of brass or bronze, which is available in
many forms with greater strength and hardness than pure copper. The use of pure
molybdenum in its hardest condition may result in an armor penetrating bullet.
Manufacturing processes to reduce its hardness and strength will have to be
investigated. Nevertheless, adequate solutions to the use of copper and molybdenum
based bullet cores is a possibility. |

The decision to use either bismuth or molybdenum as a lead substitute raises
two additional non-trivial issues. The first issue is the long term cost and supply of the
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material. As mentioned earlier, it is unclear to what extent even a small change in the
material demand will affect global price and availability. In addition, both these
materials are mined as by-products of another ore: bismuth from lead mining, and
molybdenum from copper mining. It is unlikely that Army bismuth or molybdenum
demands could reverse this product-by-product relationship, or that one would want
to. One might question the policy of promoting lead mining to increase the supply of
bismuth. Therefore, as world demand for lead and copper fluctuate or decline, the
availability of these lead substitutes will vary as will their price.

The second issue with the use of bismuth and molybdenum involves their .
toxicity. Although current standards and available information rate them as low risk,
one ultimately does not know their toxicity until they are proliferated and are involved
in many uses. For many years, lead was considered safe for many applications. Only
recently has it and many other commonly used materials been ruled dangerous.
Therefore, there is a risk that both bismuth and molybdenum will be discovered to
have some toxic qualities, yet undetermined.

(b) An All Steel Core Projectile

Considering these issues, a second alternative to getting the lead out of the ball
round is to take the M59 concept and go all the way with eliminating the lead filler by
using a full steel or iron core. Iron or steel is a good candidate from both a toxicity
and cost perspective. Steel is one of the few metals that is cost competitive with lead.
The toxicity of iron is well understood, it is of low risk, and the material has been in
use for millennia. An iron based core will also simply rust away without the need for
cleanup, or cleanup can be accomplished with a magnet. The target penetration
performance of steel core bullets is also acceptable compared to lead core bullets.

~For ball ammunition applications, an iron filler would also perform adequately.

However, as previously discussed, one cannot simply make a direct material
substitute in the M59 and retain exact ballistic similitude. This approach, therefore,
raises another issue, which is how close a ballistic match is sufficient, for both training
and service use of the cartridge. Typical requirements in other small calibers, 5.56mm
for example, are for a ballistic match of 1 mil. This translates to 1 foot deviation at
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1000 feet, or 1 yard at 1000 yards. A 1 mil ballistic match is most probably sufficient
for U.S. Army 7.62mm general purpose ammunition requirements, since currently
fielded 7.62mm systems are machineguns and miniguns, which are intended as
suppression weapons and not for marksmanship. Marksman and snipers also
generally rely on specially loaded match grade ammunition, and in any event, they
certainly re-zero their weapon when switching from different ammunition lots and
types. A NATO STANAG for this cartridge may require a tighter match, since by
agreement our allies should be able to use any 7.62mm x 51mm available, and many
of our European allies issue 7.62 mm rifles within the ranks. For general service issue,
however, we believe we can design an all steel core cartridge with better than 1 mil
ballistic similitude.

Beginning with the basic M59 shape and substituting steel for the remaining
lead filler results in a bullet weighing 139 grains, or approximately 82% of the M5S.
This gives a slightly lower ballistic coefficient and one would expect this round to lose
velocity faster and demonstrate more trajectory height at long range. At service
muzzle velocity, this round will ballistically match the M59 within 9 inches out to a
range of 2300 feet. This corresponds to a match of at least .33 mils. As target range
decreases this match, of course, gets better. At 1000 feet the match is .04 mils.
Since this round is lighter than the M59/M80 series, it is also possible to adjust the
propellant load to increase the muzzle velocity, within safe pressure limits. Increasing
the muzzle velocity will result in the bullet flying slightly above the current trajectory
early, but not dropping as far at greater ranges. A 50 fps muzzle velocity increase
gives a ballistic match out to 2400 feet of less than 1.4 inches or .07 mils.

~ This ballistic match would be considered extremely good by any standard. The
only drawback to filling the M58 projectile entirely with steel is that the stability
param'eters change dramatically. The gyroscopic stability factor is significantly
reduced by using the less dense steel filler in the tip and tail region of the projectile.
The steel filled bullet has a gyroscopic stability factor of only 1.3 at 59 degrees F at
service velocity. At -40 degrees F the bullet is just barely gyroscopically stable.
Therefore, there is a risk at cold temperature that the bullet will tumble in flight, and be
sensitive to traditional ballistic disturbances, such as reverse flow at the muzzle exit.
Some experimentation would have to be performed to determine these performance
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parameters.

Substituting steel for the filler in the M80 design gives a bullet with acceptable
stability parameters, due to its shorter length. Gyroscopic stability at muzzle velocity
and 59 degrees F is approximately 1.7. This bullet, however, weighs only 115 grains
or about 77% of the weight of the M80. lts trajectory parameters will suffer
accordingly. At current service velocity, this round will only match to 1.3 mils at 2100
feet. This improves proportionally at shorter range, however. At 1200 feet, match is
within .33 mils. Adding 150 fps to the muzzle velocity improves the match of this
round to a maximum error of .52 mils at 2300 feet. At 1200 feet range, this match
improves to .12 mils.

Most likely, the best solution is somewhere in between an all steel core M59
and M80, in terms of bullet length, weight, and stability, along with a slight increase in
muzzle velocity to compensate for the lighter bullet weight compared to the current
service rounds. This approach is certainly within the region of feasibility.
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Section 8

Recommendations

The objective of a program to eliminate toxic materials can take two
independent directions. First, we can think in terms of cleaning the range after firing.
This may necessitate frequent cleaning in order to ensure that toxic effluents do not
runoff into ground water. The second option is to design service and/or training
cartridges that are non-toxic to an acceptable degree. This appears to be feasible and
is probably preferable. '

In accordance with these guidelines, our recommendations are as follows:

1. It is first necessary to formulate a formal ARDEC position, including a document
and presentation material. This material should be self-contained and should address
the requirements of the Army Environmental Program. It should describe the
objectives of the design effort, how the design effort will integrate into the DA
infrastructure, and how documentation will be generated to support the Army
objectives in this area.

In addition, the important logistics considerations should be addressed as part
of this ARDEC position. All ammunition designed under this effort will be ballistically
similar to current ammunition, and relevant performance parameters will not be
compromised. The manufacturing considerations are important, and it is necessary to
discuss that the new cartridges can be made on existing facilities, and that costs will
be consistent with constraints. Finally, the issues related to materials are important,
and if a new metal is to be substituted for lead, do we have an adequate supply, and
will the additional requirements impact availability or price?

2. The simplest modification is to simply substitute bismuth and/or molybdenum
for the lead, using the current M59 design as a baseline, with no jacket modifications.
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The weight of this modified round will be about 97% of that of the M53. Any trajectory
variation should be minimal, and this can be calculated and the final trajectory modified
by minor shape iterations, if necessary. Terminal ballistics should remain the same as
for the M59. Assess cost impacts on materials and manufacturing. A quantity of this
round can then be tested for type classification.

3. The next level of design complexity is to develop a copper-based M59 derivative
projectile (approximately 150 grains) in either pure copper (jacket material), or copper
jacketed brass or bronze as terminal ballistics require. A slight redesign will be
necessary in order to ensure adequate cold temperature stability margin and minimal
sensitivity to transient muzzle and trajectory conditions. Test trajectory and terminal
ballistics. Assess cost impacts on materials and manufacturing.

4. The highest payoff is to develop a copper jacketed all steel core bullet, which
has adequate stability margins at service and cold temperature, but compromises on
bullet weight. Initial ballistic calculations indicate that a 125 grain bullet with length
greater than M80, but less than M59 will work well. Trajectory drop will be
compensated for with greater muzzle velocity, achievable with the lower projectile
weight. This round will have equivalent, and perhaps enhanced, lethality and low life-
cycle cost, due to the elimination of cleanup' requirements. Test trajectory and
terminal ballistics and assess cost impacts on materials and manufacturing.
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Section 9

Conclusions

There are several important conclusions that can be made from the research
that was performed in response to this task order.

1. The various legislative and legal issues that have been put in place to address
the issues of toxicity and DA procedures and policy are contradictory and appear to
be inadequate. The responsibilities and obligations of DA are not clear. The roles of
other executive and legislative agencies (such as EPA and HHS), with respect to DA,
are not clearly defined.

2. The issues of "lead-free” and "toxic-free" are frequently taken to be identical.
There is no doubt that lead, in certain forms, has serious toxic effects. However,
many of the alternatives that have been, and are now being, seriously considered as
substitutes are potentially even more toxic as well as more difficult to remove from the
environment. To a large degree - most heavy metals can be considered to be toxic to
some degree.

3. Although several organizations are currently either working on toxic-free
ammunition, including non-toxic primers, or have products available; there is no
definitive technology available that is ready for immediate deployment.

4. Lead is a material of choice for ball ammuntiion due to its high density and low
cost. Analysis indicates that other materials and technologies can result in equivalent
performance. Since life-cycle costs are important, steel is one material that
immediately suggests itself as the most likely candidate to substitute for lead.
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APPERDIX C
TOXICITY OF TURGSTEN

This Appendix revievs studies reported in the litarature on the toxicicy
of tungsten.

Abssracs

Tungsten toxicity, as measured by oral LD,,, is greatest for scludble
tungsten coapounds, but varies according to species. The oral LDy, for mice
exposed to sodium phosphotungstate is 240 £ 13.5 mg/kg vhile rats have an oral
1Dy of 1,190 2 125.5 mg/kg. Sodiun tungstate has an oral LDy, of 875 mg/kg in

rabbits.

Dose-related declines in food intake and decreased weight-gain have baen
reported in rats recelving distary tungsten exposure with the grestest of these
effects observed in fenales. Sodiun tungstate fed to rats lower: blood
cholinesterase while rabbits, similarly treated, shov decreased sulfhydryl
concentrations in blood and serum; blood glucose levels are 20-25% higher than
controls in tungsten fed rabbits one hour after intravenous galactose loadingl.

Inhalation and intratracheal exposure of tungsten to animals usually
produces lung {rritation similar to that produced by "{nert® dust. Hovever,
different inhalation experiments utilizing scluble tungsten compounds: have
demonstrated a variety of lung-tissue component responses. Rats exposed to

iThe reports o©of tungsten interference with cholinesterase
levels in the bloocd, and presumably throughout the systez of
exposed animals coupled with the reported symptomology of tunsten
vorkers (see this review) suggest that tungsten may be responsible
for acetylcholine accunmulation as is observed in orgencphosphate
peisoning. Accurulation of acetylcholine is believed to be
responsidble for the tension, anxiety, restlessness, headache,
imsomnia, neurcsis, emotional instability, apathy, tremor, ataxia,
convulsions, and depression of respiratory and circulatory centers.
The reports of tungsten actions on ictal activity and glutazminase
further suggest a neurclogical bias in tunsten health effects.
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tungsten silicide by {nhalation and by intratrachesl adain{stration for 6 months
developed hyperplasia of the lymph nodes, increased collagen in the lungs, and
sporadic thickening of the alveclar valls.

C.1 PHARMACOKINETICS

c.1.1 Inhalation Exposure And Discribucion

Inhalation studies with *Y.tungstic oxide in beagle dogs vere reported
by Aamedt (1973). Folloving inhalaticn, 608 of the inhaled activity vas
deposited in the respiratery tract. Of this about ons-half was locatad {n the
lover portion of the trachecbronchial compartment and {n ths pulnmonary
cogpartaent. Blood msasursments indicated that inhaled tungstic acid entsred
the bloed scon aftsr i(nhalation and was removed rapidly. Measurements of
selected organ and tissus saxples at sacrifice (165 days pest-inhalation) shoved
the highest teast concentration of tungsten to be {n lungs and kidney. Bone, gall
bladder, liver, and spleen vers reservoirs of tungaten by a factor of 10 less
than the lung vhile the tungsten activity i{n the reaaining organs decreased in
the order, testas, paccreas, large intestine, saall intestine, disphraga,
stozach, heart, and skeletal muscle. In terms of total organ burdens most of
the tungsten actively vas found in bone (37%), lung (314), kidney (15%), liver
(9.7¢), and skeletal muscle (5.7%).

C.1.2 Qral Exposure And Distribution

Oral adainistration of %W labeled sodiua tungstate to rats resultad in
the greatest concentration of tungsten to be found in the spleen folloved, in
descending ordar of concentration, by kidney, pelt, bons, and liver. (Ballou
1960). Kaye (1968) who orally adainistered ammonium tungstate and sodiua
tungstats in KOH to rats reported the concentration of tungsten in the bons to
be ten times that of the spleen vhich contained the next greatest activity.
Other organs with significant tungsten concentrations in this study, in order
to decreasing concentrations vers hair, kidney, pelt, and liver. TIventy-four
hours folloving adainistration of sodium tungstats by gastric intubation in rats
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Flaischaman, et al. (1966) found the highest concentrations of tungsten was found
in kidney followed by bone, spleen, and seminal vesicles. '

Kinard and Aull (1945) described the distribution of tungsten in rat
tissues after dietary feeding of tungsten and {ts compounds \(m;sttc oxids and
sodi{uz tungstate equivalent to 0.1% tungsten, monim-p-tim;:uto equivalent
to 0.5% tungsten, tungsten metal at 2 and 108 tungsten) during a 100 day experi-
msental pericd. This imstigntion. {nd{cated that bons and spleen were the major
sites of tungaten deposition. The concentrations ranged frem 8 to 18 mg 8 in
bone and from 2 to 14 mg 8 in the splesn with averages of 11.5 and 7.5 mg &,
respectively. Only traces of tungsten (less than 1 mg \) vere pressnt in the
skin, kidney, and liver. The blood, lungs, testes, and muscles shoved traces
of tungsten only in some cases. Except for a single instance for each or;m,'
the brain heart and uterus wvere free of tungsten. The investigators concluded
that there vere no marked differences among the distribution patterns of the
various tungsten compounds tested. However, since the doses of tungsten
adeinistered as various tungsten compounds were not comparable, this conclusion

asy not be valid.

€C.1.3 [Exposure Bv Infection And Dissribution

Scott (1952) reported the greatest concentration of activity in the kidney
one-day after intravenous injection of 3%W.sodium tungstate {n rats. Other
tungsten retaining tissue, in order of descending tungsten concentrations, vere
liver, spleen, and small {ntestine. Bone showed little asctivity. Howvever,
Fleishman et al. (1966) found that bone shoved the highest tungsten concentra-
tion 24 hours following intraperitoneal injsctiocn of ¥W.sodiun tungstate in
zats. In the experimental results reported by Fleishaan et al. (1966) kidnay,
seninal vesicle, and spleen folloved bone in order of descending concentrations

of tungsten retained.

C.1.4 Biclogical Half-Tipe

In the study by Kaye (1968), elimination eof gastrically adainistered
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' cungsten from the zat vas very rapid, vith a biological half-time of about 10
hours for the initial fast component of the elimination curve. Elimination of
tungsten from soft tissuss was relatively rapid, but a bioclogical half-time of
44 days vas observed for the spleen. The biological half-time for }**W {n bone
vas calculated to be 1100 days for the slowvest componant of a three-day component
elizsination curve,

In Aanodt's experiments (1973, 1975) 824 of injected !*W.s0dium tungstats
vas renoved rats vith a blological half-time of 86 minuces, 138 with & half-tine
of 8.8 hours, 2% with a half-tine of 3.6S days, and 1\ vith a 99-day half-tinme.
Inhaled !MU-tungstic oxide in dogs vas removed with a biclogical half-time of
a littla less than 9 hours for 948 of the sativicty in the visceral area, with
the longest half-cime of 139 days for 1.6% of the activity. In the partial boedy
messureaents mads over the lung area, sbout 69% of the activicy was lost with
a biologic half-11{fe (t,,,) of & hours, the next 238 vith a t,,, of 20 hours, 4.6%
with a t;,3 of 6.3 days, and 3% with t,,; of 100 days.

C.1.5 Exgcxetion

All repores :ovtcdcd (Scott 1952, Ballou 1960, Fleishzan et sl. 1966, Kays
1968, Aadmodt 1973, 1975) agree that much of the absorbed tungstan is rapidly
excreted in the urine. Kays (1968) found that 408 of the adainistered doss of
WY vas excreted by the kidney in the first 24 hours, but very little vas
excretsd in the urine thersafter. An additional 408 of the adainistered dose
recovered from the feces in the first 24 hours i{s likely to have been largely
unabsorbed tungstan together wvith tungsten reacved in the gut vith {ntestinsl
secretions and bile. By the end of 3 days, fecal oli;limtion had accountad for
52% of the sdministered does,

Following intravenous adainistration of ''W.sodium tungstats in beagle
dogs, 91t of the injected activity was excreted {n the urine within 24 hours
(Aamodt 1973). The ratio of activity excreted in the urine to that sliminated
in the feces averaged 38. Vhile loss from the blooed during the first 24 hours
vas very rapid, {t vas calculated that somns of the tungsten, perhaps that bound
to red blood cslls or to plasma proteins, was not filtered froa the plasma, or
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was being reabserbed from the glomerular filtrate. The rate of dacrease in blood
sctivity following {nhalation of tungstic oxide aercsol was lower than for
injected sodium tungstate, but this could be accounted for by activity entering
the blood'iifzu ths lung and the gut over an extsndsd psriecd of exposurs (Aamodt
1975). The ratio of cumulative urinary excretion to cuwulative facal slimination
for 165 days ranged from 0.57 to 1.8, the variation being related to differences
in clearance patterns of individual dogs. ‘

In man, trace quantities of tungsten are axcreted in urine and feces. In
a linited study on four normal young adults without specific exposurs, the
elimination of t{m;stcn by urine and feces over 24 hour periods balanced the
tungsten {ntake in food. The urinary excretion ranged frem 2.0 to 13.0 ug
tungsten per 24 hours in these four subjects &n 8 sstimations, fecal elimination
zanged from 1.6 to 5.7 ug tungsten per 24 hours (Wester 1974).

€.2 TOXI1COLOGCY

€.2.1 Reurotoxicology

Sodiun tungstate adzinistersd to rats at doses of 0.05 and 0.5 mg/kg caused
pronounced disturbances in conditioned reflexes (Nadsenko 1966). The latent
periods of sodium tungstate-trsated animals were 1.6 - 1.7 seconds for bell
stizulus and 2.4 - 2.7 seconds for light stimulus, compared to 0.9 and 2.0
seconds, respectively for controls. Animals given the maximun doses of sodiunm
tungstate exhibited a larger mumber of extinctions of the conditional reflexes.
Disturbances of conditioned reflexes were mﬂutod by a statistically
significant increase in the mumber of squalizing and paradoxical phase states.
Nadasnke (1966) noted that the study of extinction and recovery of a conditioned
Tesponse to a bell revealed a pronounced decrsase in the ladility of narvous
processes in the cerebral cortices of 0.05 and 0.5 mg/kg dose groups. Kecrotic
lesions and dastruction of tha apical portions of the {ntestinal vill{ were also
evident in thess animals. Nadeenko found that tissue accumulations of tungsten
were dose-dependent with the highest dosages of tungsten received resulting in
the greatest tissue concentrations of the metal. These findings correlated with
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the physiological measureaents reportad and led the investigator to concluda that

tungsten has & cumulative toxicity.

Karantassis (1924) reported that guines pigs exposed to tungstats by
gastric {ntubation daveloped uncoordinated moveament, sudden jumps, trembling,
and breathlessness. Humans expossd to tungsten dusts in occupational
circunmstances complained of {ncreased headaches, dizziness, nausea, and {mpaired
senss of smell (Vengerskaya and Salikhoedzhaev 1962).

Tungstic acid 1{s used to produce experimental epilepsy in laboratoery
aninals (Kussks et al. 1974). Ths application of 0.02 ml of tungstic acid gel
to the surface of & cat brain cortex gives rise¢ to abnormal EEG activity after
a 20-30 minute {nterval vhich incruul\ and rasults {n sustained {ctal sctivicy.
The effect produced 1s so consistent that it has been used to produce modsl

systezs of experimental epilepsy.

C.2.2 Qral Toxicology

Kinard and Van de Erve (1940) evaluatsd the coaparative oral toxicities
of tungstic oxide, sodium tungstats, and axmonium-p-tungstats in asls and female
rats. Rats had 100% mortality when fed diets containing amzoniua-p-tungstats
squivalent to 5% tungsten, tungstic oxide equivalent to 3.96% tungstan and sodium
tungstate squivalent to 28 tungsten. Tungstic oxids given at a level squivalent
to 0.35% tungsten caused 80 and 66 percent mortality in males and females
respectively vhile sodiua tungstate, at the saze level, caused 50 and 66 percent
vortalities in males and femalss, rupcc‘:ivoly. In coamparison, 0.5% tungsten
as aznoniun-p-tungstate caused no dsath. Sodium tungstate and tungstic oxids
caused no death {n concentrations equivalent to 0.1% tungsten. -

Oral toxicity studies for various compounds of tungstsn measuring a
variety of paramaters vith diffarent compounds and sslected species vers reportad
in a 1966 study by Nadeenko. For sodium phosphotungstats, an LDy, of 240 & 13.3
mg/kg for amice and an LDy of 1,190 & 129.5 ag/kg for rats wvas determined.
Similar studies vere reportsd for tungstic oxi{da, but the conclusions are not
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clear, possidbly because of problems in translating the Russian text. Kadasnko
(1966) does conclude that tungstic oxide is less toxic than sodium tungstate and
sodiun phosphotungstate because of Stz lower solubility. In & sesparate seriss
of these sxperisents Nadsenko (1966) datermined the sodiuz tungstats oral LD,,
for rabbits and guinea pigs to be 875 mg/kg and 1,152 mg/kg respectively.

Kadeanko (1966) also studied the effect of (presumably daily) oral doses
of sodiux tungstate (10, 25, 50, and 100 mg/kg) on physiclogic functicns and
systems in rats and rabbits. All doses produced grovth retardation and lovsred
blood cholinesterase activicy in rats: in rabbits the sulfhydryl concentrations
of whole blood and serur veare dacreased and synthesis of glycogen {n the liver
was disturbed. Stained sections of the gastrointestinal tract and kidneys shoved
signs of increased vascular permeability, hemorrhages, degenerative dystrophic
changes, and moderate proliferative csllular reaction. No distinction in these
biological effects vas indicated vith respect to sex. During the chronic phase
of these studies, rabbits receiving sodiun tungstate deses of 5.0 and 0.5 ag/kg
had concentrations of blood glucose at levels of 20-25% higher than controls ene

hour after intravenous galactose loading.

. Kinard and Van de Erve (1940) noted dose-ralated declines in food {ntaks

sccozpanied by decreased veight gain in dietary tungsten studies. The greatest
. decrease in weight gain noted in these experiments wvas for female rats.

€.2.3 Rulmonary Toxicologpy

LY

In both short- and long- term animal experiments, the major effects of
inhalation or intratracheal exposure to tungsten and its compounds have besn
zeported as linited to the respiratory systez. NMenzentssva (1967) reported that
lungs of rats axposed by inhalation to tungsten carbids at 600 mg/n?, 1 hour/day,
for 5 months shoved proliferative reactions to the lymphoid histiocytic elaments
and uniforma 'thlckcning of the alveolar walls £followed by mild fibresis.
Mezentseva (1967) also reported that rats given single intratracheal doses of
50mg of either metallic tungstean, tungsten carbide, or tungsten tricxide showed

no severe pulmonary changes under microscopic examination.
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Delahant (1953) reported that naither metallic tungsten nor tungstan
carbida given intratracheally to guinea pigs irritated lung tissue. Similarly,
Miller et al. (1953) observed mobilizaticn of septal cells; engulfment of
pignent; and accumulation of air sacs, lyaphoid tissus and alveolar valls in rats
given 108 suspensions of tungsten intratracheally in a mannsr typical of those

effacts produced by inert dusc.

Hovever, Schepers (1955) found that {intratracheal {njection of tungsten
carbide and cazbon in veekly doses of 50 mg of a (94:6) mixturs caused acute
hyperania and bronchial {nflammation in guinea pigs. Minor residual changes
such as the development of subpleura) fibrocellular granulomata, vere also noted
in the lungs. Brakhnove and Samsenov (1970) reported that i{nhalation and
intratracheal exposure of rats to tungsten silicide of 1-6 months caused
hyperplasia of the lymph nodes, sporadic thicksning of the alveolar wvalls, and
increased collagen in the lungs. Thers results suggest that tungsten and soame
of its compounds, such as those most frequently encountsred in the ceaented

tungsten carbids industry, have distinctive toxicities.

C.3 BIOCHEMICAL TOXICOLOGY

C.3.1 QRogencial Teratogenic Effecst

Tungsten is the element most chemically similar to molybdenum and {s the
only substance known that is_ capable of producing experimental =olybdenum
deficfency in animals. This {s accomplished by tungaten’s ability to replace
aolybdemm {n sulfite oxidase and to prevent ths incorporation of molybdenus {nte
xanthins oxidase. In the case of xanthine oxidase, inactive apoprotein {is
synchesized vhen W0,"? {3 fed (Johnson et al. 1974), but in the cass of sulfita
oxidase up to 35¢ of the molybdemum-free enzyme contains tungsten. (Cohen et
al. 1974)., Cardin and Mason (1976) concludad from their studies on ths
gascrointesctinal absorption and transport of molybdate are sufficiently nom-

specific to accept tungsten over molybdenua.




In humans, genetic deficiency of xanthine oxidase appears to be
relatively harmless (Watts et al. 1964). Therefore the ability of tungsten to
interfere vith the activity of this enzyme by preventing the {ncorporation of
molybdenuz has not been shown to censtitute s serious toxicological econdition.

Hovever, in the case of sulfite oxidase, the potential for serious
complications arising from tungsten exposurs in such a way as to affect sulfite
oxidase has been observed (Cohen et al. 1974). A fatal case of sulfite exidase
deficiency has been reported in a human patient (Irrevere 1967). The patient
vas born with mneurological abnormalities and desteriorated to a virtual
decorticate state by 9 months. Bilateral ectopia lentis vas discovered at 1
year. The patient was studied st the age of 30 months. Urine was found to
contain abnormally increased amounts of 5-sulfo-l-cysteine, sulfite, and
thiosulfate. Urinary excretion of inorganic sulfate was markedly reduced and
did not increase after admin{stration of L-cysteine. These chezical
abnorzmalities vere best explained by the presence of & block to conversion of
sulfite to sulfate. Studies from tissuss obtained from the patient iz postc-
mortez revealed a marked deficiency in sulfite oxidase.

Cohen et al. (1974) reported that the developzent of both sulfite oxidase
and xanthine oxidase is very much {mpaired by the adainistraticn of tungsten to
pregnant rats 20 days before birth of the litter. Creation of simultaneous
deficiencies of sulfite oxidase and =xanthine oxidase 4n adult rats by
adzinistration of tungsten has no observed deleterious effects on these anizmals,
but does render them highly susceptible to toxicity from bisulfite and SO,
(Johnson st al. 1974). Appnuntly. noraal development of sulfite oxidase leads
to the accunmulation of {nactive molecules in the livers of offspring of tungsten
fed rats. Developaent of succinate cytochrome c-reductase and adenylate kinase

is not affected by tungsten tresatment.

€.3.2 Direct Enzvme Action

Sodium tungstate has been shown to activate brain glutazinase i{ncreasing

azmonis release, in contrast to ammoniuz molybdate which {nhibits ft. (Johnson
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et al. 1974). The tungsten activacion is belisved dus to either slevation of
phosphorus ion concentration in the brain or to activation of glutaasinase by

direct sction on the molecule (Bech 1974).

C.4 CARCINOGENESIS (POTENTIAL)

Stud{es utilizing molybdats, tungstats, and vanadate have revesled that
these agents block the transformation of cytosol-staroid complexes to their
activatad form (no effects of these compounds have been reported on an activated
steroid receptor). Because these agsnts are potant phosphatase inhibitors it
has been suggestad that the process of stercid receptor activation involves a
dephosphorylation of the receptor protain {tself or of a rsgulatory component.
Recent scudies have indicated that sodiua wmolybdats net onmly blecks the
activation of the steroid receptor complex, but also blocks the DNA and nuclear
binding capacity of activated rat liver glucocorticoid-reception coaplex. 1In
a subsequent study tungstate was found to be able to extract the DNA-cellulose
bound glucocorticoid-raceptor complex at even lover concentraticns than those
shown to block binding-capacity by molybdate (Murakani et al. 1982). The
significance of thess enzyme-metal {nteractions may be important vith raspect
to the developzent of lywmphosarcoma. One of the criticsl actions of the gluce-
corticoid hormones is their ability to arrest the developaent casrtain tumors of
lymphatic origin. Ip vitre, glucocorticoids inhibit the growth of lyzphosarceas
cells and mouse fibroblast. Specific glucocorticoid dinding protain present in
ths cytoplasn ar;d nuclel of steroid-sensitive cells are reduced {n amount in
tesistant cell lines (Goldstein, Armow, and Kalmar 1974). Thus, in conditiens
favoring the {nitiation of lymphatic tumor growvth, exposure to sufficient
tungstate may ba capable of overvhelaing cthe glucocorticoid actions vhich inhibdbic
this neoplasia via mechanisns descrided sbove {n the {ntersctions with the
cytosol-staroid complexes and/or the DNA and nuclear binding capacity of the
activated glucocorticoid reception complex.

C.5. CHEMICALLY INDUCED ESOPHAGEAL AND FORESTOMACH CARCINOGENESIS
Tungstan has been obssrved to reverss other cancer-inhibiting reactions.
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In chemically-induced carcinogenesis studies, tungsten added to the drinking
water (200 ppz) of male rats countered the inhibitory effect of molybdamm on
NSEE-induced esophageal and forestomach carcinogenesis (Luo et al. 1983).
Vhether similar effects may also occur {n humans remains te be investigated.
Epideniologic data indicate that breast cancer mortalities among the residents
of tungsten-mining aress in China are markedly higher than the national average.
Hovever, no informatioen on the tungsten intake from vater and food in the
tungstenonining area, nor on the estrous cycle of women residing in high
molybdenun-intake areas, is available at this time (Ve! et al. 198%5).

c-11



4.0 3BIBLIOGRAPEY

Aazodt, R.L. (1973). Retention and Excretion of Injected %W Labeled Scdiux
Tungstate by Beagles. Health Physics 24: 519-524. :

Aamodt, R.L. (1975). 1Inhalation of %W Labeled Tungstic Oxide by Six Beagle
Dogs. Health Physics 28: 733-742.

Abrahanson, S., et al. (1989). Health Effects Models for Nuclear Power Plant
Accident Consequence Analysis; Part I1: Scientific Basis for Health Effects
Models., KUREG/CR-4214. Washington DC: U.S. Government Printing Office.

Anderson, J.E. and Ad Hoc Working Group for Depleted Uranium (1974). Medical
and Environmental Evaluation of Depleted Uraniuz. Army Materials Command.

Bachelor, L. D. (1988). Colonel, GS Chief of Staff. U.S. Army Armament,
Munitions, and Chemical Command, Rock Island, IL Memo to Comzander, Lake
City Army Ampunition Plant, August 8, 1968

Ballou, J.E. (1660). Metabolism of %W {n the Rat. U.S.A.E.C. Document Hu-
64112, U.S.A.E.C. Document HW-64112, U.S.A.E.C., Oak Ridge, Tennessee.

Battelle 1987. Battelle, Pacific Northwest Laboratory, Radiclogical Hazards
_Associated with Depleted Uranium Munitions, U.5. Army Belvoir RD4E Center.
Noveaber 16-20, 1987.

Baudouin, J.; Jobard, P.; Moline, J.; labandier, M.: Roullier, A.; and Homasson,
J.P. (1975). (Diffuse Interstitial Pulmonary Fibrosis--Responsibility of
Hard Metals.) Nouv Presse Med 4: 1353-55. (Fre) as cited {n DHEW (NIOSH)
Publication No. 77-127, Washingten, D.C. (1977).

Bech, A.0.; Kiplin, M.D.; and Heather, J.C. (1962). Hard Metal Disease. Br.
J. Ind. Med. 19: 239.52 as cited in DHEW (NIOSH) Publication No. 77-127,
Washington, D.C. (1977).

Bech, A.0. (1974). Hard Metal Disease and Tool Room Grinding. J. Soc. Occup.
Med. 24: 11-16 as cited 4n DHEW (NIOSH) Publication No. 77-127,
Washington, D.C. ‘

Becker, N.M.; Vanta, E.B.; and Crevs, R.C. (1989). Environmental Monitoring for
Depleted Uraniuz at Eglin Air Force Base Test Arsas C-64, C-64C, and C-
4L 1976-1988.

Bernhardt, D.E.; Nielson, K.X.: and Grant, M.W. (1984). Risk Assessment for
Transportation and Disposal of DU Oxide. TINS, Incorporated, Jonesbero,
Tennessee.

Bernhardt, D.E.; Owen, D.H.; and Rogers, V.C. (1988). Facility Closure Reportc,
Depleted Uranium Manufacturing Facility.

4-1

67




Dorsit, G.; CGirard, R.; Rousset, H.; Brune, J.; Wiesendanger, T.; Tolot, F.;
Bourret, J.; and Galy, P. (1970). Pulmonary Fibrosis in Three Individuals
Working in the Same Factory and Exposed to Cobalt and Tungsten Carbide
Dusts -- Pulmonary Problems in the Hard Metal Industry. Sem Hop 46: 3363-
76, (Fre) as cited in DHEW (NIOSH) Publication No. 77-127, Washingten, D.C.
(1977)

DUDOSE: Computer Codes for Calculating Dose Resulting from Accidents Involving
Munitions Containing Depleted Uranium.

Ebinger, M.H.; Essington, E.H.; Gladney, E.G.; Newman, B.D.; and Reynolds, C.J.
(1989). Preliminary Report on the Long Term Fate of DU at Aberdeen and
Yuma Proving Grounds. Los Alamos National Laboratory.

Elder, J.C.; Tillery, M.1.; and Ettinger, H.J. (1976). Hazard Classification
Test of CAU-8 Azmnunition by Bonfire Cookoff With Limited Air Sampling.
los Alamos National lLaboratory, New Mexico. Report No. LA-6210-MS.

Elder, J.C., and Tinkle, M.C. (1980). Oxidation of Depleted Uraniuz Penetrators
and Aerosol Dispersal at High Texperatures, Los Alaxos National laboratory,
New Mexico. Report No. AL-8610-MS.

Environrental Radiation Monitering (1987). U.S. Army Combat Systems Test
Activity Aberdeen Proving Ground. Publication No. 385-328.

Erikson, R.L., Hostetler, C.J.; Divine, J.R.; and Price, XK.R. (19889)
Environmental Behsvior of Uranium Derived from Depleted Uranfum Alloey
Penetrators. Prepared for U.S. Arny Conbat Systems Test Activity. Aberdeen
Proving Ground. Contract No. DE-AC06-76RLO1830.

Eve, 1. S. (1964). Some Suggested Maxipun Permissible Single Intakes of Uraniux.
Health Physies. 10:No.1ll.

Fairhall, L.T.; Castberg, H.T.; Carrozze, N.J.; and Brinton, R.P. (1947).
Industrial Hygiene Aspects of the Cemented Tungsten Carbide Induscry.
Occup Med 4: 371 as cited 4n DHEW (NIOSH) Publication No. 77-127,
Vashington, D.C. (1977).

<t

Fairhall, L.T.; Keenan, R.G.; and Brenton, H.P. (1949). Cobalt and the Dust
Environment of Cemented Tungsten Carbide Industry. Public Health Rep 64:
4B85-490.

Fleishzan, D.: Krotz, S.; and Jilva, A. (1966). The Metabolism of Elements of
High Atomic Number. U.S.A.E.C. Document UCRL-14739, 2, 69-86. U.S.A.E.C.,
Oak Ridge, Tennessee.

Goldoan, E.1.; Mezentseva, N.V.; and Mogilerskaya, 0.Y. (1967). Industrial Dust
of Luminiophores, in Toxicology of the Rare Metals Izrael;ison, Z.1. (ed),
U.S. Dept of Commerce, 1967, pp 170-181 as cited 4n DHEW (NIOSH)
Publication No. 77-127, Washington, D.C. (1877).

4-3

€9



Gordon, J. (1988). Analysis and Assassaent of SEAD Capability for Processing
Depleted Uraniua Contaninated Manufacturing Equipzent. Prepared for U.S.
Aruy Industrial Engineering Activity. Contract No. DAAADS-86-D-0205.

Gordon, J. (1988). Reviev and Analysis of Disposition Alternatives for Depleted
Uraniun Contaminatsd Manufacturing Equipment. Prepared for U.S. Army
Industrial Engineering Activity. Contract No. DAAAO8-86-D-0205.

Harris, H.C. (1988). Application for H;tltill License test Areas (TA) C-64 and
(TA) C-80. Eglin AFB, FL. To NRC Froa Armament Division, Eglin AFB, FL.

Health Physics and Radiological Health Handbook. (1984). Kucleon Lectern
Associates. Olney MD.(1978). :

Hodge, H, C.; Stannard, J. N.; Hursh, J. B.; editors. (1973). Uraniua-
Plutoniun- Transplutoniun Elements. Newv York: Springler-Verlag.

Hursh, J. B., et al. (1969). Oral Ingestion of Uranium by Man. Health Physics.
17:No.4.

ICRP (1959). International Commission on Radiological Protection. Report of
Cozmittee II on Permissible Dose for Internal Radfation. Health Physics.
Vol. 3. 1960 (reprinted from ICRP 1959).

ICRP (1968). International Commi{ssi{on on Radiological Protection. Report of the
Task Group on Reference Man. Pergamon Press, NY.

ICRP  (1977). International Coomission on  Radiological  Protectioen.
Recommendations of the ICRP. ICRP Publication 26. Oxford: Pergamon Press.

ICRP (1978). International Commission on Radiological Protection/Cozmittee 2.
Lizits for Intakes of Radionuclides by Workers. ICRP Publication 30.
Oxford: Pergazon Press.

ICRP (1979). Limits for Intakes of Radfonuclides by Workers. ICRP Publication
No. 30, Part 1-4.

ICRP (1981). International Commission on Radiological Protection. Report of the
Task Group on Refarsnce Man. Pergamen Press, NY.

Johnson, J.L.; Rajagopalan, K.V.; and Cohen, H.J. (1974). Molecular Basis of
the Biological Function of Molybdenua--Effact of Tungsten of Xanthine
Oxidase From Sulfite Oxidase in the Rat. J. Biol. Chem. 249: 856-866.

Johnson, J.L.; Wand, W.R.; Cchen, H.J.; Rajagopalan, K.V. (1974). Moleculsr

Basis of the Biological Function of Molybdenua -- Molybdenun-Free Xanthine
Oxidase from the Llvers of Tungsten-Treatsd Rats.

4-4

70



Kaplun, 2.5.; and Menzentaseva, N.V. (1959). Hygienic Evaluation of Aercsols
Formed in the Manufacture of Hard Alloys. GCig Sanit 24: 16-22, (rus) as
cited in DHEW (NIOSH) Publication Ko. 77-127, Washington, D.C. (1977).

Karantassis, T. (1924). On the Toxicity of Compounds of Tungsten and Molybdenu=,
Ann. Med, Leg 5: &44-50 as cited in DHEV (NIOSH) Publication No. 77-127,
Washington, D.C. (1977). ) '

Kaye, S.V. (1968). Distribution and Retention of Orally Administered
Radiotungsten in the Rat. Health PHysics 15: 399-417.

Kinard, F.V.: and Van de Erve, J. (1941). The Toxicity of Orally Ingested
Tungsten Cozmpounds in the Rat. J. Phamacal Exp. Ther. 72: 196-201.

Kirk, W.S. Depleted UranXimkland, C.G. (1986). Letter of Need Departaent of The
Alr Force,

Luo, X.M.; Wel, J.J.: and Yang, S5.P. (1983). 1Inhibitory Effect of Molybdenunm
on Esphageal and Forestomach Carcinogenesis in Rates. J. Naticnal Cancer
Institution 71: 75-80.

Ludwig, G. (1985). Particle Size Distribution and Relati{ve Uraniur Contents of
Airborne Dusts in a Depleted Uranium Facility. East Tennessee State
University, Tennessee.

Luessenhop, A. J., et al. (1958). The Toxicity in Man of Hexavalent Uraniuc
Following Intravenous Adzinistration. American Journal of Roentgenoclegy;
Jan 1958.

Magness, C. Reed (1985). Environmental Overview for Depleted Uraniuzm. Chemical
Research & Development Center. U.S. Army Armament, Munitions & Chemical
Comzand, Aberdeen Proving Ground, MD. CRDC-TR-85030.

Mezentseva, N.V. (1967). Tungsten in Toxicoclogy of the Rare Metals. Izrael’son
Z.I. (ed): Springfield, VA. U.S. Dept of Cozmerce, Naticnal Technical
Information Service, pp 28-35 (NTIS ACE-tr 6710) as cited in DHEW (NIOSH)
Publication No. 77-127, Washington, D.C. (1977).

Miller, C.V.; Davis, M.V.; Golduman, A.; and Wyatt, J.P. (1953)., Pneumoncconiosis
in the Tungsten Carbide Tool Industry. AMA Arch. Ind. Hyg. Occup. Med.
8: 453-464 as cited in DHEW (NIOSH) Publication No. 77-127, Washington,
D.C. (1977). '

Morrow, P. E., et al. (1982). Metabolic Fate and Evaluation of Injury in Rats
and Dogs Following Exposure to the Hydrolysis Products of Uraniuz
Hexafluoride. NUREG/CR-2268. Washington DC: U.S. Government Printing
Office.

Muller, A.B.; and L.E. Duda. (1983). The Uranium-Water System: Behavior of
Dominant Aqueous snd Solid Compounds; SAND 83-0105, Albuquerque; Saudia
National L;bs; p. 160.

&4-5

71



Nadeenko, V.G. (1966). Maxionm Peraissible Concentrations of Tungsten in Water.
Hyg. Sanitary 31: 197-203 as cited in DHEW (NIOSH) Publication Neo. 77.
127, Washington, D.C. (1977).

National Academy of Science, (1977). Drinking Water and Health, NRC Prass,
Vashington, DC.

National Academy of Sciences - National Research Council/Comnittee on the
Biological Effects of lonizing Radiation (BEIR IV Committes). (1988). Health
Effects of Radon and Other Internally Deposited Alpha-Eaitters. Washington DC:
National Acadexy Press,

NCRP (1975). National Council on Radiation Protection and Measursments. Alpha-
Eaitting Particles in the Lung. NCRP Report No. 46. Bathesda, MD.

NCRP (1980). National Council on Radiation Protection and Msasurements. Influence
of Dose and Its Distribution in Time on Dose-Response Relationships for
Lov-LET Radlations. NCRP Report No. 64. Bethesda MD.

NCRP (1989). National Council on Radiation Protection and Measurements. Exposure
of the U.S. Population froa Occupational Radiation. NCRP Report No. 101.
Bethesda MD.

National Institute for Occupational Safety and Health/Center for Disease
Control/U.S. Department.of Health and Human Services. (1982). Interim
Report No. 1, TA 82-050 (on uranium exposures at TNS, Inc., Jonesboro,
IN). NIOSH.

NSMC. 1988. National Systems Management Corporation, Arlington, VA, Technical
Report; Review and Analysis of Dispostion Alternatives For Depleted Uraniua
Contaminated Manufacturing Equipment, Prepared for U.S. Army Industiral
Engineering Activity AMX1B, Rock Island, IL, October 19, 1988.

Nelson, I.C. and Price, K.R. (1989). Review of Environmental Radlation
Monitoring for the Depleted Uranium Test Areas. Contract No. DE-AC06-
76RLO1830. Battelle Memorial Instituce, TD-2761.

Patrick M.A. and Cornette, J.C. (1978). Morphological Characteristics of
Particulate Material Formed from High Velocity Izpact of Depleted Uraniua
Projectiles with Armor Targets. Alr Force Armazent Laboratory, Publication
No. AFATL-TR78-117.

Pierre Cozmittee (1978). Use of Depleted Uraniun Munitions (Hazard Evaluation).
U.S. Aray Arnanent Ressarch and Development Command.

Radiation Effects Research Foundation (RERF). (1988). Preston, D. L.; Plercs,

D. A. The Effect of Changes in Dosimetry on Cancer Nortality Risk

Estimated in the Atomic Boamb Survivors. Rad. Res. 1l1l4.

4-6

72




Reber, E. (1969). Investigations on Dust Hazards Accompanying the Production and
Machining of Hard Metals. Staub-Reinhalt Luft 29:57-62, (Ger) as cited in
DHEW (RIOSH) Publication No. 77-127, Washingten, DC. (1977).

Rochemaure, J., Ancla, M., Triquest, G., and Meyer, A. (1972). A Case of
Pulmonary Fibrosis--Possible Role of Exposure to Tungsten Dust. J. Fr.
Med. Chir. Thoac 26: 305-12, (Fre) as cited in DHEV (NIOSH) Publication
No. 77-127, Washingten, .DC (1977).

Scherpers, G.W.H. (1971). lung Tumors of Primates and Rodents. Ind. Med. 40:
48-53 as cited in DHEW (NIOSH) Publication No. 77-127, Washington, D.C.
(1977).

Schwartz, L.; Peck, S.M.; Blalr, K.E.; and Markuson, K.E. (1945). Allergic
Dermatitis Due to Metallic Cobalt. J Allergy 16: 51-53 as cite in DHEW
(RIOSH) Publication No. 77-127, Washingten, D.C. (1977).

Siteig, M. BHandbook of Toxic and Hazardous Chezicals and Carcinogens, 2nd
Edition, Noyes Publications, Nev Jersey.

Skog, E. (1963). Skin Affecting Caused by Hard Metal Dust. Ind. Med. Surg. 32:
266-68, as cited in DHEW (NIOSH) Publicatien No. 77-127, VWashington, D.C.
(1977).

Spith, L.E. (1988). Chief Safety Office, Department of the Army, latter to the
Nuclear Regulatroy Commission Region 111, Glen Ellyn, IL, October 6, 1988,

Spoor, N. L. (1968). Occupational Hygiene Standards for Natural Uranium. AHNSB
(RP) R77. .

Stafford, P.T. (1985). Tungsten - Mineral Facts and Problems. Bureau of Mines
Bulletin No. 675.

Stokinger, H.E. (1981). The Metals; Tungsten in Patty’'s Industrial Hygiene and
Toxicology. Third Editien, Clayton, G.D. and Clayten, F.E> (eds). John
Uiley and Sons, New York, pp. 1981-199%4,

UNSCEAR (1982). United Nations Scientific Committee on the Effscts of Atomic
Radiation (UNSCEAR Committee). Sources, Effects and Risks of lonizing
Radiation, 1582 Report to the General Assesbly. Nev York.

UNSCEAR (1988). United Nations Scientific Committee on the Effects of Atonmic
Radiation (UNSCEAR Comnittee). Sources, Effects and Risks of lonizing
Radiation, 1988 Report to the General Assembly. New York. ‘

USAF. (1978). Air Force Armanent laboratory. Morpholegical Characteristics of
Particulate Material Formed from High Velocity Impact of Depleted Uranium
Projectiles with Armor Targets. AFATL-TR-78-117. November 1978.

U.S. Code of Federal Regulations, Title 10, Part 20. (1989). Nuclear Regulatory
Commission. Washington DC: Federal Register.

4.7

73




USDOI. (1985). United States Department of the Interior. Mineral Facts and
' Probleas, 1985 Edition. Bureau of Mines, Bulletin 675.

USEPA 1989. United States Environmental Protection Agency. Health Effects
Assessnent Summary Tables. Second Quarter, 1989, OERR 9200.6-303-(89-2).
Office of Ressarch and Developaent, Washington, DC, April.

U.S. Nuclear Regulatory Commission. (1976). Denial of Petition for Rulemaking,
National Resources Defense Council, Docket No. PRM-20-3. Washington DC:
Federal Register, Vol. 41, No. 71, 15371-135379.

U.S. Nuclear Regulatory Commaission. (1988). Proceedings of Meeting on
Ultrasensitive Techniques for Measurements of Uranium in Biological
Sazples; Nephrotoxicity of Uranfum. NUREG/CP-0093, Washington DC: U.S.
Covernment Printing Office. :

U.S. Nuclear Regulatory Commission. (1989). Proposed Commission Policy Statement
on Exemptions from Regulatory Control. SECY-89-184 (reissued). Washington
DC: NRC Publie Docunent Roonm.

Vengerskaya, K.Y.; and Sslikhodzhaev, S.S. (1962). Some Problems Relating to
the Effects of Tungsten Power on Humans.Gig. Tr. Prof. Zabel. 6: 27-29,
(Rus.) as cited in DHEW (NIOSH), Publication No. 77-127, Washington, D.C.
(1977).

Voegtlin, C.; Hodge, H. C.; editors (1953). Pharmacology and Toxicology of
Uraniun Compounds. New York: MeGraw-Hill.

Valz, M.J. (1982). Depleted Uranium Test Range fragment Reclamation. Air Force
Arnament laboratory. Document No. AFATL-TR82-49.

Wei, H.J.; Duo, X.M.; and Yang, S.P. (1985). Effects of Molybdenum and Tungsten
on Mannary Carcinogenesis in Sprague-Davley Rats.J. National Cancer
Institution 74: 469-473. '

Weigel F. (1980). Chapter 5: Uranium {n Chenistry of the Actinide Elements (2nd
ed.); J.J. Katz, G.T. Seaborg, and L.R. Morss eds, Nev York; Chapzman and
Hall; p. 169-442.

Whittaker, M. Corporate Health Physicist, Chem-Nuclear Systeas, Inc., Columbia,
SC via Hayes J.L., Supervisor, DOD Programs, (1987). |Latter to Mr.
Cardenuto, U.S. Army AMCCOM, Rock Island, IL, June 3, 1987.

Vilsey, E.F. and Bloore, E.W. M774 Cartridges Ilmpacting Armor-Bustle Targets:
Depleted Uranium Airborne and Fallout Material. U.S. Army Ballistic
Research Laboratory Report No. BRL-MR-3760.

Ving, J. F., et al. (1965). Accidental Acuze Inhalation Exposurs of Humans to
Soluble Uranium. NLCO-951.

L-8




S. Adelman Associates

Appendix Il

Questionnaire:

Information Search of Toxic Free Ammunition

75




S. Adelman Associates
301 Maple Avenue West
Suite 100

Vienna, VA 22180

Phone: (703) 255-1536
FAX: (703) 369-2314

Questionnaire: Information Search of Toxic Free Ammunition

Company/Organization:
Point-of Contact:
Address:

Phone:

Questions: (Please use additional paper as necessary).

1 Do you manufacture, or plan to manufacture, cartridges up to .50 caliber that are expressly designed
to be lead-free/toxic-free? Do you manufacture, or plan to manufacture, ammunition components such as
primers, tracers, propellant, and/or bullets that may be used in such toxic-free cartridges?

2. Are these designed to be used only as training cartridges or components, or are they expected to be

service cartridges, capable of taking the place of the current lead-based, with no significant degradation in
performance?
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3. What was the original purpose of the subject cartridges/components? Were they designed with the
elimination of toxic materials as the prime purpose, or were they designed for another application and then
adopted when the toxic-free requirement became significant?

4. What is your approach to the elimination of lead and/or other toxic materials from the bullet, or the
neutralization of the toxic effects of these materials? (eg. use of non-toxic materials, encapsulation, etc.).
What materials are used in the bullet? Please be specific, and include data sheets and other relevant
material when available.

5. What specific technology, if any, do you apply to eliminate toxic effects from the primer, propellant
and tracer? What materials and formulations are used? Do you supply these components to cartridge
manufacturers?



6. Have you quantified any toxic effects of these cartridges or cartridge components, and what were the
results? Do you have material safety data sheets on these formulations?

7. What is the development status of these rounds? (eg. available now as commercial products,
developed and ready for manufacture, in development, in test). If they are not available now, when do you
envision they will be available?

8. What calibers are these products available in, and what calibers could they be supplied in?
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9. What is the performance or anticipated performance with respect to aging, storage, temperature,
humidity, etc? Has this been validated by testing and/or field experience.

10. What will be the relative production costs, compared with the current cartridges or components, in
equivalent production quantities? How were these costs arrived at?
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Health Hazard Evaluation Jc?EEB?‘E”’E—E‘_T—}T—91-161-2225, Denver Police
Department, Denver, Colorado
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National Inst. for Occupational Safety and Health, C1nc1nnat1, OH. Hazard
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In response to a request from the Denver Police Department (SIC=-9221) in
Denver, Colorado, an investigation was made into lead (7439921) exposures
during the use of different ammunition on the firing range. Ventilation
rates were measured and personal breathing zone air samples were collected
for ten officers during the firing of .45 caliber pistols. Nonlead primers
were not yet available for .45 caliber ammunition. Air lead exposure ranged
from 1.0 to 16 micrograms/cubic meter (microg/cu m), A slight improvement
was noted in ventilation since an earlier NIOSH study had been performed at
this site. The improvement resulted from the removal of a 3 foot high
partition along the floor on the firing line. There was still, however,
turbulent air flow. across the entire firing line and backflow in some of
the shooting booths. The author concludes that there was no health hazard
from lead overexposure at this site at this time, but recommends use of
jacketed bullets, nonlead primers, and administrative controls to minimize
lead exposures.

Descriptors: *Occupational safety and health; *Environmental surveys;
*Police; *Toxic substances; *Buildings; Toxicity; Occupational exposure;
Lead poisoning; Air pollution effects (Humans) ; Ventilation;
Ranges (Facilities); Ballistic ranges; Inhalation
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Technology--Architectural Design and Environmental Engineering); 68G
(Environmental Pollution and Control--Environmental Health and Safety); 68A
(Environmental Pollution and Control--Air Pollution and Control)
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A study was conducted to evaluate the feasibility of decreasing or
eliminating aerosol 1lead contamination hazards at indoor firing ranges by
selectively modifying the ammunition fired. A caliber .38 Special police
revolver was used in the study. Firings were conducted in a specially
designed container which allowed trapping of particulate weapon effluents
for subsequent analysis. Under the conditions of the experiment,
sonventional caliber .38 Special ammunition yielded an average of 5.64
nilligrams of 1lead per round at the uprange position. Under identical
conditions, custom-made ammunition, using copper Jjacketed soft point
srojectiles and a special lead free primer composition, yielded an average
>f 13 micrograms of lead per round. The data represented a decrease of lead
sontaminant produced per round by a factor greater than 400. The ballistic
characteristics of the ammunition were also examined. There appears to be a
jood possibility of ballistically matching the modified ammunition with
standard caliber .38 Special ammunition. (Author)
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POLLUTION FREE SHOOTING PRACTICE

International Defense Review 1985 wv. 18 no. 8 p. 1357
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Dynamit Nobel has developed Sintox, a non-toxic, lead-free zinc and
titanium compound ammunition primer. 1In a parallel development, Dynamit
Nobel has introduced Geco, a full metal case bullet. Both developments will
reduce the heavy lead pollution at shooting ranges. Tests with Sintox over
a 4-6 hr period produced a lead concentration of 0.007-0.0017 mg/m3 vs 9
mg/m3 over the same period using conventional Luger 9 mm ammunition.
Dynamit Nobel has developed 9 mm and submachine gun rounds featuring the
Sintox primer and Geco seal.

TRADE NAME: DETONATING PRIMERS; SMALL ARMS AMMUNITION; SINTOX; GECO

COMPANY: DYNAMIT NOBEL

PRODUCT: *Detonating Primers (2892141); Small Arms Ammunition (3482000)
EVENT: *Product Design & Development (33)

COUNTRY: +*West Germany (4WGE)
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