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The Office of the Special Assistant for Gulf War Illnesses is reporting on what we know today about specific events
that took place during the Gulf War of 1990 and 1991. This particular report focuses on the use of, and exposures
to, depleted uranium (DU). This is an interim report, not a final report. We hope that you will read this and contact
us with any information that would help us better understand the events reported here. With your help, we will be
able to report more accurately on the events surrounding DU use and exposures. Please contact my office to report
any new information by calling:

1-800-472-6719

Bernard Rostker
Special Assistant for Gulf War Illnesses-
: Department of Defense
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Many veterans of the Gulf War have been expé’ﬁéncing a variety of physical symptoms,
collectively called Gulf War illnesses. In response to veterans’ concerns, the Department of
Defense (DoD) established a task force in June 1995 to-investigate all possible causes.  The
Investigation and Analysis Directorate (IAD) of the Office of the Special Assistant for Gulf War
Illnesses (OSAGWI) assumed responsibility for these investigations on November 12, 1996, and
has continued to investigate depleted uranium. Its interim report is contained here.

As part of the effort to inform the public about the progress of this effort, DoD is publishing (on
the Internet and elsewhere) accounts related to possible causes of illnesses among Guif War

veterans, along with whatever documentary evidence or personal testimony was used in
compiling the accounts. The report that follows is such an account.
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I. OVERVIEW!

The Gulf War was the arena for the first
battlefield use of armor-piercing munitions
and reinforced tank armor incorporating
depleted uranium (DU). This very dense
metal is a by-product of the process by
which natural uranium is “enriched” with
the addition of radioactive isotopes taken
from other uranium.  The leftover
uranium, drained of 40% of its original
radioactivity, is called “depleted uranium,”
or DU.. L

Figure 1 - Abrams tank and DU sabot rounds

Depleted uranium played a key role in the overwhelming success of US forces during the Gulf
War. Machined into armor-piercing 120mm DU °‘sabot’ rounds (Figures 1 and 2), DU
penetrators were called “silver bullets” by tankers, who quickly recognized the tremendous lethal
advantage these rounds provided against enemy tanks. The extreme density of the metal and its
self-sharpening properties make DU a
formidable weapon; its projectiles slice
through thicker, tougher armor at greater
ranges than other high-velocity rounds.
In addition, DU is pyrophoric—upon
striking armor, small particles break off
and combust spontaneously in air, often

; i touching off explosions of fuel and
Figure 2 - DU round discarding its sabot munitions.

DU was also used to enhance the armor protection of US tanks. In one noteworthy incident, an
M1A1 Abrams Main Battle Tank, its thick steel armor reinforced by a sandwiched layer of DU,
rebuffed a close-in attack by three Iraqi T-72 tanks. After deflecting three hits from the Iraqi
tanks, the Abrams’ crew dispatched the T-72s with a single DU round to each (an expanded
version of the encounter can be found in Tab F). Similarly, Air Force A-10 “tank-busters” and
Marine Corps Harrier close air support aircraft fired 30mm and 25mm DU rounds, respectively,
with deadly effect against Iraqi armor (see Tab F for a description of DU use in the Gulf).

During the Gulf War,.DU. helped.US forces fight more effectively and defend themselves more
confidently. American tankers and A-10 pilots destroyed thousands of Iraqi combat vehicles
without the loss of a single US tank to enemy fire. Since the Gulf War, DU’s battlefield
effectiveness has encouraged its steady proliferation into the arsenals of allies and adversaries

' A Glossary and List of Acronyms is located at Tab A.
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alike. There is llttle doubt, therefore, that DU will be used against our troops in some future
conflict.

~

While DU’s combat debut showed the
metal’s clear superiority for both armor
penetration and armor protection, its
chemical toxicity—common to all forms of
uranium and similar to other heavy
metals—and its low-level radiological
- properties gave rise to concerns about
‘% possible combat and non-combat health
= risks associated with DU use. The issues
. to be addressed in this report are: did DU
= pose an unacceptable health risk to
. American troops; were personnel trained to
L o . recognize and communicate that risk; and
Figure 3 - MI1Al in the Gulf were troops, once exposed to DU,
adequately monitored and treated?

TR

To many veterans and members of the public, the term “exposure,” especially when associated
with the word “radiation,” signifies that adverse health effects will follow. In fact, exposure in
the present case is used to describe-events and situations where soldiers came into contact with
depleted uranium fragments and particles formed when DU struck armor targets or “slow
cooked” in fires. “Exposure” in the current context is better understood if equated with most
people’s daily “exposure” to automobile exhaust, second-hand smoke, or similar noxious or
potentially toxic substances. In minute quantities, such exposures will not produce harmful
effects; however, when certain thresholds are exceeded, adverse health effects might result.

This report examines a variety of exposures that occurred during and after the Gulf War. The
report begins with a short, but important lesson on DU—what it is and the potential health risks
of its chemical and radiological properties (se¢e DEPLETED URANIUM—A SHORT COURSE,.
page 11). The report then describes DU exposures that occurred during the Gulf War, and relates
those exposures to possible health effects (see. ASSESSMENT OF POTENTIAL HEALTH
EFFECTS FROM DU USE IN THE GULF THEATER, 1990-1991, page 20). Next, the report
addresses recent environmental studies of various DU munitions, environmental assessments of
DU contamination on the battlefield, results of current medical studies, future monitoring efforts,
and on-going and planned research (see FOLLOW-UP, page 29). After the Follow-up, the report
presents some lessons learned since the Gulf War (see LESSONS LEARNED, page 37),
addressing pre-Gulf War training shortfalls, and recommending steps DoD can take to better
prepare troops to operate in environments where they might encounter DU contamination. The
Conclusion (see CONCLUSION, page 42) summarizes the contents of the report, describes
ongoing research and medical follow-up programs, and relates key findings and conclusions
based on evidence analyzed to date.



This investigation, and medical and $¢iéntifi¢ research to date, have not established any
relationship between DU exposures and the undiagnosed illnesses presented by some Gulf War
veterans. These efforts are ongoing, and this office will continue to apply lessons learned from
the investigation and research efforts to safeguard the health of our troops.

Investigators from the Office of the Special Assistant have interviewed hundreds of Gulf War
combatants and eyewitnesses, reconstructed numerous operations, consulted with subject matter
experts, and researched the most current body of knowledge regarding DU’s medical effects and
environmental impact. The investigation classifies possible DU exposures into three Levels,
encompassing 13 separate activities,.shown in Table 1 (see page 8). These Levels are based on
initial estimates about the extent of the exposures. For each Level, Table 1 provides a
description of the activity, a current estimate of the number of soldiers involved, the duration of
the exposure, and the personal protective equipment used, if any.

The investigation includes incidents in which US tanks mistakenly fired DU armor-piercing
- rounds into other US combat vehicles, exposing surviving crewmen in those vehicles to wounds
from DU fragments and/or inhalation and ingestion of particles formed when DU munitions
penetrate armor, especially tank armor. During these “friendly fire” incidents, personnel rushing
to evacuate and rescue fellow troops from stricken vehicles may have also been directly exposed
to DU. These immediate and direct exposures are part of Level I exposures (see Tab G).

A second, lower level of exposures to DU occurred after combat as explosive ordnance disposal
(EOD) personnel entered DU-contaminated vehicles to remove unexploded munitions. In
addition to EOD personnel, battle damage assessment teams- (BDAT), radiation control
(RADCON) teams, and- salvage crews worked in and on the damaged or destroyed vehicles as
they were processed for repair or disposal. Also classified with this group would be personnel
involved in cleanup and recovery operations in the North Compound of Camp Doha, Kuwait,
following the motor pool fire in which DU munitions detonated and burned. These personnel,
and others who may have come into direct contact with the dust-like residue of expended DU
rounds, are categorized under the Level Il exposure category (see Tab G).

A third category of DU -exposure, Level III, also discussed in Tab G, defines personnel whose
exposure-to DU was short-term and generally very low. These exposures may have occurred as
personnel passed through and inhaled smoke from burning DU, casually handled spent DU
penetrators, or briefly entered DU-contaminated vehicles on the battlefield or in salvage yards.

These three exposure categories are not exclusive. Given the complexity of combat operations
during the Gulf War and the wide variety of post-combat assignments, there are other possible
DU-exposure scenarios which could overlap categories. The purpose of this report is to relate
the documented incidents during which exposure to DU was a distinct possibility, and to discuss
what is currently known about the potential health effects resulting from those exposures.



Table 1 - Incident Summary

Personal

Exposure Classifications:  Levels and Scenarios Number of | Duration of
' ' Personnel | Exposure Protection
Worn

Level I
Soldiers in or on vehicle at the time it was penetrated ~113* Minutesto | None
by a DU munition. Days**

Soldiers who entered US vehicles immediately after | ~30-60* Minutes None
friendly fire DU impacts to rescue occupants.

Level I1 '

Explosive Ordnance Disposal (EOD) and unit | ~30-60* ~ 1 hour per | None
personnel who downloaded equipment and mumtlons vehicle

from DU-contaminated systems.

Unit maintenance personnel who performed | ~30-60* ~ 1 hour per | None
maintenance on or in DU-contaminated systems. vehicle

Logistics Assistance Representatives (LARs) who | ~6-12 ~ 1 hour per | Some
inspected DU-contaminated Systems to determine vehicle -Wore. -
reparability. PPE***
Battle Damage Assessment Team (BDAT) members | 12 3 hours per | Most
who examined US combat vehicles damaged and vehicle Wore
destroyed by DU. PPE
144" Service and Supply Co. personnel who |27 Various None
processed damaged equipment, including some with

DU contamination.

Radiation Control (RADCON) team members. 10-12 Hours PPE
Personnel exposed to DU contamination during [ ~600* Hours None
cleanup operations at Camp Doha’s North

Compound.

Level III , ;
Personnel exposed to smoke from burning DU rounds | hundreds Minutes None
at Camp Doha. :

Personnel exposed to smoke from burning Abrams | unknown Minutes None
tanks. '
Personnel who entered DU-contaminated equipment. | unknown ~5t0 10 None
- minutes per
vehicle
Personnel exposed to smoke from DU- lmpacted Iraqi | unknown Minutes None
equipment.

*  Number is not final, under investigation.

** Most soldiers were removed from friendly fire vehicles within minutes. However, we have received
reports of soldiers driving around-in minimally- damaged:Bradley Fighting Vehicles (BFVs) for

several days.

***Personal Protective Equipment (PPE) includes surgical mask, coveralls, boots and gloves.
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Dose and toxicity determine health effects: The:US: Army Center for Health Promotion and
Preventive Medicine (CHPPM) is concentrating on determining possible DU intakes by Level I
soldiers, who were most exposed. Initial estimates represent an upper bound to exposure,
commonly called the “worst case,” based on the limited available test data for DU sabot rounds
which penetrated DU armor. In this report, “worst case” refers to conditions that are thought to
.produce a maximum exposure to DU. These estimates indicate that the radiological risk for
these events is well within current regulatory limits for industrial workers. It should be
cautioned that these dose estimates are very preliminary, requiring additional testing to fill data
gaps, require further refinement of dose estimates, and will be influenced by current research
about DU’s medical effects. '

Since 1993, the Department of Veterans Affairs has been monitoring 33 vets who were seriously
injured in friendly fire incidents involving depleted uranium. These veterans are being
monitored at the Baltimore VA Medical Center. While these veterans have very definite medical
afflictions resulting from their wartime injuries, they are -not sick from the heavy metal or.
radiological toxicity of DU. About half of this group still have depleted uranium metal
fragments in their bodies. Those with higher than normal levels of uranium in their urine since
monitoring began in 1993 have embedded DU fragments. These veterans are being followed
very carefully and a number of different medical tests are being done to determine if‘the depleted
uranium fragments are causing any health problems. The veterans being followed who were in
friendly fire incidents but who do not have retained depleted uranium fragments, generally
speaking, have not shown higher than normal levels of uranium in their urine. For the 33
veterans in the program, tests for kidney function have all been normal. In addition, the
reproductive health of this group appears to be normal in that all babies fathered by these
veterans between 1991 and 1997 had no birth defects.

The DoD and Department of Veterans Affairs recently instituted a new medical. follow-up:.
program to evaluate all individuals who were in or on-vehicles that were struck by friendly fire,
as well as those who worked around DU-contaminated vehicles. These individuals were less
exposed than the 33 in the original program, but potentially more exposed than the general
military population. While their DU exposures are unlikely to have exceeded the threshold
levels at which health effects might be observed, prudence dictates that they be evaluated to
establish any residual body burden of DU. Veterans whose known exposures caused them to be
classified as Level I or Level II exposure participants who worked on DU-contaminated
equipment (described further on.page 8 and.in Tab G) will be notified of their exposures and
offered a medical-evaluation. They will also receive the letter and DU information shown in Tab
K, DU Notification and Medical Follow-up.

To illustrate specific examples of DU exposures that occurred during the war, this report draws
upon several incidents during which US military personnel were exposed or potentially exposed
to DU through inhalation, ingestion, wound or bare skin contact. Where the essential facts have
been established, those incidents have been investigated and are reported here. Where the
reports of DU exposure are incomplete or remain unsubstantiated, the investigation continues.




A. Health Effects From the Chemical Toxicity of Depleted Uranium

1. Chemical Properties of DU

wome s wee e Uranium is all around us. It is a

T S heavy metal similar to tungsten, lead,
and cadmium, occurring in soils at an
average concentration of 3 parts per
million, equivalent to a tablespoon of
uranium in a truckload of dirt.” All of
us take in uranium every day from the
air we breathe, the water we drink,
and the foods we eat. On average,
each of us takes in 1.9 micrograms
(about two millionths of a gram) of
. uranium a day from food and water,
and inhales a very small fraction (7 X 10~ or 0.007) of a microgram every day.'3 , -

Figure 4 - Cutaway of DU éabot rouﬁd | '

DU’s ability to self-sharpen as it penetrates armor is the primary reason why DU is a more potent
weapon than alternate tungsten munitions, which tend to mushroom upon impact. Fragments
and uranium oxides are generated when DU rounds strike an armored target. The size of:the
particles varies greatly; larger fragments can be easily observed, while very fine particles are
smaller than dust and can be inhaled and-taken into the lungs. Whether large enough to see, or
too small to be observed, DU particles and oxides contained in the body are all subject to various
degrees of solubilization—they dissolve in bodily fluids, which act as a solvent.

The solubility of uranium varies greatly depending on the particular compound—or form of
uranium—and the solvent. The human body’s natural-fluids, which-are-water-based; provide the
solvent that acts on DU that has entered the body. In this report, references to “soluble” and
“insoluble” forms of depleted uranium are relative generalizations about depleted uranium’s
overall solubility; over time, all uranium is soluble. The three uranium oxides of primary
concern (UO3, UO,, and U303) all tend to dissolve slowly (days for UO; to years for UO, and
U;0%) in bodily fluids.*” Once dissolved, uranium may react with biological molecules and, in
the form of the uranyl ion, may exert its toxic effects. Those toxic effects are: cellular necrosis
(death of cells) in the kidney and atrophy in the tubular walls of the kidney resulting in a-
decreased ability to filter impurities from the blood.”

2 Toxicological Profile for Uranium, Draft for Public Comment. Atlanta, GA: US Department of Health and Human
Services, Public Health Service, Agency for Toxic Substances and Disease Registry, September 1997, p. 1.

3 Health and Environmental Consequences of Depleted Uranium Use in the US Army: Technical Report, Atlanta,
GA: US Army Environmental Policy Institute, Georgia Institute of Technology, June 1995, p. 111.

* Bioassay Programs for Uranium, An American National Standard, HPS N13.22-1995, Health Physics Society;
McLean, VA; October 1995, p. 13, 38.

3 Toxicological Profile for Uranium, Draft for Public Comment. Atlanta, GA: US Department of Health and Human
Services, Public Health Service, Agency for Toxic Substances and Disease Registry, September 1997, p. 15.
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2. Chemical Effects

Once dissolved in the blood about 90% of the uranium present will be excreted by the kidney in
urine within 24-48 hours.’ The 10% of DU in blood that is not excreted is retained by the body,
and can deposit in bones, lungs, liver, kidney, fat and muscle. Insoluble uranium oxides, if
inhaled, can remain in the lungs for years, where they are slowly taken into the blood and then
excreted in urine. :

Although heavy metals are not attracted to single biological compounds, they are known to have
toxic effects on specific organs in the body. Previous research has demonstrated that the organ
that is most susceptible to damage from high doses of uranium is the kidney. The uranyl-
carbonate complexes decompose in the acidic urine in the kidney. This reaction forms the basis.
for the primary health effects of concern from uranium. The effects on the kidney from uranium
resemble the toxic effects caused by other heavy metals, such as lead or cadmium.

So far, very. few Gulf War. veterans have been diagnosed with types of kidney damage in which
DU would be on the list of possible causative agents. Diabetes and lupus would be the most
likely causes on the list, however. Among the first 20,000 veterans who were evaluated in the
CCEP, there were only 25 individuals (0.1%) who were diagnosed with these types of kidney-
damage. These included 13 individuals with glomerulonephritis and 12. individuals with renal
insufficiency.” None of these 25 individuals were among the group of 33 veterans with the
highest DU exposures who have been-followed in the Baltimore VA program. The rates of these
diagnoses in this self-selected population are consistent with the rates of similar kidney problems
in the general US population.

3. Chemical Toxicity Standards

For uranium, the Occupational Safety and Health. Administration (OSHA).and the American
Conference of Governmental Industrial Hygienists (ACGIH) have established protection
standards for workers based on the chemical toxicity to the kidney. The standards are based on
the assumption that they will provide adequate protection for workers over a normal working (40-
hours per week) lifetime. Additionally, levels for short-term exposures are also defined to limit
acute exposure effects. The Permissible Exposure Limits (PELs) listed in Table 2 are from the
Code of Federal Regulations dealing with occupational exposures to toxic and hazardous
substances. Table 2 is intended only for a general comparison of the relative toxicity of the

¢ Naomi Harley, Eamest Foulkes, Lee Hilborrie, Arlene Hudson, C. Ross Anthony, “A Review of the Scientific
Literature as it Pertains to Gulf War Illnesses, Volume V: Depleted Uranium, Draft,” RAND, National Defense
Research Institute, Washington DC, June 29, 1998, p. 13.

Stephen P. Joseph and the Comprehensive Clinical Evaluation Team, A Comprehensive Clinical Evaluation of
20,000 Persian Gulf War Veterans, Military Medicine, Vol. 162, March 1997, p. 149-155.
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various metals. Although the PEL was derived for natural uranium, the chemical effects of the
various isotopes of uranium are expected to be identical.

Table 2 - Comparison of OSHA PELs for Metals from Inhalation Exposures.®

Element Soluble Compounds Insoluble Compounds
(mg/m’) ‘ (mg/m’)
Lead* 0.05 0.05
Cobalt - metal, dust and | 0.1 0.1
_fume (as Co)*

-Uranium 0.05 0.25
Nickel 1 1
Tungsten 1 5
Mercury [ 0.01
Titanium Dioxide :

Total dust* . 15

* No distinction is made between soluble and. msoluble compounds.

In addltlon to OSHA’s limits, ACGIH has established a Threshold Limit Value (TLV®) of 0.2
mg/m® (for. both soluble and insoluble compounds). For brief periods of exposure, ACGIH has
set a short-term exposure limit (STEL)(an average concentratlon over a 15 mmute period that
allows for brief excursion above the TLV) of 0.6 mg/m®° PELs and TLVs® are based on the
principle that there is a threshold below which no adverse health effects occur. As the exposure
increases above the threshold, the adverse health effect becomes more severe. PELs and TLVs®
are called time-weighted-average values because. they- are averaged over an 8-hour workday, for
a 40-hour workweek over a working lifetime.

The OSHA PELs and ACGIH TLVs® were intended to apply to the common workplace, not to
the battlefields of Desert Storm. Nevertheless, these limits provide a set of guidelines for use as
a starting point in evaluating hazards. However, since only limited environmental data are
available from the operational -environment, the guidelines serve as reference points for
comparison with experimental data.

4. Implications for the Military

DU exposures for the Level II and Level III exposure categories are believed to be well below
levels expected to produce either temporary or permanent kidney damage. The friendly fire
victims (Level I exposures) are believed to have had the highest exposures during the Gulf War
(Reference Section III.B.1.c.). It is impossible to assess temporary DU-related kidney

¥ 29 CFR 1910.1000 Table Z-1 leltS for Air Contaminants; 29 CFR 1915 1000 Table Z; and 29 CFR 1910.1025
Lead '

? 1998 TLVs and BEISs, Threshold Limit Values for Chemical Substances and Physical Agents, Biological Exposure
Indices, American Conference of Governmental Industrial Hygienists.
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dysfunction in these soldiers immediately following their accidents, because traumatic injuries
and major surgeries may also cause temporary renal abnormalities. In addition, routine
urinalysis tests do not detect subtle, early renal damage that might be associated with DU heavy
metal toxicity. However, no kidney abnormalities have been documented in any of the 33
veterans studied in the Baltimore VA program, including their most recent examinations in 1997.

B. Health Effects From the Radiological Toxicity of Depleted Uranium
1. Radiological Properties of DU

Depleted uranium—described above as a metallic remnant of one of several processes that begin
with uranium ore—is composed of three isotopes of uranium (**U, **°U, and %U). Depleted
uranium, like all uranium and other elements, is composed of atoms; the basic building block of
nature. Atoms consist of atomic particles called neutrons (neutral particles), protons (positively
charged particles), and electrons (negatively charged and relatively massless). For any element;
like uranium, the number of protons and electrons determine the chemical properties. - Atoms of
the same element can have different numbers of neutrons. These different atoms of the same
element are called isotopes. Isotopes of an element have the same chemical properties, but may
have different nuclear or radiological properties. In nature, uranium consists of the isotopes
24y, 2%y, and U in a certain ratio. Depleted uranium has a lower content of 2>*U and **°U,
which have been removed in the enrichment process.

The number of heavy particles (protons and neutrons) in the nucleus of an atom determines the
stability of the element. Unstable elements ‘decay’ through a nuclear transformation process into
new elements called progeny or daughter products. Each daughter product has a lower atomic
weight than the unstable parent isotope. This process of decay—radioactivity—emits one or
more forms of ionizing radiation (among them, alpha particles, beta particles, neutrons, X-rays,
or gamma.rays) during each nuclear transformation. This decay process.continues until a stable
(non-radioactive) element is produced. For example, after completing several stages of the
radioactive decay process, >°°U becores lead. A more thorough description of the origins of
depleted uranium can be found at Tab C. -

2. Radiological Effects

As it decays, DU emits alpha, beta, and gamma radiation. An understanding of how DU’s
emissions may cause health effects can be drawn from existing knowledge of how radiation, in
general, causes health effects.

Radiation is everywhere. People live their lives being bombarded by gamma rays, neutrons, and
charged particles produced by materials in nature and even in their own bodies. This ever-
present background radiation has persisted for as long as the earth has existed. Humans have
evolved and developed in this ionizing radiation environment.
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In discussing health effects relating to ionizing radiation, the term “dose” is used. “Dose” comes
from the early medical use of x-rays, much as a dose of medicine is measured in grains or
ounces. It refers to the amount of radiation energy absorbed by an organ, tissue, or cell,
measured in rems. '’ Today, the average American receives a dose of 0.3 rem every year from
natural sources—radioactive materials in rocks and soil, cosmic radiation, radon, and
radioactivity in our bodies. Over a 70-year lifetime, the average dose is 21 rems. In some areas
of the world, people receive much higher doses from background radiation. For example, in
areas of India and Brazil the ground is covered with monazite sand, a radioactive ore. Radiation
exposure rates there are many times the average background levels elsewhere. People who live
in these areas receive doses of up to about 0.7 rem each year from the gamma radiation alone.'!
These levels combined with the other sources of background radiation (cosmic rays, radon, etc.),
cause average doses that are about three times more than the US average. Yet these people show
no unusual rates of cancer or other diseases linked to radiation.'? -

The effects of ionizing radiation can be categorized as either prompt or delayed, based on the
time frame in which the effects are observed. Prompt effects, like rapid death, occur when high
doses are received in a short period of hours to weeks. Delayed effects, such as cancer, can
occur when the combination of dose and dose rate is too small to cause prompt effects. Both

animal experiments and human exposures to high levels of radiation show that ionizing radiation.

can cause some cancers.”> All of the observed effects of ionizing radiation in humans occur at

relatively high doses. At the low doses that are of interest to radiation workers and the general
public (that is, below a few rems), studies to date are inconclusive.'* Although adverse health
effects have not been observed at low doses, the carcinogenic nature of ionizing radiation makes
it wise to limit the dose. '

For low-doses, there is no reliable data relating dose to health effects or showing a threshold, or
minimum, level for cancer. Because of this, experts who study radiation effects have decided
that the results from high-dose, high-dose-rate studies must be used to control the low-dose, low-
dose-rates experienced by workers and the public. The easiest way to do this is to assume that
no effects occur at zero dose. Also, since the rate at which effects occur is extrapolated from
higher doses, it is also assumed that the effect increases linearly with dose. These two
assumptions are known as the “linear-dose-response, non-threshold” (LNT) hypothesis. This
implies that the same number of additional cancers would occur from exposing 100 persons to
100 rems, or 10 thousand persons to 1 rem, or 10 million persons to0.0.001 rem. No threshold

'® A rem (roentgen equivalent in man or mammal) is a measurement of the relative effectiveness of a radiation dose.
See Glossary at Tab A for a more detailed definition.

" BEIR V, Health Effects of Exposure to Low Levels of lonizing Radiation, National Academy Press, Washington,
D.C., 1990, p. 384.

"> BEIR V, Health Effects of Exposure to Low Levels of Ionizing Radiation, National Academy Press, Washington,
D.C., 1990, p. 385.

" BEIR V, Health Effects of Exposure to Low Levels of lonizing Radiation, National Academy Press, Washington,
D.C., 1990, p. 385. :

" BEIR V, Health Effects of Exposure to Low Levels of Ionizing Radiation, National Academy Press, Washington,
D.C., 1990, p. 385. :
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effects have ever been reliably observed in humans below about 10 rems'* , but reports from the
Japanese atomic bomb survivor studies conclude that the location and reality of such a threshold,
if one does exist, are difficult to assess.'®

3. Radiological Protection Standards and Guidelines
Ionizing radiation offers many benefits to society in medical diagnosis and treatment,

greenhouse-gas-free power, food safety, etc. At the same time, it carries risks to safety and
health as discussed above.

~ Within the first 30 years after the discovery of x-rays, standards were developed for the

measurement of radiation. At about the same time, acceptable levels of dose were set. The first

‘level, known as the ‘tolerance dose’, or that amount of radiation that could be tolerated, was set
at one-tenth of a unit (about 0.1 rem in today’s units) per day for 300 days a year.

From World War II to the early 1980s, radiation dose limits were adjusted downward in response
to increased concern about radiation effects, the increased uses of radiation, and because
improved radiation protection technologies appeared. The National Council on Radiation
Protection and Measurements (NCRP, established in the 1930s) developed the recommended
changes for the United States. During that time, the dose limit was reduced from three-tenths of
a rem in a six-day period in 1946 to 5 rems per year in the mid-1950s. Also, a limit for the

‘public was set at one-tenth of the worker limit to provide an additional margin of safety.

Research does not show a clear threshold dose for cancers from radiation, so the small risk per
person at low doses had to be considered in relation to the large number of workers . who were -
receiving those doses.!” . :

The NCRP adopted three radiation protection principles: (a) no practice shall be carried out-
unless it produces a positive net benefit (sometimes called justification); (b) all exposures -shall
be kept as low as reasonably achievable (ALARA), economic and social factors being taken into
account -(called optimization); and (c) the dose equivalent to individuals shall not exceed the
recommended limits (called limitation). These principles work together to protect against both
prompt and delayed effects in large groups of workers and the public.

In 1993, the NCRP released a new set of national recommendations based on International
Council on Radiation Protection’s- (ICRP) 1990 recommendations. Those limits for non-
threshold effects differ slightly from the earlier recommendations: 50 rems per year to any tissue

1> Adverse Reproductive Outcomes in Families of Atomic Veterans: The Feasibility of Epidemiologic Studies,
Institute of Medicine, 1995, p. 23-24.

'¢ Otake, M. et. al., Radiation Effects Research Foundation Technical Report RERF TR 16-87, Severe Mental
Retardation Among the Prenatally Exposed Survivors of the Atomic Bombing of Hiroshima and Nagasaki: a
Comparison of the T65DR and DS86 Dosimetry Systems, 1987.

' Limitation of Exposure to lonizing Radiation, Report No. 116, National Council of Radiation Protection and
Measurements, Bethesda, MD, 1993, p. 33.
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or organ and 15 rems to the lens of the eye to avoid cataract formation. The recommended
occupational limits on whole-body doses (total effective dose equivalent), first set at 5 rems per
year in 1958, are now set at no more than 5 rems in any one year and a lifetime average of no
more than 1 rem per year.'?

Occupational radiation exposure limits for federal agencies are currently established in
"Radiation Protection Guidance to Federal Agencies for Occupational Exposure," 52FR 1717,
signed by President Reagan on January 20, 1987. The Nuclear Regulatory Commission
implemented that guidance in its regulations on radiation protection (Title 10, Code of Federal
Regulations, Part 20). These limits apply to all licensed uses of radioactive material under
NRC's jurisdiction. Similarly, other Federal agencies as a matter of policy and directive,
including the DoD in DODI 6055.8, Occupational Radiation Protection Program, also observe
this guidance."

The current established protection standards are:*°

5 rems in a year for workers (to protect against cancer).
50 rems in a year for workers to any organ (to protect against threshold effects, such as
radiation burns, etc.).
50 rems in a year to the skin or to any extremity.
15 rems in a year to the lens of the eye (to protect.against cataracts).
e 0.1 rem ina year (70-year lifetime) for members of the public.

These limits are in addition to the radiation doses a person normally receives from natural
background, medical testing and treatment, and other sources.

Because any amount of radiation dose is assumed to lead to some health effects (regardless of
how small), guidance also requires that doses be kept “as low as reasonably achievable”
(ALARA). This means that one should try to reduce doses to as far below the limits as
reasonably possible. '

For DU, the annual occupational limit of 5 rems was selected as the benchmark for evaluating
the consequences of exposure in the Gulf War. This benchmark has been shown to be well
below the levels at which any effects from ionizing radiation have ever been observed in people.
Furthermore, the limit is consistent with the safe practices in the radiation industry.

'* Limitation of Exposure to Ionizing Radiation, Report No. 116, National Council of Radiation Protection and
Measurements, Bethesda, MD, 1993, p. 34. - ,

' “Occupational Radiation Protection Program, Department of Defense Instruction 6055.8, revised May 6, 1996.
2 Title 10, Code of Federal Regulations, Part 20, Standards for Protection Against Radiation, Subpart C, 20.1201:
Occupational Dose Limits for Adults; and Subpart D, 20.1301, Dose Limits for Individual Members of the Public.
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4. Implications for the Military

External radiation exposures may occur when
personnel are close to DU due to its beta and
gamma radiation. Studies of external radiation
measurements inside tanks show that the tank
commander, gunner, and loader receive a
radiation dose rate of 0.00001-0.00002
rem/hour, an amount which is somewhat less "o
than the average natural background rate of " -
about 0.00003 rem/hour.”! The tank driver may '
receive slightly higher dose rates of 0.00003 .. .
(gun pointed forward) to 0.00013 rem/hour = < N o :

(bustle fully loaded withh DU ammunition : Flgure 5-Ml Al s in the Gulf

pointed forward), when the driver’s hatch is

open.”? This means the driver inside a fully loaded “heavy armor” tank (a model using DU
armor panels) continuously, 24 hours a day, 365 days a year, would still receive a dose of less
than 25% of the current, annual occupational limit of 5 rems. Studies have also shown that the-
maximum dose rate-outside the tank approaches-0.0003 rem/hr at the front of a HA turret or over
a fully loaded bustle. Continuous exposure at that level would produce an annual dose of about-
2.6 rems or slightly more than one-half the occupational limit. Fortunately, these exposure
scenarios represent very unlikely situations. Actual exposures based- on realistic times spent in
the tanks are likely-to be less than 0:1 rems in a year.

Another external radiation hazard from DU is from contact with the bare skin. DU produces a
dose rate of 0.2 rem/hour when it is located in contact with bare skin.” The current dose limit for
skin (50 rems in a year) would only be exceeded if unshielded DU remains in direct contact with
the skin for more than 250 hours. Some reports have mistakenly applied the total effective dose
equivalent (whole body dose) criteria of 0.1 rem/year for individual members of the public to this
exposure. This leads to the erroneous conclusion that the exposure from one exposed DU
penetrator could subject an individual to a dose of radiation thousands of times higher than the
recommended maximum permissible dose. The correct criteria is the NRC’s occupational dose
limit of a shallow-dose equivalent of 50 rems/year to the skin or to each of the extremities.

In fires and during impact, DU forms both soluble and insoluble oxides. The inhalation of the
insoluble oxides presents an internal hazard from radiation if they are retained in the lungs.
Sustained exposure to the alpha and beta radiation from the material could damage lung tissue.
As indicated in the following assessment section, the worst exposures in the Gulf were less than

2! The figure of 0.00003 rem/hr is obtained when the average annual background dose (.3 rem) is divided by 8,760
hours in a year.

2 Memo for Record (98-3), Subject: Radiation Measurements on M1A2 With Depleted Uranium, Aberdeen Test
Center, 11 December 1997.



one-fifth the annual occupational limit and well below the level known to cause health effects in
people.

III. ASSESSMENT OF POTENTIAL HEALTH EFFECTS FROM DU IN
THE GULF THEATER, 1990-1991

For DU which enters the body, initial estimates of the radiation dose were derived from “worst
case,” computer-modeled scenarios in which an Abrams “Heavy Armor” model was struck and
its DU armor panels penetrated by a 120mm DU round. The results of one round were doubled
to represent the number of penetrations that posed a “worst case” exposure in the Gulf (several
M1A1ls were hit twice by DU rounds, but no penetrations of their DU armor occurred). Such a
“DU-on-DU” penetration would produce levels of DU aerosolization and spalling (spattering of
liquified metal) exceeding those that actually occurred during the Gulf War, and therefore result
in higher estimates of crew intakes of DU than occurred.

Soldiers involved in such a hypothetical scenario, and who did not retain any DU fragments,
would receive an effective dose equivalent of approximately 0.96 rem (See Section IIL.B.1,c).
This radiation dose is less than one-fifth the annual occupational limit, and is well below the
level known to cause adverse health effects in people. :

Health effects assessments for 13 identified exposure events (shown in Table 1) are being
prepared that describe the activities of the participants, specify the sources of potential DU
exposure, and estimate the dose from inhalation, ingestion and wound contamination, as
appropriate for each exposure category. These assessments also review the current
understanding of health effects associated with DU, and provide descriptions of the health risks
in plain language. Most of those studies are currently in progress and will be published in about
one year. In the meantime; the circumstances of'some of the:more significant-exposure incidents
are described (Tab G) so veterans involved in these activities will be able to recognize and
understand events that may have exposed them to DU. The veterans can then obtain information
about possible health effects, and be advised as to what medical services are available to them.

A. Overview of Participants in Exposure Scenarios

As Table 1 shows, Gulf War personnel were-exposed to DU in a number of ways. Some US
combat vehicles were mistakenly destroyed or damaged by US tanks using DU sabot rounds.
Personnel worked inside US vehicles contaminated with DU fragments and particles. Several
accidental tank fires and an ammunition explosion-and fire at Camp Doha, Kuwait in July- 1991,
resulted in DU rounds being burned, oxidized, or fragmented, which created potential exposure
hazards to troops operating in the vicinity. Other troops entered Iraqi armor disabled by DU.
Determining the medical consequences of these exposures, if any, requires a systematic,
scientifically sound evaluation.
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- The first step in assessing the health risks from DU was to identify the potential exposures that
took place, and then determine the essential facts of each event. This required an aggressive,
thorough, and focused investigation that relied on hundreds of eyewitness interviews and
thousands of pages of official and unofficial documents, records, reports, memos, and personal
diaries and photographs. Information developed during this process was analyzed and
synthesized to produce a detailed picture of events of concern.

The exposure scenarios observed during ODS/DS and in months following, were categorized
into three levels based on the activities of the soldiers involved, and the resulting potential for
direct contact with DU. These three exposure levels provided a prioritized approach to
describing and: evaluatlng the potential exposures that occurred:

Level I - Soldiers in or near combat vehicles at the time these vehicles were struck by DU
penetrators, or who entered vehicles immediately after they were struck by DU munitions.
These soldiers could have been struck by DU fragments, inhaled DU aerosols, ingested DU
residues, or had DU particles land on open wounds, burns, or other breaks in their skin.

Level II - Soldiers and a small number of DoD civilian employees who worked.in.and around
vehicles containing DU fragments and particles (mostly friendly fire wrecks). These soldiers
may have inhaled DU residues stirred up (resuspended) during their.activities on or inside the
vehicles; transferred DU from hand-to mouth, thus ingesting it, or spread contamination on
their clothing. Soldiers who were involved in cleaning up DU residues remaining on Camp
Doha’s North Compound after the July 11, 1991, explosion and fires are also included in this

group.

Level III - An “all others” group whose exposures were largely incidental and very brief.
This group. includes individuals. who entered DU-contaminated Iraqi equipment, troops
downwind from burning Iragi or US equipment struck by DU rounds, or personnel
downwind from burning DU ammunition, such as occurred at Doha during the July 11 fire.
While these individuals could have inhaled airborne DU particles, the possibility of receiving
an intake high enough to cause health effects is extremely remote.

To date, 13 categories of possible DU exposure have been identified and classified within the
three levels as shown in Table 1 on page 8. . -

Substantial research has been conducted to determine the detailed exposure scenarios for
participants in the 13 categories; and to perform assessments of the dose and health risk using a
quantitative risk assessment process. The activities of many of the Level I, II, and III
participants have been reviewed to develop the exposure scenarios. The US Army’s Center for
Health Promotion and Preventive Medicine (CHPPM) has reviewed existing test data on DU
exposures and releases, and is developing dose estimates (chemical and radiological) for Level I
exposures. Level I exposures are being addressed first, because these veterans probably received
the highest exposures. Results of preliminary dose and risk assessments are reported below.
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B. Level I Exposures (Friendly Fire)

Eight friendly fire incidents involving US
M1Als destroying or damaging occupied
US-crewed vehicles with DU munitions
occurred during the Gulf War. These
incidents (distinct from non-DU friendly
fire incidents or cases where friendly
~ vehicles were evacuated and then
deliberately destroyed to prevent their
capture) resulted in the contamination of :
six M1/M1A1 tanks and 15 Bradley
Fighting Vehicles. Another M1A1 was hit
by a large shaped-charge round, believed
to be a Hellfire missile fired from an
Apache helicopter, that ignited an on-board fire. This incident is described in the “Tank Fires”
Section (Tab J). Darkness and low visibility caused by heavy rains, sandstorms, etc., were major
contributing factors in all of these incidents.>>

Figure 6 - M1A1 lost to friendly fire

In most cases, owing to battlefield confusion, soldiers manning-the targeted vehicles initially
believed that the Iraqis had fired the shots that penetrated their armor. The distinctive
radioactive trace that DU leaves on the entrance and exit holes allowed a team of battle damage
assessment experts to determine (after the fact) which vehicles had been hit by DU sabot rounds
fired from Abrams tanks. After-action investigations and word-of-mouth reporting among the
units involved generally resulted in the affected soldiers learning that they had been victims of
friendly fire. Not all of these soldiers, however, were ‘aware of the potential health effects
associated with DU. Therefore, the investigation into the exposures resulting from friendly fire
incidents is being accompanied by an effort to identify, locate, and contact all surviving soldiers
who were-in or on vehicles at the time they were penetrated by DU rounds.

As the spear-point of the ground campaign, US armored crews were often forced to make very
rapid “friend or foe” decisions, where failure to engage could allow enemy gunners to take a
first, fatal shot. Inevitably, given the swirling meeting engagements and close-in fights that-
erupted between friendly and enemy units, tragic misidentifications occurred.?* A total of 21 US
combat vehicles (6 Abrams tanks and 15 Bradley Fighting Vehicles) were struck by 120mm DU
sabot rounds fired from US MIA1 tanks. Some of these vehicles were struck once, others
several times. Based on typical manning configurations for the Abrams tanks (four crew
members) and Bradleys (five to nine crew members depending on configuration), as well as

3 “Military Probes Friendly Fire Incidents” Washington, DC: Office of the Assistant Secretary of Defense, Public
Affairs: News Release, August 13, 1991.

* For an in depth discussion of how fratricide can occur in ground combat, see: Applying the National Training
Center Experience—Incidence of Ground-to-Ground Fratricide, N-2438-4, by Martin Goldsmith, The RAND
Corporation, February 1986
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information gathered from veterans, an estimated 113 soldiers were on board these combat
vehicles at the time they were struck by DU penetrators. Table 3 lists the individual systems
struck by DU and their estimated manning (see Tab H for a description of each friendly fire
incident). Reports. have suggested that at least one vehicle was struck initially by enemy fire, -
-evacuated, and subsequently struck by a DU round. If these reports are verified, the numbers
reported in Table 3 may decrease.

Table 3 - Summary of US vehicles hit by DU tank rounds

Army Unit Vehicle Type | Bumper Numbers Estimated

Soldiers

‘ . Onboard
4-7 Cavalry | Bradley A-24, A-31, & A-22 , 15
1-37 Armor | Abrams C-12 4
1-41 Infantry | Bradley B-21, B-26, B-33, D 21 & D-26 30
3-66 Armor | Abrams B-66, B-22, A-14, A-31 & A-33 20
3-15 Infantry | Bradley C-11,C-22 & C-23 25
4-66 Armor Bradley HQ-55 & HQ-54 9
1-34 Infantry | Bradley HQ-232 5
2-2 Cavalry Bradley -1 G-14 5
Total 113

Level I soldiers, injured or not, were in or around combat vehicles at the time they were struck
by DU sabots, or immediately afterward. Besides the embedded fragments from wounds, these
individuals may have inhaled DU aerosols generated by fires or by the impact of the DU
projectile penetrating the target.. The friendly fire incident summaries in Tab H describe the
circumstances under which Level I soldiers. were mistakenly.targeted by-US tank crews.

1. Soldiers in Vehicle On Impact_
a) Summary of Activities -

Armor crewmen and the “dismount” infantry transported in M2/M3 Bradley Armored Fighting
Vehicles supplied the offensive striking power for Operation Desert Storm. US armored and
mechanized infantry units counted on the speed, mobility, and firepower of their Abrams and
Bradleys to maintain a rapid rate of advance while engaging and neutralizing enemy formatlons
standing between Coalition troops and their objectives.

b) Hazard Identification

Table 4 shows possible combinations of personnel location, form of contamination, and route of
exposure for Level I vehicle occupants. Additional details of the scenarios and assessments will
be contained in the CHPPM exposure and health risk assessment report when published.
Occupants of the vehicles were subjected to wounds from flying fragments, inhalation of



airborne soluble and insoluble DU, ingestion of soluble and insoluble DU residues by hand-to-
mouth transfer, and contamination of wounds by contact with contaminated clothing and vehicle
interiors.

Table 4 - Potential Hazards to Occupants of Struck Vehicles.

Location DU Form Route of Exposure
Inside or Outside Metal Fragment Wound
the Vehicle oxides Inhalation
. Ingestion
Wound Contamination

Depleted uranium strikes on the exterior of an . L
- Abrams differ from those on Bradleys. The |
Abrams’s thicker armor—reinforced at the turret
and flanks by DU panels inserted between regular
steel armor—offers much greater resistance to the
impacting DU round than does the thinner, lighter
weight aluminum-alloy skin of the Bradley. This
results in a commensurate increase in DU
aerosolization and fragmentation created at the -
point of penetration (and exit) and in the interior of =
the tank. The Bradley, in contrast, is less
vulnerable to interior contamination because DU
penetrators typically performed a -“through-and-through” penetration of the Bradley’s relatively
thin armor, forming little acrosolization. During one incident, two DU rounds penetrated and
flew through one Bradley and struck a second BFV standing twenty feet away. The range-of
likely exposures from a DU strike, therefore, can span a broad spectrum. Each incident needs to
be carefully analyzed to draw any inferences about an individual’s potential exposure. To
develop data for an upper bound (worst-case) exposure which could result in the highest levels of
contamination, the US Army Center for Health Promotion and Preventive Medicine (CHPPM)
calculated the results from a DU sabot round penetrating the DU-protected portion of an Abrams.
It should be noted that no such “DU on DU” penetrations occurred during the Gulf War.  In
several cases, however, Abrams tanks were hit more than once by DU rounds that penetrated
non-DU portions of their armor. For this reason, the results from CHPPM’s assessment of a
single DU round penetrating an Abram’s DU armor were doubled.

Figure 7 - Bradley Fighting Vehicle .

c) Assessment of Health Effects

Soldiers in or on vehicles struck by DU munitions were possibly exposed through four routes:
direct wounding, inhalation, ingestion, and contamination of wounds. Wounded soldiers who
retained fragments of DU are among the 33 veterans currently being evaluated in the DU
Follow-up Program (described in Section IV.C). Additional details of this assessment are
discussed in Tab N.
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To estimate the intake, the amount of DU taken into the body by inhalation, ingestion, and
wound contamination must be established. CHPPM considered available test data from fires and
DU impacts with tanks and other combat vehicles. In addition, computer-modeling results were
used to show the effects of a DU round penetrating DU armor. Since several M1Als were struck
by more than one DU round during the Gulf war, the results for a smgle DU round striking DU
armor were established, then doubled to provide a high bound or “worst case” estimate. As
noted, this “worst case” estimate exceeds known exposures in the Gulf, since no penetrations of
DU armor by DU rounds occurred during the Gulf War. In addition, most of the combat vehicles
struck by friendly fire DU rounds were Bradleys. DU penetrations of Bradleys produce much
less aerosol, since the Bradley’s relatively thin aluminum alloy armor offers significantly less
resistance to a DU sabot than the Abram’s thicker steel and DU armor. Therefore, the data for
single and multiple penetrations of an Abrams Heavy Armor tank considerably overstates the
likely exposures for occupants of lightly armored vehicles, i.e. Bradleys

The preliminary results of the computer-modeling analysis of these inhalation scenarios show a
total inhalation intake of DU oxide from two DU penetrations of the tank’s crew compartment to
be 52 milligrams (mg) maximum and 24 mg average. These intakes were converted to radiation
doses of 0.96 rem maximum, and 0.46 rem average using the Lung Dose Evaluation Program
(LUDEP), a lung dosimetry modeling program accepted by the ICRP.

The maximum radiation dose for Level I individuals is estimated to be 0.96 rem from two DU
penetrators. For comparison, the average radlatlon dose to a member of the US ‘population from.
background radiation is 0.3 rem per year.”” In other words, this maximum estimated exposure of
0.96 rem, that clearly overestimates the likely doses in Gulf War participants, is about the same
as living in the United States for about three years?® and is less that one-fifth the annual dose
limit for workers of 5 rems.

The chemical-exposure based. on the same. dose scenario described above also assumes a 52 mg
intake of DU particles for a 15 minute exposure. The 52 mg: intake: contains about 9 mg of
soluble DU based on test data, indicating that up to about 17% of the airborne DU produced from
impacts is soluble (ICRP Class D). For individuals who were in- the vehicle when the DU
penetrator did not enter the crew compartment 1ntakes of soluble DU are calculated to be much
less, in the microgram range (14 pg)

The estimates of DU intake and resulting radiation dose were used because test data (although
limited) on DU concentrations in the air and on surfaces inside an Abrams tank were available to

* Exposure of the Population of the United States and Canada from Natural Background Radiation, Report No. 94,
NCRP (National Council on Radiation Protection and Measurements), Bethesda, MD, 1987.

% The earlier estimate (one year) reported in the Special Assistant’s March 23, 1998 speech to the American Legion
was revised upward to represent exposure from two rounds penetrating the turret and to reflect a much lower
solubility than was previously used.

*” Memorandum for the Office of the Special Assistant Secretary for Gulf War Illnesses, Subject: Program
Summary, USACHPPM Assistance with OSAGWI s Depleted Uranium (DU) Environmental Investigation Report,
August 3, 1998.
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support the analysis. Although considerable data gaps prevent a better analysis now, studies to
fill those gaps are expected to be available to support analyses in the final version of this report.
In addition, this modeling is undergoing scientific peer review before the report is finalized.
Nonetheless, the radiation dose estimated here is less than one-fifth the annual limit for workers.
A comparison of the estimated health risks from radiation with the possible chemical toxicity
effects of soluble uranium oxides demonstrates that DU’s heavy metal toxicity effects may be the
primary concern. '

2. Soldiers Entering Vehicles Immediately After Impact
a) Summary of Activities:

Friendly fire incidents were usually witnessed by other US soldiers who in most cases served in
the same platoon or company as the personnel in the struck combat vehicle. Typically these
troops would rush to the aid of the stricken vehicle’s occupants to perform emergency first aid
and rescue operations. The responding troops often entered damaged or destroyed vehicles
moments after they had been hit, raising concerns that they may have been exposed to DU
residues or oxides still airborne from impacts, or stifred up by the activities of survivors and
rescuers inside and outside the vehicles.

b) Hazard Identification

The activities outlined above for people who entered immediately after impact indicate that
members of this group were potentially exposed in three ways. Personnel outside the tank could
be subject to DU through ingestion of DU by hand-to-mouth transfer of contamination from the
outer surfaces of the vehicle. Troops who enter the struck vehicles could inhale DU aerosols
from the initial impact or resuspended (stirred up) DU residues. They could.also ingest DU.
through hand-to-mouth transfer, or have DU settle in breaks in their skin (burns, wounds, or
scratches). . '

c) Asseésment’ of'Health Effects

The full assessment of exposure details, dose, and risk for this group requires additional work to
fill data gaps on resuspension of DU, transfer from hand to mouth, and wound contamination.
CHPPM is continuing to research these cases, and has identified needs for additional information
from the affected veterans. Initial assessments indicate that these individuals are very likely to
have received smaller exposures than those who were in the vehicles when struck.

C. Level II Exposures
Once the crews and other injured personnel had been evacuated from the'sc.ene, Explosive
Ordnance Disposal (EOD) teams, Battle Damage Assessment Teams (BDAT), Radiation Control

(RADCON) teams and salvage and/or maintenance personnel converged on the damaged
equipment. They removed munitions, personal weapons, and sensitive or salvageable
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equipment, surveyed the damage and surrounding area, and prepared the damaged vehicles for
transport to a salvage depot in Saudi Arabia. At the salvage depot, troops from the 144™ Service
and Supply Company, unaware of the potential DU hazard, often worked inside the wrecked
vehicles to salvage them or prepare them for destruction and/or burial.

In addition to six Abrams and 15 Bradleys knocked out in friendly fire incidents, several other
tanks were damaged or destroyed by accidental non-combat fires (see Tab J for an accounting of
vehicles sustaining accidental fires). These vehicles were contaminated by “cook-offs” of their
‘on-board DU ammunition (typically 37 rounds per tank). As such, they required essentially the
same decontamination as vehicles lost to friendly fire.

EOD and RADCON personnel also played
key roles in responding to the post-war (July
11, 1991) Camp Doha motor pool fire in
which three M1A1l tanks uploaded with |
M829 DU sabot rounds were destroyed, as
well as several hundred DU rounds stored
nearby. Cleanup efforts in Camp Doha’s
motor pool area (the North Compound) also
exposed several hundred troops to residual
DU contamination in the vicinity of the @&
burned tanks and ammunition conexes (see sa:
Tab I for a description of the Doha fire and |,
cleanup): EOD personnel also entered DU- **
contaminated enemy combat vehicles with
greater frequency and duration than other
troops. These activities. exposed. the. troops
involved to contact with “resuspended”
(stirred-up) DU particles, oxides, and residues, albeit at a much lower level than the Level 1~
cases. These exposures could take-the form of inhalation and/or ingestion of DU (especially
during hand-to-mouth transfer). A more complete discussion of Level Il activities-and practices
can be found at Tab G.

Figure 8 - RADCON personnel atop M1A1 hulk.

D. Level 111 Exposures

This category includes individuals who incurred relatively fleeting exposures from climbing on
or entering DU-exposed US or Iragi combat vehicles to remove equipment or “trophy hunt” for
souvenirs. It also includes personnel exposed to the smoke from burning tanks containing DU
rounds. Several such incidents occurred during and after the War; the most notable being the
Camp Doha, Kuwait, motor pool fire. In addition to personnel who are included in the Level II
category—involved in cleaning up the North Compound—hundreds of additional troops may
have received short-term exposure to the smoke from burning DU munitions stored in tanks or
conexes. It is probable that some DU particles were entrained in the smoke that drifted over the

27



soldiers who had evacuated to the southern tip of the base. A more complete discussion of Level
III activities and practices can be found at Tab G.

E. Other Activities Under Investigation But Not Yet Categorized

The Office of the Special Assistant is often contacted by veterans who wish to report incidents
that they believe could have exposed them to DU contamination. The incidents they describe are
often isolated or unique events for which the available information is largely anecdotal. Each of
these reports is investigated; in the following cases, however the Office of the Special Assistant
cannot conclusively state, based on the available evidence, that DU exposures did or did not take
place. Hence, they remain under investigation and have not been categorized. A more detailed
description of these accounts is contained in Tab G after Level III Exposures.

1. Welders

‘Several veterans have reported welding DU armor panels onto the frontal turret armor of M1A1
tanks during refit operations to bring the tanks up to a higher survivability standard. Program
managers, a senior metallurgist, and other personnel involved in the M1 refit program have
disputed these claims, saying the panels in question were regular steel armor. Although this
allegation remains under investigation, the initial assessment is that DU was not involved.

2. Reported Ammo Truck Explosion

A veteran reported seeing a US ammunition truck explode in the area of the 1* Infantry Division
on the third or fourth day of the ground war. According to the veteran, a mixed load of high
explosive and DU rounds exploded. Other soldiers and officers recalled an incident where. a..
truckload of 155mm rounds or charges exploded after the truck’s brakes caught fire and its driver
(who apparently escaped injury), drove the truck into the desert to reduce the hazard to other
soldiers.  Although the available evidence suggests that DU rounds were not involved,
information regarding this 1nc1dent is still being sought.

3. Airmen Responding to A-10 Crash

An A-10- aircraft crashed and burned while trying to recover at King Khalid Military City
(KKMC) in northern Saudi Arabia. The crash could have exposed emergency response
personnel (firefighters, security policemen, rescue personnel) to smoke and DU oxides from
burning 30mm DU rounds uploaded on the A-10. In addition, cleanup crews might have been
exposed to DU fragments, residues, and oxides. This case is under investigation.

4. “Hot gun” response for A-10 Aircraft
30mm DU rounds sometimes misfired in the A-10’s GAU-8 cannon. These “hangfires” would

have to be cleared and removed from the gun barrel, potentially exposing ground crews to
airborne DU. These incidents are still being identified and investigated by this office.




IV. FOLLOW-UP

Although DoD had conducted extensive research into environmental and medical concerns
associated with the various DU munitions, several data gaps were identified during the Gulf War .
that necessitated further investigation. This section addresses environmental assessments of DU
contamination on the battlefield, recent environmental studies of various DU munitions, results
of current medical studies, future monitoring efforts, and on-going and planned research.

A. Environmental Assessments

Since Desert Shield/Desert Storm, the
US Army Center for Health Promotion
and Preventive Medicine (CHPPM) has
conducted limited environmental
sampling in the Gulf Region. Using
radiation levels as a marker for the
presence of DU or its compounds, i.e.
DU oxides, a 16-member medical team
deployed to Saudi Arabia, Kuwait, and
Bahrain from October 19, 1994 to
December 3, 1994, in part to evaluate
potential occupational and environmental
hazards to personnel deployed to the

region. Potential exposures to DU were Figure 9 — Dr. Rostker (Special Assistant for Gulf War
only one of the environmental concerns Illnesses) at Kuwait’s “Valley of Death” Boneyard.
evaluated.

The team performed a screening survey for DU exposures at the “Valley of Death Boneyard” at
the Udairi Range. This is the area used to store many of the vehicles destroyed by DU munitions
during the Gulf War. The team collected a series of samples to evaluate the radiological hazard
associated with the boneyard. The team selected vehicles, which had been hit by-DU rounds, as
confirmed by radioactivity levels at the penetration holes. Wipe samples were taken near the
penetration holes to determine if the contamination was “fixed,” as in molten spatters that had
reformed and hardened around entrance or exit holes, or removable, i.e. oxides or residues that
could be swept away. The report concluded that the remaining contamination was fixed. The
team collected soil samples in drainage pathways on the site, and used lapel-mounted “personal
breathing zone” samplers to assess personnel exposures at the site. The report concluded that:

(N)o measurements significantly exceeded any applicable
regulatory or consensus radiation protection exposure limit values
used for assessing radiological health risk. In addition, these
results indicate no DU exposure hazard to military personnel
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working outside the boneyard but still within its immediate vicinity
as long as there are no ongoing operations within the boneyard.?®

CHPPM also conducted radiological analysis of 215 air samples collected during the 1991
Kuwaiti Oil Well Fires study at various military facilities throughout Kuwait and Saudi Arabia.”
The report stated that “(A)ny dose assessments calculated using the measured radionuclide
concentg%tlons from air filter samples are well below US regulatory limits for the general
public.”

In an effort to further evaluate environmental conditions encountered by US troops in Kuwait
and Saudi Arabia, the US Army Central Command deployed the 520™ Theater Army Medical
Laboratory to Camp Doha in early March 1998, to supplement the already deployed Theater
Medical Surveillance Team. These personnel conducted environmental surveillance during the
Spring and early Summer. If available, the results of any DU investigations that they undertake
‘will be incorporated in the next update of this DU Environmental Exposure Report.

In addition, there has been independent research concerning environmental testing for ambient
exposures to uranium in the Gulf War Region. A study by Firyal Bou-Rabee, a professor in the.
Department of Geology at Kuwait University, reported on sampling performed on air, tap water,
and soil samples at various locations in Kuwait. The report stated that the uranium in tap water
was very low, which he attributes to the fact that their tap water is produced from desalinated
seawater. Although the report did not specify where the ambient air sampling was conducted,
the report concluded, “these uranium concentrations in the surface air do not.represent any
substantial radiological hazard for the Kuwait population.” The total annual intake of uranium
by inhalation in Kuwait was reported to be less than 0.2% of the recommended annual limit on
intake for members of the general population.’!

B. Developmental Testing and Evaluation of DU Munitions — Post Gulf War

The M919 25mm APFSDS-T cartridge that entered service in 1995 for use in Bradley ﬁghtmg
vehicles is the only new.DU. munition to be fielded hgé the US since the Gulf War. The results of
the environmental sampling conducted during the hazard classification testing on the M919 were
consistent with hazard classification testing performed on other DU munitions with certain

28 Problem Definition and Assessment (PDA) Team Activities During Operation Vigilant Warrior - 94, Final Report,
US Army Medical Research Institute of Infectious Diseases, May 8, 1995, p. 20.

? Kuwait Oil Fire Health Risk Assessment No. 39-26-1.192-91, Final Report, 5 May - 3 December 1991, Appendix
H, Radiological Analysis, February 1994, p. H-2, H-6, H-7 and Enclosure 2.

3% Kuwait Oil Fire Health Risk Assessment No. 39-26-L.192-91, Final Report, 5 May - 3 December 1991, Appendix
H, Radiological Analysis, February 1994, p. H-6

*! Firyal Bou-Rabee, Estimating the Concentration of Uranium in Some Environmental Samples in Kuwalt After the
1991 Gulf War, Applied Radiation Isotopes, Volume 46, Number 4, p 217-220, 1995, Elsevier Science LTD, Great
Britain.
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caveats (see Tab E).**> The report concluded, “no measurable DU became airborne as a result of
the External Fire Stack Test.”> During hard impact testing, less than 10% of the DU was
aerosolized and less than 0.1% of the initial mass of the penetrator was 1in the respirable range.

Eighty-three percent (83%) of the oxide formed was insoluble.**

In order to evaluate real-life hazards of a fire involving a fully loaded Bradley Fighting Vehicle
(BFV), the Army also conducted a burn test of a BFV equipped with TOW anti-tank missiles and
1,125 M919 25mm cartridges in 1994. The BFV was completely engulfed by the fire and burned
vigorously for about an hour. The fire subsided after an hour, but continued to emit a plume over
the next five hours with smoldering hot spots into the next day.*> Of the 1,125 DU penetrators,
625 were accounted for, including nine live rounds found within a few meters of the test pad.
Although 500 rounds were unaccounted for, the report indicated that a large percentage was

‘trapped within the melted remains and a significant amount of the DU oxide was mixed within

the ash and settled inside and around the hull of the vehicle. Although a small amount of DU
oxide was released during the fire and subsequent explosions, only trace amounts were detected
on the air momtorlng filters placed at various distances from the Bradley during the 29 hours of
air samphng The major difference between the Bradley Burn test and previous stack test burns
was that six readily accessible piles of DU oxide were discovered in the burned out remains of
the BFV. The BFV bumn test was the first burn test that actually involved a vehicle fire.
Previous burn tests were conducted in conjunction with hazard classification tests and involved
metal and wooden storage crates. The results of the BFV fire may be more “life-like” and
representative of actual battlefield results than previous hazard classification tests under less
realistic conditions. The final report is scheduled to be released in the Fall of 1998.

Depleted uranium hard impact aerosolization testing was conducted in various foreign armored

vehicles in June 1995 at the US Army Research Lab Test-Facility located at the Department of

Energy's Nevada Test Site as a piggyback to a Joint Live Fire Lethality Test of 120/25 mm DU
munitions versus Soviet-produced armored vehicles. Both source term and resuspension testing
of DU aerosols were conducted. Several technical and procedural difficulties seriously affected
the data and limited the conclusions that could be drawn from this testing. In spite of these
drawbacks, there were several key findings:

32 M.A. Parkhurst, J. Mishima, D.E. Hadlock, and S.J. Jette, Hazard Classification and Airborme Dispersion
Characteristics of the 25-MM, APFSDS-T XM919 Cartridge, PNL-7232, Richland, WA: Battelle Pacific Northwest
Laboratory, April 1990.

3> M.A. Parkhurst, J. Mishima, D.E. Hadlock, and S.J. Jette, Hazard Classification and Airborne Dispersion
Characteristics of the 25-MM, APFSDS-T XM919 Cartridge, PNL-7232, Richland, WA: Battelle Pacific Northwest
Laboratory, April 1990, p. vi.

3* M.A. Parkhurst, J. Mishima, D.E. Hadlock, and S.J. Jette, Hazard Classification and Airborne Dispersion
Characteristics of the 25-MM, APFSDS-T XM919 Cartridge, PNL-7232, Richland, WA: Battelle Pacific Northwest
Laboratory, April 1990, p. vi.

*> M.A. Parkhurst, M.H. Smith, and J Mishima, Bradley Fighting Vehicle Burn Test. Final Draft Report, Richland,
WA: Battelle Pacific Northwest Laboratory, October 1997, p. 6.1.

’ M.A. Parkhurst, M.H. Smith, and J Mishima, Bradley Fighting Vehicle Burn Test. Final Draft Report, Richland,
WA: Battelle Pacific Northwest Laboratory, October 1997, p. 6.1-6.5.
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e DU aerosols, containing particles of respirable sizes, are generated inside impacted
armored vehicles by DU penetrator impact. The concentration of DU aerosol
decreases with time, but measurable concentrations of respirable particles remain
suspended hours later.

e Measurable quantities of DU oxide particles can be resuspended during routine
personnel re-entry activities, and that the resuspended aerosols contain particles of
respirable sizes.>’

C. DoD and VA Medical Surveillance Programs for Gulf War Veterans

In 1993, the Office of the Army Surgeon General reviewed medical records of soldiers who had
been hospitalized for wounds sustained in friendly fire incidents in the Gulf War. This review
identified 22 soldiers whose records indicated retained metal fragments that might contain DU.
Thirteen additional soldiers were identified as having been injured and potentially exposed to
DU by friendly fire, but were not specifically identified as having metal fragments. Since 1993,
- the. Baltimore. Veterans Affairs (VA) Medical Center DU Follow-up Program has followed
thirty-three of these individuals who were manning US Army vehicles at the time they were
struck by DU munitions.

The 33 individuals evaluated at the Baltimore VAMC in 1993 and- 1994 underwent a
comprehensive medical and psychological evaluation. They also underwent a full-body x-ray
survey, looking for retained metallic fragments. While these veterans have very definite medical
afflictions resulting from their wartime injuries,. they are: not sick from the heavy metal or
radiological toxicity of DU. Some veterans have multiple tiny fragments of DU scattered in their
muscles and soft tissues. - These fragments cannot be surgically removed without causing
extensive damage to the surrounding tissues. Individuals who demonstrated increased excretion
of uranium in the urine had evidence of retained DU fragments-on-X-rays. No detectable
adverse effects on the kidneys were observed. No cases of cancer have been diagnosed in these
participants; nor would one expect any at this point since the latency period for the onset of
cancers possibly related to environmental exposure is at least twenty years. * Since the Gulf War,
all babies fathered by the veterans in the. DU Program were born without observable birth
defects.

In 1997, this group of DU-exposed servicemen returned to the Baltimore VA Medical Center for
a three-day follow-up evaluation. Again, no detectable adverse effects on the kidneys were
observed. Urine urantum excretion was still elevated above normal levels for the individuals
retaining embedded DU fragments. '

Another VA follow-up program was initiated in 1993 to evaluate the exposures of the 144"
Service and Supply Company, the Army National Guard unit from New Jersey, which operated

*7 Depleted Uranium (DU) Hard Impact Aerosolization Test Summary Report (Source Term and Resuspension
Estimates), U.S. Army Armament Research, Development and Engineering Center, Picatinny Arsenal, NJ, January
1998.
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the damaged equipment yard at King Khalid Military City. Twenty-seven members of this unit
were exposed to DU for a period of several weeks before being informed that some of the
equipment in the yard had DU contamination. A cohort of 12 volunteers was medically
evaluated at the Boston VA Medical Center in 1992. Eight of these servicemen volunteered to
undergo urine testing and whole-body radiation counting, and four others underwent only the
whole-body radiation counting. Although these individuals were potentially exposed to DU dust
on and off over several weeks, the test results showed no residual body-burdens of DU.*

In July, 1998, the Department of Defense (DoD) and the Department of Veterans Affairs (DVA)
instituted a medical follow-up program to evaluate veterans who received the largest DU
exposures during the Gulf War. The follow-up program is aimed at ensuring that Gulf War
veterans with higher-than-normal levels of uranium in their bodies are identified and given
appropriate monitoring and treatment. The follow—up will be executed in phases. It is likely that
most soldiers will have normal levels of uranium in their bodies. - This program will provide

~ reassurance to them. The program requires a 24-hour urine collection for urine uranium level

and a detailed DU exposure questionnaire in addition to-the examination Gulf War: veterans
receive through the Comprehensive Clinical Evaluation Program (CCEP) or the Department of
Veterans Affairs (VA) Gulf War Registry. The notification and medical evaluation components
of the program are described below.

1. Identification and Notification of Gulf War Veteréns with Potential DU Exposures

As discussed in Section III and depicted-in Table-1, the-investigation by the Office of the Special
Assistant has classified possible Gulf War DU exposures into 13 separate activities, which are in
turn: categorized- into three levels. This investigation was intended to determine how many US
service personnel may have been exposed to DU, to what degree, and the possible health impact
of these exposures. Underlying all of the Gulf War illnesses investigations is the responsibility
to provide useful information to Gulf War veterans and their health care providers.

Initially, the Office of the Special Assistant’s investigators will concentrate on locating the
soldiers in Level I. Level I includes approximately 113 soldiers- who were in or on top of a
vehicle at the time it was penetrated by DU munitions, plus an estimated 30 to 60 more. who
entered burning DU-contaminated US vehicles to perform rescue operations. This group
(especially the ones with retained DU fragments) is con51dered to have had the highest exposure
to DU.

Trained interviewers will contact these 140 to 180 individuals by telephone, for two major
purposes. First, the veterans will be informed about the availability of the DoD and VA DU
medical screening programs, and they will be encouraged to enroll in the VA or DoD’s
Comprehensive Clinical Evaluation Program (CCEP) program for which they are eligible. They
will be informed that a follow-up letter will be sent within a week of the initial phone contact.

38 Facsimile from Department of Veterans Affaxrs Medical Center and Outpatlent Clinics, Boston, MA: May 14,
1997.
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This letter will contain additional information on how to enroll in the medical programs and who
to call for further assistance at the Office of the Special Assistant. Copies of the follow-up letter
and a fact sheet on DU, as well as more detailed information about the phases of the follow-up
program, are presented in Tab K. Thirty-three of the Level I individuals are already being
followed by the Baltimore VA.

Second, the Office of the Special Assistant has analyzed friendly fire incidents in order to
identify surviving troops who may have been exposed to DU. These veterans will be contacted
by the Office of the Special Assistant and asked to provide information about their relevant
experiences in order to reconstruct possible DU exposure levels and to establish a fuller
accounting of personnel who were in or on the vehicles, or who performed immediate rescue
operations.

After the initial emphasis on locating the individuals in Level I, the Office of the Special
Assistant will expand its efforts to contact individuals from Level II whose duties required them
to make ‘numerous trips into equipment contaminated with DU (an estimated 115 to 183
individuals). This group includes 12 members of the Battle Damage Assessment Team, 6-12
Logistics Assistance Representatives, 27 members of the 144" Service and Supply Company,
30-60 unit maintenance personnel who performed maintenance on or in DU-contaminated
systems, 30-60 EOD and unit personnel who downloaded equipment and munitions from DU-
contaminated equipment, and 10-12 Radiation Control team members.

If after evaluating the groups described above, there is medical justification for looking at lesser
exposed groups, the notification and medical follow-up will be extended to groups, such as the
estimated 600 soldiers involved with the cleanup of the North Compound of Doha. In any case,
veterans who are not among those to be notified and are concerned about their possible DU
exposures will be able to obtain a DU medical evaluation from a DoD or VA physician, at the
appropriate facility that is closest to them.

Should any health problems be- detected, there will be an opportunity for a medical follow-up
with a local primary care physician and/or specialists. The staff at the Baltimore VA is available
to consult with primary care physicians about how to assess DU exposures clinically, how to-
interpret the results of tests for urinary uranium, how to educate veterans who have concerns
about DU, and other relevant clinical questions.

2. DoD and VA Medical Evaluation Program for Gulf War Veterans with Potential DU
Exposures ' " .

The DU medical evaluation program cqnsists of three elements:
o the Phase I registry exam, which is currentiy used by DoD’s Comprehensive Clinical
Evaluation Program and VA’s Gulf War Registry;

e an additional detailed questionnaire, designed to evaluate potential DU exposure; and
e a24-hour urine collection for uranium level.
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The Phase I registry exam includes: several questionnaires on demographics, Gulf War-related
exposures, and medical history; a thorough physical examination; routine laboratory tests; and
consultations with specialists, if needed. An additional exposure questionnaire will be added,
which includes questions on the dates and locations of deployment, specifics about the potential
type and duration of DU exposure (i.e., friendly fire vs. inspection of DU-contaminated
vehicles), and whether the individual was wounded. '

Each individual in the DU surveillance program will be asked to provide a 24-hour urine
collection in a special container. Each of these urine specimens will be shipped to the Baltimore
VA and analyzed by a single laboratory used for the uranium monitoring. The Baltimore VA
will mail the results and their interpretation to the individual veteran, with a copy to the
examining physician. - Recommendations for follow-up will depend on whether the urinary
uranium level is normal or increased.

Based on the ongoing monitoring of the 33 participants in the Baltimore program, the vast
majority of individuals who enroll in the DU medical surveillance program are expected to
demonstrate normal urinary uranium levels. These individuals should receive education and
reassurance through appropriate communication from their primary care physicians.

If an individual demonstrates an elevated urinary uranium level, he or she will be referred to the
Baltimore VA for further evaluation. Based on the results of the thirty-three participants in the..
Baltimore program, a high urinary level is a likely indication of previously unrecognized,
retained DU fragments. Any individual showing elevated levels of uranium in their urine will be
encouraged to receive follow-up in the Baltimore VA program. This follow-up will include
periodic medical exams and urinary uranium determinations.

Based on more than 103,000 exams that have been performed in-the CCEP and VA Gulf War
Registry, many previously unrecognized or asymptomatic health problems have been detected
(e.g. hypertension or diabetes mellitus). Therefore, it is.likely that some of the veterans who
enroll in the DU medical evaluation program will have health problems unrelated to DU
exposure. Using appropriate clinical terms, physicians should carefully explain and interpret
these health problems to veterans. Veterans who have chronic health problems should receive
follow-up primary care at the appropriate military Medical Treatment Facility or VA Medical
Center.

Some Gulf War veterans have expressed concerns about potential DU exposures, which were at
much lower levels than those experienced by the veterans involved in the Level I or Level II
categories. For example, some veterans are concerned about potential exposures from climbing
on board damaged Iraqi vehicles, or from being present in the South Compound during the fire at
Doha, in July 1991. While they are considered to have a much lower risk than the veterans in the
friendly fire incidents, veterans with these lower exposures may still have questions for their
physicians. Veterans in these lower exposure categories will not be specifically identified or
contacted by the Office of the Special Assistant, but they may refer themselves to the DoD or
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VA for medical advice. If these individuals and/or their physicians believe it is warranted, they
will receive a DU medical evaluation. The physicians who perform the CCEP exams and the
VA Gulf War Registry exams at each of the Medical Treatment Facilities and VA Medical
Centers nationwide have been trained to perform DU medical evaluations. These medical
evaluations are modeled on the evaluations developed by the Baltimore VA.

D. Postwar Research

There are two major, ongoing laboratory investigations of the health effects of DU, at the Armed
Forces Radiobiology Research Institute, and at the Lovelace Respiratory Research Institute.

The Armed Forces Radiobiology Research Institute (AFRRI) in Bethesda, Maryland, is currently
assessing the toxicity of embedded depleted uranium (DU) in the Sprague-Dawley rat. This
research has relevance to Gulf War veterans who have retained DU fragments, which cannot be
removed because the surgery would cause significant tissue damage. In previous studies in
experimental animals, the major effect of short-term, high doses of uranium was cellular damage
in the kidneys. : :

The goal of the AFRRI study is to evaluate kidney, behavioral, neurological, and reproductive
toxicity associated with DU pellets implanted in the muscles of male and female Sprague-
Dawley rats. Tissues are also assessed for uranium concentrations and cellular changes. There
are two groups of comparison rats, animals implanted with tantalum pellets, a control metal, and
animals that do not receive implants. The final evaluations of the animals, at 18 months after .
implantation, will be completed in 1998.

The uranium pellets appear to be dissolving very slowly over time, leading to high levels of
uranium in the kidney, urine, and bone. Despite the high DU levels in the kidney, there is no
evidence of kidney toxicity, based on several assays. These results indicate that kidney toxicity”
may be less of a hazard than anticipated.

These experiments demonstrate that uranium can cross the blood-brain barrier, similar to other
heavy metals. Despite this, there is no evidence for behavioral neurotoxicity in male rats. They
have been tested with a functional observational battery, and evaluated for passive avoidance and
spontaneous locomotor activity.

The potential effects of DU on reproduction have been evaluated with pregnant rats. The female
rats with the DU implants did not show any effects on ability to become pregnant or to carry the
litter to term. There were no adverse maternal effects of DU, such as effects on maternal
pregnancy weight gain or food and water intake. There were no effects of DU on the litters, such
as the number of pups per litter, or weight of the pups. There was a correlation between DU

36



levels in the maternal kidney, placental tissue, and fetal tissue. The possible effects of DU on the
development of the offspring are now being investigated.

In another study, the Lovelace Respiratory Research Institute (formerly Inhalation Toxicology
Research Institute), Albuquerque, NM, is conducting similar studies on rats implanted with three
dose levels of DU munitions alloys. The studies will attempt to assess potential carcinogenicity
of the implanted materials as well as to assess various cellular and biophysical/biochemical
effects.

V. LESSONS LEARNED AND RECOMMENDATIONS

DU appears destined to play a major role on future battlefields. The Services need to ensure that
all personnel who could be deployed into theaters where DU may be used are aware of its
potential environmental and occupational hazards. This would include non-combat medical and
support personnel who could find themselves treating DU casualties or repairing DU-
contaminated vehicles.

A. Improvements in Training and Awareness

In recognition of the unease with which many people view all things radiological, training and
education. must address DU’s radiological and toxicological properties, as well as ways to
minimize any possible risk. All military members should be required to attend annual training
courses on DU, preferably incorporated into existing annual Nuclear Biological and Chemical
(NBC) initial or refresher training courses. Since DU ammunition is now available to other
nations, contamination from DU could be widespread on future battlefields. Therefore, the-
knowledge, expertise, and equipment to prevent or mitigate exposures must be equally
widespread. : :

In addition to education and training, Service guidance must reflect an elementary recognition of
DU as a hazardous material and battlefield contaminant. Regulations, checklists, operating
instructions, field standard operating procedures, medical emergency and surgical treatment
standards, and other guidance must reflect sound, accurate, and current guidance regarding
procedures to be followed in a DU environment in keeping with the principle that exposures
should be prevented or minimized whenever possible.

The test and evaluation programs that paved the way for the fielding of DU munitions and armor
acknowledged the potential for creating battlefield DU contamination. The Department of
Defense (DoD) recognized the need to protect troops who might have to operate in such

% Kimberly A. Benson and Terry Pellmar. Neurotoxicity and Reproductive Effects of Embedded Depleted Uranium
in the Rat (abstract). Conference on Federally Sponsored Gulf War Veterans’ Illnesses Research; Program and
Abstract Book, page 51; Washington, DC, June 17-19, 1998.



environments. Unfortunately, most of the guidance issued before and during the war was
oriented toward peacetime accidents on US military installations, rather than addressing the very
different demands of wartime and contingency operations. A number of memorandums and
advisories (described in Tab O) containing simple, field expedient precautions and advice were
sent to the theater, but often failed to reach units and troops who had to respond to accidents and
events involving DU contamination. :

The DoD has acknowledged that pre-war DU awareness training was inadequate. Abrams
crewmen received a brief block of training on the peacetime, regulatory requirements for
handling DU munitions. More extensive training was provided to Nuclear-Biological-Chemical
(NBC) reiponse personnel assigned to most units, as well as EOD, RADCON, and safety
personnel. ® In general, this information was not shared outside these units or agencies. The
lack of DU awareness was identified as a deficiency, as evidenced by a May 24, 1991,
memorandum from the Armament Munitions and Chemical Command (AMCCOM) to the
Training and Doctrine Command (TRADOC) recommending that DU safety training be given to
all armor and infantry soldiers and officers who required it.*'

On September 9, 1997, the Special Assistant for Gulf War Illnesses wrote a memorandum to the |
Chief of Naval Operations, Chief of Staff of the Air Force, and Commandant of the US Marine
Corps directing them to “ensure that all Service personnel who may come in contact with DU,
especially on the battlefield, are thoroughly trained in how to handle it.” The US Army’s
Training and Doctrine Command published Training Support Packages (TSPs) for respective
training schools in September 1997. It is too early to evaluate the effectiveness of this training.*

On January 7, 1998, John J. Hamre, Deputy Secretary of Defense sent a follow-up memorandum
to the Service Secretaries requesting that they provide him with an outline of the Services’
depleted uranium training program. This program required identification of personnel categories
to receive the training, a schedule for full implementation, and plans for periodic retraining.*’
The Services responded in March 1998, outlining their respective plans "along with
implementation schedules. Although the Services are expanding their DU training efforts, their
actions to date have only marginally improved their ability to contend with DU hazards. Full
implementation of the various training programs will be underway during the summer of 1998:
The Office of the Special Assistant will continue. to monitor the status of the Services’ DU
‘training efforts.

]

%0 Operation Desert Storm - Army Not Adequately Prepared to Deal With Depleted Uranium Contamination,
GAO/NSIAD-93-90. Washington, DC: United States General Accounting Office, Report to the Chairman,
Subcommittee on Regulation, Business Opportunities, and Energy, Committee on Small Business, House of
Representatives, January 1993, p. 34.

*! Memorandum from AMCCOM to TRADOC, Subject: Depleted Uranium (DU) Contamination, May 24, 1991.

42 Memorandum for Chief of Naval Operations, Chief of Staff of the Air Force, and Commandant of the US Marine
Corps, “Depleted Uranium Ammunition Training,” September 9, 1997.

“ Memorandum for Secretaries of the Military Departments, "Depleted Uranium Training," January 7, 1998.
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B. Developing Medically and Operdtionaﬂ& A[;propi'iaté Guidance

During and after the Gulf War, the primary source of guidance concerning DU accidents was US
Army Technical Bulletin (TB) 9-1300-278, “Guidelines for Safe Response to Handling, Storage,
and Transportation Accidents Involving Army Tank Munitions or Armor Which Contain
Depleted Uranium.” This TB was developed for peacetime accidents and not intended for direct
application to combat scenarios. It needs to be rewritten to reflect the realities that will be
encountered in operational or battlefield situations. TB 9-1300-278 currently emphasizes the use
of MOPP 4 personal protective equipment when operating in a DU-contaminated environment.
In reality, MOPP 4 is inappropriate given the actual hazard, creates significant heat stress
problems and degrades personal performance and operational efficiency.

This issue has been recognized by the Army, which has taken steps to remedy the situation. A
meeting was conducted in April 1998 to discuss organizational roles and responsibilities relative
to low level radioactive hazards in operational settings. An Integration Process Team (IPT) was
formed to review low-level radiation as well as nuclear, biological, and chemical hazards, and
associated environmental issues. At the soldier level, the Army has developed a new training
task “Respond to Depleted Uranium /Low-Level Radioactive Materials (DULLRAM) Hazards”.
All soldiers must receive this training and demonstrate the appropriate knowledge of the hazard
and how to respond to it before they are considered combat-ready. This training, due to
commence in FY99, should produce a dramatic, sustained improvement in troop awareness of
DU. This new training and its anticipated benefits are detailed in Tab O, Guidance for Protecting.
Troops. _ '

C. Timely, Effective Dissemination of Information

In addition to instilling awareness of DU in troops, leaders, and units, advisories or warning A
messages issued by agencies such as AMCCOM must be disseminated in a timely, effective
manner to the troops and units requiring that information. Specific reporting procedures and
points of contact must also be established and institutionalized so that the information
“disconnects” that occurred during the Gulf War awe-not repeated. Currently, agencies such as
the Army Safety Office and the Army Medical Command have well-developed channels for
issuing alerts and advisories that reach soldiers through the chain of command as well as
unofficial channels like Armed Forces Radio. Many of these existing channels could be used to
reinforce and expand servicemembers’ ability to operate safely in DU-contaminated
environments.

D. Responsive Support to Tactical Ground Units

With few exceptions, most tactical ground units lack the requisite resources or training to
effectively respond to large-scale incidents or events involving the uncontrolled release of DU.
These units are, of necessity, structured, manned, equipped, and trained to execute a wartime
mission. It is not reasonable or realistic to force these units to assume primary responsibility for
health physics/industrial hygiene requirements, particularly at deployed locations. Instead,
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tactical commanders should be able to count on timely, effective suppbrt from dedicated
radiation control (RADCON) teams and other specialists, as required.

The post-war ammunition explosion at Camp Doha, Kuwait is an instructive object lesson
concerning the need for more rapid, responsive health physics/industrial hygiene support for
deployed units. In the first week following a fire that damaged or destroyed 660 DU rounds and
three M1A1 Heavy Armor tanks, the unit commander and his staff were forced to rely on the
unit’s integral NBC assets for advice and assistance in dealing with DU contamination.
Unfortunately, these NBC assets were trained and equipped to respond to battlefield nuclear
contamination, not accidents involving DU. Although they were familiar with DU and could
carry out limited surveys and cleanup efforts, their effectiveness in this role was limited. -
Although RADCON teams were dispatched to Doha, they did not reach the base until a week
after the fire—a week during which the unit leadership, with insufficient knowledge about DU or
how to respond to DU contamination, sent troops into an area in which DU contamination was
present without any personal protective equipment or DU awareness training. In addition, the
RADCON teams deployed to Doha were not sent to support the unit or installation, per se, but
rather to decontaminate and remove three contaminated M1A1 tanks and any exposed DU
penetrators found in the immediate vicinity. The teams had little interface with the Commander
and his staff, and left the installation when their mission was complete. Before, during, and after
the RADCON teams’ arrival, hundreds of soldiers conducted clearing and cleanup operations in
an area with localized DU contamination, without being told about the potential hazard from DU
or simple, field-expedient ways. to. prevent or minimize potential exposures. In future
deployments, the Commander, his staff, and unit personnel should be supported by a more robust
and responsive in-theater health physics/industrial hygiene capability.

E. Clear and Unambiguous Division of Responsibility

Given the likelihood of future decontamination/recovery scenarios, executive agents need to be
clearly identified and the scope of their duties- sufficiently- delineated to clearly establish
responsibility and accountability for all aspects of the radiation control effort. Most fixed
facilities such as Air Force bases have designated specialty teams, ‘e.g., disaster preparedness and
bioenvironmental engineering teams with well-defined roles of responsibilities.  The
responsibilities-within operational units, as described above, are not as well defined.

F. Collection and Reporting of Survey and Monitoring Results

Post-exposure assessments are difficult to quantify in the absence of specific data such as
radiation readings. Much of the current anxiety surrounding DU might have been allayed if
survey and monitoring efforts had been better documented, and medical testing (e.g. 24-hour or
spot urines) accomplished as necessary. According to Army Regulation 40-5, “The necessity,
frequency, and methodology for performing bioassay procedures will depend on the
radionuclide(s), their chemical and physical form, and the amount of material potentially
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available for entry into the human body.”* Memories corroborated by anecdotal evidence are
insufficient to provide conclusive answers to troops who may or may not have been exposed to
DU. In the future, radiation control and related medical efforts must be documented in sufficient
. detail to determine who was exposed, and to what degree.

G. Equipment

The AN/PDR-27,. AN/PDR-77 and AN/VDR-2 RADIAC instruments were primarily designed
for battlefield nuclear exposures and are less than ideal for detecting and measuring the weak
emissions given off by DU. Although improved RADIAC equipment has been deployed with
US forces in Bosnia, its availability is limited. Radiation detection equipment must be readily
available in combat units to expedite the identification of DU-contaminated vehicles.

The Services need to review their current Personal Protective Equipment (PPE) to ensure that
personnel are able to operate safely in a DU environment. Current MOPP-4 gear, while
affording protection in most chemical, biological, or radiological environments; can cause a
rapid degradation in personal performance, especially in desert conditions and is excessive for
most situations involving DU. Since DU contamination appears to be more likely than chemical,
biological, or nuclear weapons scenarios, the Services should assess their current requirements to
determine if supplemental, lightweight respirators and similar DU-suitable protective equipment
could be acquired to replace MOPP-4 in the DU remediation (but not NBC protection) role.

In response to the wartime NBC hazard, procedures have been developed to mark contaminated
vehicles or to create chemical hazard areas. Similar procedures should be considered for
marking DU-contaminated vehicles and areas. '

H. Medical

Considerable research was conducted on the environmental and medical implications of DU
munitions during their developmental cycles. However limited research was devoted to
establishing the medical effects from embedded DU fragments. Postwar efforts to fill this gap
have been initiated through AFRRI’s research (described earlier in Section IV.D) and the
Department of Veterans Affair’s surveillance and follow-up program (the Baltimore DU
Program described in Section IV.C). The objective of this follow-up program is to determine
whether the current criteria for removal of metal fragments applies to embedded DU fragments.
While results to date indicate no requirement to change existing criteria, continued follow-up is
required.

Current and future military munitions and equipment development efforts must evaluate all
potentially harmful materials (including tungsten and lead) in the full context of operational
exposures. While there are ongoing efforts aimed at fratricide prevention, development efforts
must recognize fratricide related exposure scenarios as well as the probability of the enemy

* Preventive Medicine, Army Regulation 40-5, October 15, 1990, Paragraph 9-6.a.(2)(a), p. 189.
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possessing and using potentially harmful materials. It is clear that DU will be used by future
adversaries. :

Research is needed to develop better estimates of the amount of depleted uranium that may be
internalized by personnel entering vehicles after fires involving depleted uranium, or entering
vehicles struck by depleted uranium. This information is required to determine and/or validate
peacetime standards of practice and to help in establishing standards of practice for all military
operations involving these munitions. This research is the foundation upon which technical
bulletins and regulations prescribing DU precautions, exposure reporting, and medical
monitoring must be based.

Because bio-monitoring of troops immediately after potentially significant exposure to DU (i.e.
friendly fire incidents, immediate rescue efforts and working inside DU contaminated vehicles)
was not done during the Gulf War, there are no medical data from such exposures for scientific
evaluation. While peacetime bio-monitoring programs are in place, standards and guidance for
specific bio-monitoring during combat must be developed and implemented. This monitoring
must be tailored to the operational setting, recognizing that data collection during combat would
be more difficult than in the postwar cleanup phase.

VI. CONCLUSION

In this report, the Office of the Special Assistant for Gulf War Illnesses has presented a history: of
depleted uranium development, its use during the Gulf War, and resulting exposures. The
investigation examined DU’s properties—chemical and radiological-—and what the potential
health risks of those properties could mean to an exposed individual.

Each of the DU-exposure incidents reported to date was investigated and analyzed in detail.
Investigative efforts were aimed at establishing the facts and circumstances surrounding each
incident and determining who might have been expgsed. This effort is still ongoing, but the
investigation has determined the essential facts ofuthe most serious (Level I’ and II) exposure
incidents and scenarios, as well as identifying many of the participants.

The report acknowledges that many American soldiers were exposed to- DU through wounds,
inhalation, ingestion, or bare skin contact. It also identifies and addresses significant
shortcomings in the way US troops were trained to operate in environments where DU
contamination was present, and identifies lessons learned that can be applied to future
operational deployments. Further, it outlines steps this Office has taken to ensure that DU
training and awareness receives proper emphasis from all Service components.

This report notes past inconsistencies between peacetime guidance and wartime practices. It

explains why much of the guidance in place at the time of the Gulf War was excessive or
disproportionate to the actual exposure hazard. It makes the case that future guidance must be
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practical and applicable to battlefield dperations where contact with DU, under uncontrolled
conditions, can occur over a broad range of environments.

The report outlines the new, expanded medical follow-up program aimed at identifying,
evaluating, and providing medical follow-up, if need be, to personnel likely to have incurred the
highést DU exposures. Although the focus of the notification effort is on these participants,
soldiers who had lesser exposures can also request an evaluation for DU exposure.

In tandem with efforts to identify exposed personnel, efforts were undertaken to assess the
possible health risks and medical significance of various exposure groups. Experts in relevant
fields were consulted and expert literature was reviewed. The US Army Center for Health
Promotion and Preventive Medicine (CHPPM), is currently performing DU dose assessments in
an effort to apply refined data (from computer modeling and live-fire test results) to the study of
DU’s health effects. The RAND Corporation is doing an independent review of medical and
scientific literature on known medical and health effects. Although CHPPM and RAND efforts
are ongoing, preliminary estimates of worst case exposures do not indicate a significant
radiological hazard. The medical significance of the preliminary chemical (heavy metal)
estimates in humans is more difficult to determine and may be clarified once the RAND effort is
completed. ’ ' '

Since 1993, the Department of Veterans Affairs has been monitoring 33 vets who ‘were seriously
injured in friendly fire incidents involving depleted uranium. These veterans are being
monitored-at the-Baltimore VA Medical Center. While these veterans have very definite medical
afflictions resulting from their wartime injuries, they are not sick from the heavy metal or
radiological toxicity of DU. About half of this group still have depleted uranium metal
fragments in their bodies. Those with higher than normal levels of uranium in their urine since
monitoring began in 1993 have embedded DU fragments. These veterans are being followed
very carefully and a number of different medical tests are being done to determine if the depleted
uranium fragments are causing any health problems. The veterans being followed who were in
friendly fire incidents but who do not have retained depleted uranium fragments, generally
speaking, have not shown higher than normal levels of uranium in their urine.

Previous research has demonstrated that the organ that is most susceptible to damage from high
doses of uranium is the kidney. For the 33 veterans in the program, tests for kidney function
have all been normal. In addition, the reproductive health of this group appears to be normal in
that all babies fathered by these veterans between 1991 and 1997 had no birth defects.

For the broader veteran population, data derived from the DoD’s Comprehensive Clinical’
Evaluation Program that has evaluated tens of thousands of Gulf War veterans might be more
applicable. Thus far, very few Gulf War veterans have been diagnosed with types of kidney
damage for which depleted uranium would be on the list of possible causative agents. The rates
of these diagnoses in this self-selected population (participation in the CCEP is voluntary) are
consistent with the rates of similar kidney problems found in the general US population. By
definition, those veterans with undiagnosed illnesses have not had any evidence of kidney
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damage. Therefore, there is no evidence that-Gulf War veterans :are expenencmg adverse health
effects from DU’s chemical toxicity. ;... ¢ 0 e oo N e

- The report’s bottom:line conclusion, based on a comprehensive review-of available data.and-a
science-based; methodology; is. that exposures. to DU’s heavy metal (chemical). toxicity .or low-
level radiation.are not a cause of the undiagnosed illnesses afflicting some Gulf War: veterans:

TR R LA L s LT L et

This case is still, being . investigated.. As additional information becomes dvailable, it will be
incorporated.. If you have:records; photographs, recollections,.or find: errors-in: the detatls
reported, please contact the DoD Persmn Gulf T ask Force Hotere at: . B
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Tab A - List of Acronyms/Glossary

This tab provides a;listing of acronyms found in this report. Additionally, the Glossary section

provides definitions for selected technical terms, which are not found in common usage.

Acronyms

ACGIH.....cooiiiiieiiieen, American Conference of Governmental Industrial Hygienists
ACR ..ot reereentet ettt Armored Cavalry Regiment
AD Lttt e st e e sttt e e en Armor Division
AED oo e Aerodynamic Equivalent Diameter
AEPL ..ot US Army Environmental Policy Institute
AFRRI.....cooiiiiiiiieeee e, Armed Forces Radiobiology Research Institute
AHA ettt sttt Abrams Heavy Armor
ALARA ..ottt As Low As Reasonably Achievable -
AMUOC ettt e ae e Army Materiel Command
AMCCOM ....... e ceeeenee Armament Munitions and Chemical Command
ANG.............. eee e et et e te et e e e bt e e e s te e st e e e see s eabee e bt e e nnae e neeneeas Army National Guard
ANSL .. American National Standards Institute
AP ottt sttt b e et as Armor Piercing
APFSDS ... Armor-Piercing Fin Stabilized Discarding Sabot
APFSDS-T ..o Armor-Piercing Fin Stabilized Discarding Sabot with Tracer
APT ottt s Armor Piercing Incendiary
ASTM it American Society for Testing Materials
AT ettt ettt ettt e e e ae e e e en Anti-tank--
BDAT .t Battle Damage Assessment Team
BEIR ..ottt Biological Effects of Ionizing Radiation
BEV e e Bradley Fighting Vehicle (tracked)
BMP ..o Soviet made armored fighting vehicle (tracked)
BTR..ooee e Soviet made armored personnel carrier (wheeled)
CFR e e ee e s e Code of Federal Regulations..
CFV. i, eteereeereeeeaeaeseeeteeeeetteeseeaseeaaeentesaaens Cavalry Fighting Vehicle
CHPPM ..., Center for Health Promotion and Preventive Medicine
CIWS......ccooee. Close-In Weapon System (20mm Air Defense Gun); also called Phalanx
DOD . Department of Defense
DU e e et et e et e eae s .Depleted Uranium
DULLRAM.......cootiiie, Depleted Uranium /Low-Level Radioactive Materials
EOD .ttt e Explosive Ordnance Disposal
FASCAM ... et ..... Family of Scatterable Mines
GAO ..ttt General Accounting Office
HE ettt st ettt ettt e aen High Explosive
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CHE AT et High Explosive Antitank

HEL. ..t High Explosive Incendiary
TARC ..ot ..... International Agency for Research on Cancer
ICRP....otiitrereeeee e, International Commission on Radiological Protection
LD ettt et e b et be e s sneens Infantry Division
IEEE. ..., Institute of Electrical and Electronic Engineers
TOC .ttt Industrial Operations Command
JTCG/ME...........ceuenn..n. Joint Technical Coordinating Group for Munitions Effectiveness
K et b e e e e se bt seeebeeans Kinetic Energy
KKMC ...ttt King Khalid Military City, Saudi Arabia
LAR ettt et Logistics Assistance Representatives
MOPP ...t Mission Oriented Protective Posture
mrem........... ettt et ettt e et e et e e re e nare e reeaneeneas millirem (one thousandth of a rem)
NAS ettt ae e .......National Academy of Science
NBC et Nuclear, Biological and Chemical
NCRP.....ccoevverernee e National Council on Radiation Protection and Measurements
NIANG .ottt New Jersey Army National Guard.
NRC e eeeeeneeeanea .Nuclear Regulatory Commission
~ ODS/DS ..ot eeeeerer e et ereeae Operation Desert Shield/Desert Storm
OSHA ...ttt Occupational Safety and Health Administration.
PEL oottt Permissible Exposure Limit
PPE............. erestesnnste sttt e aesaeisesteasass nsbesns et san b s b s b en Personal Protective Equipment
RADCON. ....ooicteteceeeceeeee et eeeeeeee s Radiation Control
RADIAC ..ot Radiation Detecnon Identification and Computation
RHS............ et e ree e e sseeesneessneessreesneeneeneneeeeeneee. ROLI€A HOmMogenous Steel
RPGi...cee ettt e Rocket Propelled Grenade
RPO .ttt et ns Radiation Protection Officer
S A et e et e et r e e e e st a et e s sa et e aseeanas Southwest Asia
o7 ettt e e et e aa e b Soviet-made main battle tank
B ettt et ettt Technical Bulletin
TLV®..ooieenn. OSSOSO OT OO SOOI Threshold Limit Value
UXO ettt ettt e e e s e ae e et e e aa e ree e enaeansaaans Unexploded Ordnance
VA ettt Department of Veterans Affairs
WA e 97.5% tungsten/2.5% binder in tungsten alloy
BLITE c.ee et et encenaeeneeeaaessenses e seenseeneenseenseeaeeseensenensensens micron (one millionth of a meter)
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Glossary
Absorbed Dose:

Activity:

ALARA:

Alpha Particle (o):

Atom:

Atomic Mass:

Atomic Number:

Atomic Weight:

Background
Radiation:

Beta Particle (B):

The energy imparted by ionizing radiation per unit of mass irradiated
material. The units of absorbed dose are the rad and gray (Gy).

The number of nuclear transformations occurring in a given quantity of
material per unit of time. (see Curie)

Acronym for “as low as reasonably achievable.” The Nuclear Regulatory
Commission defines ALARA as making every reasonable effort to
maintain radiation exposures to as far below the dose limits as is practical
considering the state of technology, the economics of improvements in
relation to the state of technology, the economics of improvements .in
relation to the benefits to the public health and safety, and other societal
and socioeconomic considerations, and in relation to utilization of nuclear
energy and license materials in the public interest. '

A charged particle emitted from the nucleus of an atom having a mass and
charge equal in magnitude to a helium nucleus; i.e., two protons and two
neutrons with a +2 charge.

Smallest particle of an element, which is capable of entering into a
chemical reaction.

The mass of a neutral atom of a nuclide, usually expressed in terms of
“atomic mass units.” The “atomic mass unit” is-one-twelfth the mass of
one neutral atom of carbon-12; equivalent to 1.6604 X

10% gm. (Symbol: u).

The number of protons in the nucleus of a neutral atom of a nuclide:

The weighted mean of the masses of the neutral atoms of an element
expressed in atomic mass units.

Radiation arising from radioactive material other than the one directly

under consideration. Background radiation due to cosmic rays and natural

radioactivity is always present. There may also be background radiation

due to the presence of radioactive substances in other parts of the building,
in the building material itself, etc.

A charged particle emitted from the nucleus of an atom with a mass and
charge equal in magnitude to that of an electron.

47



Carcinogenic:

Class:

s
Curie:

Disintegration

(Nuclear):

Dose:

Dose Equivalent:

Dosimeter:

Capable of producing cancer.

Also referred to as Lung Class or Inhalation Class. This refers to a
classification scheme for inhaled material according to its rate of clearance
from the pulmonary region of the lungs. Materials are classified as D, W,
or Y, which apply to a range of clearance half-times. Class D (Days) are
cleared in less than 10 days. Class W (Weeks) are cleared between 10 and
100 days and Class Y (Years) are cleared in greater than 100 days. Recent
recommendations in International Commission on Radiological Protection
Report #66 have replaced classes D, W, and Y with F (fast), M
(moderate), and S (slow).

The special unit of activity. One curie is the amount of material in which
3.700 X 10'° atoms transform per second. (Abbreviated Ci.) Becquerel
(Bq) is replacing it. One Bq is equal to 2.7 X 10-11 Ci (or 1.0
disintegrations per second).. Several fractions of the curie are in common
usage:

Millicurie: One-thousandth of a curie (3.7 X10’  disintegrations
per second.). Abbreviated mCi:

Microcurie: One-millionth of a curie (3.7 X 10* disintegrations
per second.). Abbreviated pCi.

Picocurie: One millionth of a microcurie (3.7 X 10™disintegrations
per second or 2.2 disintegrations per minute). Abbreviated pCi.

A spontaneous nuclear transformation (radioactivity) characterized by the
emission of energy and/or mass from the nucleus. When numbers of
nuclei are involved, the process is characterized by a definite half-life.

A general term denoting the quantity of radiation or energy absorbed.

The product of the absorbed dose in tissue, quality factor, and all other
necessary modifying factors at the location of interest. The units of dose
equivalent are the rem and sievert.

Instrument to detect and measure accumulated radiation exposure. During
the Gulf War, two types of dosimeters were used: a pencil-sized ionization
chamber with a self-indicating electrometer and a wrist watch dosimeter,
which requires a separate reader. The wrist watch dosimeter detects both
gamma and neutron radiation and is intended to measure high doses, e.g.,
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External Dose:

-Gamma Ray (y):

‘Gray (Gy):’

- -Half-life
(Biological):

-Half-life
(Radioactive):

' Infemal Dose: -

Isbtope:

Joule:

Kilo Electron
Volt (keV):

Newton:

following tactical employment of nuclear weaponé (rather than DU

contamination) on the battlefield.

That portion of the dose received from radiation sources outside the body.

Short wavelength electromagnetic radiation of nuclear origin (range of
energy from 10 keV to 9 MeV) emitted from the nucleus. A gamma ray is
essentially equivalent to a x-ray. Both are photons of energy—the
difference being that gamma rays originate in the nucleus of the atom and
x-rays originate in the extranuclear part of the atom, but x-rays are
typically of lower energy. '

Standard international unit of absorbed dose. One gray is equal to an
absorbed dose of 1 joule/kilogram or 100 rads.

The time required for the body to eliminate one-half of an administered
dosage of any substance by regular process of elimination. Approximately
the same for both stable and radioactive isotopes of a particular element.

The time required for a radioactive substance to lose 50 percent of its
activity by decay. Each radionuclide has a unique half-life.

That portion of the dose received from radioactive material taken into the
body.

Atoms having the same number of protons in their nuclei, and hence the
same atomic number and element, but differing in the number of neutrons,
and therefore in the mass number. All isotopes of an element have
identical chemical properties. The term should not be used as a synonym
for nuclide.

The unit of work, equal to one Newton expended along a distance of one
meter (1J = 1IN X 1m).
One thousand electron volts or 10° volts.

The unit of force, which when applied to a one kilogram mass will give it
an acceleration of one meter per second per second (1N = 1kg X 1m/s?).
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Nonstochastic
Effect:

Occupational Dose:

Oxide:

Public Dose:

Rad (radiation
absorbed dose):

RADIAC
Equipment

Radioactive/
Radioactivity:

Health effect, the severity of which varies with the dose and for which a
threshold is believed to exist. Radiation-induced cataract formation is an
example of a nonstochastic effect. Also called a deterministic effect.

The NRC defines occupational dose as the dose received by an individual
in a restricted area or in the course of employment in which the
individual’s assigned duties involve exposure to radiation and/or
radioactive material from licensed and unlicensed sources of radiation.
Occupational dose does not include dose received from background
radiation, from any medical administration the individual has received,
from voluntary participation in medical research programs, or as a
member of the public. '

A binary chemical compound in which oxygén 1s combined with a metal
or nonmetal.

The NRC defines public dose as the dose received by a.member of the.

public from exposure to radiation and/or radioactive material released by a
licensee, or to any other source of radiation under the control of the
licensee. Public dose does not include occupational dose or doses
received from background radiation, from any medical administration the
individual..received, or from voluntary participation in medical research
programs.

A unit of absorbed dose. One rad is 0.01 Joule absorbed per kilogram of
any-material. Also defined as 100 ergs per gram. It is being replaced by
gray (Gy). One rad equals 0.01 of a gray.

Radiation detection, identification and- computation equipment, or
equipment that measures radiation.

The property of the nuclei of certain atoms spontaneously emitting
particles or gamma radiation or of emitting x radiation following orbital
electron capture or of undergoing spontaneous fission. Atomic nuclei are
of two types, stable and unstable. Unstable nuclei are said to be
radioactive and eventually are transformed by radioactive decay into the
stable nuclei. One or more of the three types of radioactive emissions (o
or [3 particles or y-rays) occur during each stage of the decay.
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Radioisotope:

Rem (roentgen
equivalent man
or mammal):

Roentgen:

Sabot

Sievert (Sv):

Specific Activity:

Solubility:

Stochastic Effect:

Tritium:

Those isotopes of an element, which are radioactive.

A unit of measure that takes into account the biologic effectiveness of
various types of radiation. The rem is numerically equal to the rad
multiplied by a Radiation Weighting Factor (formerly a “quality factor”).
The Radiation Weighting Factor (RWF) reflects differences in the amount
of each type of radiation necessary to produce the same biologic effect.
For beta, gamma, and X radiation, RWF is 1.0, making their effect on
tissue equivalent. The RWF for alpha particles is 20, indicating its
biologic effect is 20 times greater that the effect of beta, gamma, or X
radiation. Sievert (Sv) is replacing rem. One Sv is equal to 100 rem.

The amount of ionization in air caused by X and gamma radiation. One
roentgen of exposure will produce about 2 billion ion pairs per cubic
centimeter of air.. A roentgen is-only-a measure of the ionization that
radiation produces in air. It does not provide exact information about the
amount of energy that is actually absorbed by a medium; or about the
effects of the radiation on the medium. ’

A lightweight carrier designed to center a projectile of a smaller caliber in
the gun barrel. The sabot is normally employed ‘to fire the smaller caliber
projectile from a large caliber main gun; it usually is discarded a short
distance from the muzzle.

Standard international unit of any of the quantities expressed‘ as dose
equivalent. The dose equivalent in sieverts is equal to the absorbed dose
in grays multiplied by the radiation weighting factor (1 Sv=100.rems)..

The activity of the radionyglide per unit mass of that nuclei. See
radioactive.

Capability of being dissolved. The amount of a substance that can be
dissolved in a given solvent (i.e., lung fluid) under specified conditions.

Health effects that occur randomly and for which the probability of the
effect occurring, rather than its severity, is assumed to be a linear function
of dose without threshold. Hereditary effects and cancer incidence are
examples of stochastic effects.

Isotope of hydrogen with one proton and two neutrons in the nucleus.
Beta emitter.

51



Tab B - Units Involved

7% Corps
1*! Infantry Division
1* Brigade
1-34 Infantry
2-34 Armor.
3™ Brigade (from 3" Brigade, 2" Armored Division)
1-41 Infantry
3-66 Armor
1** Armored Division
1% Brigade (3™ Brigade, 3" Infantry Division)
4-66 Armor '
3" Brigade ,
1-37 Armor
3™ Armored Division
4-7 Cavalry
2" Armored Cavalry Regiment
2-2 Cavalry

18" Airborne Corps
24" Infantry Division
2" Brigade
3-15 Infantry
3-69 Armor

11" Armored Cavalry Regiment
1-11 Cavalry
2-11 Cavalry -
58" Combat Engineer Company
54" Chemical Troop
146" Ordnance Detachment (EOD)

USS Missouri
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Tab C - Properties and Characteristics of DU

‘Natural uranium (extracted from uranium ore) is processed to form enriched uranium for nuclear
power. Depleted uranium (DU) is the by-product of this uranium enrichment process. Natural
uranium is composed of three isotopes, uranium-238 (***U), uranium-235 (**°U) and uranium-
234 (3*U). Although the exact percentages vary slightly, natural uranium typically is composed
of approximately 99.28% 2**U, 0.71% *°U, and 0.0055% ***U (See Figure 10). Isotopes of an
element have essentially the same chemical and physical properties because they have the same
numbser of protons (92) in their atoms. They differ only in the number of neutrons per atom. For
example, 24y, 2°U, and U have 142, 143, 146 neutrons in each atom, respectively. It is this
variation in the number of neutrons that gives the different isotopes their radiological properties.
Isotopes differ in the types of radiation emitted during the nuclear decay process, decay rate,
interactions with nuclear particles, and ability to undergo nuclear fission.*

The relative radioactivity of isotopes is measured by their specific activity, which is defined as

the number of transformations or disintegrations per second per unit of mass. The unit of

measurement of specific activity is microcuries per gram with a microcurie equal to 3.700 x. 10* .
disintegrations per second. Although by weight 2*U is only 0.005% of the natural uranium, it

accounts for 48.9% of the radioactivity of uranium. 2**U and **U account for the remaining

2.3% and 48.8% of the radioactivity of uranium, respectively.

To be used as nuclear fuel or weapons grade - - '
uranium; natural uranium' must be enriched [ Uranium Forms }
through a process that increases the >°U content: ' '

. . Uranium Ore
to approximately 3% for power reactor fuel, or 2
over 90% for weapons. grade uranium. This ﬂ*
decreases the °%U content to 97% or less than - Natural Uranium

o . . @ . 0 u-234 Trace
10%, respectively, leaving “depleted uranium U-235  0.71% ,
with approximately 0.2% ***U and 99.8% **U. U-238  99.28%
B4y is generally ignored because it is present in  Enriched Uranium Depleted Uranium
such small quantities. In the gaseous diffusion Y234 Trace U-234  Trace

. U-235 3% to >90% U-235°  0.20%

process a gaseous compound of uranium and y-238  <10% to 97% U-238  99.8%

fluorine, UF6, is separated into two fractions —
one enriched in *°U and one depleted in *°U.
The depleted fraction is then chemically transformed into a uranium metal derby. This is the

first stage at which the depleted material is in the state necessary for further processing by
ammunition manufacturers.

Figure 10 --Content by mass of uranium forms

* Health and Environmental Consequences of Depleted Uranium Use in the US Army: Technical Report, Atlanta,
GA: US Army Environmental Policy Institute, Georgia Institute of Technology, June 1995, p. 7-8.
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The Nuclear Regulatory Commission (NRC) defines “depleted uranium” as uranium in which
the weight percentage of the >>°U isotope is less than 0.711%. Military specifications mandated
by the Department of Defense (DoD) require that the percentage of 2°U be less than 0.3%. In
actuality, DoD uses DU with a U content of approximately 0.2%.* DU is 40% less
radioactive than the raw uranium-bearing ores found in nature; but its material content is still
uranium. All isotopes of uranium are essentially identical chemically and, since depleted and
natural uranium are just different mixtures of the same three isotopes, they have the same
chemical properties. :

All isotopes of uranium are radioactive. Each has its own unique decay process emitting some
form of ionizing radiation: alpha, beta or gamma radiation (or a combination). Alpha and beta
radiations are actually discrete particles, whereas gamma radiation is essentially a photon of
energy similar to an x-ray but from the nucleus. An alpha particle consists of two protons and -
two neutrons and is positively charged (+2). Most alpha particles are not energetic enough to
penetrate skin and are not considered to be an external hazard. Alpha particles, however, can be
a health hazard if inhaled or ingested in sufficient quantities. A beta particle is an electron
(charge -1) emitted during the radioactive decay of an atom and is more penetrating than an
alpha particle. Beta particles are able to penetrate skin a few millimeters and can pose both an
internal and external health risk. Since a gamma ray is-a-photon o