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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.

15




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