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Grassroots Actions for Peace

Grassroots Actions for Peace believes that non-violent conflict resolution, nuclear disarmament and serious
reduction of arms trading throughout the world constitute this nation�s only real security.  Grassroots Actions for
Peace is an organization of volunteers who work on specific local programs and campaigns with short term
objectives that are connected to these national and international principles.

The principle effort of Grassroots Actions for Peace in recent years has been to ban the production, sale and use of
depleted uranium weapons, which were manufactured  in Concord at Nuclear Metals, Inc. (now Starmet Corp), and
first used in the Gulf War in 1991.

Contact: Grassroots Actions for Peace
C/O Carol Dwyer
245 Main Street
Concord, MA.  01742
(978) 369-1162
dwyerjandc@aol.com

Military Toxics Project

The mission of the Military Toxics Project is to unite activists, organizations, and communities in the struggle
against military pollution, to assure it�s clean up, to limit the transport of hazardous materials, and to advance the
development and implementation of preventative solutions to the toxic and radioactive pollution caused by military
activities.  The MTP mission is based on mutual respect and justice for all peoples, free from any form of
discrimination or bias.

The purpose of the Military Toxics Project is to provide information, education, networking and organizing
resources. MTP serves as a bridge and facilitator for organizations concerned with military pollution issues. MTP
fosters a relationship of mutual respect and support with its members, networks, and collegiate campaigns around
the country. MTP works to assist local communities, not for them but with them. MTP activities focus on both
service and organizing efforts. MTP helps member organizations and networks to project their individual voices
nationally and internationally.

MTP has been organizing around depleted uranium issues since 1993, when it formed the Depleted Uranium
Citizens Network and released �Uranium Battlefields at Home and Abroad�, a report by network members Rural
Alliance for Military Accountability, Citizen Alert, and Progressive Alliance for Community Empowerment. MTP
organized the first international conference on DU munitions, which brought together community activists, military
veterans, and technical experts opposed to the use of depleted uranium weapons. MTP has produced a variety of
other reports and fact sheets on DU, supported scientific research into the health effects of DU, and founded an
email discussion list about DU that serves over 150 activists in two dozen countries. MTP is a founding member of
the International Coalition to Ban Uranium Weapons, and continues to support local organizing around DU and
network local organizations who want to work together to oppose DU on the national and international levels.

Please visit www.miltoxproj.org

Contact: MTP
P.O. Box 558
Lewiston, ME 04243
(207) 783-5091
www.miltoxproj.org
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Introduction

This paper is about depleted uranium (abbreviated DU), and the harm it may cause to human beings primarily as a
result of its use in weapons. It deals with exposure dose, basic biological considerations and recent research. To date
research has been done mostly in animals and cellular studies and to a far lesser extent in humans. The paper discusses
the results of fact-finding missions of the UN Environmental Program in the Balkans. It also deals with Iraq, largely
post-war 2003. There is controversy now about DU causing cancers and other illnesses; if we wait the 10-30 year
latency period of lung cancer, for example, to resolve this issue, irreparable harm may already have been done to
people. For instance, in February 2004, a Scottish veteran won a compensation battle based on his exposure to DU
while in the British army, where he served as a driver moving tanks destroyed by DU shells during the 1991 Gulf War
(1).

Depleted uranium (DU) is a chemically toxic and radioactive heavy metal. It is a waste product of nuclear fuel or
nuclear bomb production, during which natural Uranium has been �depleted� of Uranium 235. When made from
recycled nuclear fuel, it contains small amounts of plutonium and other transuranics, (heavy, artificial, highly
radioactive elements with atomic numbers greater than that of uranium) (2).

DU is similar to purified concentrated uranium ore except that DU has less mass of the isotopes Uranium 235 and 234.
Gram for gram, DU is 60 percent as radioactive as pure uranium ore. DU has a half-life of 4.5 billion years. It is
classified as low-level radioactive waste, which the Institute for Energy and Environmental Research (IEER) puts in the
same category as transuranic waste (3), as its specific activity (radioactivity per unit weight) is about three times higher
than that of the lower limit for transuranic waste (4). According to IEER, DU waste should be disposed of in a deep
geologic repository (5).

At least 16 different ammunitions contain DU cartridges (6), including machine guns (7). DU is 1.7 times denser than
lead making it a highly effective anti-tank weapon; it slices right through the tank. The 120 mm penetrator has a solid
cylindrical core of DU weighing 10 pounds (8). The 30mm DU shell fired by the A-10 Warthog jet has a similar solid
core made of DU which weighs three fourths of a pound (9). DU shells can be quite small; both the 30mm shell and the
25mm shell (also solid DU) are the size and shape of a cigar or a little smaller (10).  About 25 percent of DU shells hit
their target (11), leaving DU shells on the ground or beneath the ground.

When a DU shell penetrates through tank armor, it ignites and spews an extremely fine DU dust (including particles 1.5
microns or less (12)) into the air. DU particles can carry for miles (13). DU is also used in the armor of Abrams tanks
making it invulnerable to all but DU shells, but exposing the tank operators to increased radiation.
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An Exposure to DU: How Much is Harmful

There are no reliable estimates of dose-exposures to DU dust from the 1991 Gulf War (14) making it difficult to do
epidemiological studies (15). The RAND report (1999)(16), whose principal finding was that depleted uranium was
like natural uranium in its chemical and radiological properties and consequently not harmful, relied on the U.S.
Army Center for Health Promotion and Preventive Medicine (CHPPM) for its estimate for exposure to DU. Based
on a single live fire test, CHPPM estimated that two DU shells hitting a tank would expose soldiers within the tank
to an average of 24 mg (17) and a maximum of 52 mg of DU dust (18) ( The General Accounting Office found this
estimate to be �unreliable�) (19).
In the Gulf War vehicles hit by DU penetrators in friendly fire incidences generally sustained three or four hits (20).
Dan Fahey states that an A-10 aircraft in a single attack might use from 5 to 16 DU shells (of 30mm ammunition)
creating 300 to 960 gm. of DU dust (21).

 A 120mm DU penetrator contains about 4,700 gm. of DU (22); when a 120mm DU shell hits a tank, Fahey says
according to test data, generally 20 percent (23) of the DU in the shell is oxidized into an aerosol (10), creating
about 950 gm. (about 34 oz) of DU dust (24). However, up to 70 percent of the DU may be oxidized into an aerosol
on impacting a hard target (25).  Fifty to 96 percent of the particles in the DU aerosol are of respirable size (26)
based on Army data.

 The Nuclear Regulatory Commission gives a weekly limit for occupational exposure to soluble uranium at10 mg;
additional intake would cause uranium poisoning due to chemical toxicity according to the NRC. (27)

There is no agreement about how much DU dust is inhaled by the lungs. However, some experts believe that even
one DU particle lodged deep in the lung can cause damage. An extremely small dust particle (a speck) of 1 mg  DU
will irradiate cells in its vicinity with several alpha  particles each second for as long as the particle remains in the
lung (at some  time in the future it will be metabolized by the body (28) at which point it will no longer bombard
these cells).

DU dust is made up of soluble and insoluble components. The amount of soluble and insoluble dust created by the
impact of a DU penetrator varies. However the intense heat from the shell striking a tank forms an insoluble ceramic
aerosol. Although DU particles can be carried for miles in the wind or be re-suspended from dust by wind or human
movement, the soldier inside a tank hit by a DU penetrator is at far greater risk of being contaminated by DU dust
than anyone near the tank.

Some Scientific Information about DU

DU is a chemically toxic heavy metal and as such can lead to kidney and lung damage. As a radioactive substance, it
is an alpha emitter which irradiates powerfully for short distances. The alpha particles cannot penetrate skin but if
inhaled or ingested they can irradiate lung cells and other cells in the body. DU is composed of 99.8 percent
Uranium 238, which decays into two principal daughter isotopes which give off beta radiation that can travel
through at least 300 to just under 1,000 cells (29). It is also a weak gamma emitter which can traverse tissue and
bone cells (30).

Alpha particles cause cancer

Research from England in Harwell, Oxfordshire and the Mt. Vernon Hospital in London (28), which was reported
in the New Scientist in January 2001, demonstrated how a single alpha particle damages human white blood cells.
Twenty-five percent of the irradiated cells after 12 divisions showed �patterns of broken or bent chromosomes.�(29)
The study indicated that this was a first step in a series of biological events that could lead to cancer, more
specifically leukemia.

Bystander Effect

Cells that are near by cells hit by alpha particles or other sources of low level radiation show signs of damage such
as that sustained by the irradiated cells. Miller and colleagues (33) found that although fewer than 5 percent of
human cells were traversed by an alpha particle, approximately 14 percent of the DU-exposed cells underwent
neoplastic transformation (34). In an experiment at Los Alamos, a low dose of alpha particles caused excessive



6

sister chromatid exchange (SCE), a chromosomal aberration (35) in about 23 percent of human lung fibrobast cells;
in this case under 3 percent of the nuclei of the cells were impacted by the radiation (36).

In a study by Belyakov, Malcolmson et al. (2001)(37) a helium ion (�effectively an alpha particle�) hit the nucleus
of a single human fibroblast cell in a dish 10 by 10 milllimeters (38) in size and populated by 5,000 human
fibroblast cells. The targeting of one of these cells typically led to mutations (micronuclei formation (39)in this
case) in approximately 100 other cells in different regions of the dish. Damaged cells were often more than a
millimeter apart. As the researchers stated, since other bystander effects besides micronuclei formation might have
been present, the measurement of the number of cells showing micronuclei formation only may have underestimated
the number of damaged cells (40).

Bystander effects include, in addition to neoplastic transformation, chromosomal aberrations including breakage
and micronuclei formation,  mutations, apoptosis (cell suicide), cell killing or delayed cell death, enhanced cell
growth and the induction of genomic instability (see next topic)(41) as well as increased radioresistance (42).

It is thought that damage to the unirradiated (bystander) cells may occur via signaling across gap junctions from an
irradiated cell to a non-irradiated cell. However culture medium of irradiated cells when put in a different cell
population can cause the same damage as in the original irradiated cells (43). Yet another mechanism that can cause
damage to bystander cells such as DNA lesions (44) are increases in intracellular oxygen reactive species (hydrogen
peroxide falls into this category (45)) generated by ionizing radiation. Bystander effects can vary with different
types of cells (46). However more than one mechanism may impact bystander cells in the same model system (47).
The bystander effect is not noticeable in high level radiation as high dose radiation kills cells. The bystander effect
has not been taken into consideration by agencies setting safe radiation limits. However research into the bystander
effect is in the early stages.

Genomic Instability

Radiation-induced genomic instability occurs with low level radiation. Miller et al (2003)(48) have defined
genomic instability as �the induction of a persistent instability in the genome of surviving irradiated cells.� (49).
That is, mutations caused by low level ionizing radiation are carried forward from one generation to another. The
progeny of cells damaged by radiation through the bystander effect may also show this effect (50). Successive
generations of cells targeted directly or indirectly by low level radiation show the same (clonal) and also non-clonal
chromosomal aberrations as well as a heightened rate of mutation, a higher death rate and �reproductive
irregularities� (51). These changes may persist for many generations (52). Miller et al. (2003) showed that DU
exposure to human osteoblast cells led to genomic instability (53). They studied the frequency of delayed
reproductive death (or yield of lethal events) and micronuclei formation in the progeny of human osteoblast cells
over 30 generations. Some of the initial cells in this study  were exposed to low levels of gamma radiation leading
to genomic instability although to a lesser extent than the DU-exposed cells (54). Although chemical toxicity as in
heavy metals can also cause genomic instability (55), in this study, nickel as a heavy metal did not generate genomic
instability to any great degree, far less than that generated by either DU or gamma radiation (56).

Uranyl ion an affinity to chromatin (genetic material)

Inhaled  particles of DU that lodge in the lung may dissolve into uranyl ions which then pass through the body.
Uranyl ions are thought to be the chief form of uranium to be found in body fluids (57).They are attracted to and
fasten onto DNA, particularly the genetic material called �clumped chromatin� (58). Spermatazoa have the greatest
concentration of chromatin of any cell in the body (59). It has been conjectured that uranium found in semen is
probably in the nucleus of the sperm cell (60).

DU is genotoxic

DU like other heavy metals such as nickel, tungsten and even lead, (recently shown to be weakly mutagenic) (61)
has proved to be genotoxic. In 1998 Miller et al. found that DU- transformed cells when implanted in athymic nude
mice led to the development of tumors within four weeks which they initially conjectured was due to the chemically
toxic nature of DU (62). In 2002 a similar experiment with similar results, was done using an insoluble DU
compound (63). Again the researchers thought this was due to the chemical toxicity of DU, which like nickel, can
be carcinogenic. It is commonly thought that DU�s ability to cause damage is due to its being chemically highly
toxic.
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In 2002 Miller and co-workers showed that DU�s chemical toxicity could generate free radical (64) damage to DNA
bases, including lesions in the DNA. Gradual accumulation of oxidative damage could occur which is important in
the development of tumors (65) or birth defects (66). Using an insoluble DU compound, Miller et al. showed that
DU caused single strand DNA breaks in immortalized human cells (67). Yazzie and collegues found that uranium in
a uranyl ascorbate complex also led to single strand DNA breaks in plasmid DNA (68) in vitro which also could
eventually lead to cancer (69).

Other research by Miller et al. found that the radiological component of DU may be genotoxic. Using a DU
compound and two other uranium compounds, all of which were the same chemically, but which differed in specific
activity (amount of radiation given off), they showed that DU had the median frequency of neoplastic
transformation in immortalized human cells, having a higher frequency of malignant transformation than Uranium
238, but a lower frequency than the third compound, Uranium 235 (which is fissionable uranium) .Uranium 238
lacks the small amounts of Uranium 235 and Uranium 234, which are present in DU. The difference between the
two compounds was however statistically significant. Results indicated that radiation may be involved in neoplastic
transformation (70). In the same study the researchers showed that DU exposure can cause dicentric chromosomal
aberrations in immortalized human cells, an aberration caused by ionizing radiation (71).

Insoluble DU dioxide activated 10 out of 13 �stress� genes in 13 different recombinant cell lines developed from
human liver carcinoma cells. Results indicated once again that DU is mutagenic: the DU caused potential damage at
the genomic level including DNA strand breaks and/or chromosomal aberrations; one gene influenced the incorrect
folding of proteins, thus potentially changing their functions (72).

DU�s chemical toxicity and radioactivity may work synergistically

Miller and co-workers found that the chemical toxicity and the radioactivity of DU seemed to work together
synergistically to produce more genetic damage than either facet of DU could cause by themselves when the effects
were simply added together. Miller said to the Guardian (73), �You can get more than an eightfold greater effect
than you�d expect�(74). This synergistic working of chemical toxicity and radiation thus results in more than eight
times as many cells damaged genetically as expected (75). These new findings have not been taken into account by
the experts who set radiation limits.

Animal Studies

Animal research on the effects of DU has centered mostly on the effects of embedded DU in animals, that is, pellets
of DU are surgically implanted in animal tissue. This research has largely been done by the Armed Forces
Radiobiology Research Institute (AFRRI) in Bethesda, MD.. A summary of their research is listed below:

• Distribution of DU in rats embedded with DU pellets: DU traveled in the body, accumulating primarily in
the kidney and bone. DU was also found in the lymph nodes, brain, heart, liver, spleen and testicles (76).
DU went to tissues even far from the implantation site within one day of transplantation (77).

• Repeated testing of liver, kidney and muscle tissue after implantation of DU in rodents resulted in changes
in the expression of several genes which have been implicated in carcinogenesis (78).

• DU caused electrical changes in rat hippocampal slices. (This area of the brain is important in learning and
memory) (79).

• DU crosses the blood brain barrier. Rats with medium (10 DU pellets) and high (20 DU pellets) exposure
to DU (pellets were implanted in the thigh) had significant amounts of uranium in the brain including the
midbrain, the motor cortex and frontal cortex; rats with high exposure to DU had significant amounts of
uranium in the cerebellum (80).

• DU crosses the placenta and is stored in the fetuses of rats with embedded DU pellets. Litter size was
reduced (81).

• DU pellets implanted in rats did not lead to functional or histological kidney toxicity (82).

• Soluble DU (uranyl chloride) was taken up by mouse macrophages leading over time to the death
(apoptosis) of these cells including fragmentation of the nuclear DNA (83). (Macrophages are immune
system scavengers found in the lung, lymph nodes, kidneys and other organs).
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Animal research by non-AFRRI groups include:

• Research done at the Lovelace Respiratory Institute, found that some rats with embedded DU showed
kidney tumors on autopsy after 500-650 days; the difference was not significant although DU was found in
the kidneys of all the rats. The researchers also showed that DU fragments caused cancer in rat muscle
(84).

• Duke University researchers found that a DU substitute (uranyl acetate) when given to rats in multiple low
doses resulted in reduced coordination and impaired movement in a dose-dependent manner (85).

• Rats whose lungs (lower third of trachea) were instilled with DU dust (86) showed histological evidence of
kidney damage at higher lung burdens of from 170-200 micrograms of DU per lung; rats that were injected
with DU dust in leg muscle (maximum 65 micrograms DU per leg) did not sustain similar kidney damage.
About half the DU in the lung and in the muscle appeared in the urine within the first day after DU was
implanted in the bodies of the rats (87). The DU dust used contained both soluble and insoluble
components.

Animal and cellular research indicate that DU causes genetic damage and has other harmful effects, that both its
chemical toxicity and its radioactivity are involved in this damage although it is not known to what degree radiation
is involved. It does lead to the bystander effect and to genomic instability. DU also causes damage in ways which
are unrelated to DU�s ability to cause genetic changes. In addition it should be noted that biological systems have
repair mechanisms so that changes may not necessarily be permanent.

Biological Effects of Radiation

Ionizing radiation breaks molecular bonds. Radioactive atoms give off one or more of four different types of
radiation � alpha and beta subatomic particles as well as gamma rays and X-rays (88). Ionizing radiation leads to
the formation of ions which are electrically charged particles from particles which were formerly neutral, and
creates free radicals (89) which can alter proteins, DNA or lipids (fats) (90). A number of experts believe that there
is no dose of ionizing radiation that does not pose a risk of malignancy (91).

DU and Uranium Dust in Mines

Dr. Rosalie Bertell, a leading expert on ionizing radiation, states that the RAND Report did not differentiate
between soluble and insoluble DU dust (92). Uranium dust found in uranium mining is a soluble uranium oxide.
However DU dust when in a ceramic aerosol oxide form as exists on the battlefield, is much more insoluble than the
dust particles of uranium oxide found in a uranium mine or mill. They are different forms in as much as the ceramic
DU particles are created by very high temperatures (up to and more than 4,000 degrees Centigrade) (93) and are
extremely tiny; the dust particles of uranium in a mine or mill are larger and are comparatively soluble and traverse
the body quickly. They pass through the kidney within a few days, damaging only the kidneys (94).  The RAND
study concentrated on studies of uranium miners and millers.

Particles of ceramic DU stay in the deep lungs for 2 (95) or up to 20 years (96). Insoluble ceramic DU particles
lodge deep in the lung, in mucus that touches lung tissue where it radiates (97), giving off 2 alpha particles a second
(98) (or 7,200 in an hour).  Each DU alpha particle gives off approximately 4.2 MeV (million electron volts); only 6
to 10 eV (electron volts) are needed to break DNA or other sizeable molecules (99), causing damage that cellular
repair mechanisms may not be able to offset. Monocytes take up DU particles from the deep lung and carry them to
the thoracic lymph nodes and the lymphatic system (100). Fine ceramic particles travel through the lung-blood
barrier, into the blood stream and take root in bone and body organs where they irradiate neighboring tissue and
may even disrupt organ function (101).

DU and Natural Uranium

Natural uranium enters the body through food and water rather than through dust reaching the lungs. It goes
through the digestive system, which it may irritate and is excreted in the feces. Up to 99 percent of ingested natural
uranium leaves the body within 24 hours in this fashion (102). While 75 percent of the inhaled DU aerosol goes
into the digestive system, 25 percent of the ceramic and non-ceramic particles lodge in the lungs, which have no exit
portal other than the lung-blood barrier or the lymph system. Soluble DU particles that are trapped in the lungs, are
carried by the blood and are excreted through the kidneys. With time, some of the insoluble DU particles also
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become soluble and follow this route with the DU being gradually excreted in the urine (103). The kidneys may
adjust to this slow rate of uranium excretion and not be visibly harmed (104).

Any existing DU radiation caused by ceramic DU will be over and above radiation from natural sources. The
Childhood Cancer Research Institute reports that most epidemiologists concur that natural background radiation
causes a percentage of childhood cancers (105). In fact, the Childhood Cancer Research Institute states that low-
level ionizing radiation is considered to be the �best scientifically established cause of childhood cancer� (106).

Other ways in which low-level radiation causes harm

Bertell (107) has catalogued three ways in which low-level radiation achieves effects which for the most part are not
found with high-level radiation. They are based largely on biological mechanisms so that the radiation effect is
indirect but present. They indicate that low level radiation injures cell membranes, depresses the immune system
and causes chronic fatigue syndrome.

1. Low�dose radiation damages cell membranes � The Petkau Effect: At the slow-dose rate of 0.001 rad per
minute (a rad is the amount of radiation absorbed by exposed material), it takes only 0.7 rad to destroy a cell
membrane. At a high or fast-dose rate of 26 rad per minute, it takes a total of 3,500 rads to accomplish this. A
further discussion of the biological mechanisms involved can be found in Appendix A.

2.  Monocyte depletion, anemia and a depressed immune system: Monocye depletion causes iron deficient
anemia because monocytes recycle 37-40 percent of the iron from dead red blood cells. Low level radiation can
reduce the monocyte population by 80 percent. Low level radiation also leads to a depressed immune system as
monocytes play a role in activating lymphocytes. (See Appendix A for mechanism). In addition, iron transport may
be reduced by the binding of uranyl ions to red blood cells (108).

3. Deformed red blood cells which cannot easily enter capillaries to bring oxygen and nutrients to muscle and
brain cells. (See Appendix A). This leads to chronic fatigue syndrome and even short-term memory loss.

Most scientists  would agree that more needs to be known about the relationship between irradiation and its effects
on biological cells (109). More studies are needed.

Summary of Recent Human Research

Little research has been done on the effects of DU in humans. More research is needed on inhalation of depleted
uranium.

A German study published in 2003 (110) found specific chromosomal aberrations known as dicentric and centric
ring chromosomal aberrations in the peripheral lymphocytes of 16 Gulf War and Balkans War veterans. The veterans
were ill and suffered from chronic fatigue, headaches and muscle and joint pain (111). None of the veterans were
heavy smokers. The number of chromosomal aberrations were 5 times greater than expected. Dicentric and centric
ring chromosomal aberrations are known to be caused by ionizing radiation. All the veterans in this study suspected
that they had been exposed to DU dust on the battlefield

The DU Program at the Baltimore VA Medical Center (112) has followed a small number of Gulf War veterans
some of whom have DU shrapnel in their bodies from friendly fire incidences. Begun in 1993 with 35 veterans, the
program expanded to 70 or so veterans (113). To date the DU Program has served 3 percent of the approximately
900 Gulf War veterans known to have been exposed to DU in either Level I exposures (friendly fire incidences) or
Level II exposures (clean up operations and radiation control (114).

Studies of the veterans in the DU Program have found that veterans with embedded DU shrapnel had high levels of
DU in their urine. Veterans with high levels of uranium in their urine did poorly on neurocognitive tests stressing
accuracy and performance efficiency (115). Veterans with high levels of urinary uranium also had high levels of
prolactin in their urine (116). In addition veterans with high urinary uranium had significantly lower monocyte
percentages and lower mean lymphocyte counts than veterans with low urinary uranium as well as significantly
higher mean neutrophil percentages (all related to immune function) (117). When 22 veterans with embedded DU
had their semen tested for DU, 5 tested positive (118).
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McDiarmid et al (2004) (119) reported on a ten-year follow up study done on interviews with 31 Gulf War veterans
in the Baltimore DU Program and 8 Gulf War veterans new to the program. In the spring and summer of 2001
researchers gave a battery of tests to the 39 veterans. Ten years after initial exposure to DU all 39 veterans had DU
in their urine. The 17 veterans who had embedded shrapnel in their bodies basically had the highest concentrations
of uranium in their urine (13 of these were in the high urine uranium group). The other 22 had been exposed to DU
through: inhalation (some of these vets had been in or on a tank hit by friendly fire), wound contamination or
ingestion of DU through coughing etc.(120). None of the veterans in this group had been involved in clean-up or
repair operations on tanks or vehicles destroyed by DU (i.e. no Level II veterans).

There was no difference in frequency of disease including cardiovascular, musculoskeletal, nervous system, or
psychiatric conditions between the two groups of veterans (121). None of the veterans had kidney dysfunction and
the researchers stated that �there is a clear absence of a �signature� specific medical problem shared by this cohort of
Gulf War veterans�(122). The veterans who did not have embedded shrapnel in their bodies, with one exception, had
lower urine uranium concentrations. The cut-off point in uranium urine concentrations between the high uranium
urine group (n=13) and the low uranium urine group (n=22) was 0.10 micrograms/gram creatinine (measured over
24 hours)(123) . Range of urinary uranium values were 0.001 micrograms/gram creatinine to 78.125 micrograms/
gram creatinine (124). The mean urinary uranium concentration in the high uranium group was reported to be 62.2
micrograms/Liter, with levels similar to those seen in a study of uranium mill workers in the mid-1970�s  (125). (For
a discussion of uranium miners and workers, see Appendix C).

The veterans had their urine and blood tested. The high urinary uranium group had significantly lower hematocrits
(the volume percentage of red blood cells in whole blood, a low reading indicating anemia) than the low uranium
group. Renal function differed significantly between the two groups � both urine retinol binding protein (a test for
proximal kidney tubules) and urine total protein were higher in the veterans with high concentrations of urinary
uranium, suggesting decreased protein absorption or increased glomerular filtration of protein (126), i.e. indicating
stress on the kidney.

Genotoxic testing included testing for chromosomal aberrations and sister chromatid exchange (SCE) as well as use
of an HPRT assay which detects mutations at the gene level. (HPRT stands for Hypoxanthine-guanine
phosphoribosyl transferase which is used to detect mutations at the genetic level. It is extensively used in human
research (127)). All testing was done using peripheral blood lymphocytes to measure the frequency of genetic
mutations. Although there was no significant difference in SCEs between the high and low urine uranium groups, as
had been found in a previous  study (128), there was a statistical difference in frequency of chromosomal
aberrations between the high urine uranium and low urine uranium groups (129). With respect to this latter finding,
researchers stated that the chromosomal aberrations were based on near normal �absolute frequencies of
chromosomal aberrations per cell� (130). The HPRT assay showed an association of the HPRT mutation frequency
with high urine uranium concentration (131). There was no association with low uranium urinary levels. (132) (The
frequency of mutations was significantly higher in the first group). More study was called for. These results
demonstrated the mutagenic nature of DU.

Statistical differences between the two groups of veterans were found in free thyroxine levels (an indication of
underlying disease unrelated to thyroid function (133)), with the lower urine uranium group having the higher
levels. Prolactin levels were also higher in the low urine uranium group although the difference was not significant
(134). Thyroid function was within normal range but the prolactin levels were above normal range (135). In
immunological testing differences between the two groups were statistically significant in only two of fourteen
parameters with all values being within normal range (136). (The percentage of T-lymphocytes was significantly
lower in the high uranium group whereas the percentage of monocytes was not quite significant between the two
groups with the high uranium group having the higher percentage).

Neurocognitive tests did not find statistical differences between the high level urinary uranium group and the low
level group although there was a marginal association (p=.069) between urinary uranium levels and an automated
accuracy index, which was not statistically significant. The researchers stated however that two veterans with severe
combat injuries and high uranium urine levels �drove� this (137). A result of this sort can occur with small numbers.

Twenty-seven of the veterans had their semen counted. Tests included volume of sperm concentration and indices of
sperm motility (138). Differences between the two groups of veterans were not significant, although the mean of
sperm concentration  (over 20 million/ml) was higher in the high urine uranium group as were the means for total
sperm count and total progressive sperm, a measure of sperm motility including sperm moving randomly and others
not moving at all (139). Incidences of motility characteristics and subnormal sperm count were below WHO 1987
norms (140). The researchers said that the semen characteristics overall were �based on average values� and that the
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higher values in the high DU-exposed group �are not considered clinically significant for an individual�s fertility, as
upper limits of normal do not exist� (141).

In summary, the results with prolactin, though significant, were the reverse of what had been found in other
research on the veterans in the program. Results indicated that kidney problems might occur in the future and there
was evidence that DU could be genotoxic. With this report as with most of the other reports by McDiarmid et al.,
the small numbers of veterans involved make it difficult to base policies on these results as the V.A. has itself noted,
with regard to the induction of cancer (142).

Gwiazda et al.(2004) (143) using inductively coupled plasma mass spectrometry showed that  8 years after exposure
to DU, 2 groups of the Baltimore V.A. DU Program veterans had DU in their urine. Those veterans with embedded
shrapnel (n=16) had higher urinary uranium concentrations (with one exception) than the group suspected of having
been exposed through inhalation, ingestion or wound contamination. Soldiers in the control group had not been
involved in friendly fire incidents in 1991. One veteran with embedded shrapnel did not have any DU in his urine.
Only 10 out of a total of 28 had DU in their urine in the group of exposed veterans without embedded shrapnel. In
the control group, one veteran had DU in his urine. Overall, veterans with embedded shrapnel had the highest
urinary uranium concentrations.

The median value for urine uranium concentrations in veterans with shrapnel was significantly higher than the
median values of urine uranium concentrations in either of the other groups (144). The median uranium level in the
exposed group without embedded shrapnel was six times higher than the median uranium level in the control group
(n=13). The range of values for the second and third groups overlapped, leading the researchers to state that urine
testing alone was not sufficient to indicate body contamination with DU (145). Urine uranium values for the group
of veterans who had been exposed to DU but did not have embedded shrapnel, were within normal limits for the
U.S. population (after work of Ting et. al 1999  who used 500 participants  in the NHANES III survey to ascertain
urine (natural) uranium levels in a normal population (146). The 50 percentile was 6.32 nanogram/L (or .00632
micrograms/L) whereas the 95 percentile was 34.5 nanogram/L) (147).

A more recent article by McDiarmid et al. (July 2004) (148) studied 446 veterans (including about 100 active duty
soldiers) found that 95 percent of the veterans who had suspected that they had been exposed to DU did not have
elevated urine uranium levels (149). Testing for DU was done only if a urine sample had a uranium concentration
equal to or more than 0.05 micrograms/gm. creatinine; soldiers with urine samples with uranium equal to or more
than 0.05 micrograms per gm. creatinine were retested and if the uranium content of their urine was still high, only
then were tests for the presence of DU done. Testing for uranium isotopes was done using inductively coupled
plasma mass spectrometry. Eighteen samples were tested and the ratios of U235/U238 found for these samples
�were consistent with ratios expected for natural uranium (range = 0.0066 to 0.0078)� (150) (DU has a ratio of
0.002).Veterans with embedded DU shrapnel had DU in their urine (151). Three out of 6 veterans with embedded
shrapnel had the highest urine uranium levels; the next two highest positive predictive values for DU exposure were
for soldiers in or on a vehicle hit by friendly fire or in a vehicle hit by enemy fired (152). As a group, the 446
veterans when compared to the NHANES population, had higher urine uranium levels percentile by percentile but
these differences were not significant (153).

Dr. Helen Caldicott states that it may be possible to be exposed to DU and have no evidence of this in the urine at a
later time. For instance, DU may have been stored in the bone or other tissues. DU formerly in the body may have
caused mutations before passing out through the urine, leaving no trace of the actual injury (154). Gulf War veterans
were not tested for DU until some time after exposure to DU. Also as insoluble ceramic DU that may exist in the
lung, does not readily solubilize and travel to the kidneys, the DU in the urine does not necessarily represent the
total body burden of DU.

Guidelines regarding embedded shrapnel may be changing in part as a result of AFRRI research (155). In August
2002, Col. Wakayama of the Defense Department stated at a DOD conference that new guidelines indicate the
advisability of removing embedded shrapnel longer than one cm. unless medically contraindicated (156).

In March 2003, a physician with the Department of Defense reiterated that the Baltimore Program veterans showed
no ill effects from their exposure to DU, in particular no visible signs of kidney disease (157). They had made
similar statements in the winter of 2001.

However, at least two veterans in the Baltimore program have been ill. One veteran had a bone tumor removed
from his arm while another veteran who did not have shrapnel in his body has lymphoma  (158), a rare type of
cancer (the incidence for Hodgkins Lymphoma in the U.S. is 2.8 cases per 100,000)(159). The fact that this cancer
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has been largely ignored by the Baltimore DU Program from the point of view of DU exposure, may be partly
because the nuclear industry, including the military, makes a distinction between radiation that causes cancer and
radiation that promotes or accelerates cancer (they discount the latter) (160).

The veterans who are in the DU Program in Baltimore are a small number compared to other highly exposed
veterans who inhaled or ingested DU or had wounds contaminated by DU who are not in the program. Veterans not
enrolled in the program have reported having health problems including kidney dysfunction and birth defects (161).

Another VA Program in Wilmington, DE treated 24 Gulf War veterans who had been involved in the clean up and
decontamination of 24 U.S. vehicles and tanks destroyed by DU munitions in Saudi Arabia over a three and a half
month period. Dr. Asaf Durakovic, an expert in Nuclear Medicine and head of the program from 1991-1997
discussed the illnesses of many of the veterans in the program with a reporter with the World Socialist Web Site in
September 1999. Fourteen of the veterans tested positive to DU (162) and they suffered from kidney pathology, as
well as lung disease, GI dysfunction and immune system problems. At the time of the interview Dr. Durakovic was
Professor of Radiology and Nuclear Medicine at Georgetown University (163).

Of the over 600,000 service men and women who served in the Gulf War in 1991, 100,000 veterans have reported
having symptoms of Gulf War Syndrome � including symptoms of chronic fatigue, memory loss, joint pain,
headaches, anxiety and depression (164). DU may likely be responsible in part for these disabilities.

A study by Winrow et al. (2003) (165) found that the inhibition of a gene, neuropathy target esterase (NTE), in
mice produced neurological problems similar to some of the symptoms of Gulf War Syndrome when mice were
exposed to organophosphates present in some chemical warfare agents such as certain nerve gases and pesticides.
The organophosphates inhibited the activity of the gene. NTE is involved in neurodevelopment and is active in the
hippocampus, important for memory and learning, the cerebellum, site of control of gait and movement, and the
spinal cord. Inhibition of the gene killed unborn mice and produced the type of hyperactivity found in attention
deficit/hyperactivity disorder (ADHD) as well as some of the symptoms of Gulf War illness (166). The study was
partly funded by the Department of Defense.

A group of researchers at Duke University (2004) (167) did a rat study on conditions affecting Gulf War troops in
1991. Rats were exposed to stress for 28 days and were given low doses of chemicals encountered on the
battlefield: the anti-nerve gas pyridostigmine bromide, the insecticide permethrin and DEET, an insect repellant.
Rats exposed to stress and the chemicals showed significant brain and liver damage. Rats exposed only to stress
and rats exposed only to the chemicals did not suffer injury, or in the case of the chemicals, little or no injury to
brain or liver.

Areas of the brain damaged by the combination of stress, as on the battlefield, and chemicals, included the cerebral
cortex, which controls motor and sensory regulation, the hippocampus, and the cerebellum. Damage included death
of neurons and increased destruction by oxygen free radicals (168). The researchers stated that the changes seen in
the stressed rats receiving the chemicals �likely explain some of the symptoms such as loss of memory, muscle
weakness, and alterations in learning ability observed in Gulf War veterans.� (169). They called for further research.

An editorial on Gulf War illness in the December 13, 2003 issue of the British Medical Journal (BMJ) (170)
states that �war is incredibly stressful� (171). The writer asserts that the Gulf War veterans are ill but that their
symptoms can be found in the general population as well. He refers to an article by Hotopf et al. in the BMJ (same
issue), which found that Gulf War veterans have experienced poorer health (172) than military personnel who did
not serve in the Gulf War in 1991; or had served as peacekeepers in Bosnia (but their level of health was better than
that of the Gulf War veterans). The Gulf War veterans suffered significantly more persistent fatigue than the veterans
in the other two groups, but were not, however, experiencing new illnesses to a greater degree than the veterans in
the other two groups (173). A larger study published in BMC Public Health in July 2004 found that British Gulf
War veterans reported higher rates of general ill health and higher number of symptoms than military personnel who
were not deployed to the Gulf, and were more likely to have reported at least one new medical symptom or disease
since 1990 (174).

The writer of the BMJ editorial mentioned a large study by Macfarlane et al. (175) also in the BMJ which found
no difference in incidence rates of cancers between veterans who had served in the Gulf War and soldiers who had
not been in the war. The Gulf War veterans sustained 270 cancers as opposed to 269 cancers in the control group
(176). Investigation of site-specific cancers suffered by Gulf War veterans showed no excess in numbers of cancers
at different sites (177). However, there were 24 cases of lymphoid and hematopoietic cancers in the Gulf War
veterans group as opposed to 11 in the Era (not Gulf War) cohort (178).
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The researchers commented that exposure to DU or pesticides were self-reported with the most common symptoms
including fatigue, poor memory, stiffness, inability to sleep, irritability and sudden mood changes (179). Non-
melanoma cancers and cancers where site information was lacking, were not included in the study (180). The study
was funded by the U.K. Ministry of Defense.

General Health Effects of Radiation and Low Level Radiation

The effects of low-level radiation on genetic material and the cell as per the cell membrane lead some scientists to
believe that low-level radiation affects other disease states, above and beyond cancer (including aging) (181).
Persons exposed to low levels of radiation may suffer poorer health than the general population. In Belarus, where
fallout from the Chernobyl reactor accident was particularly severe, the percentage of healthy persons fell from 16.6
percent in 1993 to 11.7 percent in 1995 (182).

Data taken from the Belarussian State Registry of the Chernobyl children indicated that the incidence of immune
disorders, endocrine system disorders, blood disorders and circulatory disorders among other conditions increased
between 1986 and the early 1990�s (183). Furitsu et al. who reported on these findings stated that �The health
status  of the children is deteriorating from the incidence� of these diseases (184).

A study done in 1990 (185) found more disease among adults and adolescents in the Brest region of Belarus who
lived in areas contaminated by the Chernobyl disaster than among adults and adolescents in non-contaminated areas
in Brest. Adults and adolescents in the contaminated areas of Brest suffered more disease than adults and
adolescents living in the non-contaminated areas. The incidence of diseases such as circulatory system,
hypertension and ischemic heart disease, cerebrovascular disease, urogenital disease, nephritis and kidney
infections as well as infections and parasites were found to be significantly greater among adults and adolescents
living in the contaminated areas at p= .001 level (that is, there is one chance in 1,000 that these results could
happen by chance). (p=.0001 for infections and parasites, in this case there is one possibility in 10,000 that this
could have come about by chance (186). (For statistics on atom bomb survivors and general health, and contributing
biological factors, see Appendix A).

Studies on men who inhaled DU

Horan et al.(2002)(187) took urine samples from 26 British, Canadian and American Gulf War veterans all of whom
showed symptoms of Gulf War Illness, and who had inhaled DU dust in 1991. DU was found in the urine of 14 of
the veterans. The DU in the urine samples was analyzed by thermal ionization mass spectrometry. The researchers
also examined three autopsy samples taken from a dead soldier. They found DU in lung tissue and bone.

Dr. Hari Sharma used delayed-neutron counting and neutron activation methods, checking his results with mass
spectrometry, to test the urine of a small number of Iraqis who had lived in Basra. (Heavy bombing during the first
Gulf War occurred in the neighborhood of Basra from 1991-1993.) The urine of these Iraqis tested positive for DU
years after exposure. Dr. Sharma also analyzed tissues from 38 dead Iraqis (the bodies were taken from a morgue)
who in life had lived in Basra from 1990-1993-1994. The youngest was 12 and the oldest 45 (188). Testing revealed
that DU was in the lungs, while the thoracic lymph nodes had 10 times the amount of DU present in the lungs. The
kidneys also contained a larger amount of DU than was found in the lungs (189). DU was found as well in the livers
of some of the dead Iraqis (190).

Sharma also tested Gulf War I veterans from 4 countries in 1998-1999, eight years after exposure to DU on the
battlefield. The clearance rate of DU in the veterans� urine averaged 1-5 micrograms of DU (191) per day, a much
higher rate than was found in the urine of Iraqi civilians (192); the urine of veterans in a medical unit who were
stationed close to the Iraq-Saudi Arabia border contained a clearance rate of several micrograms of DU a day (193).
Sharma associated the clearance rate with �a very slow rate of solubilization of accumulated DU oxides aerosols in
body fluids� (194), indicating that only soluble DU is excreted in the urine.

The finding of a comparatively large amount of DU in the thoracic lymph nodes of the deceased Iraqis was similar
to the finding of very high amounts of DU or enriched uranium in the lymph nodes of Worker Y, who in life had
worked at the Oak Ridge National Laboratory. Sharma noted that this finding, of high levels of uranium in lymph
nodes, has definite implications for the immune system (195).  In his work, Worker Y decontaminated equipment
which possibly was covered with or contained DU or enriched uranium. Worker X who also died of cancer, worked
at the Paducah Gaseous Diffusion Plant where uranium hexafluoride was the main uranium product. Worker X had
0.02 micrograms of uranium per gram of bone (196).
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Kenneth Duncan, the Scottish veteran who won a claims benefit in February, 2004, and who had prolonged
exposure to DU dust, suffers from respiratory problems (breathlessness) and painful joints. He was in the German
pilot study previously discussed and his lymphocytes show dicentric and centric chromosomal aberrations,
indicative of exposure to ionizing radiation. His children have deformed toes and a depressed immune system,
which has made them susceptible to asthma, hay fever and eczema (197). Duncan had been involved in transporting
Iraqi tanks that had been hit by DU shells and also in cleaning up the destroyed tanks (198).

Another British veteran, a medical technician, had worked with wounded Iraqi soldiers, removing their dusty
clothing, at a field hospital near the Iraqi border. Since his return from the Gulf, he has suffered chronic fatigue,
headaches, digestive problems and is confined to a wheelchair  (199). A third  British veteran, whose job in
telecommunications exposed him daily to desert dust, is now on kidney dialysis; symptoms that manifested after his
return home included chronic fatigue and severe headaches. His urine showed signs of DU but contained a lot of
protein, making it impossible to actually isolate the DU (200). All three of these veterans had come in continual
contact with DU dust through their jobs.

An Epidemiological Study

At a conference put on by the Nuclear Policy Research Institute at the New York Academy of Medicine in New
York City in June of 2003, Dr. Thomas Fasy reported on epidemiological studies (201) done by Drs. Alim Yacoub
(an epidemiologist, formerly Dean of the Basra Medical College), Jenan Hassan (a neonatologist) and scientists at
the University of Basra. In their retrospective study they used hospital and treatment records combined with census
data to develop incidence rates.

The Women�s and Children�s Hospital where Dr. Hassan works, diagnoses all children under fifteen who live in the
governorate of Basra for malignancy or suspected malignancy. Their findings for malignant disease were, an
incidence rate of 3.98 cases per 100,000 in 1990 which increased in 2001 to 12.6 cases per 100,000, an increase
which had quadrupled. Furthermore, in 1990, 13 percent of leukemia cases in children under five had increased to
nearly 60 percent by 2001 (from 2 cases in 1990 to 41 in 2001). In 2002 the number of cases in children under five
had risen to 53 (202).  Some of the highest incidence rates per department were in areas south and west of Basra
where there had been heavy fighting during the first Gulf War (203). Dr. Yacoub and Dr. Hassan and their
colleagues determined in their study that incidence rates of congenital malformations in infants had risen from 3.04
per 1,000 live births in 1990 to 17.6 per 1,000 live births in 2000 (204).

 Elizabeth Neuffer of the Boston Globe(1/26/03) reporting from Iraq wrote in January 2003 that in recent years
expectant mothers no longer ask, �Is it a boy or a girl?� they ask �Is it normal?�. Pregnant women have resorted to
ultrasound to determine if their fetus is normal  (205).

Two Studies on Reproductive Anomalies

A large study by Kang et al. (2001) (206) indicated that male U. S. Gulf War veterans had children with birth
defects at nearly two times the rate of male non-Gulf War veterans whereas female Gulf War veterans had children
with birth defects at just under three times the rate of female non-Gulf War veterans (207). Actual numbers of
�likely� birth defects broke down to 120 cases in infants born to male Gulf War veterans in contrast to 47 in infants
born to male non-Gulf War veterans. For female veterans, 26 infants with �likely� birth defects were born to Gulf
War veterans but just 13 infants with �likely� birth defects were born to non-Gulf War veterans. Numbers of live
births varied, with the percentage of birth defects in the Gulf War veterans groups being 5.4 or 5.5 percent and
under 3 percent in the non-Gulf War veterans groups. Overall, Gulf War veterans had a significantly higher number
of birth defects in their offspring than veterans who had not served in the Gulf War. Male Gulf War veterans also
reported significantly more miscarriages by their wives and partners in first pregnancies after the Gulf War than did
veterans who had not been deployed in the Gulf (208). The researchers did not pinpoint any one cause (209).

Doyle and colleagues in another large survey (210) found a 40 percent increased risk of miscarriages in pregnancies
of spouses and partners of British Gulf War veterans (211); miscarriages occurred especially in the first trimester.
Research indicated a probable genetic effect stemming from exposures undergone by veterans while in the Gulf War
(212). Male U.K. Gulf War veterans also reported a 50 percent higher prevalence rate of congenital abnormalities
than non-Gulf War veterans (213). In particular the risk of malformations of the genital system was 80 percent
greater in infants of Gulf War veterans than in infants born to non-Gulf War veterans (214). Risk of malformations
of the urinary system and to a lesser extent, the musculo-skeletal system was linked to service in the Gulf War
(215).  The survey was funded by the U.K. Ministry of Defence.
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The Balkans

The United Nations Environmental Program (UNEP) sent teams to: Kosovo in 2000, a year and a half after the
conflict; to Serbia and Montenegro in 2001, 2-3 years after cessation of hostilities; and to Bosnia�Herzegovina in
2002, 7-8 years after bombing of that region. DU munitions were used in all three theaters of operation  (216).

Sites chosen by UNEP were selected through NATO and national authorities. UNEP visited 11 sites in Kosovo, 7 in
Serbia-Montenegro and 14 in Bosnia-Herzegovina. In all they found upwards of 75 DU penetrators (including  DU
fragments). Approximately 10,000 rounds (a round is a single shot) had been fired in the site areas  (217). The
teams found comparatively few DU contamination points in Kosovo and Serbia-Montenegro but nearly 300 in
Bosnia-Herzegovina. Laboratory analysis of soil samples taken as far away as 200 meters from a DU shell showed
signs of DU contamination  (218).

Many of the DU shells were found lying on the ground while many others were found a few centimeters below the
ground and were covered by grass, leaves and soil (219). Points of contamination, i.e. detectable levels of
radioactivity, were found to be mostly within a radius of 1-2 meters from the DU target (220). At a former tank
repair facility in Bosnia/Herzegovina, radiation levels ranged from 10 times natural background radiation levels (the
usual) to 100 times background radiation levels  (221); this site had been heavily targeted.

The British Ministry of Defense sent a team to Kosovo in January 2001 (222). They found that some DU
penetrators were as far as 5 meters beneath the ground and so were hard to detect and that many DU shells had not
hit their targets. In their report they said, �some hundreds of rounds are used in every air strike, and a significant
portion of these arrows penetrate the ground around the target�(223). They also found areas of high intensity alpha
radiation related to DU shells (224).

In Kosovo, the UNEP team found DU contamination down to a depth of 10 cm beneath the soil. In Bosnia and
Herzegovina where DU had had more time (7-8 years) to penetrate the soil, DU contamination due to corrosion was
detected as far down as 40 cm. (225). DU shells just beneath the ground surface were found to have lost 10 percent
of their mass to corrosion in Kosovo, whereas in Bosnia-Herzegovina DU shells were found to have dissipated 25
percent of their mass (226). Studies of the corroded DU shells in Bosnia-Herzegovina indicated that the shells had
lost 66-93 gm (out of 292 gm. � the weight of one shell) (227). UNEP teams stated that the corrosion situation in
Bosnia-Herzegovina indicated a future problem of groundwater contamination, adding that within 25-35 years these
shells would be completely corroded  (228).

In Bosnia-Herzegovina, the UNEP team found DU contamination of local supplies of drinking water at one site
(229). UNEP recommended that local authorities make other water sources available and that water supplies be
monitored and tested regularly for several years (230).

Samples of lichens (algae and fungi live symbiotically getting nutrients and pollutants from the air), barks from
trees and mosses were taken by UNEP teams in each region visited (231). Samples in each region showed presence
of DU, indicating that one or more DU shell had hit a hard target in their vicinity, had shattered into dust with the
aerosol so created, filtering up into the air and into the lichens, mosses and tree bark.

The UNEP team discovered DU particles in air-borne dust at two sites and also inside two buildings (232) one a
storage barn where the dust particles were nearly 100 percent DU (233). The UNEP report recommended �a
precautionary clean-up� of the buildings to prevent human exposure (234).

UNEP teams found that some DU penetrators contained low levels of plutonium (in all three UNEP reports). The
UNEP scientists stated that these levels were insignificant  (235). Overall the UNEP teams determined that
according to established international safety radiation limits, the low levels of radioactivity found at most DU sites
were not significant  (236).

Recommendations by UNEP in addition to those mentioned above included removing DU penetrators  or their
fragments, fencing off areas where DU contamination existed, and storing DU penetrators and fragments in well-
marked locked storage. They also were concerned about corrosion of DU shells and the subsequent risk of
contamination of  ground water. In their report on Serbia and Montenegro, they wrote that �it is very difficult to
achieve  comprehensive detection and complete decontamination of DU at a given site� (237). They also
recommended that the public should be informed about possible dangers of DU contamination. In addition, in the
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Bosnia-Herzegovina report, UNEP recommended that there be investigation of alleged health claims (238). They
were aware too of possible contamination of the food chain through contaminated soil and water (239).

The UNEP Report on Bosnia-Herzegovina includes a WHO Assessment of Information on Cancer. Physicians in the
region complained of increases in a number of cancers that people thought might be due to DU. WHO investigated
but found �no reliable information on cancer rates and trends� (240) existing in the areas investigated. They were
concerned about reports in increases in cancers and recommended improving registration of diseases and doing
epidemiological studies (241).

Reaction to Deaths of Soldiers Who Had Served In the Balkans

In 2001 the deaths of 24 European soldiers and peacekeepers who had served in Bosnia (1995) and Kosovo (1999)
from leukemia and other cancers stirred controversy over whether these illnesses were linked to exposure to DU.
Leukemia has a latency period from 2-10 years (242). Scientists in the U.S. denied that DU exposure could lead to
cancers. Dr. Melissa McDiarmid of AFRRI (and who is also head of the Baltimore V.A. DU Program) told the
Boston Globe that �past studies show that uranium miners and millers do not have a higher incidence of leukemia
or other cancers.� (243). Uranium dust particles are much larger than ceramic DU particles and cannot penetrate the
deep lungs (244). However, miners have a high incidence of lung cancer, caused generally by radon. (Radon is a
very strong alpha emitter) (245).

Rosalie Bertell in �Host Response to Depleted Uranium� states that peacekeepers serving after the war, as well as
civilians are not as much at risk of exposure to DU as soldiers or civilians caught up in the fighting  (246).  After a
conflict, DU ceramic aerosol particles will not be in the air to the same extent as they would be immediately after a
DU shell has hit a hard target, unless dust particles on the ground are disturbed and go into the air; what could be
inhaled would mostly go into the gastrointestinal tract (247).

In a commentary on an Italian study of Italian peacekeepers who served for 7-20 months in Bosnia and Kosovo,
Busby (unpublished manuscript) (248) found �a significant excess risk� of lymphoma, a comparatively rare cancer,
in the Italian veterans (249). Sixteen out of 35 of the veterans with cancer in the study had lymphoma. Busby
estimated that in a 30 month period in an average population such as that of England and Wales, there would be 54
cancers, 7.48 of which would be lymphomas  (or a ratio of lymphomas to all other cancers of 0.16). Among the
Italian peacekeepers  over a 30 month period, (the main period in which most of the lymphomas manifested) there
were 14 cases of lymphoma  (10 cases of Hodgkins lymphoma) and just 11 cases of all other cancers (including  2
cases of leukemia). The ratio of lymphomas to all other cancers in the small  but initially healthy Italian cohort in
the 30-month period was 1.27, a ratio which is 7.9 times greater than the ratio of lymphomas to all other cancers in
the population of England and Wales. When he compared the total number of lymphomas, 16, to the total number of
all other cancers, 19, in the Italian peace keepers, he got a ratio of 0 .84 which is 5.25 times greater than the same
ratio (0.16) in the population of England and Wales (250). He stated that other factors connected with the
peacekeepers� tour of duty besides exposure to DU might have contributed to the cases of lymphoma. However
Busby noted that very small DU particles in the micron and sub-micron range that are inhaled can reach the
lymphatic system. (251).  He called for further studies.

In addition to the above-mentioned Italian  study  which did not find a significant difference between observed and
expected cancers in peacekeepers in Bosnia and Kosovo, a Swedish study (2004) (252) also found no significant
differences in cancer incidence between Swedish personnel who participated in U.N. missions in Bosnia and
Kosovo and the expected number of cancer cases.  Over 9,000 military and civilian workers (a total of  438 were
women) comprised the experimental group. They served an average of six months in the Balkans. They experienced
overall a slightly higher incidence of cancer than existed in the Swedish population. There were 34 cancers (with no
cases of acute leukemia) whereas 28.1 cases of cancer were expected. There were 2 cases of Hodgkins� lymphoma
when one was expected. However, there were 8 cases of testicular cancers when only 4.3 were expected (253). None
of the peacekeepers were tested for exposure to DU. The researchers did not find evidence of cancers due to
depleted uranium exposure.

The U.K. Royal Society in its March 2002 Report on Health Effects of Depleted Uranium Munitions stated
that an increased risk of lung cancer is the principal risk of low level radiation from DU. Risk of leukemia and other
cancers they considered to be much less likely. The report makes a distinction between soldiers exposed to DU
aerosol relatively briefly on the battlefield and those in or near tanks or vehicles hit by DU or those involved in
lengthy clean-up operations on tanks and vehicles contaminated inside and out by DU dust. They stated that the
soldiers most heavily exposed to DU could have approximately a 1 in 15 chance of getting lung cancer as compared
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to a 1 in 250 chance for non-smokers in the general population and a 1 in 6 chance for smokers in the general
population (254).

With regard to peacekeepers in the Balkans, the Royal Society researchers stated that re-suspension of DU particles
from the soil would not result in any �detectable increase in any cancer� (255) among peacekeepers or the civilian
population although they did not know what conditions would be like in later years. Worst case scenarios might,
they stated, cause short-term respiratory problems.

The Royal Society report evidenced a concern about the effect on the kidney of DU�s chemical toxicity although it
was felt that there was a gap in knowledge about how much exposure to DU would cause kidney damage. A worst
case scenario might conceivably lead to kidney failure but they observed, there was no evidence that this had
happened (256). The researchers stated that an undefined amount of renal dysfunction as well as lung disease might
occur in soldiers inside a struck tank and might lead to ill health in later life from either kidney disease or lung
cancer (257). They also noted that the types of uranium dust particles inhaled by uranium industrial workers and
those encountered by soldiers on the battlefield might be different so that the lack of increase in kidney disease in
workers in uranium plants did not necessarily signify that this would be the case for soldiers exposed to DU (258).
(See Appendix C for discussion of uranium miners and workers and cancer).

Citing recent research, they stated that �there is a possibility of damage to DNA due to the chemical effects being
enhanced by the effects of the alpha-particle irradiation�(259).

The Royal Society made recommendations which included:

• Measurement of urine for uranium isotopes and testing for kidney dysfunction using sensitive biochemical
techniques as soon as possible after exposure to DU.

• Research into possible causation of disease by inhaled DU aerosol in lymphoid and haemopoeietic cancers
(260).

• Study of the properties of DU aerosols as well as the study of the behavior of DU oxides  upon the
impacting of a DU shell on a tank.

The Royal Society report was also concerned about the risk of DU contaminated areas where children might play,
breathe in DU particles or ingest them by moving hand from soil or vehicle surface to mouth (261).

Iraq

The situation in Iraq differs from that in the Balkans. First the two regions have very different climates and
geography. In Iraq the sand and wind leads to the re-suspension of sand and dust (262) which is not the case in the
Balkans. In Kuwait Bou Rabee (1995) found DU in soil samples and in the air (DU oxide aerosols were found in
the air from 1990-winter 1994 (263)). Bou Rabee�s results indicated however that there was �no significant
contamination of the Kuwait soil, water or atmosphere� by DU (264).

Another difference between Iraq and the Balkans was the tank warfare in the first Gulf War as well as in the 2003
Iraq war, leading to the creation of DU oxide aerosols and ceramic oxide aerosols. DU shells were also shot from
aircraft in these wars. In the Balkans however DU shells were only fired from A-10 Warthog jets, with about 10
percent of the shells hitting their targets; up to 90-95 percent of DU shells ended buried in the ground (265).
Civilian populations were also impacted in Iraq to a greater extent than in the Balkans (266). In fact the 2003 Iraq
war was the first time that DU weapons were used in urban areas. However there were other toxic pollutants in the
air in Iraq, especially in the First Gulf War (267).

Over 127 tons of DU were used by U.S. forces in the Iraq war of 2003 according to Dr. Michael Kirkpatrick of the
Department of Defense (268) as opposed to 320 tons of DU used in the 1991 Gulf War. These numbers, particularly
for the 2003 Iraq war are not firm.

Scott Peterson of the Christian Science Monitor took readings of radioactivity at four sites in Baghdad after the
war, most of which registered 1,000 times background radiation levels or higher. Near the Iraqi Ministry of
Planning where there were quite a number of small spent DU shells �littering the ground� (269), Peterson�s Geiger
counter registered close to 1,900 times background radiation levels (270).
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On the outskirts of Baghdad, at an intersection, four U.S. supply trucks had gone up in flames during the war,
burning DU munitions. The area was bulldozed by U.S. soldiers a few days later, in order to remove contaminated
topsoil near the burnt vehicles. Peterson found �black piles of pure DU ash� near the site (271). One such pile of
black ash gave a digital reading of 9,839 radioactive emissions in one minute (272). This reading by the Geiger
counter was over 300 times average background radiation levels (273). Another pile gave a higher reading (274).

 Peterson found tanks destroyed by DU near a vegetable produce stand with children playing in and near either of
two tanks close by. A DU fragment the size of a pencil eraser near one of the tanks registered a level of radioactivity
on the Geiger counter nearly 1,000 times background levels (275).

In his tour of Baghdad Peterson noticed a warning sign at just one of the sites he visited where U.S. soldiers had
written to stay away from a tank in Arabic (276).

In Basra, radiation readings from burned-out Iraqi tanks recorded radiation levels 2,500 times greater than normal
background radiation (277). Further away from the tanks radiation readings were 20 times natural radiation limits.
Analysis of biological and soil samples from battlegrounds also showed high levels of radiation especially in one
Basra suburb where there had been fierce fighting (278). UNEP in their survey of Iraq after the war found that most
of the tanks they investigated had low levels of radiation and also the tanks had been painted to show they had been
hit by DU shells (279).

A World Health Organization study of health effects of DU was slated to start before the outbreak of the war. In the
words of Professor Dr. A. Hadi Khalili, Vice Chair of the Iraqi Cancer Board and Chair of the Department of
Neurosurgery at Baghdad University which runs a National Cancer Registry: �We do not know whether there is a
statistically significant link between DU and cancer. We were planning to do a proper study with the WHO starting
in March 2003 with six projects but it was delayed by the war and now it is on hold. So there is no solid evidence
of link, only presumptive evidence, because the biggest increases (in cancers) have been in the areas where the
greatest amount of DU was used�. (280)

Dr. Jawad Al Ali, Director of the Oncology Center at the Basra Training Hospital in Basra stated at the World
Uranium Weapons Conference in October, 2003, in Hamburg, Germany, that some of his patients have 2 cancers
and 1 patient has 3 cancers. Five to 8 families in his care have more than one family member with a cancer. Dr. Ali
also stated that 300 tons of DU had been dumped on the western part of the Basra governorate (281).

Two members of the staff of the Uranium Medical Research Center have been diagnosed with DU in their urine
after 13 days in Iraq, in October 2003 (282).

In November 2003, the Sunday Mirror (UK) broke the news (11/30/03) that five British soldiers stationed in Iraq
had tested positive for depleted uranium. The tanks they had been in had been hit with DU penetrators in several
friendly fire incidents (283).

As of February 15, 2004 Reuters reported that thousands of British soldiers who spent time in Iraq during and after
the war would be screened for physical and psychological health. Exposure to depleted uranium munitions will be
considered among the possible causes of ill health found as a result of the screening (284). Furthermore British
soldiers are being issued DU information cards (285).

On September 23, 2004 the British Ministry of Defense announced that a new, more reliable test for DU would be
made available for 500 veterans a year, especially to Gulf War I veterans as well as civilians who were in the Gulf
War theater of operation. The test will discriminate accurately between DU in the urine and natural uranium in the
urine from food and drink of the person being tested. The Times reported also that the test would find small
amounts of DU in the urine �if the level were high enough to have caused ill-health� (286).

 American troops also are being asked 3 questions on possible exposure to DU in their post deployment health
questionnaire (287).

In the meantime, as reported in the New York Daily News (288) in early April 2004, four out of nine members of
the 442 Military Police Company of the New York National Guard tested positive to DU after serving in Iraq. A 5th
member of the company had U236, a uranium compound formed by the nuclear fuel process, in his urine. The 442
Military Police Company had been barracked in an abandoned train depot in Samawah, Iraq. DU shells were on the
ground near by and 100 yards away a tank which had sustained many DU shots, along with another tank, was on a
flat bed railroad car. There were many sandstorms during the two months or so that the company stayed in the train
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depot. They ate the dust and slept in it. Men in the Military Police Company complained of ailments including
chronic nausea, migraine headaches, skin rashes, frequent urination and kidney stones, the first four of which the 4
tested National Guardsmen suffer from; the other 5 National Guardsmen tested have also been ill. However the nine
members of the New York National Guard had been previously tested by the military who stated that they were free
of DU (289). The Daily News linked them up with an independent source to get properly tested.

While the New York National Guard was still in Samawah, a Dutch company moved into the train depot in late July
2003. They left three weeks later as high levels of radiation were detected. A Japanese journalist who accompanied
Japanese soldiers who later came to Samawah also tested the radiation around the train depot with a Geiger counter
and found radiation 300 times natural background radiation (290).

The furor created by the New York Daily News articles resulted in testing of other members of the 442nd National
Guard � and others. After two weeks, the Pentagon claimed that those tested all tested negative for DU. However,
the independent investigators, Dr. Durakovic and Dr. Axel Gerdes  (of the Goethe University in Frankfurt, Germany)
who tested the 9 National Guardsmen questioned the military�s testing methods (291). According to the New York
Daily News the Army only  tests urine samples where �the total natural uranium concentration is more than 268
nanograms (or 0.268 micrograms) per liter� (292)

The Department of Defense has stated however that three soldiers with embedded DU shrapnel who had been hit by
DU in friendly fire incidents have tested positive for DU (293).

On September 29, 2004 the New York Daily News (294) again reported on DU, specifically that Gerard Matthew,
an Army National Guardsman, had tested positive for DU. He had returned ill from Iraq, complaining of migraine
headaches, blackouts and a burning sensation upon urination. His wife became pregnant not long after his return.
Their baby girl was born in June 2004 lacking three fingers on her left hand and almost all of her other hand.
Matthew had worked as a truck driver in Iraq taking supplies from Kuwait (some of which may have been
contaminated with DU) and on several occasions he moved destroyed tanks and vehicle parts from the front back to
Kuwait.

The Matthews saw photographs of deformed Iraqi infants and decided that he should be tested for exposure to DU.
The urine sample he provided to Fort Dix got lost and he went to the Daily News. They arranged for independent
testing through Durakovic and Gerdes, who did the testing. Matthew tested low positive. Leonard Dietz, a physicist
and expert in the area of DU said, �Those levels indicate pretty definitely that he�s been exposed to DU� (295).
According to Army guidelines the total uranium concentration in Matthew�s urine sample was within normal range
(�acceptable standards�) for the majority of Americans. Gerdes challenged the Army guidelines. The Daily News
quoted Gerdes as saying, �While the levels of DU in Matthew�s urine are low, the DU we see in his urine could be
1,000 times higher in concentration in the lungs� (296).

U.S. Legislation

In October 2000 Congress passed an important nuclear-weapons worker-compensation bill (297) allowing workers
at three uranium facilities to file for compensation for any of 22 cancers included in the bill. One factor leading to
Congress� interest in this area was a Department of Energy (DOE) official review of DOE occupational
epidemiological studies to the effect that exposure to radiation and �other substances� at 14 DOE plants had led to
heightened death risks from cancer and other diseases. Workers at 6 uranium facilities also suffered excess deaths
from cancers and kidney and nonmalignant lung diseases (298). As of June 11, 2001, this bill, the Energy
Employees Occupational Illness Compensation Program Act, was expanded to employees at more than 300 facilities
and to cover all cancers. The act includes factories �that received radioactive material that had been used in the
production of an atomic weapon, or the �back end� of the production cycle, such as waste handling or reprocessing
operations�. (FEDERAL REGISTER 66(113), June 11, 2001:31219). Starmet in Concord, MA, which made
depleted uranium weapons from the mid 1970�s until 1999 is among the facilities on this list.

In March of 2003, Congressman Jim McDermott (D-Washington) introduced the Depleted Uranium Munitions
Study Act of 2003 (H.R. 1483) which, in addition to studying health effects of DU weapons, would designate
contaminated DU sites in the U.S. for clean-up. Congressman McDermott is a physician who has been to Iraq and
who has been concerned about the illnesses of Gulf War veterans (299).
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A new bill was proposed in May of 2004. Congressman Jose Serrano (New York) introduced H.R. 4463 which
would require the identification of members of the Armed Forces who have been exposed to DU, the testing of
those exposed and the tracking of all who test positive in order to ascertain long-term health consequences of DU
exposure (300).

Summary and Conclusion

Although there is a dearth of epidemiological studies on DU, evidence exists that DU is harmful on the cellular
level. Most studies have been done on animals which have also shown that DU can be damaging. Animal models
used in biomedical research have been vital in understanding the human model because their biological systems are
the same or similar in function and structure to those of humans. These models have made possible discoveries in
fields like experimental oncology and the study of tumors, immunology and aging that have solved or helped to
solve problems of chronic disease (301).

As an alpha emitter, DU generates changes in the genetic material of human white blood cells. Low-level ionizing
radiation also causes bystander effects, leading to genetic alterations and other deleterious consequences such as
the induction of genomic instability in cells not directly hit by radiation. The mechanisms behind these bystander
effects vary as does the number of cells affected by the bystander effect. Bystander effects may differ according to
type of cell. Bystander effects have been demonstrated in numerous in vitro studies. However, Goldberg and Lehnert
have stated, �Overall, the clinical literature does not provide strong evidence for or against the existence of
radiation bystander effects in vivo� (302). Still experts setting safe radiation limits may need to take the bystander
effect into consideration. Miller and co-workers have said, �The involvement of bystander effects in the mechanism
of DU-induced effects could mean that conventional microdosimetry assessment of the radiation dose from DU
might be significantly undervalued� (303).

Genomic instability may also lead to the reassessment of safe radiation limits due to DU�s chemical toxicity as well
as to its radioactivity. Genomic instability with its ability to allow genetic mutations and chromosomal aberrations
to be passed on to future generations of cells may lead to cancer (304).  In DU-exposed cells Miller et al. showed
that DU caused genomic instability through the formation of micronuclei and delayed reproductive death lasting for
at least 30 generations in the progeny of the cells first subjected to the low-level ionizing radiation and chemical
toxicity.

Both DU�s high chemical toxicity and its radioactivity can damage genetic and non-genetic material in the cell.
Both are responsible for DU�s ability to transform non-tumorigenic human cells to neoplastic cells which in turn
cause tumors in athymic nude mice. These two properties, chemical toxicity and radiation, may act synergistically
resulting in more damage than either component could cause alone.

Genetic effects of DU include: DU turned on 10 of 13 �stress� genes, leading to chromosomal breaks and potential
damage at the genetic level in human liver carcinoma cells. DU or exposure to ionizing radiation (presumably DU)
caused dicentric chromosomal aberrations in human cells in an AFRRI study and in the lymphocytes (where centric
ring aberrations were also found) of 16 Gulf and Balkan War veterans in the German study. The uranyl ion itself has
an affinity to chromatin, the genetic material; sperm have the greatest amount of chromatin in the body.

Non-genetic effects caused by DU�s alpha radiation include the breakdown of cell membranes through the Petkau
Effect, damage to the immune system by monocyte depletion and anemia as well as damage to the brain through the
development of large abnormal red blood cells that have difficulty getting oxygen and nutrients into capillaries
going to the brain and muscle.

The insoluble DU ceramic aerosol created when a DU penetrator hits a hard target and penetrates into the deep
lung, does not easily leave the body like the soluble uranium oxide dust in uranium mines. Natural uranium tends to
be relatively soluble and is generally ingested and passes rapidly through the digestive tract and out. As the Royal
Society stated, the situation faced by the soldier in direct contact with DU dust and the situation faced by the miner,
are not the same. Research that extrapolates from the miner�s situation as similar to that of the person exposed to
DU dust is not dealing with equivalent situations. The RAND Report dealt principally with uranium miners and
natural uranium in order to show that DU was harmless.

Animal studies have shown that in rats with embedded DU pellets, DU travels to many areas of the body,
particularly to kidney and bone, but also to different parts of the brain. DU causes electrical changes in the
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hippocampus of the brain, the area of memory and learning. DU also crosses the placenta and is stored in the fetus.
DU travels to the lymph nodes and the testes. Another study by the Lovelace Institute showed that DU caused
cancer in rat muscle and in the kidneys. However, an AFRRI study showed that embedded DU did not lead to
kidney dysfunction or toxicity in rats. Yet another study where the lungs of rats were instilled with live-fired DU
dust, found that some of the rats suffered kidney damage.

In one animal study, DU was captured by mouse macrophages, which scavenge for bacteria, heavy metals and so
forth in the lung and other organs; and was concentrated in the macrophages, killing them. This destruction of the
immune system, of which macrophages are a part, helps to allow pathogens to more easily enter the body of the rat.
In another animal experiment, exposure to DU led to impaired coordination and movement performance in rats.

With regard to Gulf War Syndrome, several rodent studies (Winrow et al. and Abdel-Rahman et al.) found that a
simulation of toxins that had existed on the battlefield during the Gulf War caused neurological and other damage
(the latter study) to rodents.

Human studies have varied in indicating whether DU exposure causes harm, with some studies finding that
exposure to DU is damaging and others finding no difference in cancer incidence between people exposed to DU
and those not exposed.

The group led by McDiarmid by and large did not find that DU exposure was harmful or rather that DU exposure
caused disease. The NHANES III Survey results were used by Gwiazda and McDiarmid (2004) to show that
veterans in the Baltimore V.A. DU Program who had been exposed to DU through inhalation, ingestion or wound
contamination (Gwiazda et al.) or who thought they had been exposed to DU (McDiarmid 2004), had DU urinary
levels or urinary uranium levels that were within normal urinary uranium levels or were not significantly different
from urinary uranium levels in NHANES Survey participants. In both studies veterans with embedded shrapnel by
and large had the highest urinary DU levels. Unfortunately the reader is not given the number of veterans exposed
by inhalation of DU. Those veterans who inhaled or ingested DU or had wounds contaminated with DU were
lumped together.

Sharma on the other hand found a urinary clearance rate of 1-5 micrograms of DU per day in Gulf War veterans who
had been exposed to DU through inhalation.

The methodology used in the McDiarmid and Gwiazda studies, accounted only for soluble DU. Where veterans had
inhaled ceramic aerosol DU, with predominantly insoluble DU particles, the extent of contamination by DU in the
body would not have been picked up solely by analyzing urine for soluble DU. Insoluble DU will gradually
solubilize in the lungs or elsewhere, with the passage of newly solublized DU traveling through the body into the
urine very gradually. Insoluble DU will not find its way into the urine (305).

Most of the research by McDiarmid�s group has been done on relatively small numbers of Gulf War veterans.
Results from one study as compared to another have been contradictory from time to time. However the 10-year
follow-up study (McDiarmid et al 2004) on 39 veterans found evidence of genotoxicity, stress on the kidney,
reduced percentage of T-lymphocytes and lower hematocrits in the group of veterans with high uranium levels. In
this study there was no significant difference between groups in performance on neurocognitive tests although an
earlier study had found a significant difference between high and low uranium groups in tests stressing accuracy
and performance.

However, McDiarmid et al. have stressed that the veterans they have studied have not suffered ill health from
exposure to DU although one veteran has come down with lymphoma and another has had a tumor removed from
his arm. Furthermore the Baltimore DU Follow UP Program has served just 3 percent of the 900-odd veterans who
were exposed to DU during the Gulf War.

It should be noted that the DU levels of the veteran who has lymphoma, like the DU urinary levels of the 5 National
Guardsmen (including the father of the child born with deformed hands) all were low positive. However this does
not indicate how much insoluble DU is in the body.

Several studies (McFarlane and Gustavsson) found no difference in cancer incidence rates between British Gulf
War veterans and Swedish peacekeepers in the Balkans as compared with British soldiers not deployed in the Gulf
War theater and the general Swedish population. The McFarlane study did however have a high number of veterans
with lymphoma and haematopoietic cancers compared with the control population.
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Although an Italian study found no significant difference in cancer rates between Italian peacekeepers who served in
Bosnia and Kosovo and the Italian population, Busby found an unusually high number of lymphomas (14)  among
the 35 Italian peacekeepers who had developed cancer after serving in the Balkans. Several of these peacekeepers
who had lymphoma have died (306).

Dr. Antonietta Gatti has mentioned that �lymph nodes are where lymphomas start�(307). Lymphomas have also been
defined as �any neoplastic disorder of lymphoid tissues, including Hodgkins disease� (308). Sharma found 10 times
the amount of DU in the thoracic lymph nodes of dead Iraqis as compared to the amount of DU in the lung;
inhalation had been the means of DU exposure.

Collectively Sharma�s research and that of Patricia Horan found DU not only in the lung and lymph nodes but also
in liver, kidney, and bone.

The veterans like Kenneth Duncan who received compensation for war-time exposure to DU, like several other
British veterans who have been ill since their Gulf War service, were in constant contact with DU dust through their
jobs. The same was true of the 24 Gulf War veterans treated by Dr. Durakovic through the Wilmington V.A. DU
Program. They had been exposed to DU through clean-up and recovery operations in Saudi Arabia; all were ill but
14 tested positive for DU.

With regard to possible teratogenic effects of DU, McDiarmid et al. found DU in the semen of 5 out of 22 veterans
in the Baltimore V.A. DU Program (309). Kang and colleagues and Doyle and co-workers found a significant
difference between deployed U.S. and British Gulf War veterans and non-deployed controls in the number of
infants with congenital malformations born to their spouses or partners.

There is some evidence that low level ionizing radiation may be responsible for the General Health Effect, where
persons who have been exposed to low level radiation are more susceptible to disease than populations not exposed
to low level radiation. This has been found in three or four studies (310).

The Royal Society, reviewing the evidence for and against DU as a carcinogen, concluded that DU exposure might
increase risk of lung cancer, this risk being heightened to 1 chance in 15 with heavy exposure. They also felt that
the uranium dust inhaled by workers in industrial uranium plants where workers suffered little kidney disease might
be different from DU dust encountered on the battlefield. Certainly the soluble particles of uranium dust in uranium
mining are far larger and less apt to travel to the deep lung than the extremely fine ceramic insoluble DU aerosol
particles which can lodge in the deep lung irradiating while there. A DU alpha particle while it travels only a short
distance, gives off many, many times more than the electron volts needed to break a strand of DNA.

Overall, then, more epidemiological studies are needed, especially studies concerned with the inhalation of DU and
subsequent health or lack of health. More animal studies too are needed on exposure to DU through inhalation.

Although UNEP teams in the Balkans stated that levels of radiation detected in soil, air, water, and in buildings
were not significant enough to be of public health concern, the UNEP team in Serbia and Montenegro felt that
complete detection and decontamination of DU was extremely difficult to do. They recommended that the public
learn about the possible dangers of DU contamination. More specifically, their findings were that usually detectable
levels of radiation could be found within a radius of 1-2 meters of a DU shell. (However, a team sent by the British
Ministry of Defense found high intensity alpha radiation related to DU shells).

In their report on Bosnia and Herzegovina, the UNEP team found that DU shells that had been fired 7-8 years
before but had landed intact, had lost 25 percent of their mass to corrosion which could potentially get into the
water table. DU particles were found in air-borne dust at two different sites. Dust in the air in one building was
found to be 100 percent DU particles.

Also in all three former battlefield theaters in the Balkans, the UNEP teams found DU penetrators that contained
trace amounts of plutonium, indicating that these DU shells were made from recycled DU uranium. UNEP did not
find significant danger in the presence of the plutonium. They also said that many DU shells did not hit hard targets
but landed on or just under the ground.

In Iraq, there may be a problem with re-suspended DU dust; the 2003 Iraq war brought DU contamination into
urban areas in a way that the 1991 Gulf War did not. This has not yet been studied to the best of my knowledge.
However high levels of radiation (often 1,000 or more times background radiation level) were found at 4 sites in
Baghdad after the 2003 war, near ruined tanks or near DU shells. High radiation levels were also detected in or



23

possibly near destroyed Iraqi tanks in Basra. A UNEP team that went to Iraq found low levels of radiation near DU
contaminated Iraqi tanks. Clearly scientific studies need to be done on these areas.

Four National Guardsmen stationed in a train depot contaminated we assume by DU, when tested for DU by an
independent laboratory, tested positive for DU. They had been breathing in sand and DU dust for two or so months
while stationed in Iraq, near at least one destroyed Iraqi tank and like others in their company who had become ill.
The other five National Guardsmen who were also tested by the laboratory, tested negative but one had U236 (an
artificial isotope of uranium) in his urine. This does not include the National Guardsman who tested positive to DU
and has a child with birth defects. Again studies need to be done.

Legislation passed by Congress allowing compensation for cancers sustained through exposure to ionizing
radiation, including DU, in nuclear facilities indicate that the U.S. government has concern about the effects of
exposure to ionizing radiation, including DU, at least at some level.

Two bills having to do with different aspects of DU � health studies and testing for DU exposure -have also been
introduced in Congress over the past two years.

Without more epidemiological studies, those who think DU is not harmful will not be convinced. However there are
many signs on the cellular level, in animal models and even indications in some human studies that DU is harmful
whether due to DU�s chemical toxicity, its radioactivity or both.
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Addendum to Health Effects of Depleted Uranium
Some Recent Studies

Three studies published in late 2005 and 2006 deal with depleted uranium as a heavy metal. DU�s damaging effects in
hamster or mouse cells indicate that DU�s high chemical toxicity can create cellular changes which can lead to cancer
and other diseases.

The first two studies are by Stearns and colleagues, published in 2005 and 2006.

Diane M. Stearns et al., �Uranyl acetate induces hprt mutations and uranium-DNA
adducts in Chinese hamster ovary EM9 cells�, Mutagenesis 20 (6) (2005), 417-423.

Stearns and co-workers showed that DU in the form of uranyl acetate (UA), a soluble compound, binds to DNA in
Chinese hamster ovary (CHO) cells. This binding, known as an  �adduct� is a complex or compound of uranium with
DNA; DNA adducts are known to occur between chemical mutagens and DNA and their formation may result in
chromosome rearrangements and nucleotide substitutions or deletions (1). The researchers found that uranium-DNA
adducts �increased with increasing (50-300uM UA) (2) dose and increasing exposure time for 24 and 48 hours�(3),
leading to mutations. In addition UA caused DNA strand breaks which also can result in mutations. UA was shown to
be cytotoxic, as seen in a CHO repair-deficient cell line, EM9, where it killed statistically more EM9 cells than
parental AA8 cells at doses of 200-300uM UA. The researchers present evidence that these effects are due to the
chemical toxicity of uranyl acetate. It should be noted that all uranium isotopes are alike chemically so that these
results hold true for DU as well. Previously, the metal platinum had been found to form  adducts, used in the anti-
cancer drug Cisplatin (4) but this is the first report that DU in its role as a heavy metal can form  U-DNA adducts in
cultured cells.

Virginia H. Coryell and Diane M. Stearns, �Molecular Analysis of hprt Mutations Generated in Chinese Hamster
Ovary EM9 Cells by Uranyl Acetate, by Hydrogen Peroxide, and Spontaneously�, Molecular Carcinogenesis 45
(2006); 60-72.

Coryell and Stearns concentrated on the hprt locus, used often in genetic experiments (5), in Chinese hamster ovary
(CHO) cells in order to compare mutant spectrums induced by the soluble uranyl acetate (UA), the free radical
species hydrogen peroxide and mutants arising from spontaneous generation. They did the experiments on the repair-
deficient CHO Em9 line. They found a total of 59 UA-induced mutants, 45 hydrogen peroxide-induced mutants and
38 spontaneously generated mutants. Some specifics: UA induced significantly more major genomic rearrangements
than occurred through spontaneous generation. All three treatments had mutations in exon 3 (6),  the largest coding-
region of the hprt locus. Exon 3 codes for the hprt protein�s active site so that small mutations in this exon could
alter or destroy the protein�s function. (7). Overall, the researchers found significant differences (p<0.001) (8)
between mutations induced by UA, hydrogen peroxide and spontaneous generation suggesting that UA causes effects
above and beyond that of free radical generation. Through the examination of published data, the researchers found
that the UA mutant spectrum was also significantly different from either alpha radiation induced or radon induced
spectra, research which again zeroed in on the role of DU�s chemical toxicity in causing damage in CHO cells.

The third study by Wan and co-workers deals with immune cells in peritoneal (9) and spleen cells in the mouse.

Bin Wan et al., �In Vitro Immune Toxicity of Depleted Uranium: Effects on Murine Macrophages, CD4+T Cells, and
Gene Expression Profiles�, Environmental Health Perspectives 114 (1) (Jan. 2006); 85-91.

Wan et al. examined DU�s toxic effect on the mouse immune system and its ability to alter immune function and kill
immune cells. Their findings implicate DU as potentially leading to cancer, allergies and autoimmune diseases.

DU as uranyl nitrate caused cell death in peritoneal macrophages (10) and splenic CD4+T (T lymphocyte (11)) cells
at different concentrations, 100uM and 200uM DU in the case of the macrophages and 500 uM DU for the CD4+T
cells. The difference in toxicity was thought to be possibly due to the fact that macrophages engulf uranium particles.

DU altered immune function: DU at a concentration of 200uM, in the presence of Concavalin A, transformed
macrophages into accessory cells that stimulated T-cell (CD4+T cell) proliferation. Higher quantities of DU led to
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increased T-cell proliferation. T-cell proliferation was statistically different from controls at DU concentrations of
200uM and over (12).

A mouse cytokine cDNA microassay (13) at non-cytotoxic levels of DU exposure (50uM DU for macrophages and
100uM for spenic T-cells) revealed significant changes in 29 genes in macrophages, and 14 genes in the CD4+T
cells. Most of the 29 genes in macrophage cells were up-regulated; these genes were largely involved in signal
transduction (14), interleukin (15) production and neurotropic factors (16). NF-alphaB was the most highly
expressed gene, a gene which controls key regulators of genes involved in immune activity, inflammatory reactions,
cell growth and proliferation and cell differentiation.

Mdk, a neurotropic factor, was highly expressed in both macrophages and splenic T-cells as a result of  DU
exposure. Mdk levels are often augmented in the early stages of cancer so this finding alone indicates that cancer
may be an outcome of DU exposure. This is the first report of such a finding in a heavy metal.

Interleukin 10 (Il-10) in macrophages and Interleukin 5 (Il-5) in splenic T-cells were also highly up-regulated � 1.7
times normal in IL 10 and twice normal levels in Il-5. Both interleukins are part of a T-helper (Th) 2 profile
(although Il-5 is also linked to T-cell function).  Il-5 is a� signature cytokine� of Th2 cells and leads to the
production of Il-10 which in turn fashions a microenvironment promoting Th2 cell development. According to the
researchers, a �complex balance between Th1 and Th2 can be disturbed by a variety of factors, including heavy
metals; a shift to a Th2 phenotype has been correlated with the development of allergic responses and some
autoimmune diseases.� (17). A shift from a Th1 profile in the direction of a Th2 profile has been noted in Gulf War
syndrome. Elevated levels of Il-10 have also been found in Gulf War veterans whose illness might have resulted from
exposure to DU during the war.

In the case of the report by Wan and colleagues as with those by Stearns et al., mutations and other changes
caused by DU�s chemical toxicity were found to be linked to DU�s ability to act as a heavy metal. DU�s high
chemical toxicity was also shown to potentially lead to disease.

End Notes:

1. See �DNA Adducts� in the Cancerweb on-line dictionary at http://cancerweb.ncl.ac.uk/omd/index.html .
2. uM is short for micromolar, indicating a concentration of one micromole per liter, a substance given in moles
rather than in mass per unit � a unit used in chemistry. See Miller-Keane, Encyclopedia & Dictionary of
Medicine, Nursing & Allied Health Professionals, 5th Edition, Philadelphia/ London: W.B. Saunders Co., 1992,
the ultimate definition of �mole� is on p. 929.
3. D.M. Stearns et al., � Uranyl acetate induces hprt mutations and uranium-DNA adducts in Chinese hamster
ovary EM9 cells�, Mutagenesis 20 (6) (2005), 417-423, p. 420.
4. Mentioned in article by J.P. Leider, �Study rethinks uranium danger�, The Minnesota Daily, April 21, 2006.
5. See page 7 of text of Health Effects for a brief discussion of the hprt locus.
6. An exon, according to the CancerWeb on-line dictionary (see footnote no. 1) is defined by �the sequences of
the primary RNA transcript� � or the DNA encoding them that leave the nucleus as part of a messenger RNA
molecule.
7. V.H. Coryell and D.M. Stearns, �Molecular Analysis of hprt Mutations Generated in Chinese Hamster Ovary
EM9 Cells by Uranyl Acetate, by Hdrogen Peroxide, and Spontaneously�, Molecular Carcinogenesis 45 (2006);
60-72, p. 65.
8. Ibid, p. 69.
9. Peritoneal has to do with the peritoneum which is a serous membrane which lines the walls of the abdominal
and pelvic cavities.
10. Macrophages are immune system scavengers found in many tissues of mammalian bodies. See p. 4 of text of
Health Effects for research on DU and macrophages and footnote 83 for citation of article on this research by
Kalinich and co-workers.
11. T lymphocytes or T-cells are formed in the thymus gland; they come from lymphoid stem cells that travel from
the bone marrow to the thymus. They are involved in cell-mediated immunity and through helping to control the
formation of B-cells, assist in the manufacture of antibodies. They assist in surveying and rejecting foreign tissues.
(See �T-lymphocyte� in the CancerWeb on-line dictionary mentioned in footnote no. 1).
12. The macrophages in this experiment were exposed to different concentrations of DU for two hours before the
experiment.
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13. Many cytokines are small proteins � or biological factors that are given off by cells; they have specific effects
on interactions between cells, the behavior of other cells and communication between cells. It is a generic term for
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Appendices
Appendix A

A Discussion of Atomic Bomb Studies and Low Level Radiation

The Childhood Cancer Research Institute in its overview of epidemiological studies of the health effects of ionizing
radiation states that there are an increasing number of worker studies which have associated exposure to low levels
of ionizing radiation with adverse health outcomes (1). Depleted uranium falls into the category of a substance
which emits low-level ionizing radiation. Low-level ionizing radiation is radiation which breaks apart a healthy
molecule and can damage living tissue. Sources of low-level ionizing radiation are nuclear plant releases, natural
background radiation, medical x-rays and depleted uranium penetrators.

The field of low-level (or low-dose/slow dose) radiation has been colored by the �classic� atomic bomb  survivor
studies. Some of the problems with the atomic bomb survivor studies are enumerated by Dr. Rosalie Bertell, an
epidemiologist who has studied the health effects of low-level ionizing radiation for 30 years. First, the estimated
radiation doses which were assigned to the survivors of Hiroshima and Nagasaki are based only on the actual bomb
blast, a one-time event in each city. The high-dose estimates did not take into account the fallout, re-suspended
particles in the air which the humans would have breathed in, or the contaminated food and water which the
survivors ingested, i.e. internal contamination (2).

Furthermore, the atomic bomb survivor studies only acknowledged radiation risk factors linked to external radiation
exposure. Possible internal radiation risk factors such as the incorporation of radionuclides into bone leading to
long-term irradiation of nearby tissue were not considered (3). Both the �exposed� group and the �control� group
suffered from internal low level radiation which was not studied (4).

Finally, it should be noted that the first data base on survivors of the atomic bomb explosions in Hiroshima and
Nagasaki was not developed until 1950. By this time, many people had died since the dropping of the atomic bombs
in 1945. Those who died were among the most vulnerable in the population, the very young, the ill and the elderly.
The survivors whose data found its way into the data base beginning in 1950 would have been among the healthiest
of the population of the two cities. This could be called the �healthy survivor effect�. The picture thus developed
through the statistical data base could not give a true picture of the situation that existed in 1945 (5).

Furitsu et al. showed that a number of diseases occurred to a greater extent among atomic bomb survivors than
among the standard Japanese population (6). The incidence of anemia and leukemia was 13.4 fold greater among the
atom bomb survivors (total number of survivors participating in the study was 1,233) compared to the standard
Japanese population of the same age group (7). Ischemic heart disease was 4.7 times higher, gastritis was 4.5 times
higher, ulcers were 4.7 times higher, and  liver disease was 6.4 times higher than in the control population. This area
of research, based on low levels of internal radiation was not included in the atom bomb studies. There was no
concept of a general health effect of low dose radiation.

The epidemiological studies discussed above are studies of human populations (8). They do not study humans at the
cellular level. The biological mechanisms discussed in the text on the second page of Recent Research in the text
are cellular studies which show harmful effects of low-level radiation.

1. The Petkau effect: With a high-dose radiation (26 rads per minute) it takes a total dose of 3,500 rads to destroy a
cell membrane. However, Petkau discovered that at the low dose (low-level radiation) rate of 0.001 rads per minute,
it took only 0.7 rad to destroy the cell membrane. With the low dose (slow dose) rate, free radicals of oxygen are
produced by the ionizing radiation. There are fewer free radicals produced by the low dose and they are able to
reach and interact with the cell membrane in a way that the densely populated free radicals resulting from the high
radiation dose cannot. (See reference for further explanation). The  free radicals coming from the low dose radiation
are attracted to the cell membrane by a small electric charge in the cell membrane early on in the reaction of the total
low dose. Petkau found through computer calculations that this attraction is reduced with greater numbers of free
radicals (9). The Petkau effect is an indirect effect of low-level radiation. Bertell adds that  radiation biologists have
tended to only test the strength of cell membranes using high-dose radiation (10). DU causes free radicals both
through its chemical toxic effects and its radiation (11).
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2. Monocyte depletion: Bertell has found this to exist in four different populations (12). Radionuclides like DU
are stored in the bone and give off chronic low or slow-level radiation. This can interfere with the manufacturing of
normal blood cells. This reduces lymphocytes (which radiophysicists tend to count), neutrophils and monocytes. If
the radiation destroys the stem cells in the marrow, reducing the total white blood count by 400 cells per microliter,
this would only reduce the lymphocytes by 14.8 percent, leaving their number within normal range. However, there
are only 500 monocytes in a microliter of blood and their depletion by 400 cells reduces their number by 80 percent
(13). Bertell published an article on this subject, �Internal Bone Seeking Radionuclides and Monocyte Counts�, in
International Perspectives in Public Health 9, 1993, 21-26.

3. Deformed red blood cells: Using an electron microscope, New Zealand scientist, Dr. Les Simpson observed
misshapen, swollen, red blood cells which are elevated in patients suffering from chronic fatigue syndrome. These
red blood cells have difficulty getting into capillaries, thus depriving muscle and brain cells of nutrients and
oxygen. The patients with this condition suffer brain dysfunction including short-term memory loss as well as
extreme fatigue. This chronic fatigue syndrome was seen at Chernobyl as well as at Hiroshima and Nagasaki (14).

According to the New York Times 1/29/01, experts in the field of nuclear medicine in the U.S., France and Britain,
are in agreement that �the mechanism of radiation damage is still poorly understood and the debate about what
might be a harmful dose is still open�(15).

ICRP Safe Radiation Limits and the European Committee on Radiation Risk

The International Committee on Radiation Protection (ICRP) regulations are used by agencies in many countries.
Their risk factors are heavily influenced by findings in studies on acute external radiation (16). The ICRP estimates
internal radiation by averaging radiation dose over an organ or tissue (17). Their limits do not take into account the
bystander effect, or changes in cell sensitivity, i.e. the cell is more vulnerable when it is dividing (18).

The 2003 Recommendations of the European Committee (ECRR) on Radiation Risk: Health Effects of
Ionizing Radiation Exposure at Low Does for Radiation Protection Purposes states, �The critical target for
ionizing radiation is the individual cell.� (19). Cells that receive irradiation may be highly damaged, a situation
which is concealed if an estimate of radiation dose for the entire organ or tissue is used as an indication of damage
or lack of damage. The ECRR states that �the complex ways in which the organism responds to low dose radiation
both at the cell and organism level have been overlooked� by the ICRP (20). Physicists and radiologists made up
limits for radiation doses before DNA was discovered (21). What have been considered to be safe levels of radiation
have been lowered over the years. The ECRR states that much has yet to be learned about low dose effects from
internal radiation. They note that �what is biologically plausible depends upon the biological knowledge of the
day�. (22). The ECRR would like to establish the principle that exposures should be assessed �at the cellular
level�(23).

The ECRR states that �The health consequences of exposure to ionizing radiation follow damage to somatic cells
and germ cells and thus involve almost all illness.� (24)

The ECRR writes that known biological mechanisms of the way in which radiation acts �clearly predict general
harm to the organism at low doses�(25). New research on microscopic particles less than 2.5 microns in diameter
has shown that these particles in pollution, lead to heart attacks and respiratory diseases (26). The tiny particles are
conveyed into the lung where they injure the brochioles, where oxygen is first taken out of the air  (27). Particles
that contain metals for example are especially injurious as they form free radicals (28).

Ceramic DU particles are often smaller than 2.5 microns. DU both through its chemical toxicity and its radioactivity
generates free radicals in the body. Increasing the internal free radical burden, which creates hydrogen peroxide
among other entities, is not healthy, and is a factor in aging as well as in the development of chronic disease.
Antioxidants in fruits and vegetables are factors in reducing the internal free radical burden and their ability to do
this, is one reason why it is thought that intake of fruits and vegetables reduces the risk of heart disease and cancer
as any nutritionist will tell you.

So far DU has not been found in nanodust particles (29). However when a DU shell strikes a tank, the extremely
high temperatures created vaporize metals in the tank generating metallic nanoparticles (30) � the elements of iron,
aluminum and silicon have been found in a DU mass (31) which may float in the air and breathed in. Dr. Antonietta
Gatti, a nanotechnology expert found inorganic particles in tissues of Balkan and Italian soldiers, including the
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lymph nodes (32). According to Rosalie Bertell, DU is probably most concentrated in the urine and Dr. Gatti did
not examine the urine of her subjects (33).
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Appendix B

 A Discussion of the RAND Report, 1999 and Articles by Drs. S. Fetter and F. von Hippel
in The Bulletin of the Atomic Scientist and Science and Global Security

The RAND Report (1) purports to be a review of existing scientific studies of uranium compounds, stating that
there is little literature on depleted uranium. The RAND Report ignores a large body of literature of medical
studies and reports on uranium compounds failing to review over 70 studies in this area (2). The BEIR V Report
(Health Effects of Exposure to Low Levels of Ionizing Radiation: BEIR V (3) was not reviewed although,
BEIR IV, published several years earlier, was reviewed. As mentioned in the text, the RAND Report came to its
conclusions that DU is no more dangerous than natural background uranium and that Gulf War veterans could not
have sustained illnesses because of exposure to depleted uranium.

One problem with the RAND Report is that although there is some discussion of the research done by AFFRI (see
discussion of research in Recent Research in the text), RAND did not include the findings of their research in its
overall conclusions. RAND did call for more research on depleted uranium. As mentioned above, RAND equated
DU with natural uranium and discussed studies having to do with natural uranium in this light. They also discussed
studies of uranium miners and millers to show that except for radon, known to cause cancer, there were little excess
cancers in this group. (For a discussion of studies of uranium workers and cancer incidence, see Appendix C).

The exposure of uranium miners and millers to uranium oxide is quite different from the exposure of troops to DU
on the battlefield or in clean-up operations of destroyed tanks or vehicles. As previously discussed in the text,
particles of uranium oxide are basically soluble and travel through the lung-blood barrier quite rapidly. If the
kidneys are overloaded, the uranium oxide may cause tears in the small kidney tubules, injuring the kidneys. The
excretion rate may be high on a week day but low after the weekend when the worker is off. Ceramic DU as
discussed in the text, does not leave the body easily. Ceramic DU being almost entirely insoluble, can be taken up
by monocytes and circulated by the lymphatic system (rather than the blood; soluble particles travel in the blood).
The insoluble DU finds many target organs where radiation can lead to tissue injury and disruption of normal organ
functioning. Proof that DU stays in the body for a long time is the fact that 8-10 years after exposure to DU, Gulf
War veterans were still excreting DU (4).

The RAND Report discusses in some detail exterior exposure to DU, especially for crew inside a tank, and how
much rem of radiation members of the crew might sustain while inside the tank. RAND estimated exposure doses to
tank crewmen as follows:  an M1 driver could receive an average of 0.11mrem (millirem) per hour; his head would
receive 0.15mrem per hour and his groin, 0.12 mrem  per hour (5). Dr. Rosalie Bertell cites regulatory limits
recommended by the International Commission on Radiological Protection (ICRP) for members of the public as
being a maximum of 1mrem per year per person (6). The current U.S. Occupational limit is 2,000mrem per year
averaged over 5 years or 400 mrem for a single year (7). The Army Environmental Policy Institute stated that �All
exposures, regardless of the source or strength, contribute to the risk� (8).

 It is difficult to estimate how much time tank crews spend in their tanks. Dan Fahey says in �The Good, The Bad
and The Ugly�, that members of a tank crew can spend a lot of time in their tank (9). On a rainy day they may pass
time in the tank. In war, they eat and sleep in the tank. He says RAND gives conflicting information about the
amount of time crews spend in tanks in a typical non-combat year (10); the Army did not monitor external radiation
exposure of tank crew members during Operation Desert Storm. Fahey also states that the dose rates (in mrem) of
radiation exposure to DU received by tank crew members cited by RAND are contradictory (11).

RAND relied on dose estimates made by CHPPM and OSAGWI (12) in a 1998 Report by the Office of the Special
Assistant to the Secretary of Defense for Gulf War Illnesses (OSAGWI) (13). RAND stated that it was
�unreasonable� and �unlikely� that soldiers could inhale doses of 1-2mg of DU dust (14). This is a considerably
smaller dose than the maximum dose of 25- 52 mg. that CHPPM estimated would result from the firing of 2 DU
penetrators and also smaller than a 9 mg estimated dose mentioned in the OSAGWI report (15). OSAGWI�s report
written in the late 1990�s, had a confusing tier of 3 dose levels which the Presidential Special Oversight Board
found �incomplete and misleading�. (16)

Dan Fahey says that it is difficult to determine the actual level of exposure of members of a tank�s crew to DU dust
(17). In addition to tiny amounts of radiation leaking from DU armor and DU penetrators in a tank, there is residual
dust from the firing of DU rounds (18). The RAND report does not discuss potential exposures of U.S. Armed
Forces in any other context.
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That depleted uranium dust did cause bodily harm during or after the Gulf War is evident. Many of the Depleted
Uranium Assessment Team which worked on the decontamination of U.S. tanks and vehicles hit by friendly fire, in
King Khalid City, Saudi Arabia, have been ill since their return with symptoms associated with uranium illness
(19). They were there about 3 months.  Doug Rokke, a health physicist, who headed the team, said that what with
the high temperatures, they did not wear masks (20) although they did wear protective clothing. Their superiors told
them it was safe (21). He suffered respiratory problems while he was still in Saudi Arabia. (22) According to Rokke,
since his return from the Gulf, he has had 15 kidney operations (23). Other members of his team also became ill;
some have died (24). Rokke�s team worked on the clean-up operations with the members of the New Jersey
National Guard who were treated by Dr. Asaf Durakovic through the Wilmington VA, and who too were ill (25).

Another unforeseen situation, which could repeat itself, was the fire at the U.S. Army base at Doha, Kuwait, in July
1991. The fire, which burned for 12 hours burned and oxidized 7,000 pounds of DU munitions. The following day,
servicemen were asked to clean up the base without wearing protective clothing. One of these workers after
returning to the U.S. started a family. His wife had twins but one of the twins had a limb reduction defect (26).

Bulletin of the Atomic Scientist (27): Fetter and von Hippel use the low figure of 20 percent for their estimate of
the amount of DU dust created by the impact of a DU shell. The actual range of DU dust that burns when the DU
penetrator hits its target, according to U.S. Army test data, is as high as 70 percent (20-70 percent) (28). Building
on their scenario, Fetter and von Hippel state that as the dust created by the impact of the DU penetrator is blown
upward, someone standing on the ground would only inhale up to 0.1mg of DU dust (29). This figure would have
been considerably larger had Fetter and von Hippel used a mean figure of 45 percent or the maximum of 70 percent.

According to figures extrapolated from an Army estimate, 500-3,200 gms (approximately 2-7 lbs.) of DU dust is
created when a DU shell hits its target. Based on combat and test-firing studies, the large part of the DU dust
created by the firing of a 120 mm. DU penetrator falls to the ground within 50 meters of the target (30). A man near
the target would potentially inhale a lot more than 0.1 mg. of DU dust.

Fetter and von Hippel use a hypothetical situation to make their points. Dan Fahey in his rebuttal to their article
(31), states that it is difficult to estimate a dose that fits all wartime situations or the post-war climate, that there are
no reliable dose estimates for DU because none were monitored during the Gulf War. He adds that Fetter and von
Hippel did not mention or discuss the findings of the AFRRI research, or the poor results of veterans with DU
shrapnel on neurocognitive tests.

Fetter and von Hippel admit that there are situations where DU may be a problem, as in contaminated wounds (DU
shrapnel), inside tanks at the time of the impact of a DU penetrator, or when recovering or decontaminated vehicles,
equipment and tanks.

The calculations on which the article in the Atomic Scientist was based are in the Appendix of another article, �The
Hazard Posed by Depleted Uranium Munitions� in Science and Global Security, 1999 (32). In their work Fetter
and von Hippel failed to take into account the long biological half-life (half the amount of time a radioactive
pollutant stays in the body after being inhaled or ingested)(33) of ceramic DU particles. For their calculations they
used  the biological half-life of uranium oxide which must be significantly shorter than that of ceramic DU, which
is not known (34). Fetter and von Hippel gave 2-4 years as the amount of time insoluble DU would remain in the
body (35). As mentioned in the text, DU survived in the bodies of Gulf War veterans for 8-10 years or longer.
Furthermore, Fetter and von Hippel did not take into account multiple exposures to DU not only on the battlefield
but also during clean-up and recovery operations (36).

In their article in Science and Global Security, Fetter and von Hippel go to great lengths to explain that according
to their scenarios and their calculations, exposure to DU including that for populations, amounts to a fraction of the
amount of radiation exposure due natural background radiation. As mentioned in the text of this paper, natural
background radiation can cause cancer. However it should be noted that such exposures to DU are over and above
natural background radiation, radiation being cumulative, thus adding to the overall risk of cancer. In desert areas or
near by, DU dust can be easily re-suspended by the wind or human activity as soil and vegetation will not hold it in
place. Also, with its long half-life, DU is not going to go away.

Should military personnel be subject to safe radiation limits for occupational workers or to the lower safe radiation
limits for the public? Fetter and von Hippel do not discuss this in this article. Soldiers in the 1991 Gulf War did not
receive training about the hazards of DU, which, if the occupational safe radiation levels for nuclear workers apply
to them, should have been mandatory (37).
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Furthermore, in their discussion of the populations of Iraq, Kuwait and Saudi Arabia, they assume a low population
density in these areas (38). Their calculations do not take into account that there are large population centers in Iraq
and Kuwait; Basra, Iraq is a large city. It sustained heavy bombing in its neighborhood during 1991-1993. As
mentioned in the text (see Studies on Men Who Inhaled DU in text), Dr. Hari Sharma tested the urine of a small
number of Iraqis years after the Gulf War, who tested positive to DU. He also found DU in the lungs, thoracic
lymph nodes and kidneys of 38 deceased Iraqis who had lived in Basra between 1990 and 1993-94.

After the 2003 Iraq war, high levels of radiation were found near tanks destroyed by DU in or near urban areas (see
section on Iraq); many small DU shells �littering the ground� just 300 yards from the Republican Palace in
Baghdad were found to give off high levels of radioactivity (39).

Fetter and von Hippel base their calculations and models on the International Commission on Radiological
Protection (ICRP) model which is followed by many nations. The European Committee on Radiation Risk take
issue with this model, targeting the individual cell rather than the whole body or organ in determining exposure to
low-level radiation. (This is discussed in Appendix A).  As for Fetter�s and von Hippel�s scenarios, some of them
have been up-ended by the reality of war and its aftermath.
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Appendix C

Uranium Miners, Nuclear Workers and Adults and Children Living Near Nuclear Facilities

Studies exist indicating that there is a relationship between working in a uranium mine and developing cancers as well
as working at a nuclear facility.

Dr. Asaf Durakovic, whose specialty is nuclear medicine, states that uranium workers seem to have a �significantly
higher prevalence of malignant diseases� in most of the recent studies done by the U.S. Transuranium Registry (known
also as the National Plutonium Registry) (1). He also says that the higher grades of uranium ore increase the miners�
risk of cancer from beta radiation as well as from inhalation of uranium dust. (2). He says that the average size of
uranium dust particles in uranium mining have been thought �too large to reach the micro-bronchiolar and alveolar
compartment of the human lung� (3). The DU particles formed at high temperatures upon the impact of a DU shell with
a target such as a tank are much finer (4).

Some studies of largely uranium miners where miners contracted leukemia or other cancers or died of cancer or
leukemia include the following.

X. Baur et al.,� Systemic sclerosis in German uranium miners under special consideration of antibody subsets and HLA
Class II alleles�.  Respiration 63 (1996), 368-374. These miners inhaled uranium dust and had a high incidence of
systemic sclerosis. The study also documented changes in the immune system (5).

RE Crowell et al. �Detection of trisomy 7 in non-malignant individuals at risk from lung cancer�. Cancer
Epidemiology Biomarkers and Prevention 5 (1996), 631-636. The uranium mining environment is correlated with
squamous cell carcinoma.

A. J. DeVillers et al. �Lung cancer in a fluorspar mining community I. Radiation, dust and mortality experience�.
British J. Industrial. Medicine 21 (1964), 94-99. Cites 51of 142 deaths from lung cancer in miners in Newfoundland
who worked for 2,000 hours in a uranium mine.

J. Bigu, �Theoretical considerations regarding the migration of Rn22 and Rn230 from uranium and thorium bearing
underground environments�. Health Phys. 67(1994), 60-64. Deals with the incidence of silicosis and lung cancer in a
New Mexican uranium mine.

 R. Zaire et al �Unexpected rates of chromosomal instabilities and alterations of hormone levels in Namibian uranium
miners� Radiation Research 147 (1997), 579-582.

Akira Tashiro discusses uranium mining on a Navajo reservation where a dam burst in 1979, leaving uranium sludge
contamination which was only cursorily cleaned up.  Although uranium mining was curtailed in the late 1980�s, there
were many mines in the area and many Navajos who had worked in the mines developed lung cancer and other diseases
of the respiratory tract. Residents estimate that 350-400 workers have died of cancer and other diseases (6).

Several studies of uranium miners mentioned in ATSDR, 1999 (7) indicated that radon exposure was not necessarily
responsible for the development of cancers: in one study, radon was found to be not associated with excess lung
cancers in uranium miners working underground in Grants, N.M. In the other study, it was determined that exposure to
radon progeny might not have not caused lung tumors except for oat cell carcinoma. Many researchers have associated
exposure to radon in the mines to lung cancer illness and death.

 Nuclear Workers

Fahey discusses a study by Xia of mortality due to lung cancer near the Fernald Materials Processing Center in
Hamilton County, Ohio which showed more deaths from cancer in Hamilton County than compared with the rest of
Ohio. Xia stated ��Since a 20-30 year lag between uranium dust inhalation and death from lung cancer is consistent
with  known disease etiology, our results suggest continued monitoring of cancer rates in the area�� (8). H. Xia & B.P.
Carlin, �Spatio-Temporal Models with Errors in Covariates: Mapping Ohio Lung Cancer Mortality�, Statist. Med. 17
(1998),  2025-2043. The site is now a superfund site.

G.M. Kendall et al., �Mortality and occupational exposure to radiation: first analysis of the National Registry for
Radiation Workers�. British Medical Journal 304 (1992), 220-225. Kendall et al. found that there was an association
between exposure to radiation and cancer mortality, especially leukemia (when deaths from chronic lymphatic leukemia
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were excluded) and multiple myeloma. The workers in this study showed the healthy worker effect so that mortality
from diseases in the radiation workers in the study was lower than in the general population. Radiation studied in this
research was external radiation.

Also, men�s leukemia and multiple myeloma rates from 1982-1986 in Concord, MA where Starmet manufactured DU
munitions for 25 years, were statistically significant according to Dr. Richard Clapp, then Director of the
Massachusetts Cancer Registry as reported in the Concord Journal in January, 1991 (9).

An unpublished report on 11,000 Oak Ridge (TN) uranium workers revealed higher rates of lung cancer and bone
cancer (82%) than in the general population. (The report was discovered by the Washington Post) (10).

Nuclear Workers and Children and Adults Living Near Nuclear Facilities

Many of the studies in Health Risks of Low-Level Ionizing Radiation in Adults and Children: Overview of
Epidemiological Studies (The Childhood Cancer Research Institute, Worcester, MA, May 1999) deal with cases of
leukemia and other cancers in children or adults living in the vicinity of nuclear facilities. Over 16 studies link the
presence of nuclear facilities with increased cases of cancers. Seven other studies found no effect. A few of the studies
were done on uranium mining. The rest of the studies cited are reviewed in the above reference.

A.M. McConnell et al. �Population monitoring experience with residents exposed to uranium mining/milling waste�.
Mutation Research 405(2):1998 (Sept. 20); 237-245. Residents exposed to uranium/milling waste lived in an area
which had significantly higher levels of uranium 238 in the soil than in control areas. The experimental population
showed more aberrations in their chromosomes than in the control population, indicating increased health risks. The
difference however was not significant (11).

L.M. Shields et al. �Navajo birth outcomes in the Shiprock uranium mining area�. Health Physics 63(5):1992 543-
551.  Mothers lived near tailings/mine dumps with either parent working at the Shiprock electronics assembly plant.
13,320 women had �adverse birth outcomes� with more than 320 types of defective congenital conditions (12).

I. Schmitz-Feuerhake et al. �Leukemia in the proximity of a German boiling-water nuclear reactor: evidence of
population exposure by chromosome studies and environmental radioactivity�, Environmental Health Perspectives
105 (Suppl. 6):1997 (Dec.), 1499-1504 (13).  This study revealed a significant (�exceptional�) increase in leukemia in
children which appeared 5 years after the start-up of a nuclear power plant in 1983. There was also a significant
increase in cases of leukemia in adults (14).

These 13 studies indicate that low level radiation in uranium mines and at several nuclear facilities are correlated with
elevated cases of leukemia or cancer or death from leukemia or cancer.

There is also the case of an army base, the Aberdeen Proving Ground, where DU penetrators have been tested for many
years. The Aberdeen Proving Ground Superfund Citizens� Coalition, a grassroots advocacy group, estimates that 66 lbs.
of DU was being blown into the air monthly until about 1979. Their conjecture is based on army reports and other
information. This is more than 50 times the maximum level allowed by New York state, which led to the closing of
National Lead Industries in 1980 where depleted uranium penetrators were being made. (See footnote 13 of text).
Harford County, which is near the base has the highest cancer rates in Maryland. Delaware which is east and downwind
of the army base has the highest cancer rates in the United States. (15) DU may be responsible.
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October 2004. http://www.bandepleteduranium.org.
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