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ABSTRACT 

     Depleted Uranium (DU) is the waste product of uranium enrichment from the 
manufacturing of fuel rods for nuclear reactors in nuclear power plants and 
nuclear power ships. DU may also results from the reprocessing of spent nuclear 
reactor fuel. Potentially DU has both chemical and radiological toxicity with two 
important targets organs being the kidney and the lungs. 
      DU is made into a metal and, due to its availability, low price, high specific 
weight, density and melting point as well as its pyrophoricity; it has a wide range 
of civilian and military applications. Due to the use of DU over the recent years, 
there appeared in some press on health hazards that are alleged to be due to DU. 
      In these paper properties, applications, potential environmental and health 
effects of DU are briefly reviewed. 
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INTRODUCTION 

       Uranium is the heaviest naturally occurring radioactive element. It is a silver grey metal with an 
average occurrence in the earth’s crust of about 3 mg kg-1 and is found at average concentration of 
about 3 µgl-1 is seawater. Due to its presence in various chemical forms in soil, rocks, surface and 
ground water, air, plants and animals, it occurs in trace amounts in many foods and drinking water.  
 
       Any person has an overage daily intake of 1 µg of uranium by food and drinking water (1). The 
human body contains approximately 56 µg of uranium, 32 µg in the skeleton, 11 µg in muscle tissue, 
9 µg in fat, 2 µg in blood and less than 1 µg in lung, liver and kidney (2). Natural uranium consists of 
three different isotopes 99.28 238 U, 0.72 235 U and 0.0055 234 U. 
 

       Uranium has achieved its eminent significance in civilian and military nuclear technology (nuclear 
power plants for the production of electricity, nuclear powered ships, nuclear weapons) through its 
isotope 235U being a so-called fissile material. For most applications in nuclear technology the 
comparatively small fraction of 0.72 235U in natural uranium is not sufficient and must be increased to 
3-4 % for nuclear reactors and to about 90% for nuclear weapons (3). This process is called 
enrichment. The atoms of natural uranium are separated into a mixture containing more than 235U, and 
one with less 235U .The part with more than 0.72% 235U is called enriched uranium, the others one  is 
called depleted uranium (DU).  
 
       DU typically contains of about 99.8% 238U, 0.2% 235U and 0.0006 % 234U. For the same mass, 
DU has about 60% of the radioactivity of the natural uranium. DU may also result from the 
reprocessing of spent nuclear reactor fuel. Under these conditions, another uranium isotope, 236U may 
be present together with very small amounts of the transuranic elements plutonium, americium and 
the fission product technetium - 99(3, 4).  
  
       Metallic uranium (including DU) is 65% more dense than lead (density of 19 gcm-3), has a high 
melting point (1132 0C), is highly pyrophoric, and has a tensile strength comparable to most steels. 
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These properties as well as the relative high availability and low cost, have led to various civilian and 
military applications of DU (2, 5, 6). 
 
     The aim of this paper is to summarize the current state of knowledge about properties, use and 
health effects of DU as well as its nuclear management. All information given was obtained on the 
basis of the recent literature search.  

 

NUCLEAR MANAGEMENT OF DEPLETED URANIUM 

  
      Most of the nuclear reactors currently in operation worldwide are fuelled by low enriched 
uranium (LEU) produced in enrichment facilities. A by product of the enrichment operation of 
natural or reprocessed uranium is DU (Figs 1 &2).  

 
      Large stocks of DU have arisen as a result of the enrichment operations specially in the United 
States and the Russian Federation.  

 
     Table 1 represents the most current stocks of DU (1, 6). DU is stored in different forms including 
uranium hexafluoride (UF6) or “hex” ,uranium tetra fluoride (UF4), uranium oxides (U3O8 , UO2 and 
UO3 ) and uranium metal.  

 
     The characteristics of different DU compounds vary from one form to another and may have a 
significant impact on the management and disposition of this material (6). 

 
     DU can be mixed with plutonium (Pu) in the spent fuel, made into fuel rods in a mixed oxide 
(MOX) fuel fabrication plant and put bock into the reactor as fresh fuel. So that, it could be used to 
fuel future of the fast breeder reactors (FBR) as shown in Fig.3 (3, 6). 
 

 

 

 

 

Figure 1 : Pathway of 235U using exclusively natural uranium as feed material 

for the enrichment process (1). 
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Figure 2: Enrichment with a mixture of both natural uranium and recycled  
uranium as feed material (1). 

 

 

Figure 3: The fast breeder fuel cycle (3). 
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Table 1: Most current stocks of DU ( 6 ). 

Holder Stocks (t DU) 

USA ~ 480.000 

Russian Federation ~ 460.000 

France ~ 190.000 

UK ~  30.000 
Urenco( Germany, Netherlands and 
UK) ~ 16.000 

Japan ~ 10.000 

South Africa ~  2.200 

Republic of Korea ~     200 

Estimated Total ~ 1 188 400 
 
     The primary factor covering future increase of DU is the enrichment needs of the installed nuclear 
generating capacity worldwide. Over the next 15 years, such capacity is forecast to show a modest 
increase as commissioning of new plants exceeds decommissioning.  
 
     Over the longer term, the constructions of new and replacement capacity is dependent upon the 
relative economics of nuclear generation versus alternative sources, the public perception of the threat 
of global warming and public acceptance of nuclear generation (3). 
 
     The DU management requirements are therefore dominated by the need for economic storage of 
the next seven to ten decades to ensure its availability for re-enrichment to replace and supplement 
primary production. This period also covers the time necessary for the development of fast breeder 
reactors in case the deployment of this technology becomes evident (6). The main enrichment, and thus 
DU or tails generation, in the foreseeable future will come from enrichment plants in China, France, 
Germany, Japan, the Netherlands, the Russian Federation, the UK and the USA (6). 
 

USES OF DEPLETED URANIUM 

 
     Due to the relative high availability, low cost, high density and metallurgical properties DU has 
various civilian and military uses. The main civilian used of DU can be classified into nuclear and 
non-nuclear uses (2, 5-7) : 
 
Nuclear uses: 

• DU is used for radiation shields in nuclear, medical and other industries where shielding is 
necessary. Recently, casks for holding spent nuclear fuels in the nuclear power industry were 
constructed by combining DU with concrete. This achieves a significant increase in gamma 
radiation shielding with thinner walls and much lighter casks than the traditional ones (8). 

• In a potential future use, DU could be mixed with highly enriched uranium from retired 
nuclear weapons to produce nuclear reactor fuel. 

• DU can also be used for the fabrication of mixed uranium and plutonium oxide (MOX) fuel 
for the future fast breeder reactors. 
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Non-nuclear uses: 

DU can be used in: 
• Counterbalance weights and ballast in aircraft, satellite and boat industries. 
• Drilling equipment in oil and gas exploration. 
• Chemical catalysts and semi-conductors. 
• Glassware and ceramics. 
• Energy storage flywheels. 
• Production of fluorine and hydrofluoric acid. 
• Dentistry as fluorescent additive in porcelain crown (now discontinued) (5). 

 
      In addition, DU has military applications in munitions designed to penetrate armor plates and also 
used to reinforce military vehicles such as tanks.  
 
     The Gulf War against Iraq in 1991 was the first conflict where DU rounds were used in large 
quantities. After that it has been used in Bosnia 1994, Kosovo 1999, Afghanistan 2002 and recently in 
Gulf war 2003 (1, 9). 

 

EXPOSURE TO DEPLETED URANIUM 

 
       Depending on the use of DU, there are various ways where DU can enter the environment and 
man, where it can possibly produce health effects. The exposure of DU is critically dependent on 
whether it is external or internal (1, 2, 4). Only the beta and gamma components of DU contribute to 
external dose.  
 
      The affected organ is the skin. External exposure mainly occurs during combat activities when DU 
aerosols are generated, or when DU fragments are picked up. Soldiers in vehicles shielded with DU 
armor are externally exposed for longer time period but very low dose rate. 
 
       Internal exposure to DU can occur through three pathways: 

1. Ingestion ( food , drinking water and the ingestion of contaminated soil by children) 
2. Inhalation ( aerosol from impact of penetrates surfaces and from fires) 
3. Embedded fragments or contaminated wounds (mainly for soldiers). 

 
       Figure 4 shows the main pathways of DU into the environment, into biological system and to the 
man. Aerosols containing uranium are deposited on surfaces in the environment and can be 
resuspended by the wind or human activities, which will result in an air contamination again.  
 
     Uranium deposited on the soil can find its way into the biocycle, thus contaminating drinking 
water, plants and animals belonging to the human food chain.   
 
     These steps are described by so-called transfer-factor (1).The half-life of DU is so great , 4.5 billion 
years, that environments where it is used as a weapon will remain radioactive forever. 
 
        A determination of the DU content in a soil samples or in the dust of an air filter by measuring 
the different types of radiation (X-ray, gamma-, beta- and alpha- radiation) is barely possible or even 
impossible. 
 
      Reliable, quantitative information on DU contamination of the air, soil and ground water must be 
determined in specially equipped and experienced laboratories (1, 2, 10) . 
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Figure 4: Pathways of DU in the environment and into biological systems in man (1). 

 

HEALTH EFFECTS OF DEPLETED URANIUM 

 

      A potential effect on human health and the environment from the use of DU has appeared during 
recent years (1, 2, 5, 10 - 12). The major concern of health effects due to DU is its heavy metal chemical 
toxicity .With respect to chemo toxicity uranium and DU are indistinguishable. DU’s radioactivity 
may cause severe health problems such as cancers years after exposure, but DU’s chemical toxicity 
presents the greatest damage to health in the short term (several weeks or months) after exposure. 
The kidney is considered the target organ for uranium chemical toxicity (10).  
 
     Many studies have pointed to the possibility of genetic damage resulting from exposure to some 
forms of radiation emitted from particles such as those deposited by manufacturing processes or DU 
weapons (13).The aerosol particles generated by DU weapons are in a very hard “ceramic” state, so are 
likely to be retained in the lung and its regional lymph nodes for a prolonged period, increasing the 
risk of cellular damage from alpha radiation (2, 7, 10, 13, 14).   

 
       As part of follow-up efforts Gulf War veterans who were riding in or on vehicle that was struck 
by DU munitions or veterans who entered a struck vehicle immediately after it was hit by DU 
munitions and also personnel worked in or on vehicles contaminated with DU, showed significant 
change in serum prolactin levels and uranium concentrations in semen (15).  
        
     An official team from Iraq’s Atomic Energy Commission carrying a radiation detector measured 
radiation levels 35x above the background over parts the battlefields and 50x above the background 
over the rusting tanks hit by DU ammunitions (10). 

 
       In December 1998, Iraq sponsored a medical conference on health and environmental 
consequences of DU used in the Gulf War 1991, attended by 600 Iraqi doctors and scientists. The 
doctors reported increased frequency of birth defects around the southern city of Basra by a factor of 
3x since the Gulf War. Hospital statistics indicated that the number of Iraqi children with cancer rose 
by a factor of 4x from 32000 in 1990 to 130000 in 1997(10). Air, soil and water samples collected in 
southern provinces showed abnormally high levels of radiation (10, 16, 17).  
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       Cancer, birth defects and radiation related diseases in both Gulf War veterans and Iraqi civilian 
has increased to alarming levels (9). It was also pointed out that the use of DU weapons is a crime 
against humanity, a crime against all species, and a war against the earth (9). 
 
       It was reported that people in southern Iraq are experiencing respiratory problems, kidney 
problems and cancers as a result of heavy metal and radiological poison of DU. Also leukemia rate in 
Sarajevo has tripled in the last years and peacekeepers in the region are also coming down with cancer 
(18).    

 
       DU weapons may already be illegal under international law and international humanitarian law, 
and this case is being made in compelling fashion by members of the International Association of 
Lawyers against Nuclear Arms, who have formed a working group to study this issue (20). 
 

       The damage caused by DU weapons cannot be contained to “legal” field of battle, they continue 
to act after the conclusion of hostilities, they are inhumane because they place the health of non 
combatants, including children and future generations, at risk, and they cannot be used without unduly 
damaging the natural environment (20). 

 
       To the contrary, many studies published up to now concluded that there exists no scientifically 

proven evidence for health damages in the civilian population or soldiers due to the use of DU 
ammunition in the Gulf War and in the war in the Balkans (1, 2,11,14,17, 21-26).  

 
       As reported by an international group of experts about the radiological conditions in areas of 

Kuwait with residues of DU (2003), DU does not pose a radiological hazard to the population of 
Kuwait .Annual radiation doses that could arise from exposure to DU residues would be very low and 
of little radiological concern. Annual radiation doses in the areas where residues do exist would be of 
the order of a few microsieverts, well below the annual doses received by the population of Kuwait 
from the natural sources of radiation in the environment and far below the reference level 
recommended by the International Atomic Energy Agency (IAEA) as a criterion to help establish 
whether remedial actions are necessary (26). 

 

CONCLUSION AND RECOMMENDATIONS 

 
       Depleted Uranium (DU) is the waste product of uranium enrichment from the manufacturing of 
fuel rods for nuclear reactors in nuclear power plants and nuclear power ships. DU may also results 
from the reprocessing of spent nuclear reactor fuel. Worldwide the stocks of DU might be beyond one 
million metric tons. It has several civilian and military applications and it may affect health in terms 
of its heavy metal toxicity and/or its radioactivity. 
 
       From many studies published up to now, the authors recommend that: 

• It is important to continue research to further our knowledge of any potential health risks due 
to DU that might result from different levels and pathways of exposure. 

• In sites targeted by DU munitions, special measure has to be adopted to reduce an aware 
exposure and cleanup must be planned based on the measured concentrations. 

• Disposal of DU should follow appropriate national or international recommendations. 
 

REFERENCES 

 
(1) M.Keller, B.Anet, M.Burg, E.Schmid, A.Wicki and C.Wirz; Environmental and Health 

Effects of Depleted Uranium; Report by SPIEZ Laboratory (2001). 
(2) A.Bleise, P.R.Daesi and W.Burkart; J.Env.Rad. 64, 93(2003). 
(3) I.Hore-Lary; Nuclear Electricity, Uranium Information Center, Australia, 7ed. (2003). 



     VII Radiation Physics & Protection Conference, 27-30 November 2004,Ismailia-Egypt 
 

 272

(4) WHO, World Health Organization; Depleted Uranium (2001). 
(5) M.Betti; J.Env.Rad. , 64,113(2003). 
(6) Management of Depleted Uranium, A joint report by the OECD Nuclear EnergyAgency and       

the International Atomic Energy Agency (2001).   
(7) C.Giannardi and D.Dominici; J.Env.Rad. , 64,227(2003). 
(8) Starmet.www.starmet.com (2001). 
(9) L.Moret; U.S.Nuclear Policy and depleted uranium, www.traockpeace.org. 
(10) V.S.Zajic; Review of Radioactivity, Military, use, and health effects of DepletedUranium, 

www.ratical.org/radiation/vzajic (2001). 
(11) A.W.Phipps and R.R.Baily; the health hazards of depleted uranium munitions, part 1,The 

Royal Society (2001). 
(12) 4th annual scientific seminar on" Depleted Uranium: properties, use, effects and issues", 

Egyptian Nuclear Physics Association, Egyptian Atomic Energy Authority, 19-20 May 
(2001). 

(13) M.A.Kadhui, P.A.Macdonald, D.T.Goodhead, S.A.Lorimore, J.J.Marsdu and E.G.Wrigh; 
Nature, 355,738(1992). 

(14) R.E.J.Mitchel and S.Sunder; Health Phys., 87, 57(2004). 
(15) H.Livingstone; Depleted Uranium Weapons, the Edge Gallery, London (1995). 
(16) B.Rostker; Environmental Exposure Report: Depleted Uranium in the Gulf, Department of 

Defense, USA (1998).  
(17) H.Swchroder; Rad.Prot.Dos. , 103,211(2003). 
(18) C.Alexander and J.Clair; DU cancer as a Weapon Radioactive War,     

www.counterpunch.org/du.html. 
(19) R.H.Gwiazda, K.Squbb, M.McDiarmid and D.Smith; Health Phys., 86, 12(2004). 
(20) K.Parker; International Conference Campaign against depleted uranium, Manchester 

(2001). 
(21) M.Durant and M.Pugliese; J.Env.Rad. , 64,237(2003). 
(22) V.Chazel, P.Gerascmo, V.Debouis, P.Laroch and F.Paquet; Rad.Prot.Dos. 105,163(2003). 
(23) R.E.Toohey; Rad.Prot.Dos. , 105,171(2003). 
(24) J.P.McLaughlin, Llanos Vintro, K.J.Smith, P.I.Mitchell and Z.S.Zunic; J.Env.Rad. , 

4,175(2003). 
(25) M.Durant and M.Pugliese; J.Env.Rad. 64,237(2003). 
(26) International Atomic Energy Agency, Radiological Assessment Reports Series, 

Radiological Conditions in Areas of Kuwait with residues of depleted uranium" in English 
and Arabic", Reported by an international group of experts (2003).        


