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Who am I? Why am I studying DU?
• Sandia National Laboratories 

– DOE Lab (Nuclear Weapons, Energy)
-  National Security Studies department

• National Security Studies Dept.
– Explore Terrorist Threats (DU?)
– Objective studies of Sandia activities (U use) 
– DU issues of interest to department

• My Background
– Physics, Nuclear Engineering
– Physics orientation, not medical details

Objective: Explore DU exposure issues.

Examine:
• DU issues

• DU dispersal mechanisms

• Possible exposure mechanisms

• DU biokinetics

• Radiological health effects

• Heavy metal (chemical) health effects
• Report findings

Used Gulf War as DU case study.

DoD defined 3 exposure levels:
• Level I exposures : “ Friendly f ire”  veterans

–  Accidentally targeted by US tanks

– H ighest exposures Highest exposures
–  Study completed

• Level II: Post-battle teams - No study planned

• Level III: Incidental Exposures – No study planned

• Civilian exposures – Study planned

Work in Progress



Preview of Preliminary Findings.

• Inhaled DU mass exceeds DoD estimates

• Fragment dose contribution significant

• DU radiological effect insignificant

• DU in Kidney high for max case, chemical 
heavy  metal: consequences uncertain

• Other DU heavy metal effects possible, 
significance uncertain

Presentation Outline
1. DU Characteristics and Use

2. Intake and Biokinetics

3. Radiological Effects

4. Heavy Metal Effects

5. Summary and Conclusions

1. DU Characteristics and Use

• Uranium:
–  Naturally occurring heavy metal, high density

–  Chemically toxic, slightly radioactive
–  Principal use: nuclear weapons, power reactors

• Natural isotopes:
U ra n iu m  Z N  A  half-life Support Chain. 

Is otope Protons N eu tron s (Z+N) T10(yer) R eaction?

U- 234 92 142 234 2 5  x  1 0 5 No

U-235 92 143 235 7.0 x  108 Y e s

U-238 92 147 238 45  x  109 No

DU use as armor penetrator.
• U enriched in U-235: reactors, nuclear weapons

• Leftover is DU, mostly U-238

• Ideal for armor penetration
–  Penetration depth ~ density
–  Self sharpening
–  Inexpensive
–  Pyrophoric 

impact generates particles, explo

1991 Gulf War 
• 900,000 DU rounds 
•  315 tons DU



2. Intake and Biokinetics

Level I veteran exposure mechanisms.
• 1 or 2 120 mm rounds hit vehicle

• DU particulate, explosion

(1) Occupants inhale DU particles

(2) Occupants hit by DU fragments

(3) Occupants ingest DU powder

(1 )  Look at inhalation exposure.

• Inhaled mass determines dose
• Estimated inhaled mass for nominal case

T h i s  S t u d y Do D R o y a l  S o c i e t y F e t t e r  a n d  
v o n  Hi p p e l
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Estimated inhaled mass for maximum case.

T h i s  S t u d y D oD R o y a l  S o c i e t y F e t t e r  a n d  
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Inhalation biokinetics: DU in RS.
• Recent international model*

– P a r t i c l e  d e p o s i t io n  
■ P a rtic le  size (d )* *
■ Depositi on f r a c t io n  (δc)*

– Particle tra n sp o rt ra tes  (λc)*
■ C iliary  ac tio n  
■ L y m p h  nodes

– B lo o d  d i s s o lu t io n  

■ R apid  fra c tio n  (fr)** 

■ R a p id  slow ra t es (λ r)* *

• Data from
* In ternational Commission on Radiological Protection (I CRP) 
** I m part particulate research



Basic distribution of inhaled DU.

•  Basic equations solved
–  C oup led  d iffe re n tia l eq u a tio n s  

–  C om pute  tim e-dependent
■ Transport 
■  Blood absorption

–  E a ch co m p a rtm e n t

–  Rap id an d  slow blood

•  Equations couple to
– O th e r  o rg a n  m odels

– Ur ine elim ination

Blood distributes DU to organs
• Coupled to RS equations
• Total in body

~  60%  ex h a led , %  re m a in in g : 
■ 10% a t  2 months 
■ 4%  a t 1 y r 
■ < 0 .0 1% a t 50 y rs

Initial blood distribution 
to organs for DU 

(2 ) Level I Ingested DU insignificant
• Used ICRP model

• DU to GI tract from:
• I n g e s tio n  ( h a n d - to - m o u th  c o n ta c t)

• R esp i r a t o r y  S y s te m  (R S  i n h a l e d  D U )

• Passes rapidly through GI tract

• Small (1.4%) absorbed by blood, 
passed to organs

• Effect small for level I 
ignored here

(3 ) Embedded fragments effect.

• Embedded fragment dissolution
–  In fe rre d  d isso lu tion  ra te  fro m D U in  u rin e  (M cD iarm id  s tudy)

–  N om inal case: Used av erag e  DU in  u rin e

–  M ax im um  case: Used 2  x  m ax  DU in  u rin e

–  A ssum e c o n stan t ra te  

- D eveloped sim ple m odel

• Effect is significant



3. Radiological Effects

Background: Radioactive decay
■ R a d io a c t iv e  d e c a y : e m is s io n  o f  p a r t i c le s  f r o m  n u c le u s

■ D is in te g ra tio n  (D ecay) 
α , β , an d  γ

■ N ew  elem en t form ed

■ Activity: dis./sec
– C u rie s  (C i) = 3 .7  x  1010 d is / sec 
– A c t i v ity/g f o r  U  is  v e r y sm all

■ H a l f  l i f e :
–  T im e fo r  no.  a to m s to decay  b y  1/2
– Activity ~ 1/⊤ 1/2
– L o n g  h a lf  life = low activ ity

Types of radiation and exposures.

• Alpha (α) radiation
– E x te rn a l:  no skin p e n e tra tio n , no h e a lth  r is k  

– In te rn a l: dam a g e  soft tissue , h ea lth  r isk

• Beta (β ) radiation
– Ex tern a l  so m e p e n e tra t io n , sk in  b u r n s 

– In te rn a l: dam ag e soft tissue , h e a lth  r is k

• Gamma (γ) radiation
– Ex te rn a l  and  in te rn a l:  

h ighly  p e n e tra t in g , h e a lth  r i s k

Dose determines health effects.
• Absorbed dose: Radiation energy absorbed

– SI u n it :  G ra y  (G y)

– O ld e r  un it: ra d  (1  G y = 100 ra d )

• Dose equivalent: Dose x (Wr)
– F o r  ra d ia tio n  b io log ical e ffect
– S I u n it: S ie v e r t  (S v)

– O ld e r  un it: (rem) 1 Sv = 100 re m

• Effective Dose: Dose x (Wr) x (Wt)
– For organ sensitivity
– Wt = 0.12 lu n g , bone m a rro w
–  Wt = 0 .01 s k in , h o n e  su rface

– SI u n it: S ievert (Sv)

Radiation Wr

 β 1

α 
(internal)

20

Level I Maximum individual dose.
• Lung dominates dose
• Max dose individual (Inhalation + fragments)

–  1 s t  y r :  =  1 9 0  m Sv/y r
–  50 y r  com m itted  dose = 2 0 9  m  S v

• Comparison 
–  B ack g ro u n d : ~ 3 m  S v / y r

–  W o rk e r  lim it: 50 m  Sv/y r

–  P ack -a -d ay sm o k er: ~ 60 m  Sv /y r  

–  Worker 35 y r  com m itted  dose = 35 0 m  Sv/y r  

• Fragment dose effect significant
–  O rg an s 20 to 30 x inhaled  dose
–  L oca l effec t?



Level I Max Individual Radiological Effect.
• Linear No-threshold (LNT) model used
• Lifetime risk of radiation-induced fatal cancer:

~ 1 chance out of 70

• General population lifetime fatal cancer risk:
~ 1 chance out of 7

• Risk of radiation-induced birth defect:

<<1 chance out of 10,000 (overestimate)

• General population risk of birth defect: 
~ 1 chance out of 30

Level I Collective Radiological Effects.
• Level I collective risk, assuming total for:

–  60 individuals with fragments
–  1 00 in d iv id u a ls  i n h a l a t i o n -o n ly

• Lifetime collective risks, radiation-induced fatal cancers:

~ 1 chance out of 5 any cancer in Any Level I Veteran 
(v s .  ~24  fa ta l ca n c e rs  fo r  160 in d ividuals  o f  g en e ra l p u b lic )

~  1  c h a n c e  o u t  o f  50 l e u k e m ia  

~  1 c h a n c e  o u t  o f  1 0 0  b o n e  t u m o r  Any Level I Veteran
–  1  c h a n c e  o u t  o f  300 0  ly m p h  c a n c e r

4. Heavy Metal Effects

Kidney is the target organ for DU.
• Heavy metal damage to kidney well established

–  Damage to p roximal tubes
–  D ep r e ssed  g lo m e rlu a r  func tion

Criterion (DOE*)

Kidney Burden 
μg DU 

g kidney

No effect (chronic) < 0.1

No effect* (acute) < 1

Permitted* < 3

LD/50 * 55

2/3 kidney damage -without apparent symptoms

High DU mass in kidney predicted.
• Maximum case

– No effects oh served  in  v e ts

–  < 2 w e ek s : p re d ic t  m e a su rab le effec ts 

– ≫  2 g  in h a led  u n lik e ly

–> 3 μ g/g , < LD /50

• Kidney r esilient, but
–  T o ta l  re c o v e ry u n likely
–  A cidosis A lkalosis?

■ Disorientation
■ Fatigue
■ Spas ms
■ Nervousness



Comments.
• Predicted risks are overestimates

• Lymph node Wt challenged
–  E ven  i f  o f f  b y fa c to r  o f  100, still sm all

• Standard LNT challenged
–  Too h ig h ?  Too low ?

–  S ign ifican t e ffec t n o t likely

• Other possible heavy metal effects
–  N euro to x ic , h o rm o n a l, repr o d uctive , c a n c e r
–  In su ffic ien t d a ta  to p re d ic t
–  E ffect u n c e rta in

• U  workers findings: (120,000 workers)
–  F a ta litie s  <  av g . a ll ca n ce rs , k id n ey  dam age

–  H e a lth y  w o r k e r  effect?

5. Summary and Conclusions

• Inhaled mass higher than DoD estimates

• Significant Fragment contribution to dose

• Radiological effect appears insignificant

• Max case Kidney DU heavy metal effect uncertain

• Other DU chemical effects possible

All results are preliminary




