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ABSTRACT 

;he oxides of four transuranium isotopes (238~u, 2 3 9 ~ u ,  241Am and 

244~m), prepared by idkntical methods of calcining the oxalate a t  750°C 

for  two hours, had different  physico-cherni cal properties. For a1 1 four 

oxides the density ranges from 9.8 to 11.4 g cmW3 and in i t i a l  ul t r a f i l t e ra -  
0 

, bi l i ty  (suspended fraction of ac t iv i ty  <24 A) varied from 0.002% for 239~u02 

, to  2.24% for  238~u02. Dogs were exposed by nose-qnly techniques to aerosols 

generated by nebulizing water suspensions of the oxides. The dogs were 

sacrificed a t  intervals from one week t o  about a year postexposure. The 

ra te  of translocation of inaterial from lung t o  other tissues increased from 

2 3 9 ~ u  t o  2 3 8 ~ u  t o  i 4 1 ~ m  to  2 4 4 ~ m ,  possibly reflecting the decrease i n  mean , 

par t ic le  size from an MMD of 0.7 pm t o  239~u02 to  0.6 pm fo r  238~u02 t o  
241 0.4.um for AmOZ t o  0.1 pm for 244~m0x. Accumulation of the isotopes i n  

the l ive r  and skeleton as a percentage of final body burden was 1% 2 3 9 ~ u  

and 7 t o  23% for 2 3 8 ~ u  a t  about a year postexposure, while a t  270 days 

postexposure,,values were 40% for  241Am and 40 t o  30% for 2 4 4 ~ r n .  

T h i s  work was done by Battelle, Pacific Northwest Laboratories, for  the 
U. S. Atomic Energy Commission under contract H(45-1)-1830. 
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Maximum permissible concentrations (MPC) of radionuclides in  a i r  and 

water t o  which human beings might be exposed a re  established on the basis 

of the known or  assumed metabolism of soluble and insoluble compounds con- 

taining each radionuclide. The MPCs of the transuranium elements were 

derived .to a large extent from. studies i'nvolving s ingle  intravenous 

Injections of monomeric isotopes i'n c i t r a t e  solutions t o  beagle dogs.  , 

' 

( ~ a y s  and Dougherty, 19721, on t h e  basis of whichthe skeleton was estab- 

l ished a s  the c r i t i c a l  organ f o r  these materials. Since experimental 

s tudies  w i t h  isotopes and elements other than 2 3 9 ~ u  were limited in num- 

a ber, the actual values f o r  the MPCs were largely derived from the 239pu 
. .. 

data,  making adjustments fo r  the differences in.physica1 decay r a t e s ,  

modes. and energies. 

The biological behavior of 239~u02 inhaled by beagle dogs was shown 

by Bair (:1962, 1967 and 1968). and Park, e t  a1 (1972) to. d i f f e r  consider- 
. . 

ably from tha t  of the plutonium c i  t r a t e .  This insoluble oxide was trans- 

located only slowly from the lung once the rapid clearance phase via the 

c i l i a r y  escalator  and GI t r a c t  was complete. Subsequent translocation 
. '. 

. . 

occurred mainly to  the thoracic lymph nodes ( L N ) ,  t h e  f ract ional  d ls t ru i -  : . ''. 

bution between lung, thoracic L N ,  l i v e r  and skeleton being roughly 0.10, 

0.50, 0.15 an< 0.05. ten years postexposure (Park e t  a l ,  1972), much of the 

... balance being i n  the abdominal lymph nodes. Death of these dogs was due 

t o  pulmonary-fi brosis induced respiratory insufficiency ( a t  the higher 

deposition leve ls )  and pulmonary neopl asia .  
3 

These s tudies  established the lung as  the c r i t i c a l  organ f o r  inhaled, 

insoluble transuranium oxides. Even though the highest concentration (and 

therefore,  presumably, dose r a t e )  of 2 3 9 ~ u  was in  the thoracic lymph nodes 



and these were often nearly to t a l ly  destroyed, no neoplasia o r  other 

. serious consequence of t h i s  f a c t  seems t o  have occurred. Also, neither 

osteosarcomas nor carcinomas of the l ive r  have been seen i n  dogs tha t  

T h e ' f i r s t  suspicion tha t  i t  might not be appropriate to  apply r e su l t s  

obtained w i t h  239~u02 to predict the postinhgl ation biological disposit ion 

of other insoluble transuranium oxides arose. when changes in so lub i l i t y  
. . 

a s  a function of time were observed for  238~u02 stored i n  water f o l l  owing 

preparation i n  identical fashion t o  the 239~u02 (Park e t  a1 , 1974). No 

: similar  changes were observed w i t h  239~u02 even a f t e r  four years of s tor -  

. age . in  water and i t  retained i t s  crystal  1 i n i  ty, whereas the 2 3 8 ~ u  was 

. shown by X-ray diffracti 'on t o  have become completely amorphous i n  nine 

'months. 
.. , 

. , A similar  higher i:n vi t r i  solubi.1 i ty of respirable  238~u02 compared 

t o  239~u0, has recently been reported by Raabe e t  a1 (1973) in  a system 
' 

L 

desjgned to  eii 'minhe the e f f ec t  of pa r t i c l e  s ize .  Also, dogs which had ' .  

been ,exposed to  238~u02 prepared by f i r i n g  plutonium oxalate a t  350°C in 

1967 s ta r ted  dying w i t h  osteosarcomas, as  much as  50% of t h e i r  f ina l  body 

tjurden belng fuur~d ' i i r  the skeleton. . 

' The reason f o r  the observed changes in ul t r a f i  1 terabi 1 i ty of 238~u02 
. . 

w i t h  time in water suspension i s  not known, though i t  has recently been 
\ 

..... ascribed t o  the tearing loose of recoi 1 nuclei following alpha decay 

- (Fleischer,  1975). I t  could also be a rad io ly t ic  e f f ec t  or ,  simply a 

pa r t i c l e  s i z e  effect .  We do know tha t  238~u02 powder can be stored'  i n  a 

dry s t a t e  inde f i i i  t e l y  without displaying an elevated ul t r a f i  1 terabi  1 i t y  
i' 

when i t  i s  placed in suspension, nor does i t  lose i t s  c r y s t a l l i n i t y  

under these conditions. 



The di-fferences i n  biological disposit ion reported by Bair and Park 

(1968) f o r  239~u02 as  a function of calcination temperature a re  probably 

due t o  differences i n  physical properties such as pa r t i c l e  s i ze  d is t r ibu-  

t ion,  spec i f ic  surface area,  completeness of oxidation, etc.  The d i f fe r -  

ences i n  t i s sue  d is t r ibut ion  90 days postexposure a re  within the range of 

variabi 1 i t y  observed, for  dogs a1 1 exposed t o  the same material. 

The purpose of the present study was t o  compare the biological 

disposit ion a s  a function of time post-inhalation exposure of beagle dogs 

t o  the dioxides of 2 3 S ~ u ,  2 3 . 9 ~ u ,  2 4 1 ~ m  and 2 4 4 ~ m .  AS f a r  as possible. we 
' i 

a lso  wished to  characterize the physico-chemical properties of materials 
. . 

, . prepared i n  ident ical  fashion and t o  attempt t o  r e l a t e  these to  t h e i r  

observed bi 01 ogi cal behavi:or. . . 

METHODS 
. . 

'1 
Preparation of Actinide Oxides . . 

238~u (80% i sbtopi c puri t y )  and 2 3 9 ~ u  (weapons, grade) ' were both puri - 
f ied  by anion exchange in rii t r i c  ac id .  (Ryan and Wheelwright, 1959). 241 /(, 

. . 

kesulting from beta decay of 2 4 1 ~ u  in weapons grade plutonium was recovered 

by dibutylbutyl phosphonate extraction from the aqueous r a f f ina te  from t r i -  

butyl phosphate extraction of plutonium. I t  was purified by removal of 

Pu by anion exchange (Ryan and Wheelwright, 1959) followed by f ina l  puri- 
% 

fi cation by displacement devel opment chromatography on cation exchange 

columns using ammonium diethylenetr iaminepentaacetate .as eluant (Wheel - 
wright, .1964, and Wheelwright, 1969). 2 4 4 ~ m  was obtained from Oak Ridge 

National Laboratoe,  and 2 4 0 ~ u  was removed from i t  by anion exthange i n  

n i t r i c  acid immediately 1 day) before precipi ta t ion of the t r iva len t  

(ascorbic acid was used as  a reductant t o  product t r iva len t  2 3 9 ~ u  and 



. . 
2 3 8 ~ u )  a c t i n i d e  oxalates from 0.2 to 0.5M - HN03, and the oxalates were 

washed f r e e  o f  HN03 and f i r e d  a t  750°C i n  a i r  f o r  two hours. The oxides 

were al lowed t'o cool  s lowly  i n  a i r  t o  i nsu re  t h a t  t he  s to ich iometry  c l o s e l y  

approached Cm02 i n  the curium case (Chi k a l l a  and Eyring, 1969). These con- 

d i t i o n s  were chosen because they are the same as those selected fo r  pre- 

pa ra t ion  of the Fast  F lux  Test F a c i l i t y  fuel.. The day before an exposure, 

5 t o  100 m i l l  igrams o f  mate r ia l  was thoroughly shaken up i n  30 t o  1000 m l  

o f  t r i p l e  d i s t i l l e d  water. The suspension was t h e n  a1 lowed t o  s e t t l e  f o r  

10 minutes before decan t ing . fo r  use the  top 3.5 cm, as described by Cra ig  

e t  a1 (1972, 1973). Th is  procedure was designed t o  e l im ina te  large,  non- 

r esp i r ab le  p a r t i c l e s  before  aerosol i z i n g  the mater ia l .  . . 
. . 

" . , 
. . 

Charac te r i za t ion  o f  Mate r ia l s  

DensiQ oetelminationa. The densi t y  of t he  239~u02  was determi ned by 

Hanford Engineering Devel'opment Laboratory Ana l y t i ca l  Laborator ies as 

3 .  10.16 g/cm by an He displacement technique. The dens i t ies '  of the 238~u02, 

,239~u02, 241~rn02, and 244~m02 were a1 1  determined pycnometri ca l  l y  w i t h i n  

40 hours o r  l e ss  o f  t h e i r  preparat ion. A speciaYly designed pycnometer 

o f  about 2 m l  t o t a l  capac i t y  was used,, and the derrs i t ies o f  2 3 8 ~ ~ ~ ~ 2  and 

239~u02 weredetermined on the 400 mg scale, b u t  because o f  personnel 

exposure problems (u rays  and neutrons) the dens i t i e s  of 241Am~2 and 

244~m02 were determined on the 100 mg scale. Carbon t e t r a c h l o r i d e  was 

used as pycnometer f l u i d  s ince r a d i o l y s i s  i n  the  cases o f  the  shor ter -  

l i v e d  isotopes produced severe bubbl ing i n  water. I n  the cases of 238~u02, 

239~u02 and 244~md2,  the pycnometer was removed from a  r a p i d l y  s t i r r e d  

C C l q  bath >t 25OC, dr ied,  and weighed as q u i c k l y  as possib le.  With 

238~u02 and 244~m02 t h i s  thermosta t t ing  was an absolute necess i ty  because 



. . 

o f  rad io ly t ic  heat generation, and the f a i l u r e  t o  do the 241~m02 measure- 

ment i n  the same manner is probably the cause of the lower r e su l t  i n  t ha t  

case. A l l  the measurements were repeated several times, and the density 

of powdered UOp was a l so  determined on the 100 mg scale. 

ParticZe Size Dctehnation.  The pa r t i c l e  s i ze  di s t r i  bution of the 

unmodified, f reshly calcined powders of 2 3 8 ~ ~ 2  and 239~u02 were deter- 

mined using an MSA Par t i c l e  s i z e  Analyzer. This device combines gravity 

sedimentation and f ive  possible centrifugation speeds, 300, 600, 1200, 

1800 or 3600 rpm, the suspended powder being placed in calibrated capil-  
. . 

. ' l a ry  tubes. A m i n i m u m  of about 400 mg of powder i s  required and external 
' 

dose r a t e s  from 2 4 1 ~ m  and 2 4 4 ~ m  precluded use of this technique fo r  sizing 

them. 

. . 

. Inhalation Exposures 

. The techniques used f o r  the nose-only exposure of beagle dogs t o  radio- 

; . a c t ive  aerosols (Figure 1 ) have been described in  de ta i l  e l  sewhere (Bair 

and Dilley, 1967; Craig e t  a l ,  1972 and 1973; modified system: Craig, 

Buschbom and Decker, 1975). Data from f i v e  d! f f e ren t  experiments involving 

the exposure of 60 dogs were used fo r  t h i s  paper. These a re  summarized i n  

Table. 1,  from which i t  will  be seen tha t  13 dogs exposed t o  239~u02 were 

sacr if iced when death was inuninent out to  385 days postexposure. Data on 

. . . . 8 of 12 dogs sacrificed out t o  270 days postexposure to  each of 2 4 1 ~ m ~ 2  

and 244~m02 a re  available. Six dogs were exposed t o  freshly prepared 

238~u02 and two were sacr if iced a t  29, 54 and 78 days postexposure t o  com- 

pare the disposit ibn with t h a t  of apparently mono~neric 2 3 8 ~ u  (Park e t  a l ,  

1974). . Data from one of the 29-day postexposure dogs were lost .  A fur ther  

10 dogs were exposed to  238?u1 602. (PPO) speci a1 ly  prepared fo r  radi onucl i d e  



thermal generators f o r  use on board space vehicles. These were sacr if iced 

8, 30, 56 and 90 days postexposure. 

The radionuclide d is t r ibut ion  i n  the t issues of the animals following . 

sac r i f i ce  was determined by standard techniques. Samples tha t  gave count . . 

r a t e s  of l e s s  than twice background were recycled fo r  .further processing 

and alpha spectrometric studies. Data f o r  the low level 2 4 1 ~ m  and 2 4 4 ~ ~  

animals tha t  have been sacr if iced a re  not y e t  avai lable  for  t h i s  reason, 

. . : .  something"that a l so  applies t o  much of the excreta analyses. Tissue dis-  1' 
tri butions are ,  therefore,  ,expressed as the percentage of f inal  body 

burden i n  a l l  cases. 
. . 

. . RESULTS . . 

Details of the tjmes of purif icat ion of the material and i t s  prepara- 

t i b n  f o r  the i n h a l a t i o ~ e x p o s u r e s  a re  given i n  Table 2. The 2 3 9 ~ u  purif i - .  

cation involved separation of 2 4 1 ~ m ,  the decay product of one of the 
. . 

, 
contaminants of t h i s  weapons-grade pl utonium, viz 2 4 1 ~ u ,  while 2 4 0 ~ u  has 

t o  be removed from the 244~m02. There were no act inide impurities i n  the 

241Am, the contaminants being mainly ra re  ear th elements. The physical 

ha l f - l i fe  i n  years and some of the more s igni f icant  source material data 

i s  a l so  in  Table 2. Measured densi t ies  of the powdered oxides, 

together w i t h  the theoretical densi t ies  and measured l a t t i c e  parameters of 
\ 

each freshly-calcined material are  presented in Table 3.  These l a t t e r  data 
... 

were obtained using a G E  X-Ray diffractometer and showed tha t  we were 

def in i te ly  exposing dogs t o  curium dioxides. 
1 

Table-4 gives the calcined suspension charac ter i s t ics ,  measured as 

soon as possible a f t e r  material preparation in order to  reduce the inf lu-  

ence of se l f - inf l ic ted  radiation damage, spa l?s t ion  or  rad io ly t ic  e f fec ts  



i n  water suspension. I t  was not 'possible to  get  pa r t i c l e  s i ze  d is t r ibu-  

t ions conducted for  24'~m02 and 244~m02 in  the same way as was done f o r  . ' 

the plutonium isotopes (Figure 2 ) ,  mainly because of external dose r a t e  

considerations. 

Character-i.sti.cs of the aerosols used , f o r  the dog inhalation exposures 

..are presented in Table 5. Tissue d is t r ibut ion  data for  each of the four 

transuranium dioxides, expressed as percentage of f ina l  body burden, a re  
. . 

presented i n  Figures 3 through 6. For the two plutonium isotopes, data 

f o r  lung, thoracic lymph nodes, l i v e r  and skeleton a re  plotted. Since the 

percentage 241Am ahd 2 4 4 ~ m  found in  the lymph nodes was negligible,  while 

appreciable quant i t ies  were present i n  dog muscles, t h i s  1 a t t e r '  t i s sue  has 

been subst i tuted fo r  lymph nodes i n  Figures 5 and 6. 

, . Table 6 summarizes the percentage of the f ina l  body burden trans- 

located t o  the gonads of the dogs f o r  each isotope. 

On the  basis of U02 density determination on the same scale ,  i t  appears 

tha t  the experimental e r ro r  resul t ing from radio ly t ic  heating and the small 

sca le  of the experiment (160 mg of oxjde represents only about 0.01 ml of 

pycnometer f l u i d  displaced) i s  no more than t10% in  the case of 241~m02 and 

2 4 4 ~ m ~ 2 ,  55% i the case of 2 3 8 ~ u ~ 2 ,  and 22% i n  the case of 2 3 9 ~ u ~ 2 .  I t  

. must be real ized,  of course, tha t  the dens i t ies  obtained on such f ine ly  

divided materials will always be somewhat lower than the theoretical values 

since wetting of the surfaces cannot be perfect. 

X-ray diffra6t ion patterns of the four oxides were obtained the day 

a f t e r  t h e i r  preparation w i t h  ThG2 present as an internal standard, and 

l a t t i c e  pararnetgrs and theoretical dens i t ies  were determined from the data. 



  he values were corrected f o r  radiation damage t o  the  l a t t i c e  from' the 

time of preparation using avai lable  data (Fuger, 1975). The l a t t i c e  para- 

meters, theoretical dens i t ies ,  and pycnometrically determined dens i t ies  

a re  shown' in Table 3 and a re  compared to  l i t e r a t u r e  values. Since i t . i s  

well known tha t  the l a t t i c e  parameters increase as the oxide to  metal 

r a t io s  of act inide oxides decrease below 2.00 and CmOl.g8 i s  reported to  
n 

have a l a t t i c e  parameter of 5.372 A (Keller,  1971), i t  i s  apparent tha t  
- .  

the oxide prepared here i s  very close t o  Cm02.00. This would appear to  

be the .case  f o r  the other transuranium oxides as  well, taking in to  account 

the f a c t  tha t  the americium dioxide density determination was carr ied out 

without thermostatical l y  control 1 ing the temperature. - . 

' . .  . . The charac ter i s t ics  of the water suspensions of the transuranium - - 

dioxides given in Table 4. reveal an important discrepancy. Other things 

being equal, the r a t i o  of the i n i t i a l  ac t iv i ty  concentration ( t o t a l )  t o  

tha t  of the supernatent decanted a f t e r  an appropriate s e t t l i n g  time (res- 

pirable  f rac t ion)  should give an indication of the i n i t i a l  mass d is t r ibut ion  

of the powder w i t h  respect t o  pa r t i c l e  size.  The 239~u02 suspensions do not 

f i t ;  since t h i s  material i s  much coarser than, fo r  example the 238~u02 (see 

Figlire 2) .  I t  appears 1 i kely tha t  the low r a t i o  of 1.18 Tor. Lo.l;al t o  

respirable  suspension concentration was due to  a f a i l u r e  t o  adequately "wet" 

the 239~u02 ppwder, permitting some of the large par t ic les  tha t  would nor- 

. mal,ly have se t t l ed  out to  remain on the surface. Aerosols generated from 

t h i s  supernatent suspension had mean s i z e  d is t r ibut ion  parameters AMAD = 

4.2 pm,'GSD = 2.1. The aerosol t h u s  contained a large fract ion (>60X) of 

par t ic les  , t h a t  shbuld have se t t l ed  through more than 3.5 cm of water in 10 

mi nu tes.  



T h i s  discrepancy should not have had any e f fec t  upon the other  

measured physical parameters, with the possible exception of density. The 

u l t r a f i l t e r a b i l i t y  of the 239~u02 i s  exceedingly low, a f a c t  which i s  

matched by the very s l i g h t  translocation of t h i s  isotope to  dog t i ssues  

other, than the thoracic lymph nodes. These contained a mean (3 dogs) about 

18% of the f inal  body burden a t  about a year. postexposure, with 80% s t i l l  

i n  the lungs. Both 2 4 4 ~ m  and 2 4 1 ~ m  were translocated t o  the l i v e r  and 

skeleton' more rapidly than 2 3 8 ~ u ,  even though the l a t t e r  dis.played a much 

higher i n i t i a l  u l t ra f i l te rabi l i ty :  Data from only one dog sacr if iced a 

year postexposure i s  avai lable  and t h i s  had nearly 23% of the f ina l  body 

burden i n  the skeleton, 6.5% in the l i v e r  and 9.5% in the thoracic lymph 

: nodes. There was 56% l e f t  i n  the lungs a t  t h i s  time. 

2 4 4 ~ r n  i s  translocated extremely rapidly to  the l i v e r  and skeleton, 

about 30% and 20% of the f ina l  body burden being in these organs by the 

. .  . tenth postexposure day. These values increased to  40% and 30%, respectively,  

by 270 days postexposure. Although the i n i t i a l  translocation of 2 a ' ~ r n  from 

the lung was slower, a s  expected on the basis of i t s  seventy-fold lower 
. . 

i n i t i a l  u l t r a f i l t e r a b i l i t y ,  the l i v e r  and skeleton each contained about 40% 

of the f ina l  body burden by 370 days postexposurc. 

~ccurnulation of 2 4 1 ~ m  and 2 4 4 ~ m  in #the thoracic lymph nodes was signi- 

f i can t ly  lower than was the case f o r  2 3 8 ~ u ,  mean values a t  270 days post- 

. . exposure being about 1% and 0.5%, respectively. This compares with the 

9.5% value observed in  the one dog tha t  had been sacr if iced one year post- 

exposure t o  238~u02. The indication i s  t ha t  Am02 and CmOp par t ic les  are  
I 

being solubilized and transported i n  the blood t o  other t i ssues  more rdpidly 

than is the case with the 2 3 8 ~ u ~ 2 ,  despite the apparently larger  u l t r a f i l t e r a -  

b i l i t y  of the l a t t e r .  



Another s i g n i f  i cant' d i  f ference between 2 3 8 ~ u ~ 2  and these isotopes 

concerns the r e l a t i v e  amounts accumulating i n  the l i v e r  and skeleton. The 

percentages i n  the l i v e r  of the dogs exposed t o  241h~2 and 244~m02 remain 

higher than the skele.ton values throughout the experimental period, whereas 

there i s  a 3- fo ld greater  accumulation o f  2 3 8 ~ ~  i n  the skeleton than i n  the 

l i v e r .  Th is  observation a lso  app l ies  t o  2 3 9 ~ u  a t  longer postexposure times 

(Park, 1972). . . 
.. . 

Turning t o  the aerosol data presented i n  Table 5, i t  i.s.apparent t h a t  

there are considerable di f ferences i n  the s i ze  d i s t r i b u t i o n s  of the mate r ia l  

t h a t  the dogs inhaled, even though the mate r ia l s  were a l l  prepared i n  the 

same way. However, even though there were s i g n i f i c a n t  d i f fe rences  I n  the 

. p a r t i c l e  s i ze  parameters of the  two forms o f  238~u02, the  t i s sue  d i s t r i b u -  

t i o n s  i n  animals s a c r i f i c e d  a t  about the same times postexposure a re  

ind is t ingu ishable .  They have, therefore,  been lumped together t o  g i ve  a 

l a rge r  data base f p r  the 238~u02-exposed dogs. 

We have reported changes i n  the apparent s o l u b i l i t y  o f  238~u02 i n  

water suspension i n  the pas t  (Park e t  a l ,  1974), the u l t r a f i l  t e r a b i l i t y  

increasing as a f unc t i on  o f  t ime i n  suspension from 0.17+0.04% a t  1 day t o  

15.8+0.70% a t  65 days post  suspension. However, one o f  the d i f f i c u l t i e s  

experienced w i t h  t h i s  technique i s  t h a t  i t  i s  d i f f i c u l t  t o  dup l i ca te  r e s u l t s  

from one preperat ion t o  another, as ill u s t r a t b d  by the d i f f e rence  between 

0.17% and the value of 2.24% reported i n  Table 4. We have observed s i m i l a r  
. . 

d i f fe rences in the u l  t r a f i l  t e rab i  1 i ty  o f  244~m02, the h ighest  observed value 

one day a f t e r  p lqc ing the powder i n  suspension being 3.3%. U l t r a f i l t e r a -  

b i l i t y  values f o r  239~u02 have always been extremely low, ~0.2%. 

It seems l ike ly  t h a t  d i f fe rences i n  u l t r a f i l t e r a b i l i t y  f o r  d i f f e r e n t  

isotopes o f  the same element w i l l  serve t o  i n d i c a t e  d i f fe rences  i n  t h e i r  



biological behavior.   or d i f fe rent  elements, even though they a r e  a l l  , 

dioxides i n i t i a l l y ,  t h i s  may not be true. On the basis of i t s  physical 

ha l f - l i fe ,  actual pa r t i c l e  s i z e  and ul t r a f i l  terabi l i  ty ,  24'1~m02 would have 

been expected t o  be 1 ess translocatable than 238?u02. However, i t  i s  a 

different  element and may undergo chemical change to  Am203 o r  other more 

soluble compounds. . . 
. -. 

The 244~m02 has a considerably smaller real pa r t i c l e  s i z e  than an! of 

the other  three materials,  a count median diameter of 0.02 pm compared w i t h  

values i n  the range 0.1 t o  0.2 pm. T h i s  could account f o r  the observed 

higher u l t r a f i l t e r a b i l i t y  and translocation rates.  On the other hand, 

curium dioxide ' i s  a lso re la t ive ly  unstable and might be changing to  a d i f -  

, ferent  compound. tha t  i s  translocated more rapidly. . . 

' . 
Finally, some values f o r  the percentage of final,  body burden accumu- 

l a t ing  i n  the gonads of these. dogs i s .  given i n  i a b l e  6. These data show 

t h a t  only very small quant i t ies  of these transuranium oxides end u p . i n  the 
I 

gonads, the highest values being at ta ined by the 2 3 8 ~ u  one year postexposure. - 

Interest ingly,  l e s s  2 4 4 ~ m  was found i n  the gonads than 2 4 1 ~ m  and there WAS . . 

no apparent increase i n  quantity as  a function of time fo r  t h i s  isotope. 

CONCLUSIONS 

The observations tha t  have been reported here must a l l  be considered 

...... interim i n  so f a r  as they have been made on ongoing experiments. Both the 

238~u02 and the 239~u02 observations a r e  on dogs tha t  have died of radi- 

a t ion p'neumonitis or  been sacr if iced to  obtain t i ssue  d is t r ibut ion  data as 

par ts  of a l i fespen ,  low-level e f f ec t s  study. The 241/\111~2 and 244~m02 

studies  were designed to yield d is t r ibut ion  and excretion data for  these 

materials t o  help decide whether or not life-span e f fec t s  s tudies  were 



required. There a r e  3 dogs, scheduled fo r  sac r i f i ce  810 days postexposure, 

s t i l l  a l ive  i n  each study. Thus, the data presented serve only to  indi- 

ca te  trends, out to  one year postexposure, i n  so f a r  as these might be 

related t o  the measured physicochemical parameters of these transuranium 

oxides. To use the data f o r  dose and dose d is t r ibut ion  calculations i t  i s  

necessary t o  derive the i n i t i a l  alveolar deposition fo r  each dog, something 

tha t  will  not be possible unt i l  a l l  the excreta samples .have been radio- 
- .. . 

chemically analyzed. 
. . 
: A1 though there a re  some discrepancies, i t  does appear tha t  s n i t i a l  

ul t r a f i l  t e r ab i l i  t y  and .the aerosol pa r t i c l e  s i z e  d is t r ibut ion  give an 

i n d i c a t i o n  a s  t o  the r a t e  of translocation of these transuranium dioxides 

' '  from the l u n g  t o  other  t i ssues  in dogs. Thus 238~u02 has a much higher 

' i n i t i a l  ul t r a f i  1 terabi l  i ty than 239~u02 and i s  much more transportable. 

Curium-244 dioxide has a much smaller real pa r t i c l e  s i ze  and a higher 
' 

initial u l  t r a f i l t e r a b i l  i t y  than 2 4 1 ~ m ~ 2 .  I t  i s  more rapidly transported 

from the lung to l i v e r  and bone than any of. the other three transuranium . 

oxides, though apparently not t o  the gonads. 

. I t  is c lear  tha t  each transuranium isotope must be considered inde- 

pendently, even f o r  the same element. Bair (1367) showed t h a t  the method 

of preparation of pl utoni um-239 dioxide was of significance, probably due 
. \ 

'to differences i n  the resul t ing pa r t i c l e  s i ze  d is t r ibut ion  and nature of 

.. .._ the par t ic les  formed. I t  i s  possible tha t  biological half-l ives i n  the 

lung may have t o  be related t o  i n i t i a l  s i ze  distribut.ions and s o l u b i l i t i e s  

i n  order t o  adequately define dose and dose d is t r ibut ions  from measured 
1 

i n i t i a l  depositions. 
r 
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TABLE 1. NUMBER OF DOGS SACRIFICED AT VARIOUS TIMES 
POSTEXPOSURE TO TRANSURANIUM O X I D E  AEROSOLS 

S a c r i f i c e  Time 2 3 8 ~ u ~ i  2 3 9 ~ u ~  24 1 
i n  Days 2- AmO2- 2 4 4 ~ m ~  2- 

Postexposure ~ x p t .  160B Expt. 158A 'Expt.  140 Expt. 170 Expt. 166- 

*x o f  y i n d i c a t e s  x dogs analyzed t o  date  
y dogs exposed . 



TABLE 2. OXIDE PREPARATION AND PHYSICAL 
CHARACTER1 ST ICS . . . . . 

. . 

. . 

1. Date Pur i f ied Mar. '72 1.7.75* . E a r l y s 7 4  Jan. ' 74  

2. Date oxala te  Fired 10.'4.72 1:;10.75 6.17..74 1.7.74 

3. Temperature (OC) 7 50 7 50 7 50 750 

4. Duration (hours) 2 .2  2 2 

24400 y 456 y 18.1 Y 5. Half L i fe  87.8 y 

6. W t . %  Prjncipal  Isotope 80.89 94.21 100 83.32 

7.; Principal  Contaminant 2 3 9 ~ u  2 4 0 ~ u  2 4 6 ~ m  

8. W t . %  Princ. Contapinant. 14.98 . 5.35 4.11 

*or ig ina l ly  pur i f i ed  i n  May, 1970 f o r  dog exposure i n  1970 and 1971. 
The physical character i  s t i c s  were measured on the  repur i f  ied. 
material .  , 



Pycnometrical l y  L i t e r a t u r e  
; Determined L a t t i c e   heo ore tical L a t t i c e  

Densi ty  Parameter Densi ty 
( A )  

Parameter 
Compound (g/cm3 ) (g/cm3 ) ( R )  

(a) Corrected f o r  l a t t i c e  damage t o  t ime o f  preparat ion. 

(b) Fuger, 1975. 

( c )  J. A. Fahey, R. P. Turcot te,  T. 3. Ch ika l la ,  Inorg,  Nucl. Chem. 
Lett. ,  10: 459 (1974). - -  



TABLE 4. CALCINED SUSPENSION CHARACTERISTICS , 

Charac te r i s t i c  2 3 8 ~ u ~ 2  2 3 9 ~ u ~ 2  

1. Powder Mass (mg ) 5 97,8 

2. Water Volume (ml) 3 5 30 

4. Specific Act iv i ty  (mCi mg-'] , 12.02 0.07.25* 

5. I n i t i a l  Scspens -on Act iv i ty  1.719 . 0.236 
Conc. (mCi ml-1) 

6. Powder Size  Dis t r ibut ion 
(i) MMD ( ~ m )  8,.2 15.5 
( i i )  GSD 1.88 1.81 
( i i i )  10 W t . %  <dlo (vm) 3.5 7.2 
( i v )  50 W t . %  <dso (pm) 9.0 20.8 
(v )  90 W t . %  <dsg (pm) 19.2 29.0 

7. . Supernatent 'Conc. 235 200. 
(Respirable Fraction] 

,. (pCi ml-1) 

8. Ratio Total :Respirable , 7.31 1 . I8 

9. I n i t i a l  Ul t r a f  i 1 t e ra -  2.24-+0.12 0.0002m 
b i l f t y ,  % . 0.00004 

Note: ' A M ~ D  = Act iv i ty  median aerodynamic diameter 
GSD = Geometric standard deviation 
MMD = Mass median diameter 

 h his value i s  f o r  PuOz containing 94.21% 239Pu and 5.35% 2 4 0 P u ,  the  
l a t t e r  havingla ha l f - l i f e  of 6540 years.  Aerosols generated from 
t h i s  suspension had parameters AMAD = 4.192.34 pm, GSD = 2.102.13. 

i 



TABLE 5. INHALATION EXPOSURE AEROSOL 
CHARACTERISTICS 

1. Date o f  Exposures 

2. To ta l  Number o f  
Dogs. Invo lved 

3. Suspension Concs. 
(pCi m l - l )  

4. Aerosol Concs. 
. ( n C i 1 - l )  

5. Aerosol P a r t i c l e  
S ize D i s t r i b u t i o n  

( 3 )  AmD (pm) 
(ii)' GSD 

. (ii i ) MMD (pm) 
U v )  CMD (vm) 

Late  '70 
& t h r u  
1971 

(H&M Cone.)* (A1 1 Conc. 
2.192.19 1.882.13 2.342.36 1.40k.09 0.482.05 
2.252.08 1.732.12 1.892.24 1.692.05 2.13k.27 
0.65k.06 0.552.04 0.70t.10 0.40k.03 0.122.01 
0.09k.01 0.23t.04 0.23+.11 0.172.02 00022.01 

~ o t e :  (H) = .  High Level of Exposure 
(M) = Medium Level o f  Exposure 
(L) = Low Level of Exposure . - ., '. 

CMD = -.Count Median Diameter ., 

*L Values: AMAD = 0.732.10 urn; GSD = 2.41t.22, MMD..=0.20k.03 pm, 
CMD = 0.20+.01 pm. -. - 



TABLE 6. TP'NSLOCATIOM OF TRANSURANIUM OXIDES TO THE GONADS - 
PERCENTAGE OF F I N A L  BODY BURDEN 

. Days 
Postexposure 

Note: Figures i n  brackets prepresent number of dogs. 
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