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Abstract 

The deposition of Pu02 i n  the lungs of an occupation- 

a l l y  exposed worker is characterized by assay f a r  plutonium 

i n  excreta samples and from -- i n  vivo measurements of 241Am in  

the thoracic region. Chelation therapy by intravenous injec- 

tion of  1 gm Ca-DTPA was i n i t i a l l y  performed shortly a f t e r  

the incident and repeated us ing  0.5 gm of the chelate four 

additional times i n  subsequent days post intake. Analysis,of 

the a i r  sampler f i l t e r  retrieved from the s i t e  of the exposure 

identified the isotopic composition and particle size of the 

pl utonium material inhaled by the worker. 

Chel ation w i t h  Ca-DTPA did not  significantly reduce the 

magnitude of the lung  or  systemic deposition as determined 

from assay of plutonium i n  urine samples collected from the 

worker. -- In vivo measurements for  ''+lArn verify the retention 

of the inhaled material i n  the lung and also indicate the i n -  

growth of an amount of 241Arn as a daughter product of the 

2 4 1 ~ ~  i n i t i a l l y  inhaled. 

*This work was performed a t  the Pacific Northwest Laboratory 
(PNL), operated for the Department of Energy by Battelle 
Memorial Inst i tute.  
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INTRODUCTION 

A worker was exposed t o  a small  q u a n t i t y  o f  p l  utoniurn 
. . 

whi l e  performing a r o u t i n e  p r e s s i n g ,  s i n t e r i n g ,  and d e n s i t y  

measurement o f  pl utoniurn d iox ide  i n  a glovebox. A 

f a t i g u e  c r ack  i n  a g l o v e  al lowed a small q u a n t i t y  o f  plu-  

tonium d i o x i d e  powder t o  be r e l e a s e d  t o  t h e  room when t h e  
. . .  

. - . . .  . . . . . . .  . . . . .... .- - . . - . . - - - . . .  - .- . . . . . . . . . .  . . .  
., . 

. . .  - - --. . . . . . .  . . . w0ike.r;-removed::.h.ir-arm. fkbk&h& p o r t ;  Contamination -was ..f i: : .. . . 
. . .  . . . . . . .  . . . . . . . . , . . . 

found on t h e  worker ' s  r i g h t  hand, n o s t r i l s ,  and p r o t e c t i v e  

c l o t h i n g  a s  well a s  t h e  room f l o o r  and t h e  e x t e r i o r  s u r f a c e  

o f  the glovebox. Following. removal o f  t h e  p r o t e c t i v e  

c l o t h i n g  and containment  o f  t h e  s k i n  contamina t ion ,  t h e  

worker. was t r a n s p o r t e d  t o  t h e  whole body count ing  u n i t  f o r '  

. . i n  v ivo  measurements. . . . .  - -- 

Pre l imina ry  -- i n  v ivo  measurements o f  1 .3  n C i  241Am i n  . 

t h e  a n t e r i o r  t h o r a x  i n d i c a t e d  an i n t e r n a l  d e p o s i t i o n  o f  

plutonium. A1 though plutonium was d e t e c t e d  i n  s p o t  u r i n e  

samples c o l l e c t e d  imrned$ately fo l luwing  t h e  exposure i n c i -  

d e n t ,  samples ob t a ined  s e v e r a l  hours  l a t e r  were nega t ive  

implying t h a t  some o r  a l l  of t h e  i n i t i a l  p l u t u n i u l ~ ~  a c t i v i t y  

may have been due t o  e x t e r n a l  contaminat ion.  The concen- 

t r a t i o n  o f  plutonium i n  t h e  f i rs t  f e c a l  sample,  c o l l e c t e d  t h e  

day fo l lowing  t h e  exposure ,  was approximately 30 pCi/gm. 



!" INTRODUCTION (contd. ) . ; : $ , !  

. . 
becorporation therapy consisted o f  a se r i e s  of f ive  

. . 
injections with C ~ ~ D T P A  administered intravenously, one . : 

... 
: ,. . . 

. . :  : . . gram being$i'ven short ly a f t e r  the exposure, and 0.5 gram ' ,  . . . . . . 
. . . . .  . . : ; . . .  ; . . . . 

, , o f  the chelate g i v f n i n  four subsequent 'days. The insoluble . . 

. . 
nature of the inhaled material was supported by the lack of 

, . 
a . .  

-. . enhanced urinary pl utoni'um excretion fo1.l owing chel ation . . . . .  : .  . 
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Samples of the f i l t e r  from the continuous a i r  monitor 

and the material being sintered in the glovebox were analyzed 
. . .  . - 

by a chemical separation of plutonium and americium followed 

by alpha and mass spectroscopy to  determine the percentage ; 

isotopic composition of the material to  which the worker 

was exposed. 

MEASUREMENTS 

T h e  isotopic composi,tinn of the pl utonium and americi urn 
. . 

ac t iv i ty  on the a i r  sampler f i l t e r  was measured by alpha, 

mass, and gamma spectrometry. The composite resul t s  of the 

atom percent and the alpha .percent abundance of the plutonium 

isotopes and 241Am are  given in Table 1.  The er rors  associ- 

ated with each measurement represent two standard deviations 
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a t  the 95% confidence level .  The r a t i o  of t h e  t o t a l  alpha 
. . . . 

a c t i v i t y  t o  -2.41Am . . .  i s  approximately 11 t o  1.  
. . . .  , . . . . . . .  .)..*..... . . .  . . .. .*i  . . ' . . .  

, . .  
. "  . . 

, . . #  ' ' ; ' . " ,  . . * ~easurements  bf 2 4 1 ~ m '  located in t h e a n t e r i o r  thorax. 
. . , . ' . .  

? ? . . . . 

region of the :worker a r e  used t o  determike the pl btonium . . . . 

deposition in the lung since the r a t i o  of plutonium t o .  ' : 

The -- i n  vivo measurements a re  routinely performed using 

e i the r  'of two sc in t i l l a t ion  detector systems. Each system 

. i s  equivalent i n  overall s ens i t iv i ty  -for 241Am i n  the l u n g  

b u t  employ d i f fe rent  types of detectors.  The basic lung 

- . .  counting array .uses .four. NaI(T2). detectors connected .in ' . 
. 

. . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . . .  . ,  . . 
. - . - . . .  . . . . .  . . .  . . . . . . . .  . . . . . .  - .  . . . . . . . .  '_., : ,_.. _ < 

> . . .  - *... . . 
- ,  

, ., ., - - 
, . ,. . para1 1 el  ; ' one pai'r' i n  'contact with t h e  anter ior  thorax 'and , . : . . . 
. . . . 

. . . . 

the other pair  against. the posteri.or thorax w i t h  a layer . 
. 

.of f ab r i c  from a canvas cot between the detector and 

subject (Pa77). 

The second -- in vivo measurement system employed w i t h  

t h f s  evaluation was a special system using two dual-crystal 
' phoswich detectors [N~I(TR)/CSI(TR)] placed in direct 'con- 

t a c t  w i t h  the anter ior  thorax of the worker. Although 

only two detectors are  employed in the special system, the 
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operating character is ti.^^ . (i .e,  ,, lower background and i'm- . . 

. . 

proved sens i t iv i ty )  ire equivalent t o  the four detector '. 

. . 
; ._ , . . , i.:. ' . . .  . .  . . .  . . . . . . .  . . . .  ,_ ". .-.. : ., . . '  . , .  ', - , . . . : ,  . t ' .  ' . .  ' 

> .  'I.,. . -  _ . S i . .  
. . , . < -  . afray ' , ' (~&78).  :/' '::. ',?, ' , ' . . . . . . . . . . . . . *  . . . . . .  . . ! . . . . . . .  . . . . . .  t :  : .  

. . . . . .  . . .  . . . . A , .  . , . f . . ' i . . .  - . .  . ,, ' ' . - .  
' 

. The phoswich de tec to r s  provide a measure of the uranium . . 

and neptunium L X-rays a t  approximately 17 KeV from the de- 
, 

. , 
. ,  , . .  . . . .  ' . cay of ?. ' A m  and ..p lutonium whichthe. four detector a w a y .  , : . - , . .  . " . . . . .  . . -  - .  .=. - .  . . .  . . .  . . . .  . . . . . . . . .  .. . . . . .  L . . . .  . . . . .  ... . .  . . .  .... *. 
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- _ . _ - _ A  i-. . . . . . . .  . . .  , ...... .'-- c a i ' t R B b ' & , & ~ q t r i l ; . f ; ~ ~ 3 - ~ ~ n . : . a & d f ' t ~ o n ; ~ . u s f ~ g  ''a 'i']ive.;time . . . . . -  

- 5 . -  ...--. . . . .  . - . * : - . -> : . . 
. - . -  . .  . , . . .  . . . .  

. . . . . - . . .  . . . .~ . . 
- . . . . . . .  ... . -  . . . . . . . 

cornpu.ter anat.ysi s program, the phoswi ch detector provides a 

mechanism - t o  'reduce .the low energy .contribution to  the '  24 'Am 

spectrum from Compton scattered photons due t o  the presence 

of higher energy, gamma-emitting nuclides in the body such , 

a s  , U O ~ , o r  1 3 7 ~ s '  f o r  example (Ne78). 
. . . . , I . :  . . . . . . . . . . ..:, ' . pi., .-. * . . .  a ,  .-  . 

~n.ddd"ft iok t b  of: Z4 ' ~ m  in the thorax ;: the 

phoswich detector array i s  uniquely employed t o  detect  ac- : 

. , t i v i t y  t h a t  may have translocated from the lung t o  the 

slteleton.. . -- In vivo measitr~ments of 2"Am ' in the head (sku1 1 ) 
. . . 

can be used t o  estimate whether translocation from the lung 

has occurred (Co77). The detection l imi t  for  241Am in the 

sku l l ,  using two detectors and a 30-min.ute. counting period 

i s  30 pCi a t  the 95% confidence level .  
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. . MEASUREMENTS (contd. ) . ., : .":. , '. !- . rq , . . ' 3 .  . - , .  i,> . .: . . .  
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: . . . .  . . : -  ~ e s b l t s .  o f  28 sequential -- in vivo thorax measuremen.ts ~ O I -  - ', 

, , . . , . .  ;' . , . . . . . 
I . . . . 

. . . .  "'~m deposited in t h e  i u n g  of the exposed worker a re  1 i s ted  ; . . . . .  . . . , . .  . . .  I .  . . . . 
, . ( .  , . . ,  . ., . . . .  : . - .  < , . 7  : :  ' . . . . 

, . I .  : , - :  o n ~ a b l e ' 2 '  and i l lu s t ' r a t ed  onFigure l.,.'! The net energy spec- . . . .  . . . . . : . . . . . . . . .  ;: . . . . . . . . . . . .  . . .  . . . .  . . , .  . , . . . . . . . . .  . . . . 
. . 

- .  . . . - 
. . t r u m ,  Figure 2 ,  from a n  i n  v ivo thoiax nikaiurement made on. -- 

. . 
. . .  

day 493 post intake, shows a prominent peak i n  the  241Am 
. . . . .  . . .  .... . . . . .  . . . . I .  . . . . .  . . ., .. . . . . . . .  . . . . . . . . . .  . .  . . .  . . .... ...... . . . -  . . . 

. .- ,>.- ,- A?.!: :-- :. 1 -: .:. .. : *. , .  .- . . *.A:: . . -- - . .. _; I ............ . : . .' . 
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- .  . ,.: . . . . . .  . . . . .  -. . ,. : . . - . .  , . . -  ..=,.=.> ,.-Ld.> : 
. ,. . : ? . "  , . . . .  . . . , .  . , > > .  . 

... . . .  : .-: .;- . . - each .mea;u'rerne& was  determined. f r o m  r e p e t i t f i e  ~ o " r i . t r - ~ r i o k  - .. . . . . .  . . . - . . 
. . 

t o  which the detectors were repositioned on the- worker's - -  

thorax. 

Measurements of the worker's chest wall thickness have 

been made using an ultrasound u n i t  operated with a phased 

. . : array transducer .. The ches t ,  wall. thickness fo r  t h e  worker' . . . :;,.+. .. , .. 2 .  . . .  . . _  . . .  . . .  ,,. . - . . . . . . . .  . . . . . .  . . .  . . . . . .  ........ .. . . . , .. * -.. . . . . . . .  . . - 
. . . . . . .  -.. . . . .  . . . .  . . . .  

.. - .  , . . .._ - . 
. . . .  

- _ -- .:..:-; . -.:. . . . . . . - .  . . . . . T _ .  y 

. . 2. . . . 
. . . was 3 . 2 5  which i's s ign i f i can t ly -g rea te r  than tha t  . . .  calcu- . ' . . . . 

. . 

: , l a t ed '  from the relatior.iship of ~amsden and Speight (RaG7) 

which employs a r a t io  of weight t o  height to  estimate chest 

wall thickness for  routine survey counts. The e f fec t  of 

t h i s  additional attenuating t i s sue  between the lung and the  

detectors has been included i n  the evaluation of the worker's 

internal deposition of 24 'Am.  
. . 

An evaluation of the systemic deposition is  performed 

u s i n g  measurements of plutonium in excreta samples and corn- 
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. . 
: . .  paring the 'e l iminat ion with time t o  the- metabolic models f o r  

. . .  . * .  . . . . . . 
. . - .  

. . . . . . . . . .  . . . . .  . . t h e  nuc1.i de (La56,. He57); . Both u r ine  and fecal  s a m p l e s  were . :. .. , . '  
. . .  . . . . .  ' .  . .  . . . .  . . ./. .. : ,-- , 

. _ ' .  . . '  , : . c  _ . %  ' . . . "  . . . . . . .  . . I . . (  . . . .  . ,  . . . . . . . . . obtained from t h e  wbrkef following t he  exposure. The r e s u l t s  . . 
. . . . .  .: . '  .. . . . . . . - . -. . .  . .I , . . . .  . . . . . _  . , .  _ .. , , .' . : ,. . ,. .,::. . ( . :  . . :  .. . . . .  

. . . . 
. . . . .  o f  t h e  p ~ u t o n i &  .analys is  i n  these  sample; &e' given dn ~ a b l e s  ' ' . 

. . . . 

3 and 4. No es t imate  of e r r o r  is l i s t e d  with each ana ly t i ca l  
. . .  . . .  . . .  , , . . - . . 

. . .  
. . 
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f o l  lowing chemica'l . . separat ion does not provide a mechanism fo r .  

t r qce r  ana lys i s .  However, based upon batch r e s u l t s  and t h e ,  

evaluation of samp1.e~ in which known concentrat ions of  c a l i -  

brated NBS t raceab le  plutonium a c t i v i t y  have been added, the  
. . 

the  l i m i t s  . . 

. . . . 

overa l l  es t imate  of er.ror . . .  is  approximately +100% a t  the  1 imits , . . . .  
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ANALYSIS 

. . Results  of sequerltial -- in  vivo ~nessurernents of  241Am i n  t h e  

thorax i nd i ca t e  no s i gn i f i c an t  t r ans loca t ion  of the  material  

a t  500 days pos t ' i n t ake .  Since t he  i so top ic  composition of 

t he  inhaled material  includes 2 4 1 P ~ ,  t h e  -- i n  vivo 2 4 1 A m  mea- 

surements requ i re  simple in-growth cor rec t i  o n ~ .  However, t he  

a i r  sampler f i l  t e r  may not adequately represent  'the i sotopi  c 



. . . . 

: ..... , . , ANALYSIS (kontd.):: , , ,  . ,  . . .  . - s . .  . . . - .: *: 
--- . . I .  " .  . . . . 

? .  . . - .. . . . 
. . .  . . . . .  - . .  $omposition of . t h e  material which. t h e  worker inha led .  .so t l1a. t  
. - 

a - 
. . .  

. . . . . . 
, . the. correction appl ied t o  the i n  vi vo .measurement may not be -- 

. . . . . .  . . .  . . . .  - .  
. . 

. ,  . . . - -  - . . . . . _  . ' ' :  . adequate.. :*'A l e a s t  s < ~ a r 6 ~ . r ~ ~ ~ r e s ; i - ~ n  1 i n e  f i t t e d '  t o  the tor- - . .  - . . .  .. . . . .  . - .  -- . . . . .  . - -  
rected thorax measurements has a zero slope which indicates  

tha t  the isotopic composition of 241Am and 241Pu.on the a i r  

( sku l l )  count. Translocation of ac t iv i ty  from the lung to  

the lymph nodes would not be detected from an -- i n  vivo thorax 

measurement since the deposition s i t e s  cannot be differen-' 

t i a t ed  w i t h  large radius s c i n t i l l a t i o n  detectors .  Translo_ 
. . . . 

. . .  ... cation of a c t i v i t y  from the lung to;the lymph nodes by - . , .  - . ' . , , . . . .  . . . . . . . . . .  . . . .  - .  . . . . . 
. . . . . . . .  . . . .  . . .  .......... . . . .  - ..... . . .  _ . I  2 . . . . . . . .  . . . . . . .  . . _ . . . . . . . . : . . .  . . . .  . . .  . - , '  . . . . .  . . . .  . . . . . . .  . - ._ .. .. . . . .  . : . . . , . . .  I - - .  

A -  

. . 
. . . .  . . phagocyt .os~s~cou~.d occu:r.'~. . . . .  However!; a t  t h i s  time . . .  approxi . . . .  -: 
. . . .  . . . . . . . . . . .  . . . . . . .  - .. . . _ . . .  .- . 

. mately 500 days post i'ntcike, the ac t iv i ty  deposited in the , . . ,  

' 1 ung appears t o  have an ef fec t ive  half-time much greater  
. . .  . . . . 

than t h a t  assumed for  typical  Class Y material .' 
. . 

Assuming 1.3 n ~ i  of 241Am i s  deposited i n  the lung f o r  

the year and the ,plutonium alpha to  241Am . r a t i o  i s  12.5, . 'the 

dose t o  the lung would be s l igh t ly  greater  than 15 rem using 

the ICRP dose cal cul atibns.  
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' . ., ,:., . . .- - . . -  . . . . . . 
. .- * 

- . - ,  . .  . . . . . -  - .  
. . 

. . 
. . -  - . .  

. . ~ e s u l  ts . of. . radiochemi . . cal . analysis fo r  . p l  btoni um-  ';in urine 
. . 

. . . . . . . .  . . . .  . . - . . .- . . . .  ' . . .  .i . .  . . .  . . . . . . .  . . . . . . . . . . .  . . . . . .  . - a n d ' f e c a l ~ ~ a m ~ l e s .  indicate .  that- there;is essent ia l ly  no sys- - . " . . a .  

- . .  . : . . .  . . . .  . . : .  . - .  . . - .  . . . .  . . . . .  . . . . .  - .  * .  . . . . . .  . . .  . . . . . .  . , . . . . 
. : - ternic..deposition of ac t iv i  t i  i n  the'  ,work&.  he insoluble . . . . . . . .  . . . .  . . . . . . . .  . . .  . . . . .  . .- . . . .  . . . . . . .  . . . . .  . . . .  . .  . . . . . . . .  . . . . . . .  . -  - .  . . . .'.,. ' .. . . 

, .  - . . - .: . . . ' .-I' , . . ..A,. .- 
. . 

'. nature df .the inhaled material ,  as  determined from -- in vivo . . 
. . 

measurements and the apparent lack .of.  efficacy of the chela- 

' Approximately 15 nCi .of  plutonium-alpha mixture was i n i -  

t i a l l y  inhaled as a r e su l t  of the accidental .exposure. Assum- 

ing a maximum plutonium concentration in feces (following 
i .  

seven' days post intake) of 0.01 pCi/gm, the to ta l  a c t i v i t y '  

, . . . .  -.. . . - . '  .. 'excreted, including . . the. f . i r s t  - week.'post. . . . .  intake, was . less  . -  .than. . . .. _ . 
. . .  . . .  . . . .  . . .  A .  . . . . .  . . - .  . . . . . . . . .  . . .. , . . . . . . .  . . .  . . . . . . - . .  - . - .  . . .  . . . . . . . , .  . . .  - . . . . . . ..,' . . . . . . ,. , . ,  . .. , _ .  " ' - . , . ., _ . .  - . . - .. . . .  . 100 : p ~ i .  . ~ e s s ' t h a n '  10 ' p ~ i  of. plut6nil.kt.was exc@&d'iri urine .:....-: ...... .: . . .  . . .  . . . . . . . . . . .  . . - . .  . . . . . . .  . . . :. 

. . . . . .  - . 
. . . . 

, , ,  . . 
. . ' which includes the ~ s & ~ l . e s  collected du&ng the period b f  

chelation therapy. That i s  t o  say, less  than 1% of the in- 

haled plutonium material has been removed from the body in  the-  

500 days post intake. T h i s ,  f a c t '  characterizes the inhaled 

material as extremely insoluble ar~d supports the r e su l t s  ob- 

tained by in vivo measurements. -- 
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5 .  . \ . . .  .: . .  .; . .  - . -. + . _ . .  . . ~ h e , m a t e ~ i $ l  . . t o  which the:.wdrkkr.:#as exposed ~ a ~ . c a l . ~ j n e d .  . :  : 
. . .  
:: . . . .  . -  . .. - . . 
. . .  . . . . at approximately: 600a a;d was 'being s u b j e c t e d . &  hi-gh. p&ssure ': . . . .  . . . . .  . . . . . . . . . .  . . .  . - . . - .- 

. . . . . .  . . .  . . .  . ; pre t rea tment  p r io r  t o  s i n t e r ab i l  i t y t e s t i n g .  I t  appears t h a t  , - -  - . . . . . .  . . . . . .  
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. . .  . ,  , .  

. . .  . . . . 
. - 

pa r t i cu l a t e  w i t h  an aerodynamic diameter s u i t a b l e  f o r  .a lveloar  . . 
. . . .  . . .  . . . . . . 
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. . . . . .  : - -. - - .... . . . . *  . 

4 . .  . .  - . . .-. ;.. : __.. -...*.; ".- " 

. . . .  . .  - . .  . .,. . , . .  :.. . . , r .. 
. . . .  

1 ung ' has 'remained constant  f o r  approximately 500 days. 1mpl i  - 
ca t ions  of the  analyt ical  measurements performed t h u s  f a r  

charac te r ize  t he  inhaled material as  extremely insoluble  w i t h  
. . 

an e f f ec t i ve  h a l f - l i f e  i n  the  lung much grea te r  than typical  

.Cl,ass 'Y. plutonium mater ia l .  . . ... - . ' . . . . . .  . .  . . . . .  . . .  . . .  ... . . .- ., .. . . .  . . 
. . . . .  . - - . , - .  . . .  . - . ,. 

. . . . .  
. . 

: : '  he c l ea r anceha l f - t ' ime fo r  high-f i red,  insol  i b l e  b1Q- ' . . . - . . .  
. . . . 

: . .  . . . . . . . . . . . . .  . . . ~. 
. . . . . .  . . .  . . . .  . . . . . . 

' t 6 n i i m  oxide i n  t h e  human 1 ung i s  typiciitl l y  l e s s  than . 500 . days. 

~ e t a b o l i c  models published by the1.C.R.P. i nd i ca t e  a  range f o r  : 

t he  clearance half-time from 5 0  days f o r  soluble  material t o  - 
. . 

. . 

500 days f o r  highly insoluble  oxides. I t  has been concluded 

t h a t ,  f o r  this case ,  sequential  thorax measurements support 

e s sen t i a l l y  an i n f i n i  tely-long l u n g  clearance half- t ime f o r .  

t he  compound inhaled by t h i s  worker.. 



CONCLUSION (contd. ) 

The I , C . R . P .  .metab01 i d  model p red ic t s  t h a t  the  i n i t i a l l y  

so lub le  f r a c t i on  of inhaled Class Y material  which en t e r s  the  

bloodstream from the  naso-pharynx and traceo-bronchial re-  

gions should be approximately 2.5% of t he  long-term material  

( i  . e . ,  T1/2 = 500 days) deposited i n  the  lung. Taking ad- 

. . -  . . .  . . . .  . . . . .  . . . . . .  . . . . . . . .  vantage.. of the  f a c t  t h a t ,  , i n  this case ,  decorporation' therapy . . . .  -. . . . . - .  . . . . . .  . . . . .  - .  . . . . . . .  . . . . .  .. . . . . . . . . . . . .  . . . . - .  .. . . . . .  
. - .- .- - . - . . . . . . . . . . . .  ... . . . . .  ... . . . . .  .. , - .  . . ' ; . . ~ . '  - 

. . . . . :  . .  , . . . . . . . . . . .  
.., . . *  .. , ' .  . ; - 

. . 
... . . .  

-.$,,.. ' 7 . .  . - . < .  ,. . , . I . .  

.. :: - - .  . . . . was i n i t i a t e d  i - m i d l a t e ~ ~ f o l i o i i i ~ .  uptake, we can  assume- that:: . . 

. . 

the  f i r s t  24-hour urine sample represents  most of the  i n i t i a l l y  

so lub le  material  enter ing the  bloodstream from the  naso- 

pharynx and tracheo-bronchial region. This actual  shor t -  
b 

term f r ac t i on  i s  unusually small and, represents  only 0.004% 

of. t he  long-term ,material  measured in' the  1 ung. Assuming t h a t  
. . 

. . . . .  . . 
. . hri nary plutonium exeretion on t h e  day.s of chel a t ion represent  

the  f r a c t i o n  of a c t i v i t y  en te r ing  t he  blood from t h e  lung,  a 

c learance half-time of 35 years  is  calcula ted.  Using the  fecal  

excre t ion of plutonium a t  approximately 10 days post i n t a k ~ ,  a 

c learance half-time of 40 years  is  predicted.  This agreement 

is  prubably fo r tu i tous .  

The above data is cons i s ten t  w i t h  -- i n  vivo measurements f o r  

americium i n  the  thorax. No decrease o r  clearance can be ob- 



CONCLUSION (contd :) . . . . 

. served w i t h i n  t h e  precision of the  measurements. (i .e . ,  ap- : 
proximately - +20%) : A clearance ha1 f-time of 1000 days ( i . e . ,  

twice t h a t  f o r  Class Y mater ia l )  would have decreased the  

i n i t i a l  amount o f  inhaled material by 25% within 500 days, 
. . 

a f a c t  unsupported by t he  r e s u l t s  of -- i n  vivo counting. 
. . .  . . .  . . 

. . .  . .:. . . . . .  - .  . , ,  . . ..- . . . .  . - .  . - 
: .  .- : . . .. ..._ . . .  . .  . Further studje, wil.l;.fncl,'ude~ %'continuation, o f - i n  " i v o .  . . . . . . . .  . . .. .. -. . .  . . . .  . .  . . . . . . . .  . . .  . . . . . _ .  .... . : .  . . . .  . .- 

. . .  . . . .  . .- . . . . . .  . . .  - . . .  .- - -. 
.L . . . . . . . . . . . . .  

. . _ . . ^ . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . .  . . . .  . . >- ,  . ,:.. : 
. . . . . . . . .  .. . . . .  . . . . .  ..:. . 

. . . .  
-.. * .  - .  

. . .  . : f ' . . , . .  , , ,  

. . . .  - , 
. . .  . . ,  . , ' ( . _ ,  , " - 3 . "  

- .  . . - . thorax-meas&ements 'for 24 Am and co:Tlection :of 'addi t ional  . . . . .  
, - 

excreta samples f o r  plutonium assay i n  order t o  determine 

the  presence of any systemic organ d i s t r i bu t i on .  A follow- 

up study of t h e  s o l u b i l i t y  and p a r t i c l e  s i z e  of the  material  

on t he  a i r  sampler f i l t e r  i s  a l so  considered. 

. . 
. . . . . . . . . , 
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Atom Percent 

TABLE 1 . . 
, . .  

Alphapercent  1 1 . 6 + 0 . 6  - 

Error represents  2 S. D.  a t  '95% confidence 1 we1 . 
, . .  .: 



TABLE 2 

RESULTS OF. I N  V I V O  MEASUREMENTS FOR 2 4  'AM I N  THE THORAX . . . - 

Days Post 2 4  'Am Detected 241Am Ingrowth 2 4 1 A m D e p ~ ~ i t i ~ n  . 
In take (nCi ) Calculated (nCi ) Calculated (nCi ) 

1 1.3 -001 1.29 

2 1.1 .002 1.09 



TABLE 3 

MEASUREMENTS OF PLUTONIUM IN EXCRETA ( 1 ) .  ' . '  

(URINE) ' . ' 

Pl utonium Days Post  
' Intake Type ( ' j - ' .  ~o lume  (me) p ~ i / ~ ( 3 )  Comment 

0 Spot 250 2.7 Fie1 d co1 l e c t i on  

0 Spot 380 - (4 )  Fol 1 owing decontamination 

1 Spot 100 - , Pr io r  t o  che la t ion  

1 24-hr t o t a l  1500 0.8 't gm Ca-DTPA 

2 Spot 100 - P r i o r  t o  che la t ion  

2 24-hr sim 900 0.3 0.5 gm Ca-DTPA 

3 .: 24-hr sim 950 ::O.. 1.. i . . . .  ... . . . .  . . . . . . . . . .  . . . .  . . .  . . . . . . .  . . . . . . .  . . . . . .  0.5 ,gm ~ a - D T P A  .... ,:-... ..... :. . .  ; . . .  . . . .  ... .. 
. . . . . . . . . . . .  . . . .  - . . . . . . . .  ... . . . . . . . . . . . . . .  . . . . . .  ....... ._I. ._ . . . .  ...- .. . . . . . . . . . . . . . .  .." ..--.-. ..;..: : -----. . ....... .....-..- .. . - , . % . . .. .,,: ,.+ . . . , . . . . .  _ _ _:_ . I . -- *..,... .- . . . .  ...-....... . . .  . . . . .  - . .  - . . . . . . . . . . .  ;-.., -.: . - _ .  .*> .: *" - ..* i.. 

...... .: 241hr si.h . . .  : . .  f 2 5 0 ' . ' : , " "  ".. ::, ... :"' '" . . . . . . . . . .  . . . . . .  - . .  .......... > . _ _ _ .  ._. -. - : L . -, 
. . . . . . .  , . _ - . .  . , .  . . . . . .  - . :  >..,... - ;  

5 24-hr sim 700 0.7 

7 24-hr sim 700 0.1 0.5 gm Ca-DTPA 
1550 8 24-hr sim 0.1 

10 24-hr sim 1200 0.1 0.5 gm' Ca-DTPA 

11 24-hr sim 1000' 0.2 

12 24-hr sim 1200 - 
18 24-hr sim 1200 0.1 

25 24-hr sim 1100 - 
32 24-hr sim 1400 - 
39 24-hr sim 1100 - 
9 1 24-hr s i m  1000 - 

112 24-hr sim 1100 - 
114 24-hr sim 650 . - 
119 24-hr sim 800 - 
226 24-hr sim 500 - 

1.  Autoradiography employed t o  de tec t  alpha pa r t i c l e s  i n  sample following plu- 
tonium chemical separat ion procedure. 

2. Collect ion of simulated 24-hour sample includes a l l  urine passed during the  
periods one-half hour before r e t i r i n g  and one-half hour a f t e r  r i s i n g  f o r  two 
consecutive days. 

3. Error  associa ted w i t h  these  values is  estimated t o  be - +100% a t  these  magnitudes. 
4. Less than MDA (0.025 dpm/sample). 



TABLE 4 

. .  MEASUREMENTS OF PLUTONIUM I N   EXCRETA(^ ) 
( FECAL) 

Days Post Plutonium Act ivi ty  
1nta.ke .. Type 

. . 
(pCf/gm) 

1 24-hhn t o t a l  

3 24-hr t o t a l  0.06 
. . . . . .  , . . . . . . . . . .  . . . . . . . . . . .  , . - e .  

, . 
. . . . . .  . .  - . . . .  : ., . . .". 4 . . . . .  ;"'"'- 2 c.. .. .' . . . .  . . . . .  .... . . . . . .  . . . . I .  . - : .  - . . . . .  , . . . .  .- 0 03. :, :. "7:. :::;'-'-.-. .: : .' :. : .  : :';. 
. , . . . . ' - - . 4-hr total..:'. ,. . :,.;. . ?::: . . .- * . ,- . . . . . . . .  . . . .  ,.:. 

. . .. . . <. 
- .-. 

. . - .  . , -  . 

5 24-hr t o t a l  0.02. 

6 24-hr t o t a l  

280 24-hr t o t a l  

1 .  A1 pha. spectrometric measurement f o r  * 3 8 P ~ ,  2 3 9  3 2 4 0 P ~  

following chemical separat ion,  

2. Error associated w i t h  these  measurements i s  approxi- 
ma t e l y  - +loo%. 

3. Less than MDA (0.2 dpm/sample) . 
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IN VlVO MEASUREMENT OF THORAX - 
TWO DUAL CRYSTAL PHOSWICH DETECTORS 

C Z4'Arn .MEASURED = 1.62 nCi 

2.4 241Am DEPOSITED = 1.1 7 nCi 

ENERGY (keV) 
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