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SUMMARY OF ROCKY FLATS EXPERIENCES WITH M'PA AS AN AGENT 
FOR INCREASING PLUTONIUM EXCRETION V I A  THE U R I N E  

by Heal th  Physics 

The Dow Chemical Company 
Rocky F l a t s  Div is ion  

Golden, Colorado 

Since 1963 IYJ?PA has been used a t  t he  Rocky F l a t s  p l an t  i n  
23 cases  involv ing  exposure t o  plutonium. 
of success  have been noted based on measurement of 
plutonium i n  the  u r i n e .  
t o  depend on t h e  fol lowing:  

Varying degrees  

The e f f e c t i v e n e s s  of DTPA seems 

1. The chemical form of t h e  plutonium involved i n  the 
accident ;  

2. The length  of t h e  between exposure and t reatment;  and 

3. The t reatment  schedule ,  dose,  and method of 
adminis t ra t ion .  

I n  many cases ,  however, the degree of success  cannot be 
a n t i c i p a t e d .  
o r  not a s i g n i f i c a n t  i n c r e a s e  i n  plutonium exc re t ion  i s  

In  these  cases ,  MlPA I s  t r i e d  t o  see whether 

obtained.  

General ly ,  our  exposure case6 have r e s u l t e d  from i n h a l a t i o n ,  
puncture wounds, o r  acid burns. 
exposures r e s u l t e d  from explosions where employees were 
exposed by both Inhalation and puncture wounds. 

I n  three cases,  however, 



I n h a l a t i o n  Cases 

T h i r t e e n  i n h a l a t i o n  cases  have been t r e a t e d  with MlPA 
and one with EDTA (RFP-128) 

Eigh t  of t h e s e  caaes  r e s u l t e d  from a plutonium f i r e  i n  
October, 1965. Twenty-five persons received i n h a l a t i o n  
exposures with e i g h t  r ece iv ing  DTPA t rea tments  f o r  a 

i n  the u r i n e  increased  s l i g h t l y  because of t h e  t r ea tmen t s  + 

but t he  t o t a l  amount excreted represented  such a small 
f r a c t i o n  of the m a t e r i a l  p re sen t  t h a t  t h e  t rea tments  
were d iscont inued .  The plutonium was found t o  be a 
v e r y  Inso lub le  "high f i r e d "  oxide of small average 
p a r t i c l e  s i z e  (0 .3  micron).  T h i s  i n c i d e n t  Is d i s c u s s e d  
I n  RFP-710 where s e v e r a l  t y p i c a l  u r i n e  e x c r e t i o n  curves  
a re  shown f o r  both t h e  treated and the un t r ea t ed  persons ,  

. a /  5-day per iod.  General ly  speaking, t h e  plutonium e x c r e t i o n  .. n /  
r 

F i v e  o t h e r  i n h a l a t i o n  cases  were t r e a t e d  w i t h  M7PA 
a f t e r  s e p a r a t e  exposures.  I n  each case,  t h e  t r ea tmen t s  
were suspended a f t e r  a few days because i t  was judged 
that  the amount of plutonium found i n  t he  u r i n e  r ep resen ted  
only a small f r a c t i o n  of t he  material Involved. 
u r i n e  e x c r e t i o n s  f o r  these c a s e s  were 1 t o  20 d p n  per 
24 hours  du r ing  the course of t rea tment  followed by a 
rapid decrease  t o  nearly pre t rea tment  l e v e l s ,  

Typ ica l  

Puncture  Wounds 

Three c a s e s  of contaminated puncture  wounds have been 
treated w i t h  DTPA and two w i t h  EDTA (RFP-128). 

IITPA was reported in RFP-431. 

The 
- 1  u r i n e  e x c r e t i o n  of one of the cases that was treated w i t h  

Thia case might b e  ca l led  

1 0 8 0 1 1  I 



t y p i c a l  of a l l  the wound c a s e s .  
was a h ighly  i n s o l u b l e  oxide.  

f l u i d s .  

che la t ed  by DTPA and excreted i n  the u r i n e .  The DTPA 
I s  e f f e c t i v e  i n  removing the plutonium.from t h e  blood 
but does not a c c e l e r a t e  the s o l u b i l i z a t i o n  process  a t  the 4 ’  

s i t e  of t h e  wound. I n  all cases ,  u r i n e  e x c r e t i o n s  a r e  

The plutonium involved 
The material present  a t  

the wound s i t e  s o l u b i l i z e d  only  very slowly i n  the  body 
\ / p L =  - I ; ._ 

the blood system where i t  would be n e a r l y  completely &-5?L - _ -  

;-r 
‘ , ,*I- .-  - -  This small f r a c t i o n  would then f i n d  i t s  way t o  I !  

I ,  i-”- 

*., - 

7 higher fol lowing t h e  t reatment  b u t  

t rea tment  was suspended a f t e r  a few days because only a ~ ~ . .- 
i n  each case  t h e  

(2 , I,-- L \A- . 
2 -  - 

4 ,->a 

small f r a c t i o n  of the material present  in t h e  wound had 
been excreted i n  the u r i n e .  

d ‘  

, 

Burns 

Four employees have been treated with mPA following 
contaminated burns.  

. .  , - - _  
. .  

. .. 

. .  .T .... 

. . . .  . .  . . .  
. I  . - 

. ’ * .  . . .. 

. .  

. .. . .  

- .  

. \  

Three of these c a s e s  involved n i t r i c  ac id  burns.  Two of 
these have been descr ibed  i n  WP-640 where t h e i r  t r ea tmen t s  
were c a l l e d  !‘very s ~ c c e s s f u 1 . ~ ~  I n  one of these cases ,  
a c a l c u l a t i o n  shows t h a t  about 96 percent  of the plutonium 
which entered the system was excre ted  i n  the u r ine .  About I 

13 times the  maximum pe rmis s ib l e  body burden was exc re t ed  
i n  the u r i n e  du r ing  the course  of t rea tments .  The o t h e r  
case repor ted  i n  WP-640 was probably equa l ly  s u c c e s s f u l  
bu t  the smaller q u a n t i t i e s  of material involved d i d  n o t .  
permit  a s i m i l a r  c a l c u l a t i o n .  

A t h i r d  employee rece ived  DTPA t r ea tmen t s  for 5 days 
following a contaminated n i t r i c  acid burn. 
m a  very 8 m a r  t o  the other two but it turned out that 

This case  

. .  

I O 8 0 7 1 2  
.3. 



/- < 
the  t rea tments  were no t  necessary  because very l i t t l e  
plutonium entered  t h e  body. 

The f o u r t h  burn case  was t h e  r e s u l t  of a so lvent  burning 
1 I - & , - .  ..- i n  a contaminated atmosphere. 

the t r ea tmen t s  were halted a f t e r  a f e w  days because v e r y  
l i t t l e  plutonium was found i n  the  u r i n e .  

I n  t h i s  case  a s  w e l l ,  \ 

Explosions 

Two sepa ra t e  explos ions  have occurred i n  which t h r e e  
employees have been exposed t o  plutonium. 

The f i r s t  occurred i n  1957 when two employees were 
exposed v i a  I n h a l a t i o n ,  i n g e s t i o n ,  and absorp t ion  through 
wounds caused by f l y i n g  d e b r i s .  
they were exposed was a mixture  of oxides,  hydroxides,  
and n i t r a t e s .  
time of t h e  a c c i d e n t .  
can be seen i n  WP-128. 
I E P A  t r ea tmen t s  7 y e a r s  a f t e r  t h i s  i n c i d e n t .  

The plutonium t o  which 

These two employees received EDTA a t  the 
The e f f e c t i v e n e s s  of these t r ea tmen t s  

These two employees a l s o  rece ived  

T h i s  
The r e s u l t s  - I I of these t r ea tmen t s  have been summarized i n  RFP-577. 

1 I N  

r/ ‘ 
‘lu/i, 

w 4  r e p o r t  shows that while u r i n e  e x c r e t i o n  l e v e l s  increased  
l G f o l d ,  only about 1.5 and 1.9 percent  of the i r  c a l c u l a t e d  
body burdens were removed dur ing  the course of  t rea tments .  

The second explos ion  occurred In 1963 and r e s u l t e d  i n  
the  exposure of an employee v i a  i n h a l a t i o n ,  i nges t ion ,  
and abso rp t ion  from a massive wound of the  l e f t  hand. 
plutonium was a mixture of metal, ox ides  and ch lo r ides .  
This case  has been r epor t ed  in RFP-445, -446, -510, 
and -709. 

The 

~ ._ . . . --*-I 
The DTPA treatments In this case were found 



i i  t o  be  very e f f e c t i v e .  About 8 microcur ies  o r  200 times 
the  maximum pe rmis s ib l e  body burden was el iminated v i a  
the u r i n e  du r ing  the course of' t rea tments .  
dramatized the need f o r  IXPA therapy  i n  some acc iden t  
c a s e s  but i t  a l s o  demonstrated the f e a s i b i l i t y  of o r a l l y  
adminis tered IYTPA i n  c e r t a i n  circumstances.  

Th i s  not  on ly  

I n  genera l ,  our  experience w i t h  EPPA has been v e r y  good. 
I n  some cases  the e f f e c t i v e n e s s  i n  removing plutonium 
was e a s i l y  measurable.  
used t o  demonstrate t h a t  l i t t l e  o r  no plutonium had 
g o t t e n  i n t o  the system. 
m a t e r i a l  b e n e f i t  was der ived ,  t h e r e  was a good psychologica l  
e f f e c t .  

I n  o t h e r  cases  the  t rea tments  were 

Even i n  the cases  where l i t t l e  

t 

L. . . - .. 

March 20, 1967 
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THE i)Oril CBEXICAL COMPANY 

GOLDSN, C O L O W O  
R O C ' E  FLATS DIVISION 

U. S. Atonic Ener Commission 
Contract NO. ~~E9-1)-1106 

C 
EVALUATION OF LUNG BURDEN FOLLOWING ACUTE 

I h - i T I O N  EXPOSTRE TO HIGHLY INSOLUBLE b o ,  

. .  Z. R .  Mann 
R. A .  Kirchner 

1 0 8 0 1 1 5  . 



A B T R A C T  1 .  c 
On October 15, 1965, a f i r e  i n  a plutonium f a b r i c a t i o n  

p l m t  r e s u l t e d  i n  a l a r g e - s c a l e  spread of plutonium oxide .  

The Roc'ky F l a t s  body counter  was used t o  measure t h e  

g l u t o n i m  i n  the  lungs  of a l l  eiaployees .working i n  t h e  a r e a .  

O f  app rok iza t e ly  400 eagloyees counted, 25 were found t o  

have enough plutonium i n  t h e i 7  lungs t o  d e l i v e r  a dose of 

15 rem per  yea r  o r  g r e a t e r .  

C 

Data from eacn enployee were obtained w i t h  two s c i n t i l l a t i o n  

d e t e c t o r s  i n  c o n t a c t  with the s u b j e c t l s  c h e s t .  

photon peak of Ama4= was used i n  t h e  measurements. The 

An241 content  of the  plutonium re l eased  i n  t he  f i r e  was 

determined and t h e  plutonium q u a n t i t y  was then  d e t e m i n e d  

from c a l i b r a t i o n s  done on a c h e s t  phantom with s i m i l a r  

The 60-kev 

Am241 . . pU239 r a t i o s .  

The plutonium cons i s t ed  of "h igh- f i red"  PuO:, . P a r t i c l e  

s i z e  measurements of a i r  saiaples c o l l e c t e d  a f t e r  t he  f i r e  

i n d i c a t e d  a 0.32-micron mass median diameter  w i t h  a georretrlc 

d e v i a t i o n  (u ) of 1.83 . Lung data so f a r  show very slow g 

and the small p a r t i c l e  s i z e  . On the average ,  30 percent  

of m a t e r i a l  i n i t i a l ly  depos i t ed  was cleared U 2 t o  3 months. 
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0 

The r ena in ing  m a t e r i a l  is c l e a r i n g  very  s lowly with 

l i t t l e  o r  no measurable abso rp t ion  i n t o  t h e  bloodstream. 

ILTFiODUCTION 

S i m e  June, 1964, plutonium i n h a l a t i o n  c a s e s  nave been under  

s tudy  i n  tP,e 3ocTxy F l a t s  body counter .  (I,*) 

t h a t  e s t i m a t e s  of lunz  burdens of plutonium can b e  made 

i t  i s  h o w n  

us ing  t h e  body coun te r  if the amount of Am341 p resent  i n  t h e  

exposure n a t e r i a l  i s  known. 

On October 15, 1965, during a maintenance ope ra t ion  i n  which 

a n  a t tempt  was made t o  unplug an oil coolant  l i n e  on a 

l a t h e ,  plutonium meta l  c h i p s  caught f i r e .  The f i r e  occurred 
o u t s i d e  of a glovebox in a 70,000-sq.rb. ?L plutonium product ion  

a r e a .  About 400 employees were working i n  the room. Even 

t'nough the  f i r e  was ext inguished i n  a few minutes, a i r b o r n e  

contaminat ion spread qu ick ly  throughout the  a r e a .  A i r  

sampler f i l t e r s  i n d i c a t e d  an a c t i v i t y  range of greater than 

1 pc/P down t o  pc/M3 a t  the most remote l o c a t i o n s .  

Because the contaminat ion spread s o  rapidly,  many employees 

were in high airborne c o n t a n h a t i o n  a r e a s  wi thout  

r e s p i r a t o r y  p r o t e c t i o n .  Those showing high' l e v e l s  of contamlnat lon 

0 03. 



abou t  t he  nose and mouth were scheduled f o r  body count ing 

CI first,  followed by those wi tn  lower con. taninat ion l e v e l s .  

A s  soon as a m a n  w a s  decontaminated e x t e r n a l l y ,  he went t o  

the body counter .  

person was counted. 

fil-st day and evening of  t h e  T i r e .  

s i g n i f i c a n t  amounts of plutonium i n  the c h e s t .  

a d d i t i o n a l  exposures were found. i n  t h e  following weeks. 

mPA trea tments  were given by the medical depar tnent  t o  

e i g h t  of  t he  f i r s t  p o s i t i v e  cases .  

enhance plutonium e x c r e t i o n  i n  t h e  u r i n e ,  

stopped. 

t r ea tmen t s .  

Within 2 h r .  a f t e r  the f i r e  t he  f i r s t  

Tourteen people were counted on t n e  

Seven of t hese  snowed 

Eighteen 

The t r e a t n e n t s  d i d  n o t  

so they were 

Subsequent p o s i t i v e  cases d i d  n o t  r ece ive  M'PA 

INITIAL SCREENING PROCEDURE 

The Rocky..Flats body counter  has been desc r ibed  elsewhere.  

Two '-+-inch-diameter by 4-m-th ick  NaI(T1) d e t e c t o r s  are  

used f o r  c h e s t  count ing,  one on each side of tne  p a t i e n t ' s  

sternum. 

on 128-channe1 subgroups of the pulse-height  ana lyzer .  

U s i n g  a calibration of 1 kev per channel,  the 6Gkev Ania41 

photopeak covers  f rom channels 40 t o  80. 

( 3 )  

Pulse-height s p e c t r a  from each d e t e c t o r  are  d i s p l a y e d  

.4. 
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The normal time f o r  r o u t i n e  count ing  is 40 minutes;  

however, 20-minute counts a r e  adequate  f o r  i n i t i a l  s c reen ing  

purposes.  T h i s  a l lows enough.counts t o  accumulate i n  t h e  

60-kev photopeak r eg ion  t o  v i s u a l l y  d i s t s n g u l s h  between a 

, 
, 

background spectrum and an photopeak on t h e  readout  

o s c i l l o s c o p e .  

Two c r i t e r i a  f o r  i n i t i a l  s c rzen ing  purposes were used t o  

d e c i d e  i f  a person had a s ign i i ' i c an t  lung d e 2 o s i t :  

(1) The presence of  an 60-kev g a m a  r a y  pnotopeak, o r  

(2) A gross  count r a t e  of 46 c/n o r  g r e a t e r  when 

i n t e g r a t e d  over  t h e  40- t o  80-kev range. 

The  second c r i t e r i o n  wa3 based on BOSS'  s tudy  o f  t h e  

d i s t r i b u t i o n  of c h e s t  count d a t a  f o r  180 employees. 

s t u d i e s  showed an average ches t  background of  32 c/m i n  t h e  

These 

60-kev photopeak w i t h  a 30 va lue  o f  46 c/m. (4) It was 

the re fo re ' r easoned  that  a count over  this value would be 

suspec t .  However, u n t i i  t h e  Amar1 content  of t h e  exposure 

material could be determined, t h e  degree of exposure t o  

plutonium was n o t  known. 

Fourteen people were counted on r?rlday, t h e  day of t h e  fire. 

These were t h e  employees t h a t  had been worklng on t h e  equipment 

-5- 



o r  t h a t  were i n  t h e  irrimeaiate v i c i n i t y  when t h e  f i r e  s t a r t e d .  ' :  e Seven of t h e s e  had counts  g r e a t e r  t han  70 c/m and showed 

60-kev photopeaks. 

46 c/in and none exh ib i t ed  a 60-kev photopeak. .After, body 

count ing,  t h e  p l a n t  physic2z.n a d x i n i s t e r e d  1 gran  of DTPA 

The o t h e r  seven hac  counts  l e s s  than  

in t r avenous ly  t o  t h e  ex3osed en?logees. On Saturday, 

Sunday, and illonday morning, t h e  exposed employees received 

f u r t h e r  CTPA t rea tments ,  1 g~an each day, and were given 

40-nlnute counts In t h e  body counter .  

All u i n e  and f e c e s  from t h e  ex?osed employees were c o l l e c t e d  

f o r  l abora to ry  a n a l y s i s .  

a l l  o t h e r  employees checked i n  t h e  body coun te r .  

-- 
Sanples were a l s o  requested from 

c On Monday af te rnoon,  20-minute screenings  were resumed f o r  

t h o s e  employees thatwere a t  g r e a t e r  d i s t a n c e s  from t h e  f i r e ,  

but  s t i l l  having poss ib ly  Inhaled plutonium from the f i r e .  

It was thought t h a t  a l l  o f  t h e  p o s i t i v e  exposure cases  had 

been counted on E'riday; however, two more p o s i t i v e  cases  

were found on Nonday af ternoon,  one on Wednesday, and one On 

Thursday. 

fo l lowing  t h e  f i re .  

The sc reenings  continued through the second week 

it  was t h e n  r e a l i z e d  t h a t  i t  would be 

necessary  t o  count a l l  personnel  t h a t  were i n  the b u i l d i n g  

a t  the  t i n e  of t h e  f i r e  r e g a r d l e s s  or t h e i r  proximity t o . t h e  



f i r e .  It would a l s o  be des i rab le  t o  a c c e l e r a t e  t h e  sc reen ing  

c p r o g r m  i n  o rde r  t o  handle t h e  nuz5er of  people involved. 

It was suggested. t h a t  two employees a t  a t ime might be counted 

us ing  one d e t e c t o r  f o r  each. Exgeriments' were conducted 

and i t  was found t h a t  a ' ' hoLf f  cI man could be counted w i t h  a 
"coi(-j" 3- w i t h o u t  i n c r e a s i n g  t h e  cold  n a n ' s  ches t  count by 

S iac ing  t h e  two nen i n  sea ted  posLtions i n  oppos i te  co rne r s  

o f  t h e  TOOX. One d e t e c t o r  was piaced over  t h e  l e f t  s i d e  of  

t h z  ches t  or' each o f  t h e  two su5:ects. A s  a background 

inonitor, a t h i r d  d e t e c t o r  was placed i n  t h e  c e n t e r  o f  the  room 

over a few bags o f  sugar .  

Noveraber 2, t h e  t h i r d  week a f t e r  t h e  f i r e .  Three hundred 

e igh ty -e igh t  employees i n  a l l  were checked. 

ca se  was found o n  December 23.  

T h i s  2rocedure was begun on 

The l as t  p o s i t i v e  

The body counter had been c a l i b r a t e d  f o r  plutonium ches t  

measurements be fo re  t h e  f i r e .  

phantom and a lung-equivalent  compound . 
con ta in ing  0.3 pc of p lu ton iun  with 700-ppm 

w i t h  the compound and poured i n t o  t h e  lung c a v i t i e s  in the 

* 
This was done us ing  a REMAB 

Y 
A s o l u t i o n  

was mixed 

I;c Xanufactured by Ald e r son  2esearch Labora tor les ,  uc. ; 
Long island City, New York 

c 
-7- 
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ghanton. 

two 4-inch by 4-mi d e t e c t o r s .  

pre2ared g iv ing  t h e  f a c t o r s  fo'r conver t ing  counts  p e r  minute 

i n  t h e  60-kev photopeak t o  microcur ies  o f  plutonium f o r  

a range of Ani 

A s e r i e s  of  ncasu rcnen t s  were t h e n  made us ing  t h e  
d 

A c a l i b r a t i o n  c h a r t  was 

concen t r a t ions .  a 4 1  

CALCULATIONS 

S ince  t h e  measurement oi' pl&:oniui i n  the ches t  is done by 

count ing  t h e  6 0 - k ~ ~  g m x a  rays from A i  2 4 1 j  it i s  necessary  

t o  have an a n a l y s i s  o f  t h e  

which t h e  person i s  exposed. 

deteriiiined, p e r i o d i c  c o r r e c t i o n s  f o r  americium growth are 

r e a d i l y  made. 

conten t  o f  t h e  m a t e r i a l  t o  

Once t h e  i n i t i a l  mount  i s  

Late i n  t h e  day o f  t h e  f i r e  a va lue  or' 1830 ppm of An?41 

was determined for t he  plutonium involved i n  t h e  f i r e .  

on t h e  previous c a l i b r a t i o n ,  w i th  a d e t e c t o r  pos i t ioned  on 

e i t h e r  s ide of  t h e  sternum, t h i s  gave a va lue  of  45 c/m - n e t  

f o r  one m a x i m u m  permissible lung  burden (MPLB) o f  0.016 uc 

(see Appendix), or an average va lue  of 22.5 c/m n e t  for each 

d e t e c t o r .  

Based 

c -a - 
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Once t h e  

composition 01' t h e  ? l u t ~ n i ~ ~ ,  t h e  counts-pe2-minute data on 

each person could be converted t o  riiicTocuries o r  plutonium. 

Nost of  t h e  persons had n o t  been counted pefore ,  so  t h e  

conten t  was knawn, and given t h e  i s o t o p i c  

p rev ious ly  determined average background of 32 c/n.ln each 

d e t e c t o r  was assuzed f o p  each person.  

t o  the ;yi?~a n e t  value o r  22.5 C/Z, gave 54.5 c/x as a gross count 

i n d i c a t i v e  oi' 1 MPL3. 

T , h i s  nurber ,  when added 

- 
The p r e v i o u s l y  chosen c o n t r o l  p o i n t  or' 

45 c/x used i n  t h e  second c r i t e r i o n  then  turned o u t  t o  be  

about  one-hslf  o f  t h e  WL3. 

Each positive exposure case was i i m e d i a t e l y  r e s t r i c t e d  from 

r u r t h e r  work in a p lu toniun  a r e a  and was put on a p e r i o d i c  

40-minute count schedule .  

p rev ious  unexposed employee data t o  rind a person whose w e i g h t ,  

C S ' ~ '  and eo c o n t e n t s  were c l o s e s t  t o  t h a t  o f  t h e  exposed 

em2loyee. The c h e s t  background oi' t h i s  "match" sub jec t  was 

t h e n  used as t h e  background f o r  t h e  exposed employee i n  a l l  

8ubsequenG measurements. 

Data from each were compared with 

FLESULTS 

F i g u r e  1 shows t h e  data f o r  t h e  m a x i m u m  exposure case.  

u r i n e  and f e c a l  analysis data on t h i s  i n d i v i d u a l  are  a l s o  

shown f o r  comparison. 

alood, 

3 
-9- 
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c 
The dose t o  t h e  lung  o r  this i n d i v l d u a l  through 

December 31, 1965, was 42 rem. 

Another t y p i c a l  ca se ,  or' somewhat lower magnitude, i s  shown 

i n  Figure 2. The dose t o  t h e  lung  i n t e g r a t e d  through 

December, 1965, was 13 rem. 
- 

Table 1 i l l u s t r a t e s  t h e  exposure rangas  f o r  t h e  25 cases .  

r ' igure 3 shows body count ana b io-assay  da ta  t y p i c a l  o f  

e i g h t  cases  i n  t h e  1-2 maxiam p e r n i s s i b l e  lung burden range 

wno have been allowed t o  r e t u r n  t o  work I n  t h e  plutonium 

a r e a s  s i n c e  t h e i r  exposure. Those cases  whose lung burdens 

decreased t o  l e s s  than  i MPL3, and appeared t o  be cont inuing  

i n  a downward t r e n d  would be  allowed :o r e t u r n  t o  a 2lutonium c .  
area. To da t e ,  c a l c u l a t i o n s  of  r e t e n t i o n  Zime i n  t h e  lung  

are  inconclus ive ,  bu t  r e t e n t i o n  t i m e  appears t o  be a f u n c t i o n  

of t h e  magnitude of t h e  exposure. 

A i r  samples taken  dur ing  t h e  f i r e  were analyzed for p a r t i c l e -  

s i z e .  (5 )  

a lpha  p a r t i c l e  tracks on Kodak Type A nuclear  t r a c k  film . to  

t h e  s i z e  of PuO, p a r t i c l e s  depos i ted  on membrane f i l t e r  

paper.  The three samples analyzed were obtained a t  d i s t a n c e s  

of 15, 25 and 50 ft. f r o m  the 3rl.e. The r e s u l t s  from these 

The a n a l y t i c a l  procedure r e l a t e d  t h e  number o f  

-10- 
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Tab le  1. I n i t i a l  Exposure Range 

Number of MaxLium 
Permissible 

Lung Burdens 

17 
10 

7 
3 5  
1- 2 

c 

Number 
of Cases 

1 
1 
1 
3 

19 
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t h r e e  samples and t h e  r e s u l t s  fron an a n a l y s i s  of  t h e  

composite or' t h e  t h r e e  sariples aye shown i n  Table 2. 

3 i g u r e s  4 and 5 show t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  O f  the 

corrrposite s a i p l e .  A seiiiieapirLca1 r e l a t i o n s h i p  between 

2srt:cls s i z e  ana p a r t i c l e  d e g o s i t i o n  i r i  t h e  r e s p i r a t o r y  

syste; i s  shown i n  2 igure  6 .  

'in es tk i ia t ing  d e p o s i t i o n  f o r  p r e v i o u s  iioc'xy F l a t s  plutoniurn 

e x p o s w e  cases .  For t h e  s i z e  ? a r t i c l e s  shown i n  Table 2 ,  

r ' igure 6 p r e d i c t s  t h a t  35-LtGS of t h e  t o t a l  ae roso l  w i l l  be  

depos i ted  i n  t h e  r e s p i r a t o r y  t r a c t  and t h a t  70-80$ of t h e  mass 

TaLs has proved t o  b e  a c c u r a t e  

deposi ted will bein t h e  pulmonary compartment. 

The  c learance  of  t h e  m a t e r i a l  from the ches t  appears  t o  

f o l l o w  two d i f f e r e n t  r a t e s .  The i n i t i a l  c l ea rance  r a t e  

i s  30s of t h e  material measured i n  t h e  ches t  w i t h i n  a few 

hours  o f  t h e  exposure i n  a per iod  o f  2-3 months. 

r a t e  appears  t o  be 508 i n  1.5 yea r s .  

- -  
The f i n a l  

CONCLUSIONS 

The MlPA t r e a t m e n t s  on t h e  first exposure cases  d i d  no t  

apprec i ab ly  Increase the  amount of  plutonium excreted in 

the  u r ine ,  and the r e l a t i v e l y  low amounts i n  urine and blood . 

indicate a highly insoluble form o f  plutonium. 

. 
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e 
The long 

t h e  body 

half t i n e  o f  

counter  data  

tk;e n a t e r i a l  Ln t h e  c h e s t  

obtained so  f a r  i n d i c a t e s  

shown 3y 

p lu ton iua  or' 

small p a r t i c l e  s i z e .  

The body counter  i s  extrer,eLy v a l u b l e  as a screening  

syskem for s i l s ? e c t e d  plutonic;;;: Lxhalat ion exposures and 
,- 

l r m e d i a t e  deter iz inatfon o f  l m g  burden m o u n t s .  

C 

..  
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GPPZNDIX. NIIZTFiODS 1;EiCE CAN iE USED FOR ESTINATING 
PEXiiiSSI2LZ LU;SG aU3DENS FOR ?LljTONIU;/I 

Using t h e  r'ornula'cion f ~ o n  the "Report o f  ICRP 
C o r z i t t e e  I1 o n  ?'ermissible Dose f d r  I n t e r n a l  
Radiat ion (1959) I' 

where 3 = yen/week 
q f a  = ar,ount i n  organ o f  r e f e rence  [pc) 
iil = mass oi' organ or' r e fe rence  g) 
e = CZB( iXE)n  (ivIev). 

us ing  m = 1000 grms ( f r o a  Standard Xan Data) 
c = 53 Mcv (?.zsort  of I C R P  Comaittee ii, page 143) 

= 18.9 qf, rem/week 

if 1 uc pu239 = 16.2 pg PU"? t hen  

R = 1.17 ren/week/microgram P u ~ ~ * .  

2. Using 6.24 x lo7 Mev/gram = 1 rad ,  
A. x 2.22 x 10' dpm/uc x 1440 m i d d a y  x E 

F i =  m x 4.24 x 10 'I Nev/gran r a d  

v m = mass i n  grams 
'iii; 

.. 
= average energy, Mev p e r  d i s i n t e g r a t i o n  

Ei = rad/day. 

using rn - = 1000 grams and 
E = 5.15 Mev 

R = 0.264 A, rad/day 

using a quality f a c t o r  (QY) = 10, 

= 0.0164 rad/dag/microgram. 

R E: 1.14 rem/week/microgran Pua3e. 



P 
3. Using (X?C)  t o  c a l c u l a t e  q f 2 :  Since (NPC)  f o r  l ung  

i s  a iven  asa 4 x I.ic/cc ir, NI3S Handboos 69,  t h e  
IC45 r e p o r t ,  and Title '10. CFR 20, some formula t ions  can , 

be worked baclxwsrcls t o  give q f 2 .  

( U C / C C )  
10" q f 2  

t'T) 
.6 J 

( N P C ) a  = - 
n L A  -- (1-e O a 

where T = e f r e c t i v e  zalZ l i f e  (days)  

A = ?,-action Lnha led  which i s  Te ta l zec  3 

i n  o rgan  o f  r e f e r e n c e  a 

t = period c o n s i d e x a  for determining 

q f a  = permiss ib l e  burden ( g c ) .  

( K P C ) ,  

V s k g  a lung h a l f  'Life :-d? > l u t o n i ~ ~  0;' 300 days a s  
recoiixenced by n o s t  t e x t s  and f = 0.125 which :s the  
b a s i s  f o r  all (MPC)a c a l c u l a t i o f h  f o r  p lu toniun ,  and 
s u b s t i t u t i n g  i n  t h e  above 

qr, = 0.015 V C  

= 0.242 mic:-ograms. 

I 

4. Ca lcu la t ion  of  permiss ib le  dose  t o  the lung from 
(MPC),: 

'4.1 x lo-'' m R Xo (MPC), = 
( l - e - ' o t )  CEF (=E) n 

where X o  = e f f e c t i v e  decay cons tan t  (days-') 
n = 1000 A r m s  
f = 0.125- 
a 0.693 

' 0  = 300 days 

and all other terns are as  previously def ined .  
-.. 

\ 

R = 0.28 remheek. 



5. Checking on t h e  a:;suz?tion of  a 300-day luzg h a l f  
l i f e  us ing  the Sane r 'orxula as  i n  par t  4 and us ing  
2 = 0.3 rem/week ( ' I  ..... R = 0.3 f o r  all o t h e r  
organs [bone a l r e a d y  d iscussed]  except t hy ro id  and 
skin," . . . ICR? 1-eport) as t h e  al lowable lung dose 

4.1 x 10-10. K io? x 0.3 x 2.31 ~ ' 1 0 ' "  
(HPC), = 0.125 x 1 x 53 

The handbook value i s  4.0 x 
t h e  assuiiption o f  a 300-day h a l f  lire i n  t h e  lungs.  

gc/cc confiAming 

Sunmarv 

a .  All l n d i c z t i o n s  a re  t h a t  t h e  pernissible lung dose should 
be .15 :-ern/year. 

b. The pe rmis s ib l e  body burden ( q f 2 )  in t h e  lungs i s  
approx ina te ly  0.25 nicrogrxi. 

C 

C 


