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- N R C  TECHNICAL MONITOR: 3 .  D. Foulke 

PRINCIPAL INVESTIGATOR: 8. Robinson, H .  8. S p i t z ,  D. R.  Fisher 
BUDGET ACTIVITY: 601 931 02 
FY80 WORK P E R I O D :  October 1 ,  1979/September 30, 1980 O B L I G :  554K 

OBJE CTI VE S : 

The objec t ive  i s  t o  determine the biological  h a l f - l i f e  o f  uraniun i n  yellowcake 
forms i n  the human  l u n g  i n  o rder  t o  c l a s s i f y  properly the s o l u b i l i t y  of 
yellowcake for purposes o f  l i m i t i n g  exposure t o  airborne yellowcake. 

SCOPE: 

The research wi l l  be car r ied  o u t  i n  two phases:  

Phase I 

Contact will be es tab l i shed  w i t h  management a t  several  uranium mills chosen 
for t h e i r  experience i n  h a v i n g  h a d  pos i t i ve  exposures t o  airborne yellowcake. 
Past p rac t ices  w i t h  regard  t o  bioassay programs will be discussed and the  
procedures reviewed. 
be evaluated. 
es tab l i shed .  Data on the  chemical composition of yellowcake will a l s o  be 
co l lec ted .  

B o t h  sample col l e c t i  on and bnalyt ical  chemical methods wi 11 
A protocol of urine specimen co l lec t ion  and  analysis  wi l l  be 

Phase I1 

Fol lowing exposure t o  h i g h  l eve ls  of a i rborne yellowcake, the  mill operator  will 

A t  PNL da i ly  ur ine sampling and  i n  vivo organ c o u n t i n g  will be 
conducted. 
two o r  t h ree  more days of urine sampling and l u n g  counting. I t  i s  expected t h a t  
t en  cases will be necessary f o r  s tudy.  

' b e g i n  ur ine co l lec t ion .  The exposed ind iv idua l ( s )  wi l l  be flown t o  PNL f o r  a 
. two-week period, 

After  approximately t h i r t y  days the  i n d i v m l  will re turn  t o  PNL f o r  

Scope of  Work f o r  Fy80 

Phase I Will be completed w i t h  a program of ur ine spec imn col lec t ion  and ana lys i s  
i n v o l v i n g  spl i t  sampling w i t h  mill management personnel. 

Continuous alpha a i r  monitors equipped w i t h  a " r e sp i r ab le  f r a c t i o n "  discriminator 
W i l l  be i n s t a l l e d  a t  e igh t  uranium mills. 
s igna l  h i g h  levels o f  yellowcake i n  the workers' breathing zone. 

A new whole body count ing  room wi l l  be-equipped a t  PNL. 
.will allow measurements t o  be made on workers who are chronical ly  exposed t o  provide 
base1 i ne da ta .  

These instruments will audibly alarm t o  

The increased sensivity.. 

I 2 b  l OOb 
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I 

P E R F O R M I N G  ORCANIUTION AND LOCATION 

P a c i f i c  Northwest Laborator ies  

:IN TITLE 

See Attacked 

A. T H I S O R D E R  1,824,000 

See Attached 

See Attached 
. F I N k U M 6 E R  

\ Y O R K P € F . 1 0 0  -TH6 GFIZER 

F I X E D  0 { E S T I V A T E D  3 ' 
FROM. TO. 

7 / 7 1 ?  170 o / ? n  / g n  

C. TOTAL C R Z E R S  T3 CATE f T O T A L A P 8 I  s 1,824,920 

D .  AMO'JNT I N C L U C E 2  IN "C" APPL:CASLE TC THE "FiN H V H E E S "  CITED IN  TI- 5 ORDER. S See A t t a c h e d  
FINANCIAL F L E X l S i L I N :  

0 ,FUNCS WILL NOT 6E REPROGRAMMED 6 E T h ' E E H  FINS. UHE D CO'iSTINTES A LlMlTATlON Os% 03LIGXT;CNS 
'AUT H 0 5 1 2 E D. 
F U N E  MAY SE f iEPROG8AHhIED NOT TO EXCEED 5 1'2% O F  FIN LEVEL UP TO SSOK. LINE C CONSTITUTES A LlMlTXTlGN 
ON 0 5 L l G A T I C h S  A U 7 i i S R I Z E D .  

5TANDAP.D E?.'& A h ' 3  C Z S D I T I O W  PROVIDED DOE A R E  CCSSIDERED PART OF THIS ORDER 
UNLESS OTWEFiWlSi X 3 r t 3 .  

SECURITY: 
F;):KORK O N  THIS O R D E 8  15 NOT CLASSIFIED. 
0 WORK ON THIS GRDCR INVOLVES C L A S S I F I E D  

INFOAI.4ATION. N A C  FOAM 167 1.5 ATTACHED. 

4 

ATTACHMEh7S: 
M E  FOLLOWING ATTACHh!EhTS ARE HEREBY 
MADE A PAFIT OF THIS O;IDER: 
0 STATEMENT OF W O R K  
0 ADDIT IONAL E R C S  AND CONDITIONS 
0 OTHER 

I 

Final work. packages ( l 8 9 a ' s )  r e f l ec t fng  ap3roved FY 7980 resources a n d  scope 
s h o u l d  be furnished w i t h i n  sixty days. Five coples  should b'e sent t o  t h e  
Off ice  of Nuclear Regulatory Research a n d  one copy t o  t h e  N2C Controller.  

REMARKS: 
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P R  I N C l  P A L  I V V  EST I G A T C  P :Si: 
(Include ES t?o.l 

3. ? ~ b i : ? ~ o ~ i / H .  B. S p i , t z / 3 .  ?,. l ' j s i ie r  

I 
I 16.. PROGRAM SUPPORT OBLIGATIONS 

a. D ~ r m a S i a r m  

6. CONTRACTOR: I 7. W 0 R K : Y G  LOCATION - C!TY:  

To:al (In Thousands) 

Battclie Msmorial Innltots 
Facific Nonhwer: Laboratory 

9. T Y P E :  

1 
T ~ : a l  Estrmated Program Cons 68.0 

Richled 

89.0 I a. o 

:2 .  C C N T R A C T  T E R M  - SEGIN: I 13. CONTRACT T E R M  - E N D :  

Ma. Dav Yr. 

I 12 .  T E R M I N A T I O N  SATE OF FUHDIYG:  

I 

I 

15. M A N Y E A R S  

D l r m  . I FY 7 9. FY 80 

T O T A L  0.5 0 .5  0.1 * 
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',S i n  ?housc.nds) ?r;'3r Yeirs FY 1 9 7 9  FY 1930 FV 1991 
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- 
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Curnul a t i  ve 

DE ' I  E L 0 F !'E NT 

1: 6 2  29 3 
10  78 167 175 

7 , i s  prC;rzz i s  cesi;ned qvith txc subtasks ( 7 h a s e s ) .  The f i r s t  
phase will estab1 i s h  c r c t o c o l  s fDr bi2assay arcczdures in-vivo 
exminatfon i;rocEcirres 6ind est2bl ish the contacts t o  o b ~ a i n  co -  
ocersticn of a t  l e?s+ .  f z x r  T i l ;  oFera tD?-s .  ! n e  second chase 
ir?cludes c3:lectiQn o f  s;lT)r?les 2 n d  in-vivo examinatiDns. E v a l u -  
a t i c n  of The d a t a  \ J i l l  attempt t o  character ize  qeneric bioloaical 
eiirriination rates  f c r  h m a n  organs. 

-- 
- 3  

-- 

The pr i rary purpcse o f  This s t t i d y  i s  t o  derernine whether y i l l o w c ~ ~ ~  
exhibi ts  any s i ;nif icant  degree of so lub i l i t y  in t h e  l u n g  3 s  i r? i ic?ted 
by the Fresence 3 f  Lci-zniurn i n  t he  urine of occQoationally i.xaosell m i : ?  
vorkers. Sinc2 the carrent %?C s t a f f  position indicates t h a t ,  cerierically, 
yellowcake i s  a soluble compound, the question reaarding the de(;r?e o f  
so lub i l i t y  in the human l u n c j  must be ver i f ied t h r o u a h  actual exposure 
incidents .  PInalysis c i  u r a n i u m  in sequentially collected excreta salrinles 
from occupationally exFosed uranium m i  11 ye1 1 ow'cake workers wi 1 1  chsrac-  
t e r i ze  a n d  quant i tz te  u r a n i u m  removal r a t e s .  I n  vivo measureTents of  
uranium deposited i n  the 1Lincj will a l s o  be performedas a n  a d j u n c t  t o  t h e  
assay o f  uranium in excreta. 

29. RELATIONSH I? TO OTHE2 FFOJECTS : 

This Droiect is related t o  manv new and lonq-standins ?!?C and DOE studies 
a t  P?!L, spec i f ica l ly  directed towards assessment of human exposure t o  
radioactive aerosols from u r a n i u m  mil ls  and mill t a i l i n a s .  

21. TECHNICAL ACCOMPLISHMENTS I N  FY 1979: 

Accomplishments thus f a r  d u r i n g  FY 1979 include 
ture  search, completion of the study description sen t  out t o  m i l l s ,  a n d  
coordination of the study w i t h  other FIRC projects a t  both Pacif ic  Ycrth- 
west Laboratory a n d  other s i t e s .  

comDletion of the l i t e r a -  
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, , - & I  - ~ ~ ,  _ .  , < >  ~ x ~ l ~ r 2 ; i .  j r , c ' t i d j : ~  3 ccmuter  c e 2 r c h  o f  t n s  

r-!? - d 3 3  ::TIS, ;IS, c n d  c>2r , ic31  abs t rac t  f i l e s .  T b i s  :vork showed t 5 a t  a l -  
t ho i l gh  overex?osures have occurred i n  the ~ a s t ,  the Liraniun comsnies 
d o  n ~ t  ty? jca l ly  remrt t hese  inci5ents iqith suf f fc ien t  o f  the natsre 
r e ,q i r ed  f c r  the Dresent s t u d y .  Gne exceotion, b r o u a h t  t o  our a t t e n -  
t i o n  by 9r. Ted l i o l f ' s  crou:, with the S ta t e  o f  ',!el:/ Mexico, was a n  a v e r -  
exposure tc, yellcwcake 62st d c r i r , a  the decomissic,ninq o f  2 q i i l  i n  ':e!./ 
?exi'co a b o a t  1 9 7 1 ,  f r ,  ,.\ihicn a s f r i e s  af  Sicassey a n d  chest zssntir;? d a t a  
' . , !~r3 s b t a ;  sed.  . 

Contacts were e s t a b i  ished w i t h  invest iqators  ( b o t h  nere a t  Pacif ic  
::orth:+est Labora to ry  a n d  other s i t e s )  o f  oragosed a n d  funded YPC arojects  
related t o  the yelio:.rcake s tudy .  
s tudy i n  such a ';Jay a s  t o  mxfmize the infornaticn vrhjch can be obtained. 
F e r  examale,  jt i s  ? o s s i b l e  t k a t  some a f  the Lirine s a w l e  collect 'sn czn 
be coordinated xi ti7 a t h e r  stsdf cs so t h a t  add'tic;nal backqround inforqa- 
t f c n  cn interns: c e r o s ' t i c n  ? o r  other radionuclides may be obtained on 
u r z n i u n  ; ~ l j l l  yellc:./c3k~ ,;,orkers. 

Yeetinps :&/ere held t o  coordinate th i s  

A descriDtive l e t t e r  c f  the ye l lowike  solubiiit)! study \.:as sent t n  ; i l l  
uranitlm mills i n  the Li.S..4. Follcwun v i s i t s  t o  several inills were -a?e 
f c r  the Dtirr3osi3 o f  2rovidin9 de ta i i s  o f  the stud:, t o  nanagevlent 3 n a  s a fe ty  
dir2ctors .  a n d  ts a r r a n : ~  f c r  ccmzny coooeratfon. 

Several iog is t ica l  cm9l ica t ions  were dea l t  w i t h  d u r i n c r  FY 1 9 7 9 .  !? 7a:cr 
cxipiii.at.iny i ac t c r  i s  t h e  c i i f i c u i I y  involved i n  ident i f ica t jon  e= t i p  
overexposure fncident .  To cbrain neanin9f:J: c ie j rance d a t a  on t h e  s h c r t -  
term retention cmcocent, t h e  cccurrence must .e T:rTl:y esrabl<sF,ed ?.nc 
t.he xcupat icna l  l y - e x ~ o s e i  ivorker must be 'inmed:'at~ly removed frm t ? e  
v/orkinc envirgnrent =rid trans3orted t o  o u r  l akzra tor ias .  F o r  the T o r i  
so l  ub: e forms r,f ye1 1 swczite + del ays i n t h i  c ac t i  GP becotre i ncre:si n q l  'i: 
inportant ,  

, r .  

Defining the overexzasure conditions su i t ab le  t o  i n i t i a t e  a comr&en- 
s ive individual exanination requires a cornDlex se r i e s  o f  c r i t e r i a .  ' h e  
way t o  achieve i m e a i a t e  not i f ica t ion  of a n  occurrence c o u l d  be the 
u t i l i za t ion  of a continuous a l p h a  a i r  monitor w i t h  alarm caDabil i t ies .  
Ne an t ic ipa te  tha t  a b o g t  eiqht instruments ma:/ be required.  These c o u l d  
be used i n  conjunction w i t h  a " resp i rab le  f rac t ion"  flow-throuqh 
apoaratus. The additional exposure involved i n  acquiring t h i s  eauiment  
was n o t  included i n  the cost  estimated f o r  the original research Dropssal. 

The NRC-sponsored study, " In  Vitro Dissolution of IJranium Product SamD'les 
From Four Uranium Mills5' '  by A.  F. Edison a n d  J .  A. Mewhinney (NUREG/ 
CR-0414) i s  especially pertinent to  the present project .  This report  
indicates a dissolution r a t e  f o r  yellowcake i n  simulated luna f l u i d ,  such 
t h a t  an a c t u a l  i n i t i a l  deposition o f  15 mg hiqhly soluble  yellowcake 
would not be detectable i n  the lunas a f t e r  48 hours. However, for the 
other three forms of yellowcake studied, a n  equivalent deposition would 
be suf f ic ien t ly  above detection l imi t s  t o  oermit i n  vivo chest counting. 
Thus. i t  was decided t h a t  t h i s  procedure must begin ! . r i th in  24 hours of  
the overexposure. 

-- 

1 2 b 1 0 1  I 



Recent evidence indicates t h a t  a s ign i f icant  f rac t ion  of inhaled 
yellowcake may have a s h o r t  b’alocical residence i n  the l u n g  (orGbaS;_v 
because a s ign i f icant  i r a c x i o n  of aranium i s  i n  the Tore soluble k e x a -  
v a l e n t ) .  Since u p  t o  now. yellowcake has been considered a c lass  Y 
comound, t h e  lung has been t h e  sr’nciple o r S a n  o f  concern wherpzs the 
chemical toxici ty  t o  the kidney has n o t  Seen considered. There i s  now 
speculatjon t h a t  sone f o r m  o f  yellowcake my nave a greater  ce,:ree o f  
so lub i l i t y  in the l u n q  t h a n  previously considered which would s h i f t  
a t tent ion from the radiation dose t o  the l u n g  t o  the chenical tox ic i ty  
i n  the kidney. The F;roposed research will attempt t o  c l a s s i fy  yellow- 
cake so lub i l i t y  i n  the human luna fron sctual occuDationa1 expossre 
incidents involving u r a n f u r n  mill yellowczke :.,orkers. 

Fn ?valuation o f  the bioassay >rocrams a t  thoss mills  which o r m i l e  cn-  
s i t e  analysis andlcr col lect icqs  w i i l  be -ade t o  ident i fv  a n y  aoTentia; 
sobrces c r  means i c r  exTernal contamination durina sample col iect ion 
2rocedures. 
t e rcera ta res ,  proc:ssinq meti?ois ar?d chemical c o m o s i  t ion will a l s o  

The qtiestion o f  so lub i l i t y  as a fsnct icn o f  calcinina 

be investigated.  

?h?se I :  Several 
the v a l  
?hys i rc 
ment of 
provide 
and  t o  

u r 3 n i u m  m i l i j  will be ccntacted j n  crder tc! e s t z b l i s i  
d ’ t y  o f  nast bioassay ana l j / “ , ca i  crogram a n d  i e ? ? t h  
Fr3Ct’Ces. F ) r g , t ~ ~ c l  s ~ y j  11 be ~ r c ~ c s e d  f e r  t h e  ~ 2 ” ~ s -  
any eventual ye1 lowcake \uorker exDosut-e incidents t o  
a sn i f s r?  zethcd o f  szmo7e .coilectisn a n d  prccess’na 
med ia t e ly  t r anssc r t  t h 2  inai>didual t o  ? W  ( Z i c h i a n d )  

for extensive analysis .  The :.iorker(s) wil? i n i t i a l ’ y  remain 
a t  Gat te l??  fo r  several days, tne lenstk o f  :.ri;ich is qoverzed 
by the e l in jna t ion  r a t e  ~i c r s n i m  f c r  a Darticillar yellowcake 
material .  Further urine s a m l e s  w f 7 1  be c o l l x t e d  and -- i n  v i v o  
measurements perforred while the workers a re  a t  Batteli  e. 
These leaves o f  absence will require concurrence of  the mill 
operators. 

During these contacts a n d  v i s i t s  the mill bioassay programs 
will be examined. Collection and  analysis of background 
d a t a  will be accomplished a t  P?IL a n d  \vi11 r e s u l t  i n  an 
additional cost  of 512,000. This includes t ravel  t o  P:!L 
for -- i n  v i v o  measurements. Also, additional a p p r o v a l  from 
the Bat te l le  Human Subjects Committee nay be needed. 
qual i ty  analysis ,  backup samples will  be analyzed by PNL or a 
su i tab le  chosen a l t e rna te  f o r  comparison w i t h  analysis by the 
mill operator or his vendor. Data on chemical composition of 
yellowcake will  be collected a t  each mill s i t e .  This phase of 
the program i s  estirrrated t o  cost  478,000 and has  beoun. 

To assure 

Phase 11: This portion of  the program involves col lect ion of new d a t a  
su r round ing  fu ture  incidents o f  h i g h  exDosure. 
the protocol established i n  Phase I ,  the mill operator w i l l ,  
-immediately u p o n  determination o f  a h i a h  exrJosure condition, 
commence col lect ion o f  excreta from those workers involved ir! 
the OverexDosure incident.  
by PFlL a n d  the mill operatnr ( i f  so des i red) .  
or Dersons exonsd  will be flown to  Fiichland, \.lashington 
immediately followin9 exposure. 

Based w o n  

The urine smpl  es w i  11 be analyzed 
The Derqnn 

1 2 b 1 0 1 2  



?+e  prosran involves  c a i i y  urine c o l l e c t i o f i s .  oorticins of  
which will be saved for  fu ture  ar;alysis by the worker's 
emoloyer. In v i v o  neasurevent t o  assess elimination ratos 
from the l a n g  are  also scheduled. 
body counter, the gininirrn detectable amoun t  of  n a t u r a l  
uranillm a t  the 95'; confidence level ;'s 2.4  n C i  ( 3 . 5  ?a)  
i n  the lunq a n d  1 . 0  n C t  ( 1 . 5  va) i 'n the kidney. 

-- 
A t  the Hanford wno:e- 

The reascns for  h a v ' n g  :he viorker in o u r  laboratory i s  
t o  ensure a contamination-free environnent a n d  access:- 
b i l i t y  t o  whole-body or o r p a n  cDunters. I t  i s  established 
t h a t  urinanalysis,  o y a n  burden Ceterminat'ons. travel a n d  
l iving exsenses a n d  pa:ment o f  sa lary w i l l  cost  a b o u t  S 7 , ? P ?  
per exposed Rill :Jcrker a n d  ma:/' be a var iable  a c c r u a l  ex3fnst 
depending spon the actzal incidence r a t e .  The analysis a n d  
in terpretat ion o f  the incidence da ta ,  ?f!L t r ave l ,  sa la ry ,  
reporting a n d  QA exDenses a re  est 'nated t o  cost  a b o u t  527,12?c! 
This l a t t e r  cost  i s  n o t  expected t o  va ry .  
t h i s  phase, therefore,  i s  expected t o  be ? b o u t  S97,POO. 

The t o t a l  cost  o f  

i s  3nticipated ;;hat durir;o FY 1980,  Phase I , d i l l  be f inished,  Dlus p o s t  
c r  311 07 Phase 11, depe2ding m the number of exljosuro cases avai1aD;e. 

23.  EXFECTE3 "SULTS ::I F\I 1931 : 

Cantinuation of Phase I 1  t h r o u c h  10  cases. 

The eva? iiaIci zn f c r  10 reseircn scojeczs may rtcdi re cor,t i n u i  ng s t ~ i d . 4 .  

Not avo7 icable.  

26.  ZESCRIPTION, JUSTIFICATIOY, AT49 SEOUENTIAL PRIORITY OF A L L  E?!!IP??ETdT ITE.1S: 

DESCRIPTION: 

I tern: Air monitors (continuous, a loha) ,  alarming 
type; equipped w i t h  "resp i rab le  f ract ion" 
discriminator.  

Number Required: 8 

Cost Per U n i t :  $2,500 

Total Cost: 520,000 



- l < ~ - T 7 - p e T . - . ,  
I i r  i d  I r :  This ecu imen ;  i s  essent i ; ( i  =or oetec-jcn 

? n o  nc t i f ica t ion  c f  " h i c i '  exDosures e 5 r l v  
enouah F o r  -- irl vivg a n d  bioassay nessurwents 
t o  be taken. i 4 i  t h o u t  tiles? Sicassay xas i l r e -  
Rents no models can be develo5ed. 4:so, no 
other instrumentation i s  z v a i l 3 b i e  t o  oive 
the desired ear ly  det2c::on j n d  a i -  i l v e l  
concentrations.  See a l s o ,  aiscussicn in 
s s c t i o q  2 2 .  

2 7 .  T9AVEL: 
' ! u m 5 e r U uiri b e r 'lays in 

G f  Trips O f  Travelers Trave? S t a t u s  Cost 
F? 1979 1 2  il 39 58 y 220 
F? 1950 - n 4 11 52,6?3  

F'! 1981 1 1 2 s 539 

'.:et applicable. 

.,e-? - 
U J I C :  rzrioraance o f  t h i s  Droject i s  contincent L;l;on t h e  

secondary- revie!.j ar,d a p p r o v a i  o f  the Stttel1 e 
Sunan S ~ b j e c i s  k m i  t t e e .  


