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( a )  COST: 

Prior Years FY 1978 FY 1979 FY 1980 

Ob1 igation Schedule* 0 $50 $7 5 $1 8 

TOTAL OPERATIONS 
Fiscal Year 0 $50 $75 $1 8 
Cumul a t  i ve 0 $50 $1 25 $143 

~ 

* Dollars in thousznds 

( b )  DEVELOPMENT SCHEDULE: 

This program i s  designed with two subtasks (phases).  The f i r s t  
phase wil l  es tab l i sh  the protocol fo r  bioassay procedures , in- 
vivo examination procedures a n d  es tab l i sh  the contacts a n d  obtain 
the cooperation of  a t  l e a s t  four mill operators.  
will  o b t a i n  bioassay samples, in-vivo examinations, and t h e i r  
evaluations,  from which generic biological eliminztion rates  in 
hunan orqans :vi11 be developed. 

The second phase 

PUBLICATIONS : 

None; new pro jec t .  

SCOPE: 

The primary purpose of t h i s  study i s  t o  determine the so lub i l i t y  of 
yellowcake inhaled by mill workers. This wi l l  require col lect ing data 
on the r a t e  of urinary elimination of uranium a n d / o r  organ (lung and 
kidney) burdens by bioassay or in-vivo examinations from occupationally 
exposed persons. 
mation o f  the biological h a l f - l i f e  of uranium, in yellowcake forms, i n  
the lung. 
h a z a r d  from exposure t o  airborne yellowcake and  f o r  ver i f ica t ion  o r  
refutat ion of the N R C  s t a f f ’ s  current posit ion t h a t ,  f o r  purposes 
of compliance w i t h  Section 20.103 o f  10 CFR 20, yellowcake i s  a 
soluble compound. 

Suf f ic ien t  d a t a  will  be obtained t o  permit a n  e s t i -  

This information i s  needed f o r  proper assessment of t h e  

RELATIONSHIP TO OTHER PR03ECTS: 

This program i s  re la ted  t o  many new a n d  long-standing N R C  and  DOE 
programs a t  PNL spec i f i ca l ly  aimed a t  assessment of the hazards  from 
exposure t o  uranium mill t a i l i ngs  and  mill aerosols bo th  from a model- 
inq vSe:.ipoir;t, spec i f ica l ly  using the ICRP Task Group L u n g  Model, a n d  
by animal research 
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2 1 .  TECt iNICAL ACCO~~lPLISHI~IENTS IN FY 1977:  

Not applicable;  new program. 

22.  E X P E C T E D  RESULTS IN FY 1978:  

Concern over the potential  hazard  t o  mill workers from exposure t o  
yellowcake has recently been voiced by N R C ,  p rec ip i ta t ing  action t o  
invest igate  the s o l u b i l i t y  properties o f  yellowcake in the Jung.  
Heretofore, i t  has been assumed t h a t  f o r  a l l  Class Y uranium compounds, 
including yellowcake, the lung i s  the principal organ of concern. 
i s  now speculation t h a t  a t  l e a s t  spec i f ic  types of yellowcake have a 
a rea t e r  s o l u b i l i t y  in the lung, s h i f t i n g  a t ten t ion  from the radiation 
dose t o  the lunq t o  the chemical t ox ic i ty  i n  the  kidney as the organ 
of concern. Recent evidence from bioassay data indicate  tha t a s ign i f i -  
cant f ract ion of  inhaled yellowcake may have a shor t  biological r e s i -  
dence in the l u n g ,  probably because a s iqn i f icant  f rac t ion  of uranium 
i s  in the more soluble hexavalent s t a t e ,  thereby bringing uranium nore 
quickly in to  contact w i t h  kidney t i s sues .  However, these d a t a  are 
questionable from the  standpoint t h a t  specimens were possibly contam- 
inated.  Until the  re tent ion o f  various forms of yellowcake i n  the 
human J u n g  i s  k n o w n  t o  a g rea te r  degree o f  accuracy i t  has become 
prudent t o  t r e a t  such aerosols as soluble ,  ra ther  t h a n  insoluble ,  in 
: h i c h  case the overex?osure rzaortiqij r-equi r?iner;ts np2d  t o  be changed 
coi-mnsurate with t h e  s h i f t  in c r i t i c a l  organ from l u n g  t o  kidney. The 
proposed research wi 1 1  he1 p c l a r i f y  soine o f  these i ssues  ultimately by 
properly classi fying the so luSi l i  t y  o f  yellowcake for  proper assessment 
of the hazard, a n d  invest igat ing the bioassay programs a t  the  mill 
s i t e s  from col lect ion t h r o u g h  analysis  t o  evaluate the probabi l i ty  o f  
contamination of  specimens and insclre qua l i ty  of procedures. The ques- 
t ion  of s o l u b i l i t y  as a function o f  calcining temperature, processing 
methods and chemical composition will a l s o  be invest igated.  The 
t h o r o u g h  invest igat ion o f  the  s o l u b i l i t y  properties may ult imately 
involve a redirect ion of t h i s  program. 

There 

Phase I :  This portion o f  the  prograin attempts t o  e s t ab l i sh  va l id i ty  
of p a s t  pract ices  a n d  assess ex is t ing  bioassay data.  Con- 
t a c t  !Jill be es tabl ished with management of a t  l e a s t  4 mi l l s  
o r  mill s i t e s  chosen on the basis of past  experience t o  have 

made a t  these s i t e s  t o  es tab l i sh  a protocol o f  urine speci-  
men col lect ion a n d  analysis  to insure proper handling and 
evaluation of fu ture  incidents.  Arrangements wil l  a l so  be 
made f o r  t ransport inq employees involved i n  fu ture  incidents 
t o  Richland, Washington, f o r  whole-body counting and addi- 
t iona l  analysis .  T h i s  wi l l  involve removal of such employees 
from the mill atmosphere f o r  approximately 30 days and  wi l l  
require concurrence of the mill operator.  During these con- 
t a c t s  and  v i s i t s  t he  individual l i censees '  bioassay programs 
will  be obtained including procedures and  arrangements made 

- " h i g h "  ra tes  of pos i t ive  exposures. Arrangements wil l  be 
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t o  co l l ec t  ex is t ing  data .  Hopefully, t h a t  d a t a  will include 
both backqround measurements, i . e . ,  current body burdsns, a n d  
measurements from previous instances of h i g h  exposure. This 
data will  be s t a t i s t i c a l l y  analyzed and evaluated t o  insure 
proper co l lec t ion  and radiometric analysis procedures f o r  
qua l i ty  assurance purposes. To assure qua l i ty  o f  analysis ,  
backup samples will  be analyzed by PNL or a su i tab ly  chosen 
a l t e rna te  f o r  comparison w i t h  analysis  by the  mill operator 
o r  his vendor. Data on chemical composition of yellowcake 
wi l l  be col lected,  i f  ava i lab le ,  a t  each mill s i t e .  This 
phase o f  the proqram i s  estimated t o  cost  $31,000 a n d  can 
be s t a r t ed  imrnedi a t e ly .  

Phase 11: This portion of the proqram involves the careful a n d  ccjntrolled 
co l lec t ion  of a l l  new data surrounding future incidents of 
h i g h  exposure. Based upon  the protocol previously established 
i n  Phase I ,  the mill operator will  commence, immediately upon  
determination of a high exposure incident t o  co l l ec t  urine 
which will  be analyzed by b o t h  the  mill operator a n d  PEL o r  
our chosen a l te rna tes .  The person o r  persons exposed w i l l ,  
a f t e r  proper clezfil:?, be flo.:n t o  Rich1 and, Idashington, f o r  
fu r the r  analysis  over about a two-week period. This will  
involv? da i ly  urine sanpling, portions of which wil l  be saved 
f o r  future analysis b y  t h i  !Corker's e-nployer, and in-vivo 
o;-2an c c u n t i ? ?  t o  ,3re z c c c r a x l y  a s s e s s  elixin2tior-i rz tes  
from the lung t h a n  w h a t  can be inferred ind i rec t ly  via urine 
analysis .  
detectable  amount o f  natural  uranium a t  the  95% confidence 
level i s  2 . 4  n C i  (3.6 mg) i n  the lung and  1 .0  nCi  (1 .5  mg) 
i n  the  kidney. Therefore, only exposures which exceed this  
level can be wasured in-vivo. The reasons f o r  having the 
worker i n  our laboratory i s  t o  insure a contamination-free 
envi ronment and accessi b i  1 i t y  t o  who1 e-body or  organ counters. 
After about 15 days the worker wi l l  be allowed t o  return 
home b u t  not back t o  work f o r  another approximately two-week 
period t o  avoid possible sample contamination o r  additional 
exposure. During t h i s  t i ne  he will  continue t o  co l l ec t  daily 
urine samples t h a t  will  be s p l i t  between PNL and his employer 
f o r  flrture neasurement. J u s t  prior t o  his  return t o  work, 
a f t e r  approximately 30 days, the worker wi l l  be flown back t o  
PNL f o r  2 o r  3 more days o f  urine sampling and lung a n d  
kidney counting. I t  i s  expected t h a t  this  l a t e r  data wil l  
es tab l i sh  the background f o r  the worker from which proper 
assessment of the ea r ly  data can be made f o r  biological 
half-time i n  the  lung. This sharing of a l l  urine samples 
and the counting o f  organ burdens wi l l  be duplicated f o r  
a t  l e a s t  10 cases t o  adequately develop a generic biological 
elimination r a t e  i n  man. 

A t  the Ear l ford  whole-body courlter the minimum 
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I t  i s  estimated t h a t  ur inznalysis ,  o r g a n  burden determina- 
t i ons ,  t ravel  a n d  l iv ing  expenses a n d  pzymn': o f  sa la ry  will  
cost  about $7,000 per exposed mill worker and will  be somel,vhat 
an adjustable exp2nse dependent upon incidence r a t e  and 
experience. The accret ion of t h i s  d a t a ,  therefore ,  will  a lso 
be dependent upon incidence r a t e .  T h e  analysis a n d  in te rpre-  
ta t ion  of the incidence da ta ,  PNL t r ave l ,  sa la ry ,  reporting 
and QA expenses a re  estimated t o  cost  a b o u t  $42,000. 
l a t t e r  cost  i s  n o t  expected t o  vary. 
phase, therefore ,  i s  expected t o  be about $112,OO!l. 

This 
The to t a l  cost  of this 

23. E X P E C T E D  RESSLTS IN FY 1 9 7 9 :  

Continuation or  completion o f  Phase I 1  will be the major a c t i v i t y  this 
f.isca1 year. I f  the sponsor is in te res ted  i n  obtaining the  adjunctive 
data this  could be performed coincident t o  the obtaining of the  human 
data .  

24. E X P E C T E D  RESULTS BEYOXD SU36ET Y E A R :  

Continuation of Phase I1 through IO cases. 

25. DESCRIPTION A N D  JUSTIFICATION O F  MJOR MATERIALS, SUBCONTRACT ITEMS AND 
GTSER U','LJSGl SISMIFICL'iT CBST 1TEI.S: t?.. 

26.  DESCRIPTION, JUSTIFICATION, AND SEQUENTIAL PRIORITY OF A L L  EQUIPMENT 
r x s :  r iA 

27.  UTILIZF,TION GF FF.CILITIES A N D  TASK INSTALLATION: NA 

28. CC)MMENTS : 

Overview o f  Proqram: 

The degree o f  exposure o f  uranium mill workers t o  aerosols from yellow- 
cake and from the ore dust i t s e l f  has been estimated from bioassay mea- 
surements. The r e l i a b i l i t y  o f  some of these measurements i s  i n  serious 
question because of several fac tors .  These include possible contamination 
d u r i n g  sample col lect ion and the poss ib i l i t y  of e r ro r s  i n  the analyt ical  
measurements. 

The contamination d u r i n g  bioassay sample co l lec t ion  i s  ce r t a in ly  a se r ious  
problem. Hill  workers a re  exposed t o  d u s t  and t h e i r  c lothing,  ha i r  and 
other  par t s  of t h e i r  bodies, spec i f i ca l ly  t h e i r  hands, may become contam- 
inated.  In addi t ion,  these mater ia ls  may be carr ied t o  t h e i r  homes and 
serve as a continual source of contamination. T h u s ,  bioassay samples 
col lected e i t h e r  a t  the mill o r  a t  home may always be contaminated, and 
t h e i r  analysis  may therefore  r e f l e c t  contamination ra ther  than actual 
absorption of uranium.into the  blood stream through the pulmonary system 
of the digest ive t r a c t .  

- 
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Because of these problems a n d  uncertaint ies  as  t o  the actual protocol 
w h i c h  was followed in the col lect ion of bioassay samples, we fee l  t h a t  
the f i r s t  s tep  i n  determining the r e l i a b i l i t y  of  bioassay r e su l t s  must 
i ncl ude the f o l  lowing : 

( 1 )  A review o f  the  bioassay sample col7ection protocol. This 
review should provide a n  indication o f  the probabi l i ty  o f  
contamination o f  bioassay samples during co l lec t ion .  

A review of t h e  analytical  chemical methods used f o r  the 
analysis  o f  uraniun. 
method f o r  an extension which would permit the analysis of 
LiraiTi in dauzh'iers s3oti: 1 a1 so be &.teririi tied. 

(2 )  
The appropriateness of the analyt ical  

(3) Review a s u f f i c i e n t  amount of  the bioassay data which have 
been col lected thus fa r  t o  determine: 

( a )  The r e l i a b i l i t y  based on information a s  t o  the 
methods of sample col lect ion a n d  the analyt ical  
method used for analysis ;  an3 

( b )  I t s  s ignif icance in te ras  of exposure of the 
individual t o  urani un-containi ng aerosols and  
possible associated health consequences. 

- rhe h b w p  rei;re:v s h o u l d  providz a basis for  determining t h 2  appropriateness 
o f  c o n d u c t i n g  fu r the r  bioassay sampling a n d ,  i f  t h i s  i s  appropriate (which 
i t  S ~ F T S  t h a t  i t  rcay b.a) t o  Is!;slop s s n u ~ d  prccjram t h a t  can insure t h 2  
r ? l i & i I i t y  a f  50 th  szr7 le  co l l ec t io i i  a n d  analysis o f  these samples. ldhile 
t i i e  exact course o f  any  new research must necessarily await the r e su l t s  of 
the above review process, we ant ic ipa te  t h a t  i t  may include the following 

Outlininq a bioassay protocol which would insure the 
r e l i a b i l i t y  of the samples which were col lected.  I t  i s  
assumed t h a t  bioassay samples will be r e s t r i c t e d  t o  urine 
samples b u t  may a l so  include other mater ia l s .  Because of 
the extreme d i f f i c u l t y  of obtaining samples without contam- 
i n a t i o n ,  and  only a few par t ic les  o f  aerosols may be s u f f i -  
c ien t  t o  se r ious ly  bias the r e s u l t s ,  i t  may be necessary 
to  ac tua l ly  place a person in the mill who would be assigned 
sequent ia l ly  t o  the various tasks t h a t  would r e s u l t  in  
exposure and analyze bioassay samples from t h i s  individual 
t o  determine what exposure could be ant ic ipated from con- 
ducting the various tasks necessary i n  mill operations.  

Recommend an analyt ical  proqram with bui l t - in  QA t o  insure 
r e l i a b i l i t y  of measurements a t  the levels  of i n t e r e s t .  The 
analyt ical  program must insure t h a t  n o t  only the samples 
which a r e  deemed posi t ive a re  above a cer ta in  blank l eve l ,  
b u t  the s e n s i t i v i t y  and precision o f  the method i s  su f f i c i en t  
t o  make meaningful measurements a t  the required concentration 
which would be of concern from an exposure standpoint.  
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( 3 )  Oversee a bioassay program which would provide defensible 
d a t a  f o r  assessing the deposition of yellowcake in mill 
workers. 

f i f ter  we have established protocol for  b o t h  sampling and  analysis of bio- 
assay samples, i t  would be essent ia l  t o  insure t h a t  a bioassay program was 
conducted i n  the  prescribed manner so t h a t  d a t a  would be meaningful. 

Carrying out the f i r s t  phase o f  t h i s  program, which would include the col- 
l ec t ion  of a s ign i f i can t  amount o f  d a t a  from the mill areas of i n t e r e s t ,  
must be overseen by a person(s) who understands a l l  of the potential  
problems and  possible e r rgrs  associated with the e n t i r e  program. 

Beyond t h i s ,  the proararn ac t iv i ty  would include a t ten t ion  t o  defining the 
aerosols the mi l le rs  are  exposed t o ,  espec ia l ly  during incidents ,  as well 
as  independent analysis  o f  t h e i r  contamination by i n - v i v o  counting and  
bioassay. 


