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ABSTRACT 

This  paper presents the proceedings of an in-  

formal meeting on Plutonium and E:nvironmental 

Metals in Man held in Albuquerque, YM on May 9 ,  

1973.  
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PLUTONIUM AND ENVIRONMENTAL METALS I N  MAN 

Interlaboratory Meeting May 9, 197 % 

by 

Evan Campbell, Section Leader 

J ~ m e s  F. WInroy, Tissue Program 
Bi&Assay C h d C a l  AJ'ialySiS Section 

I. INTRODUCTION 

An informal meeting was held in Albu- 
querque, New Mexico, on KAY 9 ,  1973, to 
discues the varioum aspects of the analyti- 

tissues for plutonium analysis. Three types, 
or cases. w e n  defined with each having its 
own unique problems. 

a. General population, no known occu- 
pational exposure to the Actinide elements. 

b. Former upployeee of M C  contractors 
or laboratories which had an expoeure poten- 
tial to Actinide elements. 

Gal proceduraa And handling Of hWAn AUtOpmy 

c. Tranmuranium Registry cameo repre- 
senting known exposures to plutonium and 
other actinides. 

The purpose of the meeting warn to coor- 
dinate the effort. of the three main labora- 
tories [the Los A l m o s  Scientific Laboratory 
(LASL), Lorn Alunos, N e w  Mexico; BAttelle 
Northwest Laboratories [BEIWL), Richland, 
Washington; Dov Chemical Company (Dow RF], 
Rocky F l a t s ,  color ado^, t o  carry out the 
tissue analymir program. By such an ex- 
change of ideas, a degree of similarity be- 

from the laboratories to be evaluated on an 
tween 1AborAtOrieS would enable the dAtA 

equal basis. 
A. Opening Ramarks 

Joseph Goldmtein, M. D., "Theme 80s- 
SiOnr have been p1AM.d AS purely tOChniCA1, 
for without these technical capabilities 
this program will fail. The first priority 

within the AEC 
programs...The 
to the overall 
dcvelopent of 
This in no WAY 

- 
and in DEER are the plutonium 
Tissue Program's contribution 
use of plutonium will be the 
standards based on human data. 
refhcts on the important 

work of plutonium effects studied in animals 
. . .  We must develop A solid program that i S  
coherent and Comparable. Unless the data 
coming out of the various laboratories are 
comparable, we are heading down a blind al- 
ley.  .I hop :him meeting will conrist of 
constructive criticism among yourselves. 
This  interdisciplinary Tiasue Program will 
continue with thio kind of inter-laboratory 
communications." 
8 .  General lliscussion 

The purpoee of the tissue an.rjmispra-- 
gram is to establish tha level of Pu in the 
general population and detect any trend or 
chanqes in the Pu concentration. The impor- 
tance of Pu LII the nation's future and the 
need for more and complete human-ata were 
discdssed. The 5 millirem per year exposure 
t o  t h e  public has boen proposed by the regu- 
latory branch of the AEC. This is equal to 
approximately three 1 um particles of Pu de- 
posited internally per perron per year. The 
analytical chemist io confronted with what 
appears to be an almost insurmountable task 
in t n e  future to detect this level of Pu in 
m a n .  At the prtrent, the analyst is working 
at  t n e  limits of today's technology. 
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XI. INTERLABORATORY CALIBRATION 
Interlaboratory calibration is to in- 

sure an equal basis between laboratories. 
Approximately 1-1/2 years ago, the Los 

Alamol Scientific Laboratory prepared a set 
of plated standards of 239Pu, 238Pu, and 
”%u on stainless steel. 
to be counted in the equipment of each par- 
ticipating laboratory. The BNWZ has counted 
the plates for total alpha activity using 
the NTA counting method, but has not com- 
pleted the analysis by alpha spectrometry. 
upon completion of the alpha spectrometric 
analysis by BNWL, the plates will then be 
sent to Dow Chemical Company at Rocky Flats 
and finally returned to LASL for distribu- 
tion within LASL. The platos will then bo 
sant to any AEC contracting laboratory that 
would like to compare their counting tech- 
niques with the three participating labora- 
tories. This set of plate8 has also been 
counted by the Colorado Department of Public 
Health and the agreement between LASL, BNWL, 

and Colorado was excellent. Because, at the 
time the plates were prepared, 236Pu was be- 
ing u m d  as an internal tracer, 242Pu was 
not included. The preparation of additional 
plates appeared unnecessary. The labora- 
tories were asked to analyze the plates and 
return the raw count data to LASL for evalu- 
ation as 6oon as possible. 
A.  Quality Control 

lung 125 Kg) were ashed to a gray white but 
not whitened. 
weighed out, and sealed in plastic bags. 
Each bag was spiked by pipetting a known a- 
mount of 23gPu into the powder. 
the spiking solution was included for evalua- 
tion. The pipetting error was minmal and 
has been evaluated. All counting data are 
to be sent to BNWL for evaluation. A set of 
4 0  samples and a spiking solution have been 
sent to LASL, BNWL, DOW RF, and the Health 
and Safety Laboratory [HASL), New York. 

Tissue Program at LASL was discussed and as 
soon as sufficient data are available a re- 
port will be prepared. 

The plates were 

Beef bone (20 Kg), l iver ( 2 5  Kg), and 

Samples were well mixed, 

A sample of 

The quality control procedure in the 

The existence of International Atomic 
Energy Agency I IAEA)  tissue samples was noted 
and when more data are known on their availa- 
bility, the information will be distributed 
to the participating laboratories. All labo- 
ratories are to give “top” priority to inter- 
laboratory evaluation and quality control so 

that a l l  data can be compared. 
B .  Sample Size 

the whole l i v e r ,  and both kidneys, the Labo- 
ratory has not been getting as many cases as 
might be available if smaller amounts of tis- 
sue were to be requested. Direct contact 
with the pathologist appears to be the only 
way In which the laboratories can obtain the 
desired sets of tissues. 

Because LASL is requesting both lungs, 

- 
LASL has been working with some 15-20 

pathologists and most prefer not to take all 
of each organ. If 500 g of lungs, 500  g of 
liver, one kidney, and the standard sets of 
other organs were requested, the number of 
available cases could be increased. This 
would reduce the amount of tissue by only a 

factor of 2 or 3 and by proportional a l i -  
quoting give essentially the same statistical 
significance to the data. BNWL has been 
collecting those smaller weights routinely. 
An experiment to evaluate the use of smaller 
tissue weights in the LASL Program is ir. pro- 
gress. If it can be established that smaller 
samples of tissue car. be used without sacri- 
ficinq detection levels, the program will 
benefit from increased number of samples. 
It was also mentioned that the ashing time 
of the large samples is also a problem and 
that lower recoveries have been observed as 

the tissue weight is increased. If less 
than both lungs arc reqUe8ted, a single iobe 
from the same anatomical location is neces- 
sary because of the lack of homogeniety in 
the distrib-tion of Pu in the lung. It will 
be imposssbie t o  extrapolate analytical rc- 
sults to both iungs even with conriotant se- 
lection of :ung tissue. It appeared from 
the discussion that hoth lungs should be ob- 
tained when possible. 
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It is  pO88iblO that c o r t a i n  s.1.ct.d 
lymph nodo., such as t h o  sadd le  lymph node 
(one of t ho  l a r g e  r i g h t  t racheobronchia l  
lymph nodes) may bo an indox t o  gonoral 
popula t ion  u tposure  t o  o n v i r o m o n t a l  Pu. 
Tho a n a l y s i s  of a l a r g o  numbor of Trans- 
uranium Ragis t ry  (TUR) ca ses  may se rve  a s  
a b a s i s  f o r  t h i s  s e l e c t i o n .  

Tho l o g a l  problems concorning t h e  
g ran t ing  of ponnission f o r  autopsy and t h e  
s i z o  of tho t i s s u e  san\ples removed were 
d iscussed  and l e b o r a t o r y  w a s  encour- 
j g ~ d  t o  COnBUlt their  1W1.1 8OCtiOn8. 
RP ha8 no t  beon confrontod with t h i s  pro- 
blem. 
i n t o r e s t  and o b t a i n  a roloase d i r o c t l y  from 
tho  fami ly  t o  p o r n i t  t h o  p a t h o l o g i s t  t o  
runovo tho o n t i r o  organ of choice  f o r  t h o  
purposo of a n a l y s i s .  There appears t o  be 
no problam when t h e  l abora to ry  pc~rsonnol 
a r o  a c t u a l l y  in a t tondance  a t  t ho  autopsy. 
LhSL and BNWL havo exp.rionc.d some pro- 
bluns  whon attmmpting t o  work wi th  patholo- 
g i s t 8  o u t s i d e  of t ho  iannodiato l abora to ry  
area. It was 8uggost.d that a s tandard  
f o m  r O h a 8 h g  tho  t i 8 8 U O  f o r  " tho &dVAnCO- 
mont of arudical knowlodge" be s e n t  to  each 
p a t h o l o g i s t .  Same doubt war WptOs80d 
about t h e  accoptanco of A socond pannit 
form by t ho  p a t h o l o g i s t  s i n c e  awperienco 
has  i n d i c a t u i  t h a t  this turds t o  d iscourage  
tho noxt of k i n  from ro leas ing  the body f o r  
r o u t i n e  autopsy. x t  was also pain ted  ou t  
t h a t  tho UIO of t h o  local c o r o n e r ' s  o f f i c o  
p a t h o l o g i s t  or modical o x m i n e r  is advanta- 
gsOU8 t o  tho  program. BUWL, howovor, ha8 
avoidod c o r o n u ' s  ca sos  t o  provont poss ib lo  
l e g a l  involvmmnt.  

Tho p o s s i b i l i t y  of pool ing  portions of 
organs  from r i m i l a r  c a s e s  was d i r cu r sed .  
With t h o  d o t o c t i o n  lovolm that &ro  p reson t ly  
accepted, tho minimum tismuo weight t h a t  
could bo m a l y z d  to  d o t s c t  Pu i n  95% of 
tho g e n u a 1  popula t ion  is 300 g of lung, 
1 0 0  g of l i v o r ,  300 g of kidnoy, and 1500 g 

of bono. I f  t h e  median va luos  of Pu con- 
c e n t r a t i o n  are accopted, a minimum of one 
kidnoy and 50 g bono aro  requi rod .  Tho 

Daw 

Thoy s o l o c t  on ly  c e r t a i n  ea800 of 

maallor organs  must be analyzod as a whole. 
Pooling of  s.mplas may more t r u l y  r ap re ren t  
an avorags f o r  t h e  popula t ion ,  wi thout  rc- 
gard t o  age ,  sex, d i r e a s o ,  CaU.0 Of doath,  
e t c . ,  bu t  would causa o the r  e r r o r s  in i n t e r -  
p r e t a t i o n .  Each l abora to ry  should i n v e s t i -  
g a t e  t h i s  problam w i t h  t h e  p o s s i b i l i t y  of 
eva lua t ing  t h e  genora l  popula t ion  i n  this 
manner. 

Tho us0 of a smal le r  number of good sam- 
p l o s  w i t h  app ropr i a to  care h i s t o r i e s ,  regard- 
less of the de toc t ion  l i m i t  of t ho  program, 
is better than a l a r g o  numbor of u n i d e n t i f i -  
able background I M p h B .  The s ta tement  was 
nudo t h a t  efforts should be d i rgc ted  toward 
t h e  accumulation of  e x c o l l e n t  data on fewer 
samples r a t h o r  than  8 l a rgo  number of caaee 
t h a t  would produce poor c o r r e l a t i o n  with en- 
vironmental l ove l s .  
C. T issue  Bank 

t h e  p o s s i b i l i t y  of an Intoragency Tissue  
Bank was presented. The purpose of t h e  T i s -  

s u e  Bank would be t o  08t .b l i sh  t h e  p o l l u t a n t  
l e v e l s  i n  man w i t h  r e s p e c t  t o  age I  goograph- 
i c a l  a roa ,  type  of p o l l u t a n t  oxporure and 
many o the r  f a c t o r s .  Boforo a Care o r  Bet of 
t ismues w u l d  en to r  t h e  bank, a complete 
work h i s t o r y ,  modical h i s t o r y ,  r o r i d o n t i a l  
pa t to rn ,  habit  p r o f i l o ,  urd cas. review 
would bo obtained. Each t i s s u e  would be 
analyzed for s p e c i f i c  motals and organic  com- 
pounds. Core ramplos would bo takon from tho 
l a rqo r  organs.  Po r t ions  of t h o  minor organs 
inc luding  s e v e r a l  bone sit. samples would be 
taken, a l so .  Tho t i s s u e s  would be homoge- 
n i z e d  and dividod i n t o  two p a r t s .  One p a r t  
would bo frozon and held  a t  - 7 O P C  and the 
o thor  vacu~m dried. It  was recomnondad that  
the  program inc ludo  a n a l y s i s  f o r  Pu, T ,  l3lII 
and poss ib ly  somo o t h e r  of t h o  mor. oxo t i c  
nuc l idos ,  as woll as t h e  s tandard  olamental  
ana ly ros  reccmmpomd.d. Since the spc lmon  
sizes would bo r o l a t i v a l y  .mall, pooling of 
samples would be r o q u i r d  f o r  Pu analysis i n  
t he  t i s r u o r  providod from t h e  bank. 

t h e  e x i s t i n g  AEC Tissue  Program is also a 

A review of a mooting held t o  dircuoo 

Ccl~monts were mad. to t ho  o f f e c t  t h a t  

O O O b 4 1 5  
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Tisaue Bank. The Program must understand 
what our present capabilities and resourc~a 
are and what our future responsibilities may 
De. The evaluation of tissues from all COm- 
munities is necessary to completely under- 
stand the possible contribution of AEC 

installations to the environment And, sub- 
sequently, to the goneral population. 
D. Frozan and/or Formalin-Fixed Tissues 

prior to preparation for analysis. BNWL re- 
ceives only formalin-fixed tissues while Dow 
X? collects fresh tissue only. 
pears to be no major problamc ascociated 
with the treatment or analysis of formalin- 
fixed tiooues. Analysis of the excess for- 
malin to determine the leaching possibility 
indicates that this is not a problem. HOW- 
ever, there may be A problam with the fact 
that the formalin only fixes the outer few 
centimeters of the tissue and not the in- 
ternal sections. This must be evaluated on 
formalin-fixed Transuranium Registry (TUR) 
samples by BNWL. 

The problems with ihipping were dia- 
cussed. It was noted that formalin-fixed 
tissues must be shipped in liquid and that 
the dissection of Lymph nodes from the lung 
is more difficult. The formalin-fixed tis- 
sues may present additional problems during 
ashing. All TUR ca8e8 are formalin-fixed. 
Sectioning to remove certain tiosues prior 
to analysis is simplified by the character 
of the tissue. Embalmed tissue was dfecour- 
aged particularly for TUR cases because the 
dissection of the tissues was difficult, if 
not impossible. 

by TUR wa6 discussed. The handling of lungs 
from TUR cases ha1 been carried out by fill- 
i n g  the lungs with formalin and kneading the 
tissue to insure the filling of all the air 
spaces with formalin. The lung is then sus- 
pended in formalin for four days. The d i s -  
section of the tissue is Pimple And rtrazght 
forward for freshly prepared tissue. There 
was no experience with the fixing of pre- 
viously frozen tissues. 

LASL receives mainly frozen samples 

There ap- 

The removal of pulmonary lymph nodes 

Only 30 - 40 identifiable lymph noder 
with diameters oE 1 nun or larger are norm.1- 
ly found in any lung. There are probl-s Of 

interprmting the mount of Pu in the 1UgS 
when the data from a dissocted lung is COm- 

pared to the data acquired from the U l d y S i S  

of a whole lung. The extrapolation of radi- 
ation dose to lung is not practical when y w  

consider the nonhomogeniety of tho PU dig -  

tribution between the lung and thm pulmonary 
lymph node0 or lymphatic tissue. 

Most  laboratories expressed some diffi- 
culty in removing the lymph nodes oven when 
the tissue 1s fixed with formalin. In mOIt 
cases the tracheobronchial lymph nodor were 
removed but the deeper pulmonary l m p h  nodes 
were not. The concentration of Pu in the 
pulmonary lymph nodes is, therefore, asioci- 
ated with t h e  re8ults of the lung timsue 
analysis. It was decided that the next sev- 
eral TUR cases would be uaed to evaluato the 
possibility of selecting only the trachoo- 
bronch~al lymph nodes, hilar lymph nodos or 
mediastinal lymph node8 as an index to ex- 
posure. If the saddle lymph node can be 
identified dud removed individully, it 
would be run as a separate analysis. It 
will only be by using a variety of registry 
cases that such an indicator can be selectd. 
Data from occupational inhalation exporures 
may be accumulated to indicate an organ or 
tissue that may be selected as an index of 
environmental exposure. 
inate studies related to punctura woundc, 
nitrate inhalation, or other type exposuras 
in our efforts to document the distribution 
of Pu in tissue.. 

Thic would not e lh-  

The protocol proparad by the TUR for 
autopsy and th8Ue handling w i l l  be followd. 
The registry will remove the upper lymph 
nodes for thic study. 

111. SPLITTING OF SAMPLES 
Multiple analysea of a tissue by split- 

ting of a sample is impractical, particular- 
ly for interlaboratory verification. The 
liver appears to bo the only tiasue that may 
be split into parte and have some confiderre 

4 

U O O b 4 l b  
001301 15.008 

LANL 



i n  the homogeniety of Pu d i a t r i b u t i o n .  
Spec ia l  homogenization would be necessary  
f o r  most t i s s u a s .  The a n a l y s i i  of a l i q u o t s  
of t h e  ashed t i s s u e  s o l u t i o n  may se rve  as d 

sample f o r  i n t e r l a b o r a t o r y  v e r i f i c a t i o n .  
However, r e p l i c a t e  analyses by a s i n g l e  
l abora to ry  appears  to be the more p r a c t i c a l  
approach s t a t i s t i ca l ly .  This ,  t hen ,  would 
p l ace  g r e a t e r  r e l i a n c e  on t h e  i n t c r l a b o r a -  
t o r y  c a l i b r a t i o n  to  v a l i d a t e  each labora- 
t o r y ’ s  c a p a b i l i t y  and each l abora to ry  would 
be performing its own ana lyses  on i t s  own 

popula t ion .  Because of t h e  complete qua l i -  
t y  c o n t r o l  t h a t  is planned w i t h  i n t e r l abo-  
r a t o r y  c a l i b r a t i o n ,  i t  appears  unnecessary 
t o  s p l i t  samples. 
A. S p e c i a l  Study of an Occupat iona l ly  

Exposed Case 
LASL i s  p r e s e n t l y  involved i n  t h e  ana- 

lysis of t i s s u e  from a former employee who 
s u f f e r e d  a t r aumat i c  dea th .  The cane i s  
a s s igned  to  t h e  Transuranium Regis t ry .  

Baaed on t h e  b a s t  s o t i n u t o  from u r i n e  
a n a l y s i a  f o r  Pu, t h e  former employee had 
approximately 40 nanocur ies  Pu whole body. 
He w a s  a 49-year o l d  whi te  male, and had 
had s e v e r a l  i n c i d e n t s  involv ing  plutonium 
and americium dur ing  h i s  26 yea r s  of em- 
ployment. Because of t h e  importance of 
t h i s  p a r t i c u l a r  case, the6e  sampler w i l l  
n o t  b e  a rhed  u n t i l  a l l  non-dra t ruc t ive  ana- 
l y s e s  have baan completed. 
t a i n a b l e  lymph nodes have been removed. 
The lung waa i n f l a t e d  w i t h  d r y  n i t rogen  
and suspended i n  a f r a e z e r .  The upper l e f t  
lobe  was removed and s l i c e d  whi le  f rozen  
i n t o  aec t iona  approximately 5-7 nun t h i c k .  
Each sl ice w a s  kep t  f rozen  and counted on 
a Phoswich X-ray d e t e c t o r .  Each s e c t i o n  is 
c u r r e n t l y  being autoradioqraphed on X-ray 
f i lm.  Even s i x  woeks of exposures have re- 
su l t sd  i n  doub t fu l  images t h a t  were too  d i f -  
f i c u l t  t o  i n t e r p r e t .  These slices w i l l  now 
b e d i s e e d t e d  t o  remove a 3mm l a y e r  of pleura  
and subp leu ra l  lung t i s s u e .  All i c len t i f i -  

The e a s i l y  ob- 

a b l e  lymph nodes w i l l  be removed. 
per  l e f t  lobe  will be  analyzed i n  
manner to  e v a l u a t e  t h e  techniques  

The up- 
t h i s  
p r i o r  t o  

cont inuing  wi th  the other fou r  lung  lobee .  
Microtome e e c t i o n s  w i l l  be removed for nu- 
c l e a r  t ract  a lpha  counting. Severa l  lymph 
nodes w i l l  be t r e a t e d  t o  i so la te  t h e  p a r t i -  
culates and determine t h e  p a r t i c l e  s i te O f  

t h e  Pu-Am preaent .  A s i n g l e  lymph node was 
removed i n i t i a l l y  for pre l iminary  a n a l y s i s ,  
and r t  appears  t h a t  bo th  from a lpha  pu l se  
he igh t  apectrometry and X-ray count ing  t h a t  
9 0 1  of t h e  a c t i v i t y  is 239-240pu wi th  about 
101 Am and only  a t r a c e , o f  23BPu. Sec t ions  
of bone inc luding  ve r t eb rae ,  r i b ,  sternum, 
and aeve ra l  p i eces  of s o f t  t i s s u e  havt been 
submitted t o  t h e  Univers i ty  of Utah 
(Webater Jee) f o r  special f i s s i o n  fragment 
counting. 
8 .  F i s s i o n  Fragment Counting f o r  OCCUpa-  

t i o n a l  Exposure Cases 
The autoradiogram us ing  NTA i s  o a t i s f a c -  

t o r y  for only extrernely h igh  l e v a l s  of plu- 
tonium depos i t i on  i n  bone or s o f t  t i s s u e .  
A technique t h a t  appears promising is t h e  
use  of f i s s i o n  fragment counting. Experi- 
ence has  shown t h a t  f i s s i o n  fragments can 
be seen on LexanR f i lm6 when t h e  bone i s  i n  
con tac t  w i t h  the f i l m  and exposed t o  a neu- 
t ron  source. The “old’ NCR r e a c t o r  used 
f o r  a c t i v a t i o n  of t h e  specimens was very 
r a t i a f a c t o r y  because t h e  bone image a l s o  
became v i a i b l e .  A now r e a c t o r  i s  being 
sought and t h e  TUS-1 Amea reactor appears  
promieing. The f i s s i o n  fragment t r a c k s  are 
c l e a r l y  v i s i b l e  on t h e  bone s u r f a c e  and in- 
s i d e  of t h e  bone s t r u c t u r e .  The  punc ta t e  
t r a c t s  (star) from t h e  bone marrow reg ion  
a r e  i d e n t i f i a b l e .  These puncta te  t r a c t a  
i n d i c a t e  t h a t  t h e  plutonium is aseoc ia t ed  
w i t h  t h e  microphage system. S o f t  t i s s u e  
may be s t u d i t d  i n  t h e  same manner. Tisaues 
from LASL (case presented  above) and aev- 
era1 cases  from DOW Rp are being s tud ied  
at t h i 6  t ime and should b e  o u t  of t h e  reac- 
tor and eva lua ted  i n  three t o  a i x  months. 
There appears t o  be no problem i n  working 
w i t h  f rozen  t i s s u e .  

* 

The bone was prepared by sawing a small  
s ec t ion  o u t  of t h e  bone area and f i x i n g  t h e  
sec t ion  i n  ace tone .  The bone was then  
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s l i c e d  on a a p e c i a l  microtome and mounted 
on LexanR f i l m  f o r  exposure.  The fo l lowing  
procedure was recommended by D r .  Jee t o  
provide  t h e  b e s t  bone s e c t i o n s  for t h i s  
s tudy:  Remove t r a n s v e r s e  and l a t e r a l  sec- 
t i o n s  from t h e  bone wi th  a jeweler's hack- 
saw. A whole v e r t e b r a  and s t e r n e b r a  i s  
p r e f e r r e d .  The s e c t i o n s  should be sawed 
about  6 mm t h i c k  t o  avoid excess saw dus t  
i n  t h e  marrow region .  

I n  a sea rch  f o r  t h e  proper neut ron  
f l u x  and l o w  enough tempera ture  t h e  LASL- 

OWR reactor w i l l  be  s tud ied .  Severa l  p o r t s  
are p r e s e n t l y  a v a i l a b l e  and a new e p i t h e r -  
m a l  p o r t  may be  a v a i l a b l e  soon. 

a s  c a s e s  become available. These s t u d i e s  
may i n d i c a t e  t h a t  plutonium is  p resen t  i n  
t h e  microphage. nowever, t h e  method t o  
produce t h e  o u t l i n e  of t h e  bone image re- 
q u i r e s  more s tudy .  D r .  Jee w i l l  d i s t r i b u t e  
t o  each l abora to ry  t h e  sampling p ro toco l .  
Films w i l l  be aen t  t o  Los  Alamos f o r  expo- 
s u r e  i n  t h e  OWR reactor t o  de te rmine  the  
temperature e f f e c t .  

i n  LASL T i s sue  Bank r ep resen t ing  occupation- 
ally exposed cases can  be submitted for 
f i s s i o n  count ing  t o  assist i n  t h e  in t e rp re -  
t a t i o n  of t h e  plutonium d i s t r i b u t i o n .  

a r e  comparable for h igh  l e v e l r ,  bu t  f o r  l o w  
plutonium concen t r a t ions  on ly  f i s s i o n  count- 
i ng  can  be  used because of t h e  inc rease  i n  
s e n s i t i v i t y  
C .  I n t e r n a l  Spik ing  (242Pu vs 236Pu) 

Mort l a b o r a t o r i e s  have used 
236Pu [from HASL) a s  an i n t e r n a l  sp ike  t o  
de te rmine  chemical y i e l d  of t h e  a n a l y t i c a l  
procedure. Plutonium 230 has  become of 
cona ide rab lc  i n t e r e s t  and t h e  use  of t h e  
236Pu s p i k e  i o  i m p r a c t i c a l  because it is 
contaminated wi th  238Pu. 
of 236Pu a l s o  made t h e  de te rmina t ion  of 
238Pu d i f f i c u l t .  
t h e  use  of 242Pu t o  bo much more d e s i r a b l e  
because: 

S o f t  t i s s u e  can be submitted t o  D r .  Jee 

Ekisting t i s s u e s  (only  s o f t )  p re sen t ly  

Autoradiography and f i s s i o n  count ing  

The h igh  energy 

Work a t  LASL has  shown 

1.  he energy of 2 4 2 ~ u  is less h n  
t h e  239Pu and t h e  238Pu .  

t a i l i n g  e f f e c t s  and i n t e r f e r e n c e s  observed 
w i t h  236pu a r e  e l imina ted .  

b l e  i s  s i g n i f r c a n t l y  b e t t e r  than t h e  236Pu 
o r i g i n a l l y  used. 

T h e  sp ik ing  l e v e l  used a t  LOB A l m s  i s  
1.66 d is , /a in .  T h i s  does no t  i n t e r f e r e  wi th  
t h e  low l e v e l s  of 239Pu or 238Pu normally 
found ir. t h e  t i s s u e  o f  t h e  genera l  popula- 
t i o n .  The i n t e r f e r e n c e  of 239Pu wlth t h e  
242Pu was questioned, bu t  t h e  energy scpara- 
t i o n  appears  t o  b e  far enough a p a r t  t o  f u l l y  
d iecr imznate  by a lpha  pu l se  he igh t  a n a l y s i s .  
High Levels of 239Pu or. a poor ly  prepared 
p l a t e  would i n t e r f e r e  wi th  t h e  recovery f 6 C -  

t o r  detcrrnrned from t h e  242Pu i n t e r n a l  
s p i k e ,  and would have t o  be co r rec t ed .  The 
alpha r a t i s  of 239Pu t o  242Pu i n  t h e  sp ike  
so lu t ion  i s  on t h e  order  of 10'' and t h e  
23BPu t o  lq2Pu ratLo i s  s i m i l a r ,  based on 
t h e  a n a l y s i s  submitted by t h e  Lawrence 
Livermore Labora tor les  (LLL). LLL w i l l  be 
making t h i s  i so tope  a v a i l a b l e  commarcially. 
Each of the l a b o r a t o r i e s  represented  a t  
t h i s  meeting as a l r eady  on t h e  sh ipping  
l i s t  and should rece ive  t h e i r  sp ike  solu- 
t i o n  soon. 

The  p re sen t  supply of 2 3 6 ~ u  from HASL 
is l i m l t e d  and t h e  236Pu t h a t  is a v a i l a b l e  
from Oak Ridge is not s u f f i c i e n t l y  pure  f o r  
sp ik ing  p u r p o s e s .  The 242Pu from Oak Ridge 
has not  been found to be s a t i 8 f a c t o r i l y  
pure f o r  b io log rca l  a n a l y s i s  of 239Pu o r  
2 3 a P u .  

d i scuss ions  any re ference  t o  '>'Pu is i n  
f a c t  t h e  combination of 239Pu and 2'0Pu. 
It was agreed between t h e  l a b o r a t o r i e s  t h a t  
t h e  use s f  236Pu as an i n t e r n a l  sp ike  elirn- 
i na t ed  t h e  de te rmina t ion  of low l e v e l s  of 
230Pu and t h a t  a l l  of t h e  l a b o r a t o r i e s  
would adopt t h e  use of 242Pu as an i n t e r n a l  
sp ike  a s  soon as poss ib l e .  
D .  Ashins of  Samples 

Therefore ,  t h e  

2 .  The p u r l t y  of 242Pu that is  a v a i l a -  

* 

I t  wa6 noted t h a t  dur ing  a l l  of t h e  

LASL i s  p resen t ly  d r y  ash ing  a l l  smn- 
p l e s  p r i g t  t o  a n i t z i c  acid-hydrogen 
perox:de t rea tment  to whiten them. 

6 
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BNWL formally used w e t  d i g e s t i o n  only ,  how- 
e v e r ,  t h a t  l a b o r a t o r y  i s  now conver t ing  t o  
a d r y  sshfng system followed by a n i t r i c  
a c i d  whitening procedure.  DOW RE i s  pre- 
s e n t l y  wet a i h i n g  t h e i r  samples. The Dow 
W procedure i s  e s s e n t i a l l y  t h e  sane as 

t h a t  used by BNWL. A l l  l a b o r a t o r i e s  a r e  
doing a f i n a l  w e t  ash involving hydroflu- 
o r i c  ac id .  I t  w a s  pa in ted  o u t  t h a t  U S L  i s  
us ing  3 0 1  hydrogen peroxide during t h e  
f i n a l  n i t r i c  a c i d  whitening procedure and 
t h a t  most of t h e  w e t  ashing i s  c a r r i e d  o u t  
i n  Teflon beakera.  The use of s t a b i l i z e d  
90% o r  5 0 1  hydrogen peroxide was discour-  
aqed because of the high eoncent ra t ion  of 
metal ion6 umed as an i n h i b i t o r .  

blans.  However, a l l  l a b o r a t o r i e s  are using 
b o r i c  a c i d  p r i o r  to  t h e  i r o l a t i o n  of p lu -  
tonium. The ashinq procedure proposed dur- 
ing t h e  dfscus8ion  may be summarizad as 
f 01 l o w 8  : 

The u s e  of HF has caused some pro- 

1. The w e t  tissue is  d r i e d  by heat-  
i n g  mlowly a t  100. - Z O O 0  c ( l e s a  than 
300. C )  and f i n a l l y  ashed a t  4 5 0 '  - 500. C. 

2.  The t i s s u e s  a r e  than whitened 
wi th  n i t r i c  acid-hydrogen peroxide and 
t r e a t e d  wi th  h y d r o f l u o r i c  ac id .  

t ioned  by BNWL: The epaciman is placed i n  
a preheated oven a t  approximately 400. C 

w i t h  6 p i e c e  of t i s s u e  paper on top  of t h e  
w e t  t i s s u e .  Thi8 procedure e l i m i n a t e s  t h a  
caramel iza t fon  and the foam t h a t  has been 
experienced by some of t h e  l a b o r a t o r i e s .  
It warn a l s o  pointed o u t  t h a t  i f  t h e  tamper- 
a t u r e  is maintained a t  lesa than 3 0 0 .  C 

f o r  g r e a t e r  than 24 hours t h e  caramelizs- 
t i o n  and foaming i o  less l i k e l y  t o  occur.  
High frequoncy (microwave) or cold  ashing 
techniques  for l a r g e  t i s s u e  samples were 
discouraged because of t h e  problem of in-  
ternal hea t ing .  The p o r c e l a i n  and Pyrmx 
d i s h e s  t h a t  have baen used for ashfnq tis- 
suen from occupat iona l ly  exposad casas a r e  
nonaal ly  d iscarded  and not  roused. Most 
of t h e  l a b o r a t o r i e s  have found t h a t  c lean-  
ing  of t h e  l a b o r a t o r i e s  g l a r a v a r e  with 

A unique method of dry  aohinq was men- 

n i + r i c  a c i d  using a s tandard procedure for 
washing was s a t i s f a c t o r y  f o r  t h e  low l e v e l  
genera l  populat ion type of s m p l e o  but  im- 
p r a c t i c a l  for t h e  higher  l e v e l s  of Occupa- 
tLonal ly  exposed cases .  All Teflon ware fS 
wamhed and rinsed with n i t r i c  a c i d  p r i o r  to 
reuse .  
E. Poin t  of Spikinp 

Because of t h e  i m p u r i t i e s  a s s o c i a t e d  
with t h e  236Pu sp ike  and t h a  daughter6 from 
I t s  decay, LASL d e c i d e d . e a r l y  i n  t h e  Tissue 
Program not to sp ike  t h e  w e t  t i s s u e  p r i o r  
t o  ashing.  The reason f o r  t h i s  was t h e  de- 
sire t o  re-analyze t h e  sample as t h e  chcmi- 
c a l  and ins t rumenta l  techniques improved. 
Beef t i s s u e  samples spiked with 239Pu p r i o r  
t o  ashing were c a r r i e d  through the  a n a l y t i -  
c a l  procedure i n  order  t o  e s t i m a t e  t h e  over- 
a l l  recovary.  It was pointed out by BNWL 
t h a t  d r y  aehing increased t h e  y i e l d  over 
t h e  w e t  ashinp procedure and t h a t  i n  both 
cases Pu losaes  were minimal during t h e  
ashinq phase. WL adds t h e i r  t r a c e r  a t  
t h e  time of a l i g u o t i n g .  BNWL has always 
used spiked c o n t r o l  tissue because of t h e i r  
u s e  of t h e  NTA count ing technique.. Oow RF 
r u n  t h e i r  samples immediately and analyze 
t h e  e n t i r e  sample spiked with a t r a c e r  a t  
t h e  t h e  of w e t  ashing t h e  t i s s u e .  

I t  was agreed that t h e  new 242Pu a v a i l -  
a b l e  for i n t e r n a l  spike6 should be added a t  
the  o r i g i n a l  w e t  o r  dry arhing s tage .  The 
technique of sp ik ing  was d i r c u s r e d .  
F. Homogenization 

Most tissue8 can be homogenized by many 
methods. The homogenization of t h e  lung 
would prosume t h a t  t h e  p a r t i c l e s  would a l s o  
become homogeneously d isperaed ,  Homogeni- 
zkt ion p r i o r  t o  f r e e z e  dry ing  would a s s i s t  
i n  the  drying process  If f r e e z e  dry ing  of 
the t i s s u e  was requi red .  This  would be 
advantageous if s o l i d  a l iquot .  were t o  be 
taken f o r  other analyses  o r  for s torage .  
A a i n i l a r  procedure io used by t h e  Physical  
and Chemical Branch of NIOSH i n  t h e i r  
Tissue Program. 
G .  Dfrso lu t ion  of t h e  Tissue  Ash 

* 

LASL dissolves t h e  whfte arrh r e s i d u e  
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from each t i s s u e  i n  a f i x e d  volume and ana- 
l y z e s  on ly  an a l iquot .  S ince  1 9 7 0 ,  t h e  
fo l lowing  volumea and a l i q u o t s  have been 
used f o r  each t i s s u e  l i s t e d :  

volume A1iquOt Analyzed - Tia rue  (m3) ( a n 3  1 

Liver  1000 500 
Lung 1000 500 
Bone 250 50 
Kidney 100 50 

Lymph Nodes 50 10 
Gonads 5 0  1 0  

Dow RF and BhWL have, to  t h i s  d a t e ,  
analyzed the e n t i r e  a m p l e  r ece ived .  New 
f a c i l i t i e s  are be ing  made a v a i l a b l e  t o  both  
l a b o r a t o r i e s  t o  enab le  them t o  store d i s -  
solved t i s a u a  samples. This  will permit 
a l l  laboratories t o  ana lyze  a l i q u o t s  of 
each s o l u t i o n  and r e t a i n  t h e  ba lance  f o r  
r e p l i c a t e  o r  o t h e r  ana lyses .  
b i l i t y  of t h e  t h r e e  l a b o r a t o r i e s  using uni- 
form d i s s o l u t i o n  volumes and a l i q u o t  s i z e s  
for t h e  a n a l y s i s  of s i m i l a r  t i o e u e s  was 
agreed  upon. The optimal volumes and a l i -  
quot  s izes  t o  be used w i l l  be decided upon 
a t  some f u t u r e  da t e .  

The desira- 

IV. SUMMARY OF ANALYTICAL HETHODS 
A. BNWL 

The ashed t i s s u e  i s  d i s so lved  i n  7.7 M 
HN03 and ion  exchanged on AG 1 - X Z ,  50-100 
mesh column ( 5  mm x 70 mm). The column is  
prepared by washing t h e  r e s i n  wi th  12 M HC1,  
6 M H C 1  and f i n a l l y  w i t h  7.7 M HN03. 
sample ia added t o  the column and t h e  co l -  
umn washed wi th  t h r e e  column volumes of 

7 . 7  M HN03.  
s i x  volumes of 10 M H C l  and t h e  Washings 
analyzed for Am. The Pu i e  e l u t e d  from t h e  

column wi th  6 M H C l  - 0 . 0 2 4 %  H I .  N i t r i c  
a c i d  i e  added t o  the e l u a t e  and evapora ted  
t o  dryness .  Concentrated H 2 5 0 4  (0.25 crn ) ,  

water (1.5 a n 3 ) ,  and two drops  of thymol 
b lue  are added t o  t h e  plutonium f r a c t i o n .  
The p H  is ad jus t ed  and e l e c t r o p l a t e d  on 
s t a i n l e a n  steel  (0.5 i n .  d i m )  a t  240 m a  
for two hours.  Armnonium hydroxide (5 cm 1 

The 

The column is t hen  washed wi th  

3 

3 

is added t o  t h e  e l e c t r o d e p o s i t i o n  C e l l  

30 sec be fo re  te rmina t ing  t h e  e lec t rodcpo-  
s i t i o n .  
d r i e d ,  and counted. 

The p l a t e s  a r e  washed wi th  a l c o h o l ,  

B. DOW ElF 

T h e  ashed t i s s u e  r e s idue  i s  d i s so lved  
i n  9 M HC1 and ion  exchanged on an AG 1 - X 4 ,  

100-200 mesh c h l o r i d e  form column. The 

column is washed wi th  7.2 M HN03 and t w o  
1 2  M HCl washes t o  i s o l a t e  Am. The Pluto- 
nium i s  e lu t ed  wi th  50-60 cm3'of 9 M H C 1  
s a t u r a t e d  wi th  N H 4 1 .  The e l u a t e  i e  t r e a t e d  
w i t h  0 .5  c m  of concmntratod H Z S 0 4  and fumed 
t o  SOj vapora.  The ac id  is n e u t r a l i z e d  with 
NH gas  ( s i l i c a  i n  NH40H i n t e r f e r e s )  and 
p l a t e d  for two hours.  The c e l l  c o n s i s t s  O f  

a glass tube  and 3/4 inch  p l a t e  he ld  i w p o -  
r r t i o n  with a f i n g e r  Cot. 

Americium is  determined on t h e  12 M HCL 

wash by evapora t ing  t h e  a c i d  s o l u t i o n  t o  
dryness  and d i s so lv rng  the r e s i d u e  i n  4 M 
H C 1 .  Y t t r - u m  carrier i s  added and t h e  pH 
adjus ted  to  2 .  The s o l u t i o n  is e x t r a c t e d  
with DEHPA, back e x t r a c t e d  wi th  8 M NH4SCN 
and ion  exchanged. The column is washed 
with 5 M NH~SCN and f i n a l l y  e l u t e d  wi th  
0.3 M HC:. The e l u a t e  i s  evapora ted ,  oshed 
wi th  aqua r eg la  and e l e c t r o p l a t e d  i n  the 
same manner a s  Pu. 
c .  LASL 

3 

3 

The r e s idue  is d i s so lved  i n  2 N H N 0 3  
and s t o r e d  for a n a l y s i s .  
quot from each t i a s u c  s o l u t i o n  is evapora- 
t e d  t o  dryness  r epea ted ly  w i t h  KF and then 
d isso lved  in  1 . 2  N HN03 and aga in  evapora- 
t e d  t o  dryness.  The r e s idue  is d i s so lved  
i n  7 . 2  Ej H N 0 3  ( - 5 0 0  cm3 for lung and l i v e r  
t i s s u e ) ,  0 . 2  gm Na NO3 i s  added and allowed 
t o  s tand  ove rn igh t .  
trifuged and t h e  supe rna tan t  anion-exchanged 
on AG 1 - X 4 ;  50-100 mesh r e s i n .  The column 
i s  e l u t e d  wi th  50 can' of 0.36 N-0.01 N 

hydrochloric-hydrofluorrc acid and evapora- 
t e d  t o  dryness .  Any v i s i b l e  r e s i d u e  i s  
d i s so lved  in  7 . 2  N HNOj and anion-exchanged 
on a 0 . 5  cm x 8 cm column. I f  t h e  beaker 
i s  clean after evapora t ion ,  2 c m 3  of 6 N 
HC1 a r e  added and evaporated t o  dryness  t o  

The proper a l i -  

The s o l u t i o n  is csn- 

8 % 
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remove any n i t r i c  a c i d .  The  r e s i d u e  con- 
t a i n i n g  t h e  plutonium is d i s so lved  i n  t h e  
e l e c t r o l y t e  ( 4 8  o x a l i c  a c i d  - 0 .33  N AC1)  

and e l e c t r o p l a t e d  on 0.50 inch  s t a i n l e s s  
steel p l a t o s  a t  200-250 ma f o r  three hours.  
Tho s o l u t i o n  is n e u t r a l i z e d  w i t h  concentra- 
ted NHqOH and t h e  p l a t e r  are washod wi th  
d i s t i l l e d  water, d r i e d ,  and countod. Dis- 
posable  c o l l r  are used and no mechanical 
s t i r r i n g  is employed. 

The meeting w a s  concluded wi th  t h e  
p o s s i b i l i t y  of meeting aga in  i n  the near  
f u t u r e  when all i n t e r l a b o r a t o r y  c a l i b r a t i o n s  
have been complofed. 

have e r r o r s ,  i n  f a c t ,  bocauoe of i n to rp ro -  
t a t i o n s  o f ,  o r  incomplete notes .  The par- 
t i c i p a n t s  have n o t  had an oppor tuni ty  t o  
review the  s ta temante .  

The informat ion  reported above may 

. 

9 
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