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TRIP REPORT - LOS A M O S  SSIENI'XPIC LhBOBhTOKY OH 14 JbMJARY 1971 

A meeting w a s  held i n  the H-4 Divisim'building of  Los 
Laboratory on 14 January 1971 a t  the  suggest ion of DBM. 
of the meeting was 
col labora t ion  on a ''C c l i n i c a l  

The meeting was attended by the ng personnel: 
C. T. Gregg, E. C. Robinson, N. A. Matviyoff, and 1. Tolbert  (present ly  
a LASL consul tant  from the University of Colorado). 
Department of BNL, W. W. Shreeve. 
P. Klein. From DBM, a s  observer, D. C. Borg. 

The meeting was informal I n  charac te r  and grew 
of the LASL group and of DBM to  e s t a b l i s h  a firm market forxP3C-labeled 
products,  such t h a t  there  would be s u f f i c i e n t  aseured u t i l i z a t i o n  of 
13 
a f3C production p l an t  ( e i t h e r  by pr iva t e  industry o r  
volume output would be s u f f i c i e n t  to  keep ' the c o s t  of ''C, t o  the research 
c o m n i t y  adequately low: 
gram of 90% enriched 13C. 
of o ther  p o t e n t i a l  uses for  I3C on a large scale, such as the  label ing 
of petroleum products from r e f ine r i ee  or t he ' l abe l ing  of l o t s  of narcot ic  
o r  other  r eg i s t e red  drugs; but desp i te  sane! expreesed i n t e r e s t  i n  these 
po ten t i a l  appl ica t ions ,  there w a s  no ind ica t ion  of pranpt sponsorship of 
development programs i n  t h i s  area. 
of the u t i l i t y  of 13C i n  an appl ica t ion  t h a t  vould have moderate-to-large 
volume consumption upon i ts  adaptat ion f o r  production use seemed most 
promising i n  the area of c l i n i c a l  medicine. This conclusion had also been 
reached by the  Monsanto Company group who were evaluat ing the f e a s i b i l i t y  
of Monsanto's s e t t i n g  up a commercial production p l an t  f o r  enriched 13c. 
The general  fee l ing  seemed t o  be that c l i n i c a l  appl icat ione were immediately 
apparent, and i f  s u f f i c i e n t l y  r e l i a b l e  and inexpensive- ?3C de tec tors  could 
be p u t  In the  hands of c l i n i c i a n s  or c l i n i c a l  cen ters ,  &d i f  there verc  
c l e a r  demonstrations of d iagnos t ica l ly  usefu l  
the medical community - as d i s t i  
would develop a requirement f o r  % that m l d  -nt t o  hundreds of 
kilograms a year.  
production of I3C; and once t h i s  was c i t ab l i shed ,  the kelihood of comer- 
c i a 1  houses developing catalogues of w l a t i v e l y  cheap "C labeled compounds 
fo r  laboratory appl ica t ion  would be &-y grea t .  

. .  
lamos S c i e n t i f i c  
The purpose 

explore the p o s s i b f l i t y  of inter- laboratory 
tration program. . - .  

Prom LASL, D. 6. O t t ,  

From the Medical 
From BIM of Argonne Nation81 Laboratory, 

t 'd'f the e ress need 

over the next few years to  j u s t i f y  the s e t t i n g  up and operating of 
AEC) whose 

f.e., i n  the range of $5 to  $10 or lower pe r  
The LASL group and Klein have explored a number 

The general  outlook f o r  a demonstration 

rppl&atione;' that than 
ishcd from medical research groups - 

This, i n  turn,  would-clearly justify the  commercdal 

NPlinckrodt has a l ready 
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expressed an Lntereet i n  doing 

should the ICONS program be 
then the biomedical w e e  of 
as B derivitive activity of 

Robineon next reported on a v i  

ploring the esteblishment 

likely upon e beet reconstruction of varfoue recollectione of the meeting. 
‘Apparently detection wae to be by NMR or by laeer raman epectroscopy. 

Momanto group anticipated that a 200 kilogram-per-year market for 
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.J ; The Halinekrodt group nlso reported that thep'rrra f a t e m s t e d  i n  
subsidizing 8 13C c l i n i c a l  demonstration' er 'per ibnt .  
have been d i rec ted  a t  a c o l l s b o ~ t i o n  a t  tho'l+fwts 
but  the  d e t a i l e  of the  Malinekradt plan umra--'.bot reca l led  by t4e W S L  
people. Apparently the  t a r g e t  'b&eeea here rarer than -&hat' baing 
considered by the  Honeanto cadi-, bcause f u l l ~ u t L L i c a t i o n  of the . _  
diagnost ic  t e s t e  that might brim .~ ,frk .@m 'demon8tr8tbu .* e x p e r b e n t  , 

pursu i t  of various applicationsL*&t 1%. r e  the' e a ~ t . i a v e l : ' - C l i n i c a l  .*= .-. 
uses dfd appear  most promieing~f$eca&us" tw treicq %f o i l  s p i l l s  with' - 
Drbducts labelled aDDroDriatelv with '1% a t  the  refinery was not 'being 

1%; but  some of the  gove-pt;age&es t h a t  bah;&ibcussed.this matter - '  - ?  . 
pointed out  t h a t  the t rac ing  of minor o i l  , s p i l l s  Ye not a >great problem, .;' 

wae not hard t o  es t ab l i sh .  &&=.the i r e s e n t  outlook &for  the use of ,, 
13C i n  the t r ac ing  of oil spills ie qu i t e  uircertsiq; .-*Most other  la rge  
sca l e  environmental t r a c e r  projeate  would be none'rhot': deale and hence 
would not provide a continuing tperket for'13C. . FollaJing an i n i t i a l  lead 
from DEM, Klein ha8 been in contact with *e ~Buresuoof Narcotics and . .. 
Dangeroue Drugs of the  Department bf Justtce concernfng the-quest ion of I 

coding of drug l o t s  with enriched nitrogen, wgen,* j rnd  cerbon isotopes . I -  . 
i n  order  to  t r ace  t h e i r  passage fn i l l i c t t  conmerce, ':Klein reporre t h a t  - 

the Bureau expreesed real i n t e r e s t  in cxploi t fng such a possible label ing . 
procedure, but  i t  had not*'yet 'concluded t h a t  the matter w e  preeefng 
enounh t o  warrant t h e i r  eubsidizinn ini t ta l  &&hotration experiments. 

' 

r - - -  ---- I -  _ _  

There was then some discussion of the preeent etatue of production acti- 
v i t i e e  and plans with regard t o  cnr iched~feotopes  of cammon elemente. 
Robineon pointed au t  t h a t  the LA!% group conceives of production p lan ts  
where nitrogen-oxide d i s t i l l a t i o n s  would & the  c o r e  f a c i l i t i e s .  For 

-, . 

f .  could be s e t  up a e - a  eecondary fbciLfty. 
be almoet "free," because the main operating coete  f o r  much a eetup would 
be for l i q u i d  ni t rogen t o  p k r  the,NO facility; and the CO plant  could . 
be put 'on- l ine  downstream with an in s ign i f i can t  increment in l lqufd  

1% produced i n  ihie  way would 

Robinson pointed out  that th&e. ie 'a l ready a very l a rge  market for enriched 
160 and t h a t  the CNC-4 group a t  ULSL .. (formerly CMF-4) had already supplied 
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126 million do l l a r s  wo 
t r a c e r  appl icat iono in 
‘and 180 f a  desired for  
eourcee, euch as hea r t  
is because the  (d., n 
neutmn rad f a t ion back 

red de tec t ion  using carbon nronokide OF carbon dioxide (or  even carbonate) 
H. A. Cebbie a t  

t h e  National Bureau of Standarda aoulder  taboratory has been doing Fourier 
trsneform f a r  infra-red i n t e r f e n h e t r y ,  ’and hi0 axploratione suggest t h a t  
i t  may be possible  t o  bui ld  L&”sbple i n d  ‘hgged 13C detec tor  t h a t  might 

. ’ 

’ can detect na tura l  background l?C at .the >resent  t ime.  

. 

- , Cost a e ‘ l f t t l e  as about $1,000 *I. “on ,,J p a prqduction basis. However, this 
-device would require  access t 

d isp lays  t h a t  can be quant i ta  

Increaaed s e n s i t i v i t y  of mass 
explored a t  LASL. I n  the CNC-4. group ’the ‘molecular beam enterfng the 

.’-mas8 spectrometer is chopped, end:&tgctlon is then phase-locked t o  the 
chopping frequency. Of couree , t h i s  &rkedly increases  signal-to-noise 

- , ra t ios ,  and i n  one case,  using b_tolkiw- botopes, a eignal-to-noise of 
ten was achieved with a 1 t o  10,000 d t lu t lon .  In pr inc ip le ,  t h i s  phase- 

’ locked ma88 spectrometer eyetern can bemapplied t o  o ther  faotopes,  but  
a c t u a l  demonstrations a r e  not ye t  in € k i d .  &bineon pointed a u t  t h a t  
fxo  b e a m  in such a spectrometer, chopped a t  d i f f e ren t  rates, could be 

, analyzed eimultaneouely 80 that“contro1s and samples of isotope-enriched 
mnterials could be detected a t  the same t i m e  and t h e i r  differences 

, compared d i r e c t l y .  ~ 

that was able  t o  do the  Fourier 
. transforms t h a t  are neceesapy nterferometr ic  data t o  s p e c t r a l  

. .  
n of I3C is being 

, 

t 
1 1 .  
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carbon dioxide gas tha t  l e  weli .dxied; and t h i s  oppkrent ly 'wil i  p r w i d e  
prec is ion  of 2 2%, with a s e n d t i v i e  good enough'to detect 'uatural  :: 
abundance 13C. A commercial dedce'might c o s t  $5,000 . to 6,000D but it 
is not  clear t h a t  the  clinically ueecful d i lu t iona  of ;I .$ 1000 to  1 i n  
10,000 could be detected in t h b  way. 

such ae COz from the breath,  lehk detec 
as special-purpose mesa e p e c t r o ~ m t t p ,  'yeare 0'80 Robineon had such 
an  experience when leak detector8 ' 'mke 
r a t i o s  i n  a weapons diagnost ic  .sxp&h?nt.  i n  which -the mass epectrameter 
was consumed i n  the f i r e b a l l  and it was deeired not to-uee 8n expensive 
instrument. It  appeared l i k e l y  -to Robinson that the  concept could be 
engineered up t o  produce a .spec€al-purp&e G t e c t o r  for masses 44/45. 

- 

. 
liobineoa then-pointed kt t h a t  f o r  

' d s h t  be'.aodified cheaply 

Led t o  detect :&uter i - / t r i t im 

6 special-purpose de tec tor  of  e&b Fat i  45 in 'a",ai%le D k ,  . 

, 
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A proposal f o r  a l a s e r  r k n  .detector for 136 w e d  in c i i d c a l  avvl icat ione 
had been submitted t o  DEM by the  Stanford Research I n e t l t u t e .  
and Tolber t  had seen the propoeal am xefereao,=and they were both un- 
fmpreseed. 
i t  required so l id i fy ing  the carbon dioxide (which would be 8 major 
complication i n  the continuous snalys.la of breath carbon dioxide),  and 
i t  would coet  $10,000 to  $15,000 . ,  on the production l eve l .  

Uatwiyoff then pointed out t h a t  the detec t ion 'of  13C i n  l i qu ids  may be 
more promising then i n i t i a l l y  conceived. 0y looking 'at 13C-proton . 
eidebands in proton magnetic reeonance, cheap NMR epecial-purpose spectro- . 
meters might be qui te  appl icable  t o  so lu t ione  that have &&st concentratione 
of 1% and are not too complex in terms' of their molecular components. 

G t h  Cregg 

They f e l t  the s e n s i t i v i t y  of the 'device wae borderl ine,  t h a t  

' 

\ >  

, >  
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. .  
Following the background discusjeicms- &garding '13C production and detect ion,  
Shreeve commenced a review of promising c l ~ n i c a l ~ a p p l i c a t i o n s  of 1%. 
discussion was extensive and canno t , fu l ly  be reviewed here. 'Bowever, it 
wa8 based upon a b r i e f  ou t l i ne  campiled by Shreeve, 8 copy of which i e  
enclosed. 
a t t r ac t iveness  of various proposed t e a t s  f o r  the purpose of a p i l o t  
c l i n i c a l  demonstration program."'The group f e l t  that _ -  the  f ac to r s  t o  be 

The 

Pollarfng the i n i t i a l  review, there  was 8 re-evaluation of the 
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optimized in making s k h  a eelc 
signif icance , a p p l i c a t i  
incidence ( r a the r  than our88 - considerat ion 
of the p rac t i ca l  proble 
of detec t ion  from eorne'bi 
c l i n i c a l  ecreening test, it 
f o r  venepuncture, e i t h e r  f o  
co l l ec t ion  pf b io logica l  I 
camp&nd and c o l l e c t i o n  
a t t r a c t i v e  prospec ts 
Individuals.  I' Since 
of carbon dioxide i n  
have d o c k n t e d  with 
the appearance'of barb'- t 
1% analysie '  in axpired carbo 
Within t h i s  category, Shreeve 
, receive the most ee  

Program 2, 'ebeorpti 
intolerance,  was thaug 
l e  seen i n  many non-U 
have a g r e a t  need t o  u 
In infante  with d i a r r  
present there  is no p r  
question, and w e t  ped 
lead t h e i r  pa t ien te  th 

program a contact  with patiente: of thirrsort. 
of an i n t e r e e t  in factoee intoleran& d o n g  B 'physicians a t  the ' , 

University of Colorado Medical k h o o l ,  and he 'stated 
the poee ib i l i t y  of - a I- c l i n i c a l  e t u  

h e  oxidation of uniformly labele 
or ea r ly  diabetes ,  Shreeve's appl war also diecueeed a t  .- 
some length.  
hepa t ic  funct ional  hcumpetence, the teet could also ee rve -a  ro le  i n  t i v e r  
function detennit+one in m d i c a l  tilagn&ie.. :Galactose @dation t o  

' carbon dioxide is a l s o  remarkably ~ensit ive $0 ethandl l eve le  in the- b 
euch t h a t  a dr ink of alchohol d ~ o i h ~  breath 
galactose load by 5OZ. 
of NADH/NAD markedly inh ib i  t e  a J ive r  epimerase. enzyme ' that  converts 
galactose-6-phhphate t o  glucose-6-phosphate~ 'and ethanol  rapidly increaeee 

. l i v e r  NADH.) An eepec ia l ly  a t t i o c t i v e  fep of this c l i n i c a l  appl ica t ion  
f e  t ha t  the 
carbon from galactoee,  ae d 

I 

. -  

e .  

On the o ther  e n d ,  t h e m  Is ht preeeht ly  ava b l e  i n  Shreeve'e c l i n i c a l  " 

owever, TolGerj  wae 'aware 

Since galactoee intolerance l e  'a yll recognized test for .  .. 

! C  carbon. dioxide from a ?,% 
(The reaeon for,fbie' i e  that a high liver balance ' 

data already 'in ' h n d  shae e c i f i c  a c t i v i t y  d i lu t ion  of 
, of only 150 t o  250 

I _  . .  ' -  
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t i m e ;  and this is very favorable from the de tec t ion  point  of view. 
On the o ther  hand, uniformly labeled 13C-galactoee i n  required,  and 
about 18 grama of the mater ia l  is needed f o r  a s ing le  t ea t .  

There then followed eome d ~ e c u s e i a n  of the  advantagem and disadvantagee 
of using c l i n i c a l  loading t e s t a  w i t h  e tab le  ieo topic  tracers. It uae 
pointed out t h a t  with radioact ive labels, ouch aa 1%. detect ion sen- 
e i t i v i t y  permite very high d i lu t ion ,  eo tracer etudiee that do = involve 
metabolic loade are of ten  deairable.  
isotopes a high metabolic d i l u t i o n  of labeled mater ia l  makes detect ion 
exceedingly d i f f i c u l t ,  i f  not  impoesfble; and therefore  loading etudiee 
look very favorable f o r  the  appl ica t ion  of e t ab le  ieotopic  labe ls  i n  
c l i n i c a l  tests . 
Shreeve's app l i ca t ion  number 3 ( the  abeorption and oxidation of un- 
sa tura ted  f a t t y  ac ids  labeded with 13C as a t e a t  of f au l ty  f a t  absorption 
i n  s tea tor rhea)  a l s o  appeared to  have a po ten t i a l  f o r  wide c l i n i c a l  
appl icat ion.  Although t h i s  appl ica t ion  appears to  be a etraightforuard 
extension of the kind of study now d o w  with radfoactfve labele  when 
there  i e  a diagnost ic  need, there  is no ongoing c l i n i c a l  program i n  t h i s  
a rea ;  and coneiderable preliminary c l i n i c a l  documentation would be 
required before a 

Oxidation of g l ~ c o e e - l - ~ ~ C  to  breath carbon dioxide as a test of e a r l y  
adu l t  d iabe tes ,  o r  of the d i abe t i c  h p h e s i s  i n  blood r e l a t i v e s  of d i abe t i c  
pa t i en t s ,  appeared to  have much proanise i n  terms of c l i n i c a l  u t i l i t y .  
Shreeve's otudies  with I4C mater ia ls  ind ica te  t h a t -  the euppreesion of 
labeled carbon excret ion i n  the breath of obeee pa t ien t8  with d iabe t ic  
tendencies is about as s e n s i t i v e  an  ind ica to r  of t h e i r  pre-diabetic 
condi t ion ae is the  m e t  epec i f i c  c l i n i c a l  test now known, namely the 
intravenous glucose tolerance test. However, whereae the intravenous 
glucose t o l h a n c e  test requires  repeated venepuncturee (and therefore  l e  
not favorable i n  tenne of a ecreening t e a t  t h a t  could be ca r r i ed  out 
with untrained personnel and tha t  would have high pa t i en t  acceptance), a 
136 ecreening procedure t h a t  involved only the  ingest ion of a nonradio- 
ac t ive  o r a l  load of sugar followed by the c o l l e c t i o n  of some breath 
samples about an hour later might have g r e a t  value in c l i n i c a l  medicine. 
C l in i ca l ly  the  program has eome advantage f o r  a p i l o t  tudy i n  tha t  
Shreeve has a p a t i e n t  study ac t ive ly  underway, using 'h and tritium 
labels .  

would then serve t o  ve r i fy  th s  diagnoetic u t i l i t y  of a s t a t i e t i c a l l y  
smail number of I3C s tud ies .  Although the loading etudiee require  ap- 
proximately 40 grame of glucoee per  equate meter of body surface,  and 
the s p e c i f i c  a c t i v i t y  d i l u t i o n  i n  t h e t e s t  l e  of the  order of 1 t o  
1,000 (and these fea tures  are not a8 favorable ae  the corresponding ones 

1 .  

On the o the r  hand, with s t ab le  

. 

demonetration could be ef fec ted .  

Hence the I3C experience could be c ared d i r e c t l y  with I4C 
data  i n  the same pa t i en t s ,  and the addi t iona l  ""p 42 c l i n i c a l  cor re la t ione  
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appear a t t r a c t i v e  from t h i s  point  of view, 

The matter of processing and co l l ec t ing  bre 
appeared very simple. 
c o l l e c t  breath carbon dioxide”1n 8n atkalias solut ion,  :with the p a t i e n t  
breathing out *rough a s t r aw.  Carbon dioxide may be col lected-  t o  a 
desired to ta l  amount, as determined by an fndica tor  in the  solution. 
Then t h e  a lka l ine  so lu t ion  containing the Carbon 
may r ead i ly  be shipped t o  the detection f a c i l i t y .  
gas i fy  the  carbon dioxide can then be dona before 
caee of the  p i l o t  demanetration &perilllentst, de tec t f  
epecttoecopy, using Klein’s appar a t  Argonrac Nat 

A discuseion betseen Robinson a d  
a carbon dioxide inlet  for Klein’e maes spectrometer 
made, and O t t  had on hand packing material f o r  gaa chromotographp 
columns t h a t  allows holdup of carbon‘dioride, .  Heace i t  was thought l i k e l y  
that de tec t ion  would involve maas spectroscopy followfng gae chroktography,  
which would be preceded by a cold  su l fu r f c  ac id  wash to t r a p  water and 
o ther  organics present  i n  the gaa which could i n t e r f e r e  with the  maes 
mpectrographic de te rmina t ions .~-Fina l  ana lys i s  would then be made by a 
determination of mass ratios 44 and 45 oq the  mess spectrometer. 
was confident  t h a t  an  ieotopic’enricbment of .OlX could be detected using 
h i s  apparatus in this mannet.-Ifowever, to get very f ine  s e n s i t i v i t y ,  
much b e t t e r  counting s t a t i s t f c a  on the spectrometer could be achieved 
i f  carbon dioxide ware f i r s t  co l l ec t ed  in  a r e se rvo i r  and then rlowly 
bled i n t o  the  mass spectrometer through fine capillary. 
the  mase spectrographic a m l y s i s  could continue f o r  a long period of 
time, r a t h e r  then being confined to the period of e l u t i o n  of carbon 
dioxide from the gas chromotographic column, vhich would be the l lmft ikg 
f ea tu re  with the present setup. 
cap i l l apy  tubing by Robimon, and he was given a- 1%-enriched carbonate 
by Cregg. Klein s a i d  he intended to  puke an immediate cowere ion  of h i s  
spectrometer BO that i t  u w l d  have P high r e so lu t ion -capab i l i t y  f o r  
maseesr;44/45. 
t o  increase the s e n s i t i v i t y  of l3C hetec t ion‘kn  axpired carbon dioxide * 

i n  t h i s  way BO that quant i ta t ive  de t ec t ion  limits might be improved by 
a factor of 10 to  100 or mote, aver the approximately .OlX i so topic  
enrichment l i m i t  of detec t ion  n w  a v a i ~ a b l c . ” S h a u l d  t h i s  prove poseible,  
t k n  the amount of 1 3 C  required for each clinical demonstration experiment 
would be correepondingly reduced, and the mailable 1% supply could 
oupport a m c h  l a r g e r  c l i n i c a l  program than haw appeare poeeible. 

- I - .  . 
ioxide eamp1er 

It ha8 been demoaotratsd that one need only 

ide as carbonate 

a- 

Klein 

In t h i s  way 

Klein waa given aome very f ine  braes 

He expreesed enthusiasm at-the proepect of being a b l e ‘  
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required,  with approximately 7%*of -thG (5-6'&r~~) bdng I 3 C .  . A t  the 
1-to-1,000 epcc i f i c  a c t i v i t y  dl)utfoa expected in brpath C% 011 the bas i s  
of Shreeva's lk s tud ie s ,  the  &math b u l d  than 'ahow Fn i so topic  enrichment 
of approximately .1% in its carbhTdi@de &-hpoadnt,:ooruming ap- , 

proximately 95% enriched (I tcrrtt- sqatarfal .'i The br6athiCOp enrichment 
is approximately t e n  times g t e a k  b n  the p m a r v a t i v e l y  ert imeted 
safe detec t ion  l i m i t s  noted Ln-%ha 'receding pa4rag+a$h. ?-Since, a t  tb i e  

aeemn feas ib le ;  i t  was propoeed'>bt.',duplicate breath .amplee be sen t  

I 

degree of enr i chmnt ,  de tec t lqq-gf .  - e 3  .C by i d r a k e d  'jp;dctroscopy a180 

his pre'sent clinical prq ' ram'a t  BHL or hie a f f i l i a t i o n e  - w i t h  the 
- -  Meadowbrook Hoapital Lor& blend.' t ach  p a t i e n t  would undergo 

parallel  s tud iee  w i  th?C-i.I+led .glucose, and intravenous glucose 
tolerance test. 8nd o the r  documentation8 would also be ca r r i ed  out 
t o  insure  the g rea t ee t  poesible clinical relevance of the l imited Q .  

. -number of 13C .studgee t h a t  could - L  be done. -.  - .  1 ~- r .  

* < ?  I 

2. Five t o  d x  grama of '3C ao 'l=%-glucose &ld be requi 
p a t i e n t  study, with a total  glucoee load o f  approximately 80 grame. 
Studies  t b  undertake the eynthesie of t h i e  materiel would be i n  
the hands of the  U S L  group, Qregg and O t t .  
t h a t  with the  s v a i l a b l e  1% for this w e  and an e f f i c i ency  of 
approximately 4O-SoX in the glucoee label ing etep, e u f f i c i e n t  mater ia l  

e -  

4 

.r . 
Bert est imetee indicated 

~ for 5-10 c l i  l d ,  b;e -de ava i lab le .  * ?- 
t w 

s.. - - - - -  - -*---a_- 

- & .  
' I  

- 3. -Tha col lec t '  



i. w 

4. The primary de tec t ion  woul 
apparatus i n  Klein'  
s e n s i t i v i t y  of eepara e undertaken 
d i r e c t l y  by Klein,  a 
gains i n  detecticin s e n s i t i v i t y  ~y 
requirements of 1% 
and addi t iona l  pa t i en t  e tud 
of ava i l ab le  13~. 

5. Although t h e ' f i n a l  c 
DBM, i t  appeared tha 
separa te  fmree t iga t i  
separate  189 budget 
the ove ra l l  l 3 C  c l i  
appl ica t ion  would e 
pa r t i c ipan t s  so that IIBM cou 
col labora t ion  as one 

6. The par t i c ipan te  vere 
severa l  of them c 
conaensus t h a t  an 
sketched out,  tha 
programs and f a c i l i  t i e s  of &h 'of: the par t ic ipa t ing-  l abor i to r i e s ,  i r i d  
t h a t  the understanding i d e r a t i o h  nece 
t o  design an optimum p i  
without the meeting. 
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