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FROM i Dick Butson, 

-0. ALPWO8 W l W  N C X I C O  a 7 8 4 4  

This in a report on our inventigation of the iubject technique 
to date. 

Several weeks ago, Wright Lsnghrm sent us a reprint  of an ICRP 
With this data, we cal- 

This data vas dircusscd with 

report on elemental composition of the body. 
culated capture probabi l i t i es  i n  tislue for the  fif iecn most common 
elements, wing the  Fermi-Teller "2" law. 
Herb Anderron when he was here and he indlcated tha t  it vas probably 
feasible t o  -say at least a few elezients, but he felt tha t  c l i n i c a l  
j u s t i f i c a t i o n  was needed before proceeding w i t h  my t o r t  of experiment. 
One of us, Lundy, visited Anderson i n  Chicago at  the time of the 
Rotoa Linac Conference and looked over the muon experiment area a t  
the cyclotron. It appears t h a t  running 80 experiment there vould be 
reasonably easy. Anderson mentioned t h a t  Max Wane had wri t ten him, 
8t ress ing  his interest i n  t h i s .  
feelings that we need an M.D. involved i n  this from fAe start if we 
Ut going t o  do anything,and,that he needs some porslblc c l in i ca l  juet i -  
f i ca t ion  io+ t h e  vork, in order t o  justify getting cyclotron time. 

Anderson a l s o  restated his strong 

WC then contacted numerous people, moetu by telephone, 
concerning posr ible cl1nics.I applications. These people included: 

*, Max BOone, University of Wisconsin 
Dr. C.  R. Key, Pathology Dept., University of New Mexico 
Dr. Lawrence Lanzl, Argonne Cancer Hospital 
Dr. John L a w i n ,  Sloan-Kettering Institute 
Dr.  Sam Seal,  Radiothera?ist, Sloan-Kettcring Ins t i t u t e  
Mi86 Mary Lou Meurk, Physicist at Zelltrbach Saroni Tunore 

Institute, Ssn Francisco 

neutron ac t iva t ion)  

the  Trace Elements Laboratory) 

&. W i l  Help, University of Washington (M.D. working with 

Dr. Peter Wootton, Physicist a t  University of Washington 
Dr. Eenry Schroeder, Dartmouth (Physiologist i n  charge of 

D r .  C. P. Teosner, M. D. Anderson Hospital urd Tumor Ins t i t u t e ,  
- Dr. Jon Shoop, Radiology Department, University of New Hexico 

Pathology Dept . , Bouston, Texas 

While several ideas were obtained fromtheec people, the  people 
seemed either relatively uninterested, did not have specif ic  ideas, 
o r  their'ideas did not seem technically feasible.  
reuch vat9 also made, priannsrily for information on hban  neutron 
activation work, About e down papcm were found relative t o  t h i o  wear  

Abrief l i t e r a tu re  

I u 8'7 9 0'8 COPl.ED FOR . . 

-.. HSPT 
- * :.: .. 

00 133257.001 



L. Rosen. MP-DO - 2 -  3 November 1970 

1 

It then seemed t h a t  better information w a s  needed on what elements 
one might essay in t i s sue  before looking further f o r  clinics Just i f icr t ion.  
I n  connection u i t h  this, a l i t e r a tu re  search was made for  experimentd. &tP  
on capture probabi l i t i es ,  mesic X-ray energies, and re lat ive yields of 
the  various l ines .  A draft 
'of a new ICRP report concerning elemental composition of humans vas ob- 
t r i ned  fraa Dr.  U a l t e r  Snyder at O a k  Ridge. 
(a t tachedl  listing the X-ray yield per ceptured muon i n  t i s sue  of each of 
t h e  Ka. ICB, IC,,, and L lines VBS prepared and a lso  a l i n e  rpectra graph 
8howing X-r8y energies and anticipated yield. 
was wed t o  t s t i n u t e  capture probabilities, although considerable experi- 
ser i ta l  data is available, indicating tha t  thir does not hold, except in 
metals.) We then contacted John Magna in J-11 concerning information 
on which l lnes  would be separable. He i s  i n  the process of checking thio 
out lw computer aumning i n a d d u a l  spectra, taken on a 35 cc Ge(Li) detector 

.r~stcm,from i n d i d d u a l  ganrmo-cmitting nuclides, corresponding i n  energy 
t o  the  expected muonic X-ray lines m d  appropriately scaled i n  intensity.  
The resultant composite spectra should be quite lin31ar to what one would 
get t r o m t i r r u e  being i r rad ia ted  with muom. The results of t h i s  rhould 
be avdlablc next week. 

Over 35 papers were found in these areas. 

U s i n g  t h i e  data, 8 chart 

(The Permi-Teller "Z" l a w  

Bruce Gaplen, Mp-3, wrote a computer program f o r  generating 
theoretical muonic X-ray spectra from tissue, an seen by a typical 
Ge(Li) detector. 
agree with axperimentsl data and a further problem is that  none of ua 
know enough about &(ti) b t e c t o r s  t o  f e e l  much confidtnce in the  
orode1 chosen t o  represent t h e  detector. The approach tha t  J-11 is 
t s k i n ~  seems more wcf'ul  at present. 

Unfortunately, the l i n t  in tensi t ies  calculated do not 

\ 

One of us, LunQ, gave a brief t a lk  at the Biomedical Usera . 
I n  t h i s  talk, Meeting on Sat- concerning mu-activation technique. 

he nentioned the  following possible c l in ica l  applications : 

1, 

J2.  

. - -  - 
.3. . 

Aseessment -of calcium mlaeral content in bone. 
certainly c a ~  be done and a t  lover do6c t o  the patient than 
with neutron activation. However, It also i r  being done very 
ef fec t ive ly  with X-ray absorption techniques, aa dtveloped by 
John Cameron at WiBconeln and, therefore, 16 of questionable 

(This almost 

.value. ) 

Ritrogen quaatiflcatfon i n  certain organs because nitrogen i s  
bmic t o  protein PwtaboUsm and, therefore, probably uaricr i n  
certain disease states. [More data on thir i a  needed,) 

In t r ace l lu l a r  sodium-potassium balance studies. When c e l l  
o c m ,  this balance sh l f te  md rerum studieP 0,' it do 

not 6eem to r e f l ec t  the intracel lular  chengao. 
cannot be userred,  but potassium might be. 
heart, in .r heart-attack victim,with a muon beam,md o b t d n  a 
plot of' potrsslun distribution? P re lMnsry  estimates of the 
required rrdirtion dose to the prticnt indicato i t  t o  be well 
adthin tht usual biagnostic radology Ilwdtr. 

Sodium probably 
Could one scan the 
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4. Magnesium r t u d l t e  i n  various disease otates. (This vas mentioned 
.by several people contacted, although just what its significance 
is, i r  not clear t o  us. ) 

5. Zfnc s tudies  in the prostate gland f o r  possible correlation with 

oae pointed out that considerable work has been done on t h i s  with 
8urgictd~-renroved tissue and the correlation hea not been proven.) 

. . prostate  cancer. (This also vas mentioned by several people, although 

6. Dttcmlnation of carbon concentration in tumour8 during fractionated 
radiation therapy. 
periodic changes as high as 220% &re reported. 
proposed by them is t rue,  this  effect  can be used t o  nteasuzw the 
amount of cel l  cycle synchronization i n  the tumour, due t o  fractionated 
therepy and a l s o  the  cell cycle period. 
bfonnation for the  radiation therapist. 
u8cd during radiation therapy. ) 

In the paper by Spring rad VGzynen (attached), 
If the explanation 

This could be very valuable 
(Pi-activation might be 

John Cameron, Professor of Thysics and Radiology at the  University 
of Wisconsin, indicated a great deal of interest  in the  mu-activation 
rnalysis technique. Be suggested t h s t  we visit the University of Wisconsin 
t o  t a l k  fur ther  about possible 83plications mb said be would arrange for a 
seminar there, i f  we s o  desired. IIe said he fe l t  that  t h i s  technique wua 
potentially more important medically than pion radiation therapy. 
Dr. Rcnry Scliroeder a t  Dartmouth a l s o  indicated considerable interest  and 
said he would be i n t e  
telephone basis (he is 
travel). Dr. W i l  Bel (a leader i n  neutron 

j e c t  on a mail or 
md cannot reaaily 

ac t ivr t iou  work) suggeeted t ha t  when we know better what elements we might 
u s 4 ,  we send someone (preferably a clinician) t o  one of t h e i r  small informal 
discussion meetings on the c l in ica l  uses of neutron activation analysis. He 
indicated that they periodically Invite a feu people t r om around the country 
for a day of idea cxchsnge. 

A t  this polnt, there are s t i l l  several complicating facton, which 

Lack of knowledge of the  muon capture probability f o r  the atoms 
of 
aoleculc . * 

need M e r  study. 

1. 

Among them are: 

given element when the element occurs within 8 complex organic 

2, The problem of determining hov macy m u x u  have stopped i n  a given 
maas of t i roue  of a part icular  typ--i.c., l a  the liver, i n  a given 
bone, etc. 

3. . E m  t o  correct f o r  X-r4 relf-absorption effectr  in t issue.  
(A u W U r  problem txirtr in neutron activation analysis, of course.) 

- 4  
U S O ,  lack of'lurowlqdge of the relative X-r4 l i n e  rieldB f o r  (I given 
element u 1 f b c t l o n  of ohe1nfer1 bonding. 

COPtED FOR 
1 0 8 7 9 1 0  * HSPT 

00 133257.003 



L. R o k ,  BP-DO - 4 -  3 November 1970 

4. Evaluation of the radiation dose delivered t o  t i s sue  by the muons, 
rpu-mesic X rays , and nuclear interaction products. 

5. 

6. 

-Lack of knowledge OZ nonual variation of elemental tissue conposition. 

Uncertainties in knowledge of X-rw yields of different  t rans is t iom 
Zn various atoms. 

A t  t h i e  point, it seems well vorthwhile t o  continue work t o  define 
the  potential of -8 technique, but it appc- that full development of it, 
fo r  c l i n i c a l  usage, could require the work of reveral people f o r  several 
years. We plan to write an internal mcrpo on it v i th in  a fev weeks a f t e r  
we evaluate the J- l l  data and ta lk further w i t h  c l in lc i rnr  concerning 
w h i c h  of the feasible elements sre o f  moat in te res t .  

D a t r i b u t  ion  : 
---- - - _--- ' --.- . 

To PUtEBIE, R. Go=, Mp-1 
3. C o p l i n ,  Me-3 
L. Agneu, Hp-7 

Dadd Orwe, J.R.B. Associatea 
X. Stewart, M. D., LAMC 
Z. Magna, J-U 

W. Lsngh~m, H-4 

Enclosures : 

I 0 8 1-9 I 

- ___ - _. - -- 
~ --- - . --. -.-- -.- 
1. Gross and Elemental Content of Stmdard Man. 
2. 
3. 

C h a r t  of Muonic X R ~ y s  from Standua M a n .  
Spring rad V*&rynen, "Mersurement of Changes in the  Oxygen and 

Carbon Concentration of Tirruer during Fractionated High Energy 
X-ray Treatment." 

Daaielson and Steianes, "A Study of Scaae Selected Trace Elements 
in Normal and Crncerous Tissue by Neutron Activation Analysis." 

Palmer,. Relp, Mumno, and Rich, "The Feasibility of i n  vivo Neutron 
Activation Analysiis of Total Body Calcium and Other Elements of 
Body Composition." 

Daniel, Kock, Poelz, Schmitt, Teuscher, Backenstoss, and 
Chatalambus, "Condensed-State Effect6 i n  Muonic X-ray Spectra." 

Z h o v ,  Konin, and Mukhin, "Transfer of a legative Muon from 
a Proton t o  Carbon." 

BoIJal,  Diaz, Xaplrn, and a l e ,  "Atomic Capture of u- Mesons In 
in Chemical Compounds." 

Grin and Kunselman, "Solid-State Effects i n  Pionic Atoms." 
Budyaclhov, Ermolov, Zinov, Kronin, and Mukhin, "Structure of IC 

Series of Argon in Atomic Capture of Negative Muons i n  the 
Pure Gas and i n  a Mixture w i t h  Hydrogen." 

Zinov, I(onin, Mukhin, and Polyakova, "Invertigation of K-serieo 
Structure  in Atomic Capture of Begativc Muons in  Chemical 

Zinov, Konin, and Mukhin, "Atomic Capture of negative Muone in 

Budyrahov, ?liuov, Konin, mb Nukhin, "Muon Capture in Qa8 

Ponomarev ma Prokoshkin, "Large xeoomolrcuho. 

4. 

5- 

6. 

7. 

8. 

9.  
10. 

11. 

Compounds." 

chemical compounds 0 'I 

32. 

13 

14. 00 1 33257 004' 
Mixtures. " 
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