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The installation of a qclorrcn (Cyclotron 
Ccrp. CS-15) in an existing building without dis- 
ruption of other operations was accomplished with 
relatively little difficulty using overdesigned 
shielding (6 feet of ordinary conczete). Pack- 
grcund measurements on a whole-b&' counter 50 
feet awav or. the sane floor b7ere increasec! orily 
10% sun&g ever the whole spec-trdn. Availab:le 
space in the vault is 13 x 13 feet, permitting 
convenient operation of a 3-por-t target facility 
oriented vertically. The operating responsi- 
bility leas been entirely in the hcands of per- 
sonnel without previous experience, wi-:h 
engineering lvld p'hysics back-up when neec!ed for 
repairs, maintenance and improvement of the 
rrsichinc. The tari;etry has been l-,andled almost 
entirely b'y the operating staff. During the 
first three years of opercatlon, dcwn time has 
been insignificant (++clCJ%), almcst equally livicrled 
between component failure cul.d operator error. 
Applications have been in the pmtiuction of 
radlonuclides for experimental and clinical use. 
""Ga a-d 67C& were produced by protor1 and 
deuteron bombarcjnent of zinc using an internal 
target. lc;F was produced using the 2oNe(d,a)1RF 
reaction which proveti to be s_ibstantially more 
efficienr than the alternative 160(311e,p)18F re- 
action. 13N as 13NHj was produced by t-leu=rerr)n 
bombardment of methane as describe,5 by Tilbury at 
Sloan-Kettering. This material has been most 
useful for imaging the myocardium. 111In, 1 '(2, 
and 150 are also in production, as well as a 
number of other nuclides. The possibility of 
using the deuteron reaction (8 YeV) on berylliwn 
tc produce fast neutrons for therapy is currently 
being explored. In the present configuration, 
which includes independent control. of the 
harmonic coils, 100 of 160 UP, of deutercns have 
been extracted for this purpose. 

f 
Operated by the University of Chicago fcr the United States 

Atomic Energy Commission. 
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The possibility of obtaining an Argonne Cancer Research Hospi- 
t& Cyclotron was first considered se-iously When we became aware of 
CUT otron (Corporation activities in 1965. The PJuclear Yedicine group 1 
It rb,e Hospital 
men:: of 

had for many years been oriented toward the devek~p- 

.illkTf’ i. K g . 

new techniques using radionuclides, par-t icular1.y for 
Ikoellen-t facilities in physics, engineering, electr~~rii~s , 

rac!ics~:emis-try, and radiopbLarmaceutical development were available, 
as well as a strung clinical ri.~lear medicine oFration. The 
il:ysics and IZngineering group had developed and opcrateci a 5C-MeV 
1 i I ~e~x-' ~ilectron acceLerato2. 
;i;~pliiia: : f-7 

Reseeh on imaging I-KKL led .to tl-;<> 
-l,A1 of linear systems analysis to radionuelide irrk3ges, CIK 1c 

to the optimization oi rejection of scattered radiation from the 
';;&z!t. ~~diop:-l~~Ila~~~~l~~~al research led to the intrcductio~~ of 

- c i:riio clinical medkine in a variety of forms, and -0 the 
4 il-:vtil ;~~mer-i 1 of the rcacto-r ~:zurx.iuclion met+& for l 2 ":L , I:st;ibllshirl,- c; 
CL cyc!lc~~L'on oper aTiorl for radionwlide prccluction presented a new 
cktllerige , ~articuk~ly in regard to short-lived psltrcn ertitters. 
iiisits -to Oak Ridge, St. Louis, 
pwz..~c !-llis project. 

and Hammersmith encouraged KS to 

ll-ie architecturaL considerations of installing a cyclotron in 
an exis-ttili,; structme withotlt 
cperZtions ) 

substantial disrupticn of existing 
such as the whole-bo3j: counter 50 feet d&n the hall, 

;:resente~.l some un;qLe problems. Tie structure as it or2ginally 
existed <u:d as it finally evolved is shcxvn in Figure 1 . 
considersation was 

'rhc prirr.xy 
protection of the whole-body counting facility; 

before After 

Fig. 1. Flocr plans before and after installation of the cyclotron 
'Ike or$,kal facility had been designed for animal irr.adiation 
studie:: witl-. 6 ol'o. 
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f?YT2 iY17-:~~llliYi~ llar.~q~m!%! iii1,TqJ; Jo, Chi.I$.~ t “,f <.:yL’1;. i I1 ,II ‘?.I i: U”” it i Vi! 

and frcm ,gadual neW333rl aci.iq~;iti.ori 3f ?h? ir>ori-Ait;ii!eil walls aA 
?laI(l'i) crystal:;. 3oug 1 mc?cI:~ lul ~~:rFllt :: ri; t1 .t’ (“p >I( ) 1 1 Y ‘,I I ‘!‘~ir-p(‘liIti~ ‘11 

1’JantI with one cf u-2 rnai?~1 :1i9: i~:.?IIJ),.il~~.i.ir~~: <.. lir : i:'i',~i wit11 "YI9, ,.u1(1 
using a m:!r,Ck-rip to rirn*la te Lhe :~~~icli~-!~3.~j~ c01ln i r~ ., Ii31 :I:, tC;r i.',.,I :- 
elusion that i;i x-frxrst-tl ii& r~9.i~ na;r .:r;ric‘L~~~tC- wtill:; Lild fCX11. it:pt C'. 
3ver?x33d cej lirip shoul.d suffi cr. ?'ili :y ,ar:lol In-t- of :;lii ~::.Ii~lir,j~ fz r?>:- 
cecds thr in2quiw!mentr; P(OY r>.ir',i.ati nn :-!i:si.t?-. p~:~t~~-t:ic;n. Si~L~:~~qu~~r:t 
measLwmn-ts have SI:CWI~ about 10% l~ck~~nunil i I-ICTY?~:W i n -the? whole- 
body coud”1 ter (m:;t kj; liw+?rleP~~y~ w11:.1+- rll? t:v(.: I c ? t. IX)1 I i !i ~q-ts rij-t i I y, . 

'lhe ma&i.ne available frorr the C$;cl ot7on ~~'o~-$o~>o'~t~:-o~~ was the CT-lC , a 
33-in& AVF nti,-3-ri.r~ cr7p;lh I c nf <=lCX!.ltl 1 C‘P<?tl n.‘ %P++ I.~.-, ?n ?bv, I-:+ tl.7 
15 MeL', canti 'il* to 8 MeV. Tlie ori.girml ~0s’; estrirrk3tc of $500 ,i:OO l-07, 
the entire instaiIation incluling tlhr: mrtchir:e prPE:i to l,iz almost- cx- 
aztly correct. Tliis cost is of i-hP s: -irnic 017 ier ,231: 1:lhz.t oi a cardiac 
catheter&&ion laboi?atory, and is 5,~ lmrc?r th:x thr: cost of a con- 
ventional neurolr'adioloCgy faciliiy. 'l?l.i~ , l2.e expensf? of .z cyclotrr)r 
faci1i.Q is far from unthinkrihle for a m4i cal comp1.e:~. 

'!>aini.ng n1 ollr staff c0li;i 7 t:\ti l--f t,r-4 r:f vi:;its by :~.t?rlii.~r pej.'- 
Sonnel to various medical c'yc1.cTrYX t rstal 1,-t-i ens , z-d tlie assigrmeni 

oi’ one medical phys-i.izii;t tc: t?l(> ANI, !‘ji:‘l CtP.:Xl T’.-lPili*,J f..lF f~3ird.Li.3?- 
izatLor-1 with principl.er; 3f target constYuctiC7ri, ~iandliTlg , cooling 3 

Xld ~lKEf?S3iIl~ . Experi.rricc with lk opewti~31 ilf t-lie Iriac?iiIle iY‘?K 

acquire.d during, the four-month period of installation ar~l testing. 
At the end of tl~is time performancr spei2ifi33-zi:~n:~ f%r' oiz7 cyc.lotr0-I 
had beal met (50 11/i exti~acted feam fool T-ii2 holu3 Gth H+ , I‘)+, z~:i 
Q?++ > . Euring the peri of testing, ahor;-t evzlrlthinp, that cc1ilc-l 
go wr0ng with all of the var%ioL.s systms i nvo IVCYI ;.n the ::~ichine d&.1 
go hmng. This was most instructive, fog j.t ena5lecl the engineel%ng 
staff to bezome quite secure in hCuiil'..n;, alI categories of probl<XE. 

The operating persoruiel for -1-hi:~ ri-mt t1mx? VC'xrT, bJ3-G .Limited 
chi.ef Ly t0 tiE USUY Of the lliadli.il~ , :I , VI. , I:] ii > I .; 0-r cli~tI-l0l- .3,r 1 ml,? :; C’ 1 

n~dical physicist. DuxGig this tins a fi:w i.rl:;ta?.lation err'oryJ suril'-- 
faced. The heating unit of -t-lie tliifusio-. purnr Il3c appa7-cntly beer1 
damaged in sl-ipmen', so that it was no 7ong~ir in ccritact with the 
vessel.. It thus operated l:c;t and fina.l.ly hurried out , caus i.ng ,a 
three-week s!-~td~z~~i. The f-i rst ruptured esi t foil cl.i.sclosed that tthc: 
mode peer high vacuum cut-off rel.ay had nevp7" been connected. This 
led to a dk,astmus arc In the oi;ci.l.l.at:~r~ which pnrfor~C:tcd the 0:>Ci1.- 
later tube envelope. Cne of the D's began to leak watery and wai- 
promptly replaced under> the warr?clr-it-~~. Ikfmc :;table a?eratioIl cculd 

be restored with the new component, a minor design ch%yge in the 
anode pcwer suppl.y kee6ng the feedba& l~uop -in i-!-w valtaec coni:-r-rci 

closed at all times, b&came necessary. The only other majar compc- 
rent fai..1ure has been the hl-Eakdcwjni 0C the osci I.l.3tol7 ano& tuning 
capacitor‘ which r%quiEd replacemeni. InProvernent cf the irsulatcr~ 
design in the ion source has eliminat64 most of thr: i?i.fficult\i fru=m 
improper arcing. 

Cc0ling water for the machine was pcvi :-led bji a rccircula-tinji; 
system with a dei,snizer and heat exdlangei'. 'I'h-i-3 has proved mos-t 
satisfactory, the conductivity beiny maintain-d consistently at about 
one micru, Irhohl. 
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Ihring the three years of operation, the transport system fcr 
the extracted beam has been built up in stages. 'Ike first includes a 
steering magnet constructed from a one-HP motor stator that ccan herld 
the beam 2 to 3 degrees in either direction. This is necessary be- 
cause different particles are extracted 
which vary slightly from day to day. 

at slightly different anglc~, 
Next is a watercooled pneumatic 

shutta~ then a double-vane Danphysik beam rroritor wllich sweeps 
across $he beam, displaying X and Y profiles. 
3-lxsitior-i So 

This is followed by a 
switching magnet oriented vertically, leaving appr~xi- 

mutely 5 feet for targetly beyond the exit ports. As it leaves the 
machine , t3e bearr: is strr~gly focused in a verri-al plane and Zan be 
carried without loss through 5 
tional focusing. 

feet of l-7/8" beam pipe without addi- 
An extraction efficiency of 50 tc 60% is routinely 

achieved; this has been further improved by the use of independent 
pawer supplies for each of the three harmonic coils. 1.00 of 160 fi 
of deuterors have been extracted recently. The limiting pariuneter ii. 
extracted beams is nominally one kilowatt of power dissipated in the 
extm.ct.or assembly. 

As quarters are rather close in the cyclotrc\n vault, it has 
&come routine practice tc limit the .3mmnt of t~1dio2c tivi,ty haricileJ 
tc modest levels (< 50 mCi). This would not be possiUe if we were 
;,roducing rraterials for institutions in addition to our OwI:. In 
general, we have used gas targets whenever pssiDle because of the 
associated low power density and consequent ease of cooling. This 
has been -xssible with laF, "C in various forms, 13tJ, and 13*Cs. A 
horizontal target on the lower port causes the beam to be in&Lent 
at a grazing angle of 15O, spreading out the hem which is somewhat 
defccus,ed in the horizontal plane by the specially designed switch- 
ing magnet pole face. This spreaG..ng makes possible the use of tar- 
gets which are easily melted, such as metallic thallium. Easily 
cooled metallic targets are used in a conventional confi~ation 
norrrial to the beam, with cooling water running across the back of 
"he target foil in a tl1i.n film. 2cuble foils separated hj/ a layer- 
of‘ helium for cooling, circulating in a closed circuit, have been 
used with high proton currents (30-50 VA). When it is convenient or 
necessary to secure a high bea~n current, an internal target el.cctrc-,- 
plated onto a flat-tened copper tube is used. 

The materials which are being produced routinely or wLt:! tile 
Thought that their production might ultimately beccme routine are: 
1.7-h 18F, 9.5-h E6Ca, 78-h G7Ga, IO-rain l"I\lII,, 20-min "C as CO, 
Cf';'f or CK, 2-min 150, 52-h 203Pb, 48-min ‘+%Zr 36-d lz7Xe, 2.8-d 

In, 674.~ ll*In, so-tin 13*cs, md 12-d F~?TI. 
The principal reactions for the indicated above nuclides are 

shfoc>n in Table I, with production parameters. 
Briefly, the procedures used for each material are as fol:lcx+s: 

78-h gallium-67. 'This materidl, when administered in carrier-free 
form as the citrate, localizes well in many malignant Wmors r+hLch 
can then be imaged with proper equipment.' This ap$ication was 
first discovered by the Oak Ridge group, which used the rraterial 
~-Ixx&.Ks~. on the 22-MeV proton cyclotr~n f'rom a z.inc: tar 'et . 'lhi s 
method has the disadvantage that large amounts of 9-h 6iGa are also 
prYxil*ccl1 ; tl&; JIB 1- _ 5 t first PJ~ al.:lm7ed tx clf32~1.y. ‘TI I explcrir &2 thei 
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Tabie I J?rc,&ctic:n parxj7ctc~r~c ani dpp~CXiJIi;i?t: yi.i, 1 (-I;' 
___ -..-_ 

--- 
___7_ _.-._.-_ ._... . . L ULXL1 .rT_T:____-_x-T- _ =.* : : .._ I_iT-_LLL 

a.! 
6 

ri 5 1,” F--. 
5 % .z ‘2 ‘Cl 

M 
g kl i-i Y 

$ k$ 
%FJd 

ri -I; 

fit+ V 
.>$ ‘5 

/ Remarks 

18F 20Xe 8-Me’4 D 
+ 

SG(& "Lzn 1.5dIeV 11+ 
G7& GGZn 8-MeV rl+ 
13N 12c 8-MeV D+ 

'lc l&N 15-MeV II+ 

150 1% 4-MeV 13' 
203pb 203T1 15-MeV b-i+ 

d )C1 

D,rl 

a ,n 

ti,n 

P>" 

0 

Ls,n 

8 

50 

'21: 0 

8 

20 

10 

15 

16 m:'i 

7 Ix!i Internal target 

31: IEi. 1r;tePrE.l target 

hC r:tCi Flow.'_ng CHi, tax'- 
get 

105 r&i 

353 mCi 

72 DCi 1iorGontLL Llr- 

49Cr 48Ti 22-MeV 3He 
+t 

%e,2n 1 8 rrCi 

lz7Xe 127’1 15-MeV Ht D.11 -. 2 I!. OCI \iCi Horizorrtal tar'- . , 
get of- Nal 

lllIn lllC!d 15-MeV I-if F," 2 n 
110-j-, lo7& 16-MeV 4He 

tt 
a9 2 3 

13% '30& I5-MeV 1-i' : 1: 29 

202Tl 2'37Hg 15-MeV h+ p,r 15, 

:; 
Saturation activi.tylEver~age life 

1 mCi 

250 LiCi Ir~tcrnal target 

6 rrCi 

10 F;Ci Plercury m&Xl 
target 

various reactions for rraking "'Ga on the B-15, we fc~'~r;d t-l~lt the b- 
MeV deuterons on zinc yielded about 30 uCi per @, and that no E6Ga 
at all was produced. 

We used an internal target consisting of a flattened l/2-inch 
copper ttie with the zinc electroplated onto the exposed surface. 
This was placed in the machine at a radius of 12-l/2 inches, with the 
target surface facing the beam a: an angle of loo to the tangent. Ey 
proper adjustment of the harmonic cells, the beam could be steered to 
a grazing incidence. Routinely, 200 fi and occasionally up to 400 1Lf‘i 
could be tolerated by the target without burning. A critical factor 
in target preparation qpeared to be smoothing and compactin& the 
rather spongy layer of zinc with a burnishing tool. several times du.r- 
ing the electroplating process. This improved the thermal conduc- 
tivity of the zinc layer, which was + 5 mils thick. The wall thick- 
ness of the copper tubing was 2C rrtils. A water flora of 2-3 gal/min 
was maintained. Trre surface area of the bom3arded region was N 
2 x 20 Lynn, giving a power density of 4 :X$/cm2 at 200 uA. An attmpt 
was made to increase the effective target area by oscillating the 
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target verticallji through a distance of 5 to 6 mm. Hodever, a fre- 
quency 05 only 1C cyclesisec could be achieve?! withcut substantial 
redesign of tllr krget , an: 1 t was never es b.hlL:;hetj :~i..p:I 1ep ?JIF' 
oscillation was helpfu.1. 

'1I.e prcjduct was separaa_e:i frwnl tlie target by diss;olvin~, tIi.2 
zinc plate off the copper tubing with HCI, extracting into isopropyl 
ether from 7. 7 N IICI., ar~l back-extrac-kkig with ? K IICl. Tie bailk- 
extraction was necessaq because the oil vapr from the diffusion 
p~lmp whi.ch pemxh?d the -target was left behind j., the 0rga.nj.c r>has<-, 
of the (extraction. This operation was carried out on a routine-basis 
~inw 1-I week for aha~s;-t tit;rlxw? yearT , atId has re(ce:d. I y L,een abanknct-i 
as F7Ga has become readily available from co~rcial suppliers, 
Medi-Fhysics ZKU~, using‘ an enriched Zn target, 

UT-E 
has extended this 

source reaction ‘0 comrclal use. ) 'Ike use of "7Ga injected intra- 
venously as -the citrate is illustrated in Figure '2. 

9-h 66Ga was produced using 
the same targetry as for c7Ga 
with an internal proton beam. 
Gallium-66 ~7as used with 67Ga 
in double-label studies of 
the biological localization 
in ani..n& -tumors of carrier- 
free gallium in ,different 
chemical forms. 
2.8-d lllIn. Like gallium, 
2.8-d "IIn localizes in 
tmrs * This nuclide was 
produced by proton bombard- 
ment of cadmium in the exter- 
nal beam. The chemical 
separation presents no diffi- 
culties. 2 This material has 
also been used for animal 
studies in placental local- 
ization, when longer time 
intervals were needed than 

Fig. 2. Abnormal localization of could be accomdated with 

"Ga injected intravenously as generator-produced l13mIn 
ci trate is sham in chest of patient (115-d "?Sn + 1.7-h !13mIn). 

wiLli ZA&in's rdisease 1.7-h fluorine-18. This 
agent used as the fluoride is 

one of the best materials for imaging bone and bony lesions. It EL1 
be reactor-produced, though not efficiently; the existing accelera- 
tor methods are the (a,2n) and C3He,n) Eactions on 150 as a water 
target. Because of cur concern about the danger of water entering 
the machine due to f&.1 ruptxe, 
ble reactions. To our surprise, 

we b7ex-e led to explore other possi- 
at the energies available to us, the 

d,cr reaction <on 'ONe (90% abundance) proved to be substantially more 
efficierlt than Lhe '"0("Ile,r1)~*F reaction, and had the additional 
advantage cf permitting -the iuse of a gas target:. T5e flucrine-18 
ymd~~cl:t was deposi-ted on a P;rre.x glass liner of thertarget chamber 

1 ~3nd C'oi 111-l be na[yovt-'rY-lrJ e?ficiei 1-t 1x1 by washiq; t}lti I.3 ner' i;ith :; ';er>ile 
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0.9% NaCl soli.lticri ) SC t1;i:: it- was ret dy for iJDrWdiate Se. :w hrive 
used t:lis met?rcd rw6nely fX 2-l/2 years, pl?Cduci;~tg 15- to SO-mii 
batches of activity once or twice a week as needed for) our clinical 
0pePation. Recently this proced~n~e also hr~s been abandoned becar~e 
of the ready commercial availability, . r. * in massive quanitles, of l@F 
p~XlilceL1 by the same -reaction 

Fig. 3. l"F bone scan of patient 
with tumor involvement of left pelvic 
bones and right ri:s. 

10-m nitrogen-13 has been 
pxduced durixg the pasr ysxr 
by the method described by 
Iilbury et al. ,3 at t1ie SlOEl~i- -- 
Kettering Institute which also 
has a G-15 cj~clotrtx~. 

Plethane gas flowLng through a 
target charrber at several 
l/min is bombarded with 8-PleV 
deute?ons, and the gas leaving 
the target chamber is btibhled 
through ster-ile 0.9% NaCl 
sclution. The prmiuct, Ghich 
is mostly in the form of 
13NH3, dissolves in the solu- 
tion and is available for- 
immediate use. A number of 
radiochemical impurities 
20' of th % total a tlvityi15- . . e c 
are removes by passing the 
gas through an absorbent 
column of s&a lime and one of 
siliconized glass wocl cooled 
to dry ice temperat-rre, so 
-t:qat a 9?-98% pure product is 
available. Patches of 20-30 

r&i. can be prepared in this ma.r~rer. The r3N in the f,m: of NH3 is 
useful particularly for rryocardial images when injected intraven- 
ously . 4 The high-energy r>adiation, 511 KeV, is difficult to image 
well wi-ih conventional equipment but, if used with a special tungsten 
collirrHtor, a conventional Ar.ger camera is very effective in pro- 
ducing excellent myocardiai images with a small radiation dose to the 
patient. Prepared in this way, 13N has also been used as a substrate 
for enzymatic synthesis of glutamate; besides, it can be decomposed 
by h 

T 
brornite tc yield free 13Ni gas for pulrnary studies. 

20-m lC is being produced by the (~,a) reaction on nitrcgen-14. 
500-mCi quantities may be produced without difficulty and may be con- 
verted to CCI2, CC, or CN- as desired by on-line processing while 
being transported to the high-level handling facilities. A large 
variety of potential uses for these materials exists for phys,iologic 
studies and chemical syntheses.5-a 
2-m I50 ptiuced by (d,n) reaction on 14M is likewise available for 
physiologic studies. It has been produced in '250~mCi batches."" 
52-h 203Pb decay s by electron capture largely via the 279-KeV level. 
It emits the same gamra as the ccmmonly used 2e3H1g, but is free finom 
the primary-particle radi.atior, and long half-life of the latter. 
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(a> (b) 

'rig. 4. kmnal (a) and abnorm;il (b,) heart images made with 13PH~. 
The image cn the right shcws a large inferior defect due to a myo- 
car&al infarction. 

Experimental. studies indicate that this material may be useful for 
visualizing the cereb1ospinal fluid compartments. I'roduction Ly 
proton bombardment of metallic thallium is practical for experimental 
quantities of the material, but probabl 
routine clinical use with our machine.l Y 

is not efficient enough for 

32-d 127Xe likewise has been produced by proton bcmbar&nent of <an 
iodide s?t in quantities sufficient for experimental purposes. I.-t 
appears to be greatly superior to reactor-produced '33Xe for pul- 
monary-.function and imaging studies. The long physical half-life OF 
127Xe causes no biological difficulty because of the rapid excretion 
of the .inert xenon gas. Both 127Xe and i031?b should be easy to prc- 
duce in the high-enerB, high-current proton beams available at 
Erookhaven and TLos iilam~3s.~- 
42-m 49Cr has been produced in AJ 50 mCi quantities by 3FI -I-+ nOmba--d- 
ment cf titanium. This material would be extremely useful as the 
chromate for labeling the circulating blood elements--erythrocytes, 
leucccy-tes,and platelets--for a variety cf puklposes. The reactor- 
produced 3LCr has tee long a half-life for many of the possible ap- 
plications in this field. The chemical problems of the separation 
of this material from the titanium target as chromate in a form 
suitable for administration to hmtans is still u.ndal stu&y I 

3rie of the great difficulties in human radionuclide distribu- 
tion studies is to determine accurately the fraction cf the injected 
dose of a preparation present in a particular organ. The use of 
positron annihilation radiation detected in coincidence eliminates 
the effects of attenuation in tissue, since the combined path length 
of the annihilation pair in tissue is constant. In addition, the 
effects of scatter are eliminated except for chance coincidence. 
Thus, when quantitation is necessary, it is desirable to utilize 
positron-emitting isotopes of nuclides in cmn use in nuclear 
medicine. 
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l?ie specific icxraliza-tiori of inr1ium ion in -the pLsxnta has 
been clearly demonstrated in the mouse and rat.'? Eocumentation of 

the time c%zse of this phe- 
nomenon in the living healthy 

se G human, using inncx~ous levels 
*i 

::' 
of radiation, appears desir- 

on/ able. For this purpose, 67-m 
,s/li / 

'IOk 6 fit 
-' critter, was pro- 

9 L r ,1. ia j / duced to permit the best 

f; 
#LO , 

/ 
choice of indium isotope 

f i _I (115mIn,115mIn (both generator- 
? P 
T t .a / prc&lced) or lllIr>, by (a,2n) 
i- : ,. 
'# / 
I lo/ / 

reaction on silver-107 at the 
lE-MeV enerB available to us. 

2 I', 
.Di / 

There was virtually no contam- 
inaticn with the 2.8-d 'llIn, 

I 
// 

and the existing separation 
."d methods are quite practical.14 
"8 The targetry used was similar 
80 
d 

tc that with 67Ga. The copper 
-------- . 3 ~ . 1 ,, ,I ,L 1 ,~ ,‘ " tubing was first plated with 

*odv 'il<(l \ I~--/,li,, gold to protect the copper 
from acid and then with the 
silver target material. The 

Fig. 5. Specific uptake of indium 3C-m 130Cs, a @+ emitter, is 
by mouse placenta. being produced for this same 

type of study by proton bom- 
bardment of xenon gas. >&n&y-five rierrent of- the irduced activity 
at the end of bombardment was the l "b3. The reduced uptake of Cs 
by malignant tumors has been used successfully as a criterion of the 
efficacy of chemotherapy; 131Cs has been used in this way on super- 
ficial lesions. l5 &tension of the method to deep lesions may be 
possible using coincidence positron detection with 130Cs. The target 
for production of lXoCs was similar to the lBF target with an 
aluminum liner from which the i30Cs could be recovered easily by 
washing. 

Thallous ion, ?'I+, acts in the body very much like 3' iori. 
Ekperimental studies with the mixture of thallium nuclides produced 
by proton bombardment of mercury have confirmed this, and have shcwn 
that thalliwr: nuclides are also potentially very useful m%terials for 
myocardial visualization (Fig. 6). To produce clean thallium nu- 
elides is beyond the capability of our machine. The group at 
Brc~&&aven~~ has used the reaction 203Tl(p,3n)201W. The concurrent- 
ly produced 3-h 202Pb is allowed to die away, and the remaining 9-h 
201Pb is separated from the thalli;un target and then allowed to 
decay to 74-h 201T1. This decays by electron capture and emits only 
merwry X rays and a 167-KeV gamma ray. It thus has a reasonable 
half-life and emits no primary-particle radiation, so that the radia- 
tion absorbed dose is small. 

Production of substnatial amounts of activity by these reac- 
tions is net possible with the CS-15 machine. A similar reaction 
that would be desirable is 1271(3He,3n)127Cs. This 6-h material 
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would be very useful, as 
would 7.2-h 73Se produced 
from arsenic-75 by (p,3n). 
The limitation on the produc- 
tion occasionally causes 
regret that we do not possess 
one of the larger ma,chines. 

13ne further application 
for which a higher-energy 
machine would be desirable is 
in the prckd~ctian of fast 
neutrons for therapy. 
Fncouraged by the experience 
of the Hammersmith group, we 
have undertaken a study of 
the feasibility of using the 
CS-15 as a neutron source. 
The general ccnclusion ap- 

Fig. 6. Myocardial scan using mix- pears to be that a seriois 

turti cf Tit nuclides produced by experimental trial is justi- 

proton bombardment of mercury. fied. The possibility of 
such an application was con- 
sidered in the original 

architectural plans. The detailed feasibility study is presented in 
the report by Drs. Kuchnir, Skaggs et al. in these proceedings. -- 
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