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ABSTRACT 

X- RADIOGRAPHY WITH BETA- EMITTING ISOTOPES 

OBJECT 

* 

To determine the possibil i t ies of x-radiography using beta- 
emitting isotopes.  

RESULTS AND CONCLUSIONS 

P u r e  beta-emitt ing isotopes can be used for the production of 
Radiographs of r a t  body radiographically applicable x-radiat ion,  

and human hand with a weak Sr9'-Y9' source (Tracer lab  Medi- 
cal  Applicator RA-25,  Serial  No. 546) show good contrast  and 
definition in spite of the unfavorable focal spot size (5 mm diame- 
t e r  and of the low activity of the source (surface dosage r a t e  of 
the applicator:  330-  t 10% roentgen-equivalent-betas). 

RECOMMENDATIONS 

Stronger Sr9'-Y9' sources  and other beta sources  should be 
t r ied and the charac te r i s i t i c  x-radiat ion as wel l  as the b rems  - 
strahlung produced in different encapsuling mater ia l s  should be 
studied a5 to yield and quality of the radiation. Construction of 
por%able isotopic x - r a y  units of this type should be considered, 
d s  w e l l  as further improvements by using high efficiency intensi-  
fyir!g s c r e e n s ,  image intensifiers a n d  focussing devic-e.; 
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X-RADIOGRAPHY WITH BETA -EMITTING ISOTOPES 

I, INTRODUCTION 

The idea of using isotopes in clinical radiography has been 
strongly advocated in recent  yea r s  ( I ,  2) .  A s  ear ly as 1950, 
Spangenberg ( 3 )  published a radiograph of teeth, taken with ce r ium-  
139; Mayneord (4) demonstrated in 1952 the effectual use of thulium- 
170; and Dennis and DeLuca ( 5 )  reported the successful application of 
cerium -144 and thulium -170 i n  diagnostic radiology. The Argonne 
group (6)  developed a portable isotopic x - r ay  source and Carpenter  
with co-workers ( 7 )  recently descr ibed a complete, portable isotopic 
x - r ay  unit, including isotope source and self -contained casse t te ,  for  
field and emergency use.  

In all ca ses ,  so  far reported,  isotopes have been used which by 
themselves and/or  in  connection with their  decay products emit  beta-  
and gamma-radiation. Pu re  beta emi t t e r s  have not a s  yet  beenstudied 
systematically in their  applicability for  diagnostic radiology, With 
beta -emit ters  the x-radiation is produced by the interaction of the beta 
rays  with other ma te r i a l  and is predominantly in the form of cha rac -  
ter:stic x-radiation and/or  bremsstrahlung. 

The present  work was stimulated by that of Leboeuf and Stark (8) 
on the excitation of charac te r i s t ic  x- rays  and the production of 
bremsstrahlung (internal a s  well as external bremsstrahlung)  in 
proper  target  mater ia l s  by beta radiation from Sr  90 and P m  147. 
Strontium -90 -yttrium -90 complex was the source for radiographically 
applicable x-radiation. 

11 EXPERIMENTAL - 

A Source 

The strontium - 9 0  -yttrium -90 source available for  the studies 
uds  Trc-cerlab R A - 2 5  medical appl ica tor  J- It c u I I s i a t s  of the source 
v7:t’i ,;P - I C + I - , I :  r!ldriitter of 5 rrim (overall diameter  12 .  7 mm)mounted 
011 the end of a 6 -3 /4  inch shaft ,  A c i rcu lar  plastic shield (4 inch 
d:, imeter,  3 / 8  inch thick) protects against  irradiation while handling 

~ ---Ix 

A p p i i c a t o r  data and f igures  a r e  taken from Tracer lab  Instruction 
Manual  for  R A - 2 5  Medical Applicator, Ser ia l  No.  546, dated 3-22-54. 



the applicator,  The source contains strontium -90 in  equi- 
ilkr1um v#ith yttrium -90 in such an amount that the surface 
cosage ra te  is  3 3 0 2 1 0 %  roentgen-equivalent -betas pe r  second 
A S  measured with a Tracer lab  extrapolation ionization chamber.  
The radiation emitted by the source consis ts  of the 0. 537 mev 
beta r ~ y s  result ing from the disintegration of strontium -90 
into yttrium -90 and 2 .  18 mev beta r ays  produced in the decay 
of yttr ium -90 into stable zirconium. The average beta energies  
f o r  strontium -90 a r e  0 - 2 2  mev and for  yttrium -90 a r e  0. 7mev.  
The half life of strontium -90 i s  about 20 yea r s ,  that of yt t r ium- 
90 about 62 hours .  

The source has .a  metal l ic  protective cover (2 mil s  of 
s ta inless  s teel ,  10 mi ls  of aluminum) equivalent to about 100 
mg/crn2fi l t ra t ion and is sealed by a double hermetic  seal .  
covering reduces the number of beta par t ic les  result ing f rom 
the decay of strontium -90 and the decay of yttrium -90 to 370 
and 60% of the original value, respectively.  Thus the beta r ad i -  
ation emitted by the applicator has  essent ia l ly  the charac te r i s t ic  
of a pure  yttrium -90 spec t rum,  f i l t e r ed  by 2 mils  of s ta inless  
s t ee l  and 10 mi l s  of aluminum. 

The 

Due to the interaction of the beta rays  with other m a -  
t e r i a l ,  however, the source in i t s  normal  form also emits  x- rays ,  
r e s d t i n g  pr imar i ly  from bremsstrahlung and charac te r i s  tic x - 
rad;ation produced in the source  and absorber  mater ia l .  
thrs x .  radiation which w i l l  be used essentially for the radio- 
graphic studies presented in this report .  Pre l iminary  knowledge 
of quantity and quality of this radiation was obtained by the use of 
proper  absorbing mater ia l  and a Geiger -Muller tube detector.  

It is  

Bo Radioprwhic Setup 

Two arrangements  were t r ied for taking radiographs of 
anima! an& human tissue.  
t e r i a l s  were bombarded with the yttrium -90 beta radiation and 
an dittempt w a s  made to use the excited x-radiation f o r  radiographic 
s t . ?  c s ,  
r-.nrm;l! form T2r >'?t i  - u r n  kJt . t - -  ~ d d - ~ i t i o ~ :  dnd [?le sma l l  amount  
cf strontium radiation transmitted by the protective cover were 
. . t s o r b e d  b y  1 ,  2 cm of lucite placed between the source and the 
hociy to be radiographed, Figure 1 shows the details  of the ex -  

I % * i t r i t : i ,  a r rdngement  

In the f i r s t  one, proper target  m a -  

'n t he  second method the applicator was  taken in i ts  
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LUCITE BETA SHIELD f 
-1 CASSfTTE 

FIGURE I - EXPERMENTAL ARRNG€MENT 

U. RESULTS 

Table 1 and Figure 2 give the results of the preliminary measure- 
ments. 

TABLE 1 
INTENSITY OF S r g O - y g O  EXCITED X-RADIATION FROM TRACERLAB MEDICAL 

APPLICATOR R A - 2 5 ,  SERIAL N O c  5 4 6 ,  PREFILTERED BY 1 . 2 ~ 1 8  LUCITE 
DISTANCE (cm) 7 , s  1 5  3 0  
DOSE RATE ( D r / m i n )  6 . 4  1 .6  0.4 

T 
1 2 3 4 5 6 7 8 9 0  

ABSCt?BER THICKNESS IN mm 

looo 

FIGURE 2 -  ABSORPTION CURVES FOR Sr* y90 EXCITED 
X-RADIATION FROM TRACER LAB MEDICAL APPLICAm 
RA-25, PREFILTERED BY I 2 c m  LUGITE. 
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F i g u r e  3 shows a typical radiograph of a hand, taken with 
P a t t e r  s o n  ‘sF1uorazure” intensifying screens placed above and 
below the film (Eastman Kodak ”Blue Brand”)  and with an. ex- 
posure time of 2 minutes and a source--specimen distance of 
b cm, 
h d i n c i  with e x p o s u ~ e  times of 5 minutes and sourc.e--specimen 
d 1 s t a f i c ~ s  of 10. 0 and 10, 5 cm. 
show sur,pPivingly good definition and contrast fop. a relatively 

FigurFs 4 acd 5 show radiographs of a rat  body and  of a 

respectively.  The pictures  

ak IZOI? -polat source. 
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RGURE 3 - HAND, SOURCE- SPECIMEN DISTANCE 6cm 
PATTERSON "FLUORAZURE ", EASTMAN KODAK 
"BLUE BRAND", EXPOSURE TIME 2 MINUTES. 



_ -  

FIGURE 4 - RAT BODY, SOURCE - SPECIMEN DISTANCE IO cm., 
PATTERSON "FLUORAZURE': EbSTMAN KOOAK 
"&Lt @RAND': EXFQSURE Ti?dE 5 MINUTES. 
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TF.e absorpt;on meiAsusements  as w e l l  a c  the raciiograyhic resul ts  
sbov.  tk.e existanc~e of x- rddidt ion,  emitted by the medical applicator 
in i ts  c o m ~ n o n  fo rm.  This radiation may be C O I T J F O S ~ ~  of. l j in te rna l  
bremsstrahlung a i s r l - i g  irorn interaction of the nuclear beta particle 
v i th  the radiation f,eld of the nucleus; 2 )  external bremsstrahlung 
produced in the dece1er;mtion p rocess  of the beta-par t ic les  by absorber  
riucle:, and 3 )  characteristic x-radiation produced by interaction of 
tEe beta par t ic les  with orbital  e lectrons either of the source mater ia l  

--- -_.. 

or of the capsule and absorber  mater ia l ,  
i s  prodLced in the s t ront i tm -yttrium complex, the external b rems  - 

The internal bremsstrahlung -- 

strahlkng r n  absorbing layers  of the source arid scrrounding mater ia l .  
Since only 370 of the strontium beta radiations a r e  transmitted by the 
protective cover ( I 0 0  rng/crn2  fi l tration),  i t  may be assumed that 
B certain pa r t  of the absorbed 97% of these betas a r e  t ransfer red  

~ ---- 

into x-radiatiork; charac te r i s t ic  radiation as  well a s  bremsstrahlung. 
According to Leboeuf and Stark (8) the yield for  character is t ic  rad i -  
ation provided by Sr9O-Y9O betas in foils is 1 x 
incident beta =particle and the yield for  higher energy bremsstrahlung 
2s approximately 6 x l o p 2  photons per incident beta. 
b rernss t i ' ah l i ix  of Sr90-Y90 extending from 10 kev to about 150 kev, 
s?.crws M maximum a t  about 3 5  kev; the character is t lc  x - r ays  excited 
by Sr9'-Y9' hetaa in tin have a maximum a t  about 25 kev, followed 

photons pe r  

The internal 

-- ly 

by a bremsstrahlung peak at about 55 kev, 
0 steel -d;Cminum covered Sr9O-Y9 source  a r e  not yet known. 

The proper  data f o r  a 
The 

~- i_uI _----- 
pre i immai  y measurements  presented (Figure 2 )  show that this radi - 
ation is  k t  t r rogenoss  ~ n d  that i ts  detailed interpretation requi res  

f 1: r t h  e I s tlrdy, 

The rdd;.ographs so far obtained with t h i s  simple and relatively 
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the activit ies of units which use x- and gamma-radiation emitting 
isotopes ( 3  -7). 

V.  CONCLUSIONS 

The reported facts  and the presented radiographs show that pure  
beta emi t t e r s  can be used for  the production of radiographically 
applicable x-radiation. The radiographs,  obtained with a relatively 
weak Sr90-Y90 source  show good contrast  and definition in  spite of 
the f ac t  that the "focal spot" of the source  is grea t  ( 5  m m  d iame te r )  
and that the source  --specimen dis tance used in the exploratory 
studies is relatively short .  

VI. RECOMMENDATIONS 

To fur ther  study the possibil i t ies of isotopic x-radiography 
with pu re  beta emi t t e r s ,  s t ronger  Sr9O sources  and other beta 
sources  contained in smal l  a r e a s  (tlfocal spot") should be used. 
Different encapsuling ma te r i a l s  should be studied as to quantity and 
quality of the produced x-radiation. The construction of portable 
isotopic x - r ay  units of this kind should be considered, as well as 
fur ther  improvements  b y  using bet ter  intensifying screens ,  image 
intensif iers ,  and focusing devices .  

VII. BIBLIOGRAPHY 

1. 

2. 

3 .  

4. 

c; 

6 

West, R. 
cine and r e sea rch .  Nucleonics 11: (2), 20, 1953. 

Low energy gamma sources  fo r  industry,  medi -  

- 
Austin, J. C. and P. Richards.  Radiography as a hot-lab 
service.  Nucleonics 12: ( l l ) ,  78, 1954. - 

Spangenber, H. D. Production of roentgenograms by means  
of x - r ay  radiation from artif ically radioactive isotopes. 
Ohio State Univ. Eng. Exper .  Station News, 20:No. 5,  1948. - 
Mayneord, W. V .  Some applications of nuclear  physics 
to medicine.  Bri t ,  J. Radio. Suppl. No. 2 ,  44: 191, 1950. - 

nr:inis G E. arid H.  A,  DeLuca .  The use of radioactive 
isotopes for diagnostic radiology. A m .  J.  Roentgenology, 
72. N o ,  4, p.  661, 1954. -- 

. 

12: (5),  35, 1954. - 

9 

Untermyer ,  S . ,  F.  H. Spedding, A .  H. Daane, J. E. Powell 
and R. J .  Haster l ik ,  Portable  thulium x - ray  unit. Nucleonics, , ,  

I /  > ,  

I 
i 



7. Carpenter ,  A, W, R. R. Heer, JP-, L. H. Krohn, E. W, 
Coleman and F, J. Boyer. Preliminary repor t  on a com- 
plete portable field x-ray unit. AMRL Report No. 168, 
November 1954. 

8, Leboeui, M. E. and B. T. Stark. Excitation of charac-  
teyistic x-riys by beta-par t ic les ,  
31961, May 1954. 

Gen, Elec.  Report HW- 

10 


