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Nuclear  Medicine i s  becoming a s i g n i f i c a n t  source of popula t ion  
exposure t o  i o n i z i n g  r a d i a t i o n .  
s p e c i a l t y ,  p roba5ly  t h e  most r a p i d l y  growing s p e c i a l t y  i n  t h e  United 
States today ,  h i n g e s  on several i n t e r r e l a t e d  f a c t o r s .  
r e a l i z z t i o s  of t h e  u s e f u l n e s s  of rad ionucl ides  f o r  medical  d i agnos i s  i s  
j u s t  becoming appa ren t  t o  t h e  medical  coinmunity. Second, t echno log ica l  
advances i n  r a d i a t i o n  d e t e c t i o n  and imaging in s t rumen ta t ion  as w e l l  as 
rad iopharmaceut ica l  development have tremendously expanded t h e s e  poten- 
t i a l  b e n e f i c i a l  a p p l i c a t i o n s .  Procedures  i n  most l a b o r a t o r i e s  doubled 
i n  the p e r i o d  between 1958 and 1965, a grovth rate of about 15 pe rcen t  
per yea r .  
f x  R a d i o l o g i c a l  Hea l th  r e p o r t  "Survey of t h e  Use of Radionucl ides  i n  
Medicine: 
r i ence  a t  t h e  Radio iso tope  Laboratory a t  General Hosp i t a l ,  C inc inna t i ,  
Ohio, t h a t  between 1965 and 1968 t h e r e  has  been an a d d i t i o n a l  doubling 
of p rocedures ,  a growth rate of 33 percent  p e r  year .  
95 p e r c e n t  of the procedures  i n  Nuclear Medicine are d i a g n o s t i c  i n  
na tu re ,  it is probably  best  compared t o  d i agnos t i c  radiology.  
however, in e unique p o s i t i o n  wi th  Nuclear Medicine no t  p o s s i b l e  i n  t h e  
early days  of r a d i o l o g y ;  that  i s ,  w e  are i n  a p o s i t i o n  p rospec t ive ly  t o  
in f luence  dose  r e d u c t i o n  procedures  and concepts  i n  t h i s  f i e l d .  
Turthennore,  t h e  growing f i e l d  has  been commendably "dose conscious , I 1  

and h i g h e r  dose procedures  have been rep laced  and abandoned as soon as 
new t echn iques  are a v a i l a b l e ,  u sua l ly  wi th  t h e  premise t h a t  minimal 
doses n e c e s s a r y  t o  o b t a i n  v a l i d  information be  used. 

The phenonienal growth of t h i s  medical  

F i r s t  of a l l ,  t h e  

These f i g u r e s  are borne out  i n  t h e  r e c e n t  Nat iona l  Center 

P r e l i m i n a r y  Report" (1). I n  a d d i t i o n ,  i t  has been our  expe- 

Since approximately 

We are, 

Th i s  presentation w i l l  review personnel  and p a t i e n t  doses  as a 
r e s u l t  of r a d i o i s o t o p e  procedures ,  beginning wi th  some t y p i c a l  personnel  
exposures i n  o u r  l a b o r a t o r y .  These d a t a  are based on commercially 
suppl ied  film badges worn a t  t h e  waist l e v e l  by t h r e e  fu l l - t ime  techni -  
cians ( in  a r a d i o i s o t o p e  l a b o r a t o r y  t h a t  averages 250 procedures  p e r  
month, two-thirds  of which invo lve  scanning procedures) .  The average 
exposure for t h e  1965-1966 per iodwas  36 mR f o r  each three-month p e r i o d ,  
wi th  a range of  11 t o  63 mR. 
p e r i o d w a s 1 1 0  mR p e r  three-month pe r iod ,  wi th  a range of 33 t o  215 mR. 
These d a t a  i n d i c a t e  a three- fo ld  inc rease  i n  exposure,  because of t h e  
inc reased  n m b e r  of procedures  i n  the  1967-1968 pe r iod ,  as w e l l  as t h e  
I n i t i a t i o n  of t h e  use of g e n e r a t o r s  i n  January 1967. However, even t h e  
1967-3.368 f i g u r e s  do n o t  approach the  maximum permiss ib le  occupat iona l  
exposure of 100 nP. p e r  week (or  1200 n R  f o r  3 months) recommended i n  t h e  
Nat iona l  C o m i s s i o n  on  Radia t ion  P r o t e c t i o n  Report No. 33. 

The average exposure f o r  t h e  1967-1968 
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~~~~~ - -_-  _ _  
p a r t i c u l a r l y  w i t h  the i n i t i a t i o n  of t h e  use  of gene ra to r s ,  i s  dose t o  
body por t ions  o t h e r  t h a n  what is  considered t o  be  whole body, namely 
t o  extremities. An e s a n p l e  of such doses  i s  presented  by one of our  
technic ians  involved  i n  e l u t i n g  99mTechnetium from a 99Pblybdenum 
generator .  The t e c h n i c i a n  wore s i x  f i l m  badges,  which i n d i c a t e d  t h e  
following doses i n  one week: 
33 mR; l e f t  wrist-31 mR; f i n g e r  of r i g h t  hand-112 mR; f i n g e r  of l e f t  
hand-101 mR. These d a t a  are a n  average of two s e p a r a t e  one-week work 
per iods involv ing  c l i n i c a l  procedures  wi th  p a t i e n t s  and involv ing  s i x  
e l u t i o n  procedures  i n  which a t o t a l  a c t i v i t y  of 900 m i l l i c u r i e s  of 
Technetium -9% was milked p e r  one-week work per iod .  
mi s s ib l e  exposure levels t o  extremities are given as about 15 times 
naximum pe rmiss ib l e  exposure l e v e l s  t o  whole body, o r  about 1500 mR 
per  week. In  o r d e r  t o  minimize personnel  exposure,  t e c h n i c i a n s  are 
r0tate.d so t h a t  each t e c h n i c i a n  i s  involved i n  e l u t i o n  procedures  on ly  
approximately 1/3 of h i s  work time. 
personnel are main ta ined  i n  a permanent f i l e .  

Neck-13 mR; waist-27 mR; r i g h t  w r i s t -  

Recommended per- 

Readings of f i l m  badges worn by 

There appears  t o  be g e n e r a l  agreement t h a t  bo th  p r o f e s s i o n a l  and 
t echn ica l  personnel  are r e c e i v i n g  an  i n c r e a s i n g  bu t  n o t  excess ive  
exposure and t h a t  t h i s  i s  probably due t o  t h e  increased  number of 
c l inical  procedures  as w e l l  as t h e  i n c r e a s i n g  number of h igh  a c t i v i t y  
genera tors  i n  most l a b o r a t o r i e s .  Perhaps r e s u l t s  are r e l a t e d  t o  t h e  
f a c t  t h a t  through t h e  y e a r s  two systems of r a d i a t i o n  s a f e t y  procedures  
have been developed, one f o r  t h e  t h e r a p e u t i c  u se  of r a d i o i s o t o p e s  and 
the o the r  f o r  d i a g n o s t i c  procedures .  In  t h e  p a s t ,  d i a g n o s t i c  pro- 
t e d u r e s  have always been a t  low a c t i v i t y  l e v e l s ,  i .e.,  a few micro- 
cur ies .  
amounts,and handl ing  procedures  have perhaps n o t  been ad jus t ed  accord- 
ing ly .  Fur ther  dec rease  i n  personnel  exposure can perhaps be achieved 
by re-education concerning r a d i a t i o n  s a f e t y  procedures.  

Now, suddenly,  d i a g n o s t i c  a c t i v i t y  levels are m i l l i c u r i e  

With t h e  i n c r e a s e d  u s e  of r ad ionuc l ides  and t h e  advent  of rad io-  

Reports of bo th  f a c i l i t y  contaminat ion 
nuc l ide  gene ra to r  systems,  new problems i n  nuc lea r  medicine personnel  
p r o t e c t i o n  have been c r e a t e d .  
and i n t e r n a l  contaminat ion of personnel  are inc reas ing .  Consequently,  
t h e  use of f i l m  badges a l o n e  f o r  personnel  monitor ing is  n o t  adequate;  
a d d i t i o n a l  d e t e c t i o n  systems f o r  recogniz ing  exposures are d e s i r a b l e .  
Pe r iod ic  i n  v ivo  o r  b ioas say  monitor ing of personnel  i s  recommended t o  
assess p o s s i b l e  i n t e r n a l  contaminat ion levels. 
counter  is  d e s i r a b l e  f o r  t h i s  purpose.  
counted p e r i o d i c a l l y  (at least  once every s i x  months) i n  a whole body 
counter.  The whole body count ing procedures  have r e s u l t e d  i n  t h e  
de t ec t ion  of p i c o c u r i e  l e v e l s  of 1-131 i n  one p r o f e s s i o n a l  employee and 
p ikocur ie  l e v e l s  of Technctium-99m and Iodine-131 i n  one t echn ic i an .  
These d a t a  are recorded on a r e g u l a r  r ad io i so tope  l a b o r a t o r y  p a t i e n t  
c h a r t  f o r  each worker. We w i l l  r e f e r  t o  t h i s  c h a r t  i n  more d e t a i l  i n  a 
few minutes. Each worker then  has  a r ad io i so tope  l a b o r a t o r y  p a t i e n t  
number and the  r e s u l t s  of h i s  repeated whole body count ing procedures  
are entered  as a permanent record  on h i s  cha r t .  

Use of a whole body 
I n  our  l a b o r a t o r y ,  personnel  are 
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-.Next w e  will d i s c u s s  p a t i e n t  dose as a r e s u l t  of r ad io i so tope  

8 c l i n i c a l  procedure,  a form of t h e  type  shown i n  f i g u r e  1 i s  

p a t i e n t  i n f o m a t i o n ;  c l i n i c a l  r e p o r t ;  resul ts ;  

’ 
.r,cedures. 

t .  

/ :!lied o u t .  

When each p a t i e n t  i s  s e n t  t o  t h e  Radioisotope Laboratory 

T h i s  form is coded f o r  computer process ing .  It  c o n s i s t s  
.. five s e c t i o n s :  

~ ~ t e r p r e t a t i o n ;  and misce l laneous  da t a .  
,his p r e s e n t a t i o n  are t h e  informat ion  b locks  a t  t h e  bottom of t h e  p a t i e n t  
!,formation s e c t i o n  (see f i g u r e  2 ) .  These inc lude :  number of prev ious  
isotopic procedures ;  i s o t o p i c  material;  dose (which should r e a l l y  be t h e  
3dministered a c t i v i t y ) ;  r o u t e  of admin i s t r a t ion ;  d a t e  the  i s o t o p e  was 
& i n i s t e r e d ;  and c l i n i c a l  procedure.  
,-ertain codes which can b e  used f o r  supplying informat ion  t o  t h e  i s o t o p e  
= a t e r i a l  b l o c k  and t o  t h e  procedures  block. 
3 char t  o f  t h i s  type  i s  a l so  maintained f o r  each worker i n  t h e  l a b o r a t o r y  
for moni tor ing  purposes.  
form, d i s t r i b u t e d  as fo l lows  : 
isotope l a b o r a t o r y  p a t i e n t  c h a r t ;  accountant ;  and an e x t r a  copy. 

Of p a r t i c u l a r  importance i n  

The back of t h e  form con ta ins  

A s  I ind ica t ed  p rev ious ly ,  

There are f i v e  color-coded copies  of t h i s  
r e f  e r r i n g  phys ic ian ;  b iome t r i c s ;  rad io-  

The i n c r e a s i n g  use  of r ad ionuc l ides  i n  medical  d i agnos i s  and 
research r e q u i r e s  t h a t  we have g r e a t e r  knowledge of r a d i a t i o n  exposure 
to p a t i e n t s  t h a n  t h e s e  forms provide .  Since 1964,  concent ra ted  e f f o r t s  
have been made by several groups throughout t he  United S t a t e s  t o  o b t a i n  
the in fo rma t ion  r equ i r ed  t o  b e t t e r  estimate p a t i e n t  doses.  I n  October 
of 1964, t h e  S o c i e t y  of Nuclear Medicine i n i t i a t e d  a Medical I n t e r n a l  
Radiation Dose (MIRD) Ad Hoc Committee t o  se rve  t h e  needs of nuc lea r  
medicine i n  the de termina t ion  of r a d i a t i o n  dose t o  p a t i e n t s  who are 
administered rad iopharmaceut ica ls .  T issue  d i s t r i b u t i o n  d a t a  r e l a t i n g  
to biologically-distributed r ad ionuc l ides  had been gathered p r i m a r i l y  
for t h e  purpose  of e s t a b l i s h i n g  Heal th  Sa fe ty  Standards f o r  workers 

rorms ( rad iopharmaceut ica ls ) .  Thus, i t  was gene ra l ly  agreed t h a t  t he  
data and in fo rma t ion  a v a i l a b l e  t o  t h e  p ro fes s ion  a t  t h a t  time were n o t  
adequate t o  de te rmine  t o  t h e  d e s i r e d  accuracy t h e  dose r e s u l t i n g  from 
the use  of  r a d i o a c t i v e  materials i n  d i agnos t i c  s t u d i e s ,  
were scattered and n o t  e a s i l y  a v a i l a b l e .  Also, t h e r e  w a s  doubt t h a t  
the d a t a  were t h e  best that  could be genera ted ,  i n  view of new develop- 
ments i n  n u c l e a r  spec t romet ry ,  computerized dose computation techniques  
and improved measuring techniques  f o r  determining t h e  t i s s u e  d i s t r i b u t i o n  
and l i f e - t i m e s  of rad iopharmaceut ica ls  i n  p a t i e n t s .  F i n a l l y ,  t h e  
increase  i n  the use of r a d i o n u c l i d e s  t h a t  e m i t  low-energy photons pre- 
sented some s e r i o u s  cha l l enges  t o  t h e  accepted methods of c a l c u l a t i n g  dose.  

. 

:posed t o  e l e n e n t a l  forms of r ad ionuc l ides  r a t h e r  than  s p e c i f i c  chemical 

The needed d a t a  

The d a t a  which w e  w i l l  p r e s e n t  today inc lude  the  e f f o r t s  of t h e  
following: the MIRD Committee ( 2 ) ;  t he  Radioisotope Laboratory 
(headed by D r .  Eugene L. Saenger) of t h e  Univers i ty  of C inc inna t i  
College of Medicine;  t h e  C inc inna t i  Nuclear Medicine Laboratory 
(headed by D r .  Henry Well.man) of t he  Bureau of Radiological Health;  
and D r .  Edward Smith, J3ckson Memorial Hosp i t a l ,  M i m i ,  F lo r ida .  
The average dose from an i n t e r n a l l y  adminis tered rad ionucl ide  v a r i e s  
with t h e  r a d i o n u c l i d e ,  its chemical form and i t s  rou te  of admin i s t r a t ion .  
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Fig. 1. Radioisotope laboratory patient form 
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Average doses were calculated usiiig the beta-gamma I o r i i i u ~ a a  5L. _._ _. 

Figure 3.  We will concentrate here on the beta dose and on the absorbed 
fraction concept for the gamma dose determination. The application of 
these formulas requires careful consideration of certain of the para- 
meters, namely 1) absorbed fraction, A . F . ,  values as a function of 
photon energy for various cylinder sizes, values which have only become 
available during the pas t  few years; 2)  the concentration, CO ( i n  vCi/g), 
which indicates knowledge of the amount of radioactivity in the organ 
per gram of the organ (here gross assumptions concerning organ size are 
made in many cases); and 3) Te, the effective half-life (in days), which 
involves both the physical and biological half-life. 
life is largely a function of the rate of metabolism of the radio- 
pharmaceutical by the individual and thus varies considerably among 
individuds. Figure 4 shows the absorbed fraction a5 a function of 
photon energy for various cylinder sizes. As far as the concentration is 
concerned, for some clinical procedures, e.g., thyroid uptake, the amount 
of activity in the organ or gland can be estimated to a good degree of 
accuracy. Estimates of organ size are at best crude and account for a 
considerable portion of the error in dose estimation. Estimates of the 
effective half-life can only be made from measurements on various 
individuals administered radionuclides. This information cannot be 
obtained by the administration of radionuclides to normal individuals; 
therefore, this information is obtained by periodic counting of an 
individual administered radionuclides for a clinical procedure. 

The biological half- 

Fig. 3. Dose formulae for internal dosimetry 

BETA : D = 73.8 E~C,T, 

GAMMA: D = 73.8 (n3y)C,Te (A,??.) 

A.F. = Absorbed fraction-that fraction of emitted 
gamma-ray energy absorbed by a phantom of 
speci'fied mass and geometry 
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We would l i k e  t o  p o i n t  ou t  he re  t h a t ,  dur ing  t h e  p a s t  rew y r a ~ ~ ,  - 
Our group h a s  s t r e s s e d  t h e  need f o r  d iv id ing  t h e  i n f a n t  and 

cons ide rab le  number of t h e s e  c l i n i c a l  procedures  have been performed on 
c h i l d r e n .  
c h i l d  popu la t ion  i n t o  s p e c i f i c  groups t o  a l low b e t t e r  estimates of 
dose (5). These groups are shown i n  t a b l e  1, along wi th  informat ion  on 
average body we igh t s  and organ weights  (6) .  Dose estimates f o r  
c h i l d r e n  were i n  many cases based on informat ion  r epor t ed  f o r  a d u l t s .  
Because of t h e  p o s s i b l e  d i f f e r e n c e  between the  phys io log ica l  response 
of a d u l t s  and t h a t  of c h i l d r e n ,  cont inuing  s t u d i e s  are being c a r r i e d  o u t  
by our  group t o  o b t a i n  informat ion  on t h e  metabol ic  
rad iopharmaceut ica ls  i n  i n f a n t s  and c h i l d r e n  who were r e f e r r e d  f o r  
v a r i o u s  i l l n e s s e s  o r  because of  d i a g n o s t i c  problems. 
is d i s t r i b u t e d  uniformly throughout t he  body, in format ion  on T, can be 
obta ined  by count ing  t h e  p a t i e n t  p e r i o d i c a l l y  i n  a whole body counter  
(s tandard c h a i r  count ing  p o s i t i o n  as shown i n  f i g u r e  5).  
co l l imated  c r y s t a l s  can provide  information as t o  t h e  e f f e c t i v e  h a l f -  
l i f e  of r a d i o n u c l i d e s  which tend t o  concent ra te  i n  v a r i o u s  organs.  Data 
such as  t h o s e  i n  f i g u r e  6 ,  which shows s e r i a l  counts  of t hy ro id  and t h i g h  
t i s s u e  over a pe r iod  of t i m e ,  provide informat ion  on Te which can be 
i n s e r t e d  i n t o  t h e  formula f o r  dose estimate purposes.  As shown i n  t a b l e  2 ,  
t h e  uptake  i n  a newborn w a s  measured as 67 percen t ,  whereas t h e  thy ro id  
uptake f o r  o t h e r  c h i l d r e n  s tud ied  ranged from 9 pe rcen t  t o  22 pe rcen t .  
Thyroid uptake  v a l u e s  f o r  c h i l d r e n  vary  g r e a t l y .  
e l e v a t e d  a t  b i r t h ;  a f t e r  1 week, i t  r e t u r n s  t o  va lues  i n  t h e  lower p o r t i o n  
of t h e  normal range  f o r  o l d e r  ch i ld ren .  
mic rocur i e  of 1-131 adminis te red  are a l s o  given i n  t a b l e  2 .  
have also r epor t ed  h igh  uptakes dur ing  t h e  f i r s t  week fo l lowing  b i r t h ,  
wi th  an apparent  r e d u c t i o n  i n  t h e  iod ine  uptake i n  t h e  thy ro id  a f t e r  t h e  
f irst  week o r  s o  of l i f e ,  i t  is  recommended t h a t  r ad io i so tope  tests be  
d e f e r r e d  f o r  t h i s  p e r i o d  u n l e s s  t he  d i a g n o s t i c  procedure is a l i f e -  
sav ing  one. S i m i l a r  s t u d i e s  f o r  o t h e r  r ad ionuc l ides  are shown i n  t h e  
next two t a b l e s .  
chromate) and Iron-59 ( f e r r o u s  c i t ra te)  f o r  c h i l d r e n  of v a r i o u s  ages ,  
based on observed e f f e c t i v e  h a l f - l i f e  va lues .  Table 4 shows r a d i a t i o n  
doses  from radiopharmaceut ica ls  such as Mercury-197 (chlormerodrin) ,  
Calcium-47 (calcium c h l o r i d e )  and Stront iun-85 (s t ront ium n i t r a t e )  wi th  
both whole body doses  and organ doses  g iven  f o r  c h i l d r e n  i n  v a r i o u s  age  
groups- These doses  are  g iven  i n  m i l l i r a d  per  microcur ie  adminis te red .  

f a t e  of s e v e r a l  

I f  t h e  r ad ionuc l ide  

The use  of 

The 1-131 uptake is 

Doses to  the  thy ro id  i n  rad  p e r  
Since o t h e r s  

Table  3 shows whole body doses f o r  Chromium-51 (sodium 
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i 
t 
f Organ 
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c 
% 

Whole body 

Thyroid 

Kidney 

Liver  

Spleen 
A 

* * B a s e d  o n  p r e v i o u s l y  r e p o r t e d  s t a n d a r d  c h i l d  g r o u p s  ( 8 )  

1 

Organ weight (grams) 

S t anda 1: d Newborn 1 yea r  5 yea r s  1 0  yea r s  15 years  
man 

3,540 12,100 20,300 33,500 55,000 70,000 

1.9 2.5 6.1 8.7 15.8 20.0 

23 72 1 1 2  187 24 7 300 

136 333 591 918 1,289 1,700 

9.4 31 54 101  138 150 
I 
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E f f e c t i v e  O b s e r v e d  C a l c u l a t e d  
Age Uptake H a l f - l i f e  Rad/pCi  Rad/pCi  

( %  1 ( d a y s )  A d m i n i s t e r e d *  A d m i n i s t e r e d * *  

32 
i 10-32 

2 days , 67 4 . 7  23.8 
1 month  10 7.0 5.0 
3 months 9 4.2 2.7 10-32 
2 y e a r s  1 0  5 . 2  2.5 4.3-10 

21 6.3 3.9 4 3-10 
6 y e a r s  22 4 . 8  2.4 3.1-4.3 

1 ~ 

‘ 4 y s a r s  

15  y e a r s  1 6  5.9 0 . 9  1.7 
I 
f 

c . 
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Figure 5. Whole body c o u n t i n g  ( s t a n d a r d  c h a i r  p o s i t i o n )  
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TABLE 3 

Rad ia t ion  Doses from Radiopharmaceuticals 
i n  Chi ldren  ( 7 )  

---_-_--- Whole-Bo!!Y-D93_e_s_ -_--- - 
Calcu la t ed  
mrad / c l C i  

(days) 

Weight - Observed 
Age (kg 1 mrad/lrCi 

E f f e c t i v e  
H a l f - l i f e  

51Cr (Sodium Chromate) 
4 months 8.18 15.0 1.8 

14  months 12.60 20.0 1.7 

6 y e a r s  13.62 19.4 1.6 

59Fe (Ferrous Ci t ra te)  

5 y e a r s  20.00 38.0 70.3 65 
6 y e a r s  13.62 31.0 78.0 6 1  

15 y e a r s  55.00 39 .O 32.0 27 

* Based on v a l u e s  measured i n  t h i s  s tudy .  

5 y e a r s  20.00 20.0 1.2 

** Based on p rev ious ly  r epor t ed  s t anda rd  c h i l d  groups (9) .  

TABLE 4 

R a d i a t i o n  Doses from Radiopharmaceuticals i n  Chi ldren  (7) ‘7 Weight 

I 

3 y e a r s  14.55 
1 2  y e a r s  f 47.28 

7 y e a r s  I 25.00 

4 y e a r s  15.47 
10 y e a r s  32.70 
12  years 40.00 
12 .years 60.00 
18 y e a r s  48.20 

4.5 
1.6 
1.0 
0.9 

E f f e c t i v e  __ Dose3-------.--.- 
H a l f - l i f e  Whole body Organ ;- Administered Administered 

(days) mrad / u C i  mrad /u Ci 

lg7Hg (chlormerodrin) 
68.1 (kidney) 

0.9 O o 8  2.6 2 * 6 1  39.0 (kidney) 

0.7 4.61 2.8 I 4 .5  (bone) 

3.5 58.0 16.3 68.3 (bone) 
1.3 44.0 6.0 40.8 (bone) 
1 . 4  53.0 8.6 32.8 (bone) 
1.5 30.0 2.5 14.0 (bone) 
3.6 50.0 4.7 27.0 (bone) 

47Ca (calcium c h l o r i d e 1  

8 5 ~ r  ( s t ront ium nitrate) 
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With t h e  a b i l i t y  t o b e t t e r  a s ses s  t h e  dose conies t he  p o s s i b i l i t y  of 
dose r educ t ion .  
,rystal technique ,  a s  shoim i n  f i g u r e  7, can be used i n s t e a d  of t h e  
standard p rocedure inwhich  a c r y s t a l  i s  placed a t  10 inches  from the 
p t i e n t  's neck. Two co l l ima ted  sodium iod ide  tha l l ium-ac t iva ted  
c r y s t a l s ,  suspended from a yoke, a r e  brought i n  con tac t  wi th  t h e  
pa t i en t ' s  neck. With t h i s  technique,  i t  i s  now p o s s i b l e  t o  c a r r y  o u t  
s tud ies  us ing  1/10 microcur ie ,  o r  less, of 1-131. Figure 8 shows t h e  
r e s u l t s  of a series of t h r e e  s t u d i e s  on one 3-year-old c h i l d ,  each us ing  
1/10 mic rocur i e  of sodium iodide-131. 
8 14 percen t  uptake,  considered low, 
of thyro id-s t imula t ing  hormone ind ica t ed  an increased  uptake of 32 percen t .  
The f i n a l  s tudy  fo l lowing  admin i s t r a t ion  of p ropy l - th iou rac i l  i n d i c a t e d  
an uptake of 9 percent .  
three uptake  procedures  on t h i s  c h i l d  was es t imated  t o  be 0.87 rad. 
Hence it is now p o s s i b l e  t o  do repeated s t u d i e s  wi th  low adminis tered 
a c t i v i t i e s  of 1-131. 
iodine-123, could f u r t h e r  reduce r a d i a t i o n  dose without  i n t e r f e r i n g  wi th  
d iagnos t ic  accuracy,  This  p o s s i b i l i t y  is  being i n v e s t i g a t e d  at t h e  
Nuclear Pledicine Laboratory of t he  Bureau of Radio logica l  Health by 
Dr. H. Wellman and D r .  V. Sodd. 
r ad io i so tope  of i od ine  because i t  has  a phys ica l  h a l f - l i f e  of approximately 
13 hours ,  compared t o  8.2 days f o r  iodine-131. Since iodine-123 has no 
be ta -pa r t i c l e  emission and a low energy gamma ray  (159 KeV), s h i e l d i n g  
requirements are a l s o  reduced. It has been es t imated  t h a t  t h e  dose from 
a thyro id  uptake  procedure can be reduced by a f a c t o r e o f  lo4 i f  t h e  
standard procedure using iodine-131 is replaced by a dua l - c rys t a l  tech- 
nique us ing  iodine-123. 

I n  t h e  t h y r o i d  uptake procedure, '  f o r  example, a dual. 

The i n i t i a l  procedure ind ica t ed  
A r epea t  s tudy  a f t e r  admin i s t r a t ion  

The t o t a l  dose t o  t h e  thy ro id  gland f o r  t h e  

"he use of o the r  r ad io i so topes  of i od ine ,  such as 

Iodine-123 i s  a p a r t i c u l a r l y  advantageous 

Fig.  7. Dual c r y s t a l  technique f o r  
t hy ro id  gland uptake procedure 
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* The impor tance  of t h e  use  of s h o r t e r  h a l f - l i f e  r ad ionuc l ides  i n  
, a r ious  c l i n i c a l  procedures  i s  shown i n  t h e  nex t  two t a b l e s .  
case, t h e  a c t i v i t y  admin i s t e red  i s  t h a t  recommended i n  o rde r  t o  o b t a i n  
the prope r  s c a n  in fo rma t ion .  Table 5 compares es t imated  doses  i n  r a d s  
from various rad iopha rmaceu t i ca l s  used f o r  l i v e r  scanning,  namely, 
technetium s u l f u r  c o l l o i d ,  go ld  c o l l o i d ,  and iodine-131 aggregated 
albumin. 
0.72 - 0.99 r a d s ,  whereas 150 pCi  of gold c o l l o i d  r e s u l t s  i n  a dose 
of 3.9 - 6 .4  r a d s  t o  the l i v e r .  
rads from v a r i o u s  rad iopharmaceut ica ls  used f o r  bone marrow scanning.  
Dose t o  the r e d  bone marrow from 2.5  mCi of gold-198 c o l l o i d  i s  7 - 1 8  r a d s ,  
v h i k  5 m C i  of technet ium s u l f u r  c o l l o i d  r e s u l t s  i n  only 0.13 - 0.17 
rads t o  the  r e d  bone marrow. 

I n  each 

Dose t o  t h e  l i v e r  from 3 m C i  of technetium s u l f u r  c o l l o i d  is  

Table 6 compares es t imated  doses  i n  

I f  comparisons are t o  be made, t h e r e  has  been gene ra l  agreement 
that  t h e  overall dose p e r  procedure i n  nuc lea r  medicine is  of t h e  same 
order of magnitude as t h a t  i n  d i a g n o s t i c  rad io logy .  This conclus ion  
vas reached  a t  t h e  "Symposium on Reduction of Radia t ion  Exposure i n  
Nuclear Medicine" h e l d  a t  Michigan State Un ive r s i ty  i n  t h e  f a l l  of 
1967 (12). The p r e s e n t  phi losophy i n  t h e  f i e l d  i s  an awareness of t h e  
patient dose  for t h e  several. procedures  and i n  a l l  i n s t a n c e s  a d e s i r e  
to  u s e  t h e  procedure  which w i l l  r e s u l t  i n  minimum dose t o  t h e  p a t i e n t  
compatible w i t h  the g o a l  of ob ta in ing  optimum information.  
most f i t t i ng  e x p r e s s i o n  of t h i s  philosophy i s  D r .  Merril l  Bender 's  
s ta tement  that  "the p a t i e n t  should no t  b e  p ro tec t ed  ou t  of a d iagnos is . "  

Perhaps t h e  
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