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Claude W. S i l l  
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The Health and Safety Laboratory of t he  U. S. Atomic Energy Commission's 
Idaho Operations Office provides a rout ine invivo whole body counting program 
for  the protect ion of the nearly 6,000 employees a t  the National Reactor Testl- 
i n g  S ta t ion  i n  southeastern Idaho. 
through 1965, 7,134 invivo determinations were made. Foreign a c t i v i t y  has been 
detected 4,625 t i n e s  on 2,278 individuals including follow-up measurements made 
on the scme individuals when s igni f icant  exposure has occurred. 
of 41 d i f f e ren t  radionuclides have been detected i n  humans, i n  addi t ion t o  the 
naturally-occurring potassium-40 and cesium-137. 
s u e s  have been received inadvertently during the routine performance of t h e i r  
dut ies .  
matter of unknown par t ic le -s ize  d is t r ibu t ion  under uncertain circumstances. 

During the fiveyyear per iod from 1961 

In a l l ,  a t c t a l  

Vir tual ly  a l l  of the e.rpo- 

The exposures have generally occurred from inhalat ion of par t icu la te  

O f  the  4,625 t i n e s  t h a t  foreign radionuclides have been observed i n  humans, 
not more than a half  dozen have involved a c t i v i t i e s  greater  than about 1 uc. 
I n  perhaps 95$ of the cases, the a c t i v i t y  present  was l e s s  than 0.1 uc.,, most 
of which was eliminated within a very f e w  days. Since the  max imum permissible 
body burden of most beta-gamma emitters i s  several  microcuries or  greater f o r  
continuous exposure, such leve ls  s r e  of very l i t t l e  physiological significance 
t o  the  host.  A s  a matter of f ac t ,  t o  save the  time and expense of reducing the 
complex gamma spectra  either-manually o r  by a computer program, body burdens 
lower than about 0.1 uc. a r e  merely recorded qua l i ta t ive ly  as being present and 
are not even quantified. Yet, i n  almost every case, because of the extreme 
s e n s i t i v i t y  of modern instrumentation, w e  have been ab le  t a  determine the mode 
of excret ion from the  body, the effect ive ha l f - l i fe  of the spec i f i c  nuclide 
involved, and other veluable information from such minute and physiologically 
in s ign i f i can t  quant i t ies  of radioactive materials. 
p a r t i c u l a r  i q o r t a n c e  because it has been obtained on ac tua l  human beings %!der 
p r a c t i c a l  conditions and consequently i s  much more informative and r e a l i s t i c  
than o ther  data of this kind which i s  usual ly  obtained by ex tzapola t im from 
animal data. 
derived t o  date from our rout ine whole body counting program has been the general 
philosophy t h a t  ur ina lys i s  i s  grossly inadequate as a rout ine monitorirg tech- 
nique f o r  in t e rna l  contamination i n  humans where inhalation of insoluble parTicu- 
l a t e s  i s  concerned. Since our experience has a l s o  indicated that inhalation of 
insoluble  pa r t i cu la t e s  i s  the most l i k e l y  source of contamination t o  be e~rcoun- 
t e r e d  around operating reactors ,  routine ur ina lys i s  has been abandoned i n  0 - n  

laboratory as a monitoring technique except f o r  determination of t he  organ dose 
from systemically deposited nuclides o r  detect ion of cer ta in  spec i f ic  ss luble  

I wonder h m  much longer we would have ccntinued using a technique for  detec- 
t i o n  and assessment of i n t e rna l  contadnat ion  i n  humans thst does nrrt give 

Tbis infonoation is of 

For exanple, one of the most important pieces of information 

- nuclides which a re  h a m  t o  be absorbed by t h e  body and excreted i n  the urine. 
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the  pmtec t ion  w e  had thought i f  instrumeats and techniques f o r  d i rec t  measure- 
ment of gamma-emit5ng nuclides on humans had not been developed. 

I n  view of the s ign i f icant  accumulation of very valuable information con- 
cerning the  metabolic charac te r i s t ics  o f  a large number of radionuclides that 
has been obtained from the minute quant i t ies  of m t . e r i a l s  received inadvertently,  
de l ibera te  exposure of human volunteers t o  s imilar  minute quant i t ies  of radio- 
ac t ive  materials mder  controlled conditions would permit a marked increase i n  
the rate of accumcllation of such fundamentally important b io logica l  b t a .  
Almost every dose calculat ion that I have ever made, or  have heard others 
describe,  has contzined an apology or  a hedge t h a t  the v a l i d i t y  of the answer 
depended on whether or  not. ce r ta in  assumptions used i n  the  calculat ions were 
cor rec t .  In many czses, those assumptions vere guesses a t  best ,  o r  were derived 
by extrapolation from animal data and t h e i r  va l id i ty  i s  ce r t a in ly  open t o  ques- 
t i o n  when applied t o  humans. Most of the  ac tua l  human data present ly  avai lable  
vas obtained from evaluation of  human accidents involving intake of radio- 
isotopes.  In view of the extremely minute quant i t ies  of mater ia ls  required and 
t h e  very high sens i t i v i ty  of modern instrumentation f o r  t h e i r  detection, why dc 
w e  continue t o  penalize ourselves with half  t ru ths  and calculat ions t h a t  a t  
times border on the ridiculous when f a r  b e t t e r  data i s  avai lable  f o r  the  tak ing  
from d i r e c t  human s tudies  without s ign i f icant  harm t o  the  individual volunteer? 
Others have a l so  pointed out this nee3 f o r  research programs involving h m n s  
t o  provide b e t t e r  b t a  thzn i s  present ly  avai lable  for  assessment of the dose 
received from in t e rna l ly  deposited radionuclides (1). 
a "Principleof  Cotqarabili ty" t h a t  it i s  both log ica l  and prudent t h a t  we 
should be wi l l ing  t o  place a t  l e a s t  as much a t  r i s k  t o  understand the  funda- 
mental e f f ec t s  of i n t e rna l  radiat ion on humans as we do rout inely i n  developing 
a nuclear technology. 
day operation of a reactor  should a l so  be acceptable f o r  s tudies  t o  determine 
the e f f e c t  of i n t e rna l  emit ters  i n  man. 

I would l i k e  t o  suggest 

In  other words, exposures that are acceptable fo r  day-to- 

The use of h m n  sub ject.s i n  s c i e n t i f i c  experimentation has generated much 
controversy concerning the e th i c s  involved, pa r t i cu la r ly  i n  the  medical profes- 
sion. 
p l e s  of good conduct t o  guide them i n  t h e i r  re la t ions  with t h e i r  pat ients .  Many 
of these precepts a>ply d i r ec t ly  t o  human s tudies  involving radioact ivi ty .  
Though by no means the  oldest  of pagan medical oaths, t he  oath of Hippocrates i s  
t h e  b e s t  known and the  most enduring. 
t i nue  t o  be used as a profession pledge of e th i ca l  behavior. 
Medical Association was founded i n  1847, it adopted the  oath of Hippocrates i n  
i t s  pagan form. A t  the  same time, it adopted a code of medical e th i c s  published 
i n  1803 by the  English physician, Thomas Percival .  In  1947, the  f i r s t  General 
Assembly of the World Medical Association appointed a committee t o  d ra f t  an 
updated wording of the Hippocratic oath. After minor changes, this was adopted 
i n  1948 a t  Geneva by the second General Assembly as the  "Declaration of Geneva.." 
After World W a r  11, the Nuremberg Code of- Et.hics i n  Medical Research was frsmed 
b y  a t a sk  group of the  American Medical Association t o  guide t h e  a l l i e d  mi l i ta ry  
t r i b u n a l  i n  the prosecution of 23 nazi physicians accused of b r u t a l  experiments 
on p o l i t i c a l  prisoners.  
human experimentation i s  concerned. 
which work w a s  started fo l l a r ing  World War I1 was  adopted by the  Eighteenth 

Throughout m c h  of recorded his tory,  men of medicine have set down pr inc i -  

Tradi t ional  and modernized versions con- 
When the American 

This code is perhaps the on2 most frequently qldoted where 
Most recently,  another code of e th l c s  on 

World Medical Assenbly i n  Jme of 1964 i n  Helsinki, Finland, as the  Declaration 
of Helsinki. 
Medical Association, recommenchtions i n  the  Declaration of Helsinki "are crffered 
t o  a l l  medical men and t h e i r  colleagues i n  other  d i sc ip l ines ,  who undertake 
s c i e n t i f i c  and c l i z i c a l  invest igat ions involving human beings. I' 

Delegates of the  Anericm Medical Association has s ince endorsed the Declaration 
Of Hels inki  as an e t h i c a l  guide t o  c l i n i c a l  medical invest igat ion.  Represents- 
t i v e s  of the American Medical Association a re  currently meeting with members of 

According t o  Dr .  Harry S. Gear, Secretary General of the World 

The House of 
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:he h-riraa Federation f o r  Clinic21 Research and the  Amexicsn Society f9r 
C l i n i c a l  Investigat4.m i r i  m- eFf3 r t ,  tc prepare a modern cede of e th ics  fn r  
human experimentation. 

The Helsinki Declaration oiitlin5s very s f , r i c t  rules f o r  nmther2peutic 
C '  c l i n i c a l  research and seems t3  be partLc-lla.rly pertinent. t o  fh.: type of stuc?ies 

being proposed. 
t he  subject  m u s t  be fully in fcmed a n 3  m i s t  giv? h is  f r e e  consent, and the  
p a t i e n t  must be i n  such mental, physical  and l ega l  s t a t e  as t o  be able t o  
exerc ise  f u l l y  h i s  power of chr-ice. 
be witnessed. The invest igator  m u s t  respect  the r igh t  of each individual  t o  
safeguard his ow(1 personal i n t eg r i ty  an3, a t  any time during t.he course of 
c l i n i c a l  research, the subject or h i s  p i s d i m  should be f r e e  t c  withdraw per- 
missim f o r  research t o  be ccntinaed. The invest igator  cr the  invest igat ing 
team should discontinue the  research if i n  h i s  judgment, it may, if continued, 
be harnful  to the individual.  
t , i cu l a r ly  f u n h z n t s l  and inportant cneg ye t  of ten requires  a l e v e l  of know- 
ledgE and freedsm f rm const,raint t.hat i s  impossibl2 t2 achieve with people 
t h a t  a r e  ill3 children, cr those ment.ally incapable of cowrehending the mean- 
i n g  and consequewes cf the s c i e n t i f i c  and technical  Fr inz ip les  involved. 
I n a b i l i t y  t o  convey the  necessary in fo rmt ion  and .understanding days not i n  
any w2y lessen the  requiremect* f c r  v a l i d  informed consent. 

The na twe,  pilrpos~: and risks mst. be explained t o  the subject,  

Cmsent should be obtained i n  wri t ing and 

The concept of va l id  informed cmsent  i s  a par- 

Y 

Several items from the Nuretiberg Code would seem t o  be pa r t i cu la r ly  per- 
t i n e n t  t o  our prapposed studies.  
t h e  hunan subject is absolutely essential ."  Ifem 6 poin ts  out, a nearly se l f -  
evident point  of log ic  that. "The degree of r i s k  t o  be taken should never exceed 
t h a t  detemined by the  humanitarian importance of t he  problem t!, be solved by 
the  experiment." 
t h e  s c i e n t i s t  i n  charge m a s t  be prqpare-3 t-o t.erminafe the experiment a t  any 
stage,  . . ..I' 

The f i r s t  item says "The vcdvntary consent cf 

Ifem 10 says i o  part. "During tbe course of the  experimeck, 

me o f f i c i a l  pos i t ion  of t h e  Ur*i.t.ed Kingdom h3s been grea t ly  clari .f iPd 
recen*ly by a stateraent of t h e i r  Meclical Research, Council i n  t h e i r  annua.1 
r epor t  f o r  1962 ar,d 1963. 
gat ions i n  general but. i s  direct ly  apF1ica.bl.e t.3 wcrk with radiat..ion and rsaio- 
act8ive materials. 
b c t h  i n  prozedures c o n t r i b ~ t i c g  to th?  benofi? of th5 in.lividua.1 and, more 
spec ia l ly ,  i n  proce9ures -LE which t:he individual  cm-errred dcles not benef i t  
d i r e c t l y  from the investigst:icn. 
obtaining the infllivldual's t r i e  consent,, by which i s  mxit "consent f r e l l y  
given with przper mdcrstulding -f the  nature and coosequences cf what. i.s 
prqosed ."  Provided t h a t  these safeguards w e  ensured, t.he counci.1 cl~srly 
endorse3 the  concept cf inves ti g3t.i ons invali.ring volimteers , and czscl:i.?-es 
t h a t .  "After aAeR.7,;ja.Ce explanation? khe ccnsent; of an a3ul.t. of s c u d  mind aF.d 
understanding can be r e l i e d  upcn t c  be t rue  cmsent." 
t h e  responsibi1it.y on the  prsfessions,  e2 t.he heads of i nves t ig s t ing  d.q?art- 
ments, and cn indivtdual  invsst.igators, t o  ensure t h s t  t he  condtzzt of a l l  these 
inves t iga t ions  i s  irreproachable 
experiment should be condix+;ed only by t;echnically quali .f ied Ferscns ?x.arcising 
t h e  highest degree c f  s k i l l  and care t ' lrmghout all stages of the  experiment, 
and that no experiment shoilld be conhc ted  where thyre i s  any reason t.0 believe 
that serious i n j u r y  or dsat.h voiA.dd. c c c w  are i r r p l i c i t  i.n a l l  of t.he c d e s  ?f 
e t h i c a l  conduct. 

The statement deals primarily with medical inves t i -  

!l3e ccuncil  emphasizes the  i q o r t a n z e  of pruper safegmrds 

&air!, pa r t i cu la r  iwor t ance  is a+,%ched t o  

Thsy fu r the r  enrph.3site 

The more obvi,cus rsq1Jirements that .th.e 

One of t h e  gxoat,est, re tarding icf luezcez ZD the  accmulat ior .  sf huwz data 
has beeo the  feel ing,  particul.ar1.y preval.er!t. i r  scm- r.f t-be Earl izr  ~ ~ 3 8 ,  that, 
experiment.ation m u s t  nc t  be cs.rri.ed x ta  cn huxoar? subjects u l . c s s  t ,bs suEJ5Ct 
himself expects t.0 benefi t .  
research with professional  care ,  t h e  c b  jert.i.vc being the acquLsi tLQn c?f nf?Y 

For ex.ampl?, the  dcc+:cr can cmbi.ne cIi.rii.:91 

0023595 



. - - - -- --I I L- U - A A J  LI, L - - . S \ C A L L  ~ i r r l b  L L L L A I L U I  L c a C u l C 1 1  A* J U a L L A A C U  Uy 
i t s  therapeut ic  value f o r  the pa t ien t .  Not only is this ccntrary t o  the sp i r i t .  
of s a c r i f i c e  f o r  the good cf  ones' f e l l o v  man s o  prevalent i n  many pa r t s  of the 
world but  i s  t o t a l l y  un rea l i s t i c  and undesirable when governed by sound e th i ca l  
and moral pr inciples .  
of both the Nmemkrg Code and the Declaration of Helsinki bu t  we submit tha t  it 
i s  e n t i r e l y  appropriate f o r  human subjects  t o  accept, small r i s k s  t 9  themselves 
t o  help develop information tha t  will be of value t o  others.  
when the  subject himself does not st.and t o  benef i t  by the e,uperiment being per- 
formed, t he  in t e rna l  dose permitted s h a l l  no t  exceed the  o c c q a t i o n a l  exposure 
permit ted workers i n  the atonic e n e r a  industry,  as specif ied i n  T i t l e  10 Pa r t  
20 of t h e  Code of Federal Regulations f o r  l icensees  and i n  AEC Manw,l Chapter 
0524 f o r  AEC and Contractor personnel. 

The proposed guide l i n e s  acknovl.edge and accept the s p i r i t  
L 

t Specifically,  

The per t inent  values a re  3 rem per  quarter  or 5 rem pe r  year fo r  the whole 
body or 10 rem per  quarter and 30 ren: per year f o r  the thyroid.  
of s impl ic i ty  and t o  eliminate the need f o r  fac tua l  information concerning which 
orgsn i s  c r i t i c a l ,  which may i t s e l f  be the pr inc ip le  reason f o r  the experiment., 
t he  higher leve ls  permitt,ed fo r  s ingle  organs other than t h e  thyroid are not 
permitted a t  present. and the dose received i s  considereai t o  be t o  the whole 
body. Although the 3 rem pe r  quarter f o r  whole body may be averaged over 1 3  
weeks, t he  bas ic  u n i t  proposed fo r  a s ingle  e-xposure i s  0.3 r e m  f o r  t h e  f irst  
week, a value only s l i g h t l y  la rger  than the  average value of 0.23 rem permitted 
f o r  each of 13 consecutive weeks. 
t o  produce a dose of 0.3 remper  week t o  the  c r i t i c a l  organ from a s ingle  
a p o s u r e  has been published ( 3 )  and i s  most helpful. and convenient i n  determin- 
ing  the  maxim pe-rmissible dcse t.0 be used as well as f o r  administrative check- 
ing. Another s ign i f icant  point  i n  t h i s  connection i s  t h a t  these values and the 
equations from which they were calculated have been prepared by a well kncrwn 
author i ty  i n  the f i e l d  of i n t e rna l  dosimetry, have been published i n  the open 
l i terature and are  eas i ly  available t o  others.  
paper e n t i t l e d  "Rafiiation Doses from Administered Radio Nuclides" is a l so  very 
useful  (3). 
f i n a l  calculat ions of dose must r e f l e c t  t he  most recent methods and information 
recommended by the Federal Radiation Ccuncil and the  In te rna t iona l  Commission 
on Radiological P ro tec t im .  

For the sake 

An extensive tab le  of a c t i v i t i e s  required 

Another s imi la r  and more recent 

Hovever, published information tends t o  become outdated and a l l  

One of t he  s ignif icant  differences between doses administered fr3m exteroal 
*... 2 or  i n t e r n a l  sources i s  t h e  i n a b i l i t y  t o  terminate the lat ter on demand by removal 

of t h e  source. Both c o m n  prudence and most of the medical codes -suggest t h a t  
the  long-term dose commitment should be r e s t r i c t e d  t o  permit e i t h e r  the experi- 
menter o r  the  volunteer t o  reconsider his decision t o  continue the t e s t .  Con- 
sequently, l imitat ions a re  imposed on the e f fec t ive  half l ives t h a t  can bc 
employed a t  a given l eve l  of a c t i v i t y  so t h a t  more than one opportunity is 
presented t o  stop the  experiment before even a 1-year's maxim permissible 
dose w i l l  have been cmmitted irrevocably. 

A s w y  of the  maximum permissible intake fo r  a s ing le  exposure as a 
funct ion of half  Life and dose received is given i n  Table I. 
the  half l i f e  is less than tha t  s h m  i n  %he tab le ,  the dose r e c e i v e d w i l l  a l s o  
be less than t h a t  shown. 

Obviously, when. 

Specific guide l i n e s  are as follows: 

1. The quantity of radioactive nuclides t o  be taken i n  a s ingle  day sha l l  not 
exceed t h a t  required to deliver a dose t o  the c r i t i c a l  organ of 0.3 rem f o r  
t he  f i rs t  week a f t e r  eqmsurc as given i n  colwms 5 and 8 of the  published 
t ab le  (2), fcrr ingestion and inhalat ion,  respectively. These values have 
been chosen t o  permit integrat ion of t h e  dose received over a time pcrio3 
of one week. 
latest information available.  

Where necessary, the values must be updsted t o  r e f l ec t  the 
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2 .  Trie m.x. iTun 1 ~ ~ 2 1  cf ?.?, r?x  .in t:.k f i r s t .  veik -may be U F P ~  on1.y r i t h  
ra,fiionurlliri~s havicg ZKI F f f e i t i v r  h a l f  l i f e  ic t.he crit.i. '%I crgan shcr ter  
t.han 18 days sc that. t.he k s e  w i 1 . 1  not, excce3 the second 1imicat:iori of 
1.25 rea i n  t,he f i rs t  q~3.rt.er. The d ~ s e  of 5 rem per y e a r  perf i t t ed  by 
AEC b h u a l  ChaFter ~ 5 2 5  i s  pern<?.ted but. oa ly  fcr four  s q a r a t e  t es t s  so 
that the d s e  can be t,2minate3. wi5hin a raasonabie length cf tim? ( m e  
T a r t e r )  i f  eitker the subjerk or eperiment.er shc\uld so decide. This 
l imi ta t ion  zlso ensures that the t;ot.%l int3egrat.ed d-se  w i l l .  not. exceed 
approximat-ely 5 rem €or a m i m u m  of fou r  t e s t s  per  year. 

L 

3. Nuclides with e f f ec t ive  ha l f  l . ives 1.mger thsn 1.8 days csn  %e use3 
provided the q y r i t i t i e s  are reduced t.o lin%t t.he lmg-term commitmen'i.. 
Nucliaes with e f f ec t ive  ha1.f l i ves  i n  excess 3f one year  a r e  nat. cmplcyed 
i n  any case. 
the  values giver. i n  the FiAblished tab le  ( 2 )  are  redaced by %he fa.ct3r h.3 
s3 t h a t  the dose Fer yFar w i l l  n o t  e.xceed 1.25 rem. 
pe r  year a re  peni t . t , ed  t o  restrict> t.he y e a r l y  dose t o  5 re2 a ~ d  t h e  +? ta l  
i n k g r a t e d  i n f i n i t y  4csf t 3  o r l y  s l i g h t l y  more. For nucli3es w i t h  half 
l i v e s  cf 13 creeks iq t.2 rxf year: only one-tenth the  quant i ty  mentisned 
i n  the t a b l e  i s  p e m i t t o d  Fer test aril ozly o9e test i s  permitted p e r  
year -Lo keep the d-xe  f o r  t .be f l r s t :  yczr dmn t,n abzmt. 1 rem and tihe t:.otal 
i n f i n i t y  dasp &m t o  Cbcut. 2 rem 
excess of m e  year i s  nnt l i k s l y  t,s be  necessary and i s  Imdesi.r3ble 
because of i nab i l i t , y  t.o terminate t;hz exposure within a reasenable length 
of t.ime. 

Wi?.h nuclides having ba1.f l.ives from 18 days up t o  13 weeks, 

Again, faur t..ests 

Use of rruclides with half  Livss i n  

4. Nuclides f c r  which the  thyroid i s  t.he c r i t dca l  orgm can bo llsed i n  
c p m t i t i e s  tire times LhaT specified i n  the t ab le  as r e m i t t e d  by AEC 
Ww.a.1 Chapt.er 0534. 
f x  "uther organs" can be u t i l i z e 3  i f  t k  c r i t i c a l  o rgm i s  known w i t h  
s m e  8,ssurmce0 
f o r  the whole ksdy. 

Ccrrespccding incre4ses pe-Wtted  by m ~ r ~ a l  Chapter 

Cthcmise,  the dose should be l.imlted t-3 that. permitted 

5.  If the source i s  PncapsulstPd i n  pol.yet.hylene tubing o r  other impervious 
material t.hat. w i l l  r?.ct. bo r2leased i n  the body and w i l l  be eLimrLnstPd i n  
abcut 24 hclrrs, the  mz.rinLm act.i.lrity us id  and t.he ncGnibfr clf experiments 
performed c a n  be adjust.ed such t h a t  the dcse received dces ngt exceed (2.3 
rem Fer week o r  5 rem per year t.0 that. part. cf the  gas t rc inees t ina l  (6.1.) 
t r a c t  deemed t,z be t he  cri-tLcsl  org5r.. As pz&!ir?.tod a:& ir? t he  f m t n c t e  t.c 
t he  tab le  i n  reference 2 ,  th% values gi.iren i n  columns 4 and 7 f o r  a dnse 
r a t e  of O.Ok3 rem FP_.I? day m3.y be considered as m.xC.mm p e m i s s i b l e  values 
f o r  coritinmms exposure when th? G * I .  t r a e t  i s  t3he r r i tLz31 tisslJe. 
Conseqxat ly ,  e i t h e r  a single experi.r.=?t. a t  7 t,imes this value or  7 
experi?neDts 5.5 t h i s  val.ue cculd be perfcmecl each wc&. 
S%I z n a b  i s  s-lffizient-ly hi@ or the  nucli&\s saff ic . ient ly  lzng l ived  tc! 
cocs5itute any significant.  h&z&r3. t o  others i f  the capsuls s h m l d  be 
zppsried, the so'Jrce w i l l  be reccwred and prrrperly i l i s p s ~ d  of a f t e r  
terroinatior. cf the st-;dye 

. . .-i 

If the smrce  

6. Chemical t o x i c i t y  i s  t o  be consid9red spec i f ica l ly  i n  each case, an9 w i l l  
become a l imi t ing  f ac t c r  whei t h e  tgh.r~shcld Limit I s  reached. 
a solut ion of methyl i cd ide  czr,t&niqg radroactive iodint? t r ace r  could be 
more toxic  chemically thsn radiocbeni rally i€ the spec i f i c  a c t i v i t y  were 
suf f ic ien t ly  low. 
a c t i v i t y  being administ-ered nust b? establ ished b5ycrd c&x?stion. 

Far exarple., 

Both tbe chenicsl  axid r s d i x h e n f c s l  pu r i ty  of the 

Since m y  vclunkers vi11 inevi tably be cbtained frm our !mn sub- 
ordinates ,  we mxt, be pa r t i cu la r ly  careful  t.9 avoid any suggesttan cf coercicr! 
or  mandatary ps r t i c ipa t ion  as a cx f i i t  icn of enploymen?. 
not even be distributed for sipr.t-ire m t i l  t h z  potentis.1 v?l.-Axtcer hss bePC 

r?ns5:n? f c n . ~ :  I D ~ Y  
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' 1  cmtac ted ,  t he  
f r e e l y  given. 

experiment tc be un3ert a l e n  t.ht:r?%ghly 
Similarly, to avzdd any adverse public 

eq1ainc;d an3 his consent 
reactior.,  the  general 

philosophy of humvl st,udies being car r ied  =ut, i n  a given laboratory must have 
been discussed operly with and concurred i n  by  the lccal  medical autthorit.ies 
without the sl ightest ,  suggcstirn of atteaptr-3. subterfuge, 
experiment must be a?prmed by at least .  tw reputable s c i e n t i s t s  with adrllinistra- 
t i v e  r e spons ib i l i t i e s  and aa thcr i ty  i n  the  organization, one cf whom must be a 
medical of f icer ,  and must be carr ied c~t. openly by the  experiment.ers act ing as a 
group r a the r  than any s ingle  individua.1 going it alone. In our laboratory, t h e  
Chief of t he  Medical Branch aFFrcves the medical qual.ifica+.icms of the volunteer 
and assures t h a t  a l l  necessary medical 3spect.s of the p r o p s a l  haw been reviewed 
adequately. 
f rom the  standpoint gf c h e n i x i l  and rs&iologic:al t o x i c i t i e s .  After the study has 
been completed the radis5ion edxpcsxi? data i s  entered on the  consent fcrm and 
f i l e d  i n  the individuals medical record. 

Each specif ic  
\ 

The Chief cf the  Ar.al,ytical Chemistry Branch approves the pro jec t  

The above g u i d e  l i nes  r e f l e c t  the maxizm q m t i t ; v  of radioactive mterials 
t h a t  can be used only with gcod ard sc f f i c i en t  jus t3f ica t ion  and m e  t-hought t o  
be r e l a t i v e l y  conservative. Even sc, as a general ph i losqhy ,  the. ac tua l  qwi- 
t i t y  t:, be used i n  any given experbent  s h a l l  not ex-,eed ?be smllest quantity 
necessary t o  achieve the  intended resu l t s .  

(1) 
( 2 )  
(3)  

Morgan, K. Z., J. N m l .  Me% 6, 79 (1967). 
Morgan, K. Z., FT~, M. R., Nwlemics  12> Nc. 6, 32 (195h). 
Vennart, J., The B r i t i s h   ournu^ nu^ of Iisd.ic10gy 35, 372 (1962). 

Presented a t  the Welfth Arnual Eicasssy and Anslyt,ical Chelnistry Meeting, 
October 1L, 1966, a t  Gatlinburg, Tennessee. 
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Effective 
Rolf - l i f e  

la days 

13 weeks 

1 year 

Table I. Fadiatim Guides f o r  Humm Studies 
Involving a Single  Exposure 

---- Fraction Tests - Maximum Dose Received, rem. 
Of C o l p s  per  Fii-sG Week 
5 or 8 Year 

e'irst rear Total 
P 

a Table i n  Ref. 2 

1 Test M a x .  1 Test Max. 

0.3 1.29 5-16 1.29 5.16 1 L 

0.069 1.25 5.00 1.33 5-32 lib. 3 k 

1/10 1 0.03 1.15 1.15 2 , 3  2.3 
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