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Representative Holif ie ld .  He holds t h e  r a t i n g  of senior navigator, and 

was r e c e n t l y  awarded the Legion of b r i t  f o r  h i s  contr ibut ion i n  t h e  area of 

r a d i a t i o n  research.  

America. 

Ke i s  a past d i r ec to r  of t he  Heelth Physics Society of 

He i s  a n  author of two A i r  Force t r a i n i n g  textbooks and spproxiwtely 

50 s c i e n t i f i c  papers on radiobiology, weapons effects and nuclear physics. I 

bel ieve he i s  Director of Medical Research f o r  the United S t a t e s  A i r  Force 

School of Aviation Medicine and Chief  of the Department of Radiobiology, if 

I read t h i s  r i g h t .  

Col. Picbering, w i l l  you please come forward? 

STA'IIEMENT OF COL. J. E. PICKERIN(;, USAF, 
SCHOOL OF AVIATIOX MEDICINE, RANDOUK AIR 
FORCE DSE, T E y s l S .  

Col. Pickering. Thenk you, sir .  

Representat ive Holif ie ld .  Col. P i cke r ing ,  you might j u s t  give us your 

background and your spec i f ic  expe r imnta l  work i n  this f i e l d  of e f f ec t s  from 

pro t rac ted  exposure very b r i e f ly .  

Col. Pickering. Mr. Chairmsn, I can be very brief i n  my remrks i n  

summarizing t h e  experimental d z t a .  I had planned t o  use some s l ides  to i l l u s t -  

rate the  results. 

Representative Holif ie ld .  I think w e  w a n t  t o  see those s l ides .  I under- 

stand that they are very revealing. I bel ieve w e  w i l l  go ahead with that, 

even if w e  have t o  carry one of our witnesses over u n t i l  tomorrow. 

Col. Pickering. Yes, s i r .  The topic  upon which I wes asked t o  speak 

was the  experimental  e f f ec t s  of protracted or  long term radiation. In  follow- 

ing  up on Dr. Harris' remrks, I would l i k e  t o  go from the  60 day acute e f fec ts  

t o  those e f f e c t s  which we see over a period of weeks, months and up t o  and 



including e i g h t  years of post-radiat ion i n  a n i m l  experimentation. 

I would l i k e  t o  address my remarks t o  the experimental evidence 

t h a t  we have accumulated and t o  preface my r e m r k s  by s t a t i n g  that nearly 

t e n  years ago there was concern, as there i s  today ,  f o r  some of the long 

term effects of ionizing rad ia t ion .  Much of the information we did glean from 

t h e  c a s u a l t i e s  from the Hiroshim-Nagasaki, from many of the laboratory experi- 

ments, and c e r t a i n  of t h e  zccidental  exDosures that D r .  Harris referred to. 

The poin t  i n  quest ion was not t h e  i n i t i a l  rather large amount of ionizing 

r ad ia t ion ,  b u t  r e a l l y  w h a t  are the e f f e c t s  of small doses delivered over ex- 

tremely long periods of time. 

For i l l u s t r a t i v e  purposes, I would l i k e  t o  state thzt experiments be- 

gun some 8 years ago were designed t o  measure the effects of R quarter of a 

roentgen per hour, one roentgen per hour, 4 roentgens per hour, delivered over 

16 hours a t  one time, end fract ionated over seven day in te rva ls  f o r  extended 

periods of time. One of the experiments which I should l i k e  t o  r e f e r  t o  was 

begun tit the  Oak Ridge National Laboratory seven years ago, i n  which the  dose 

retes which I j u s t  spoke of were used. One of the points  of extreme concern 

at t h i s  time was, w h a t  are the e f f e c t s  o r  threshold doses which might produce 

cataracts, shortening of l i f e  span, increased incidence of leukemia, perhaps 

temporary s t e r i l i t y ,  end the question which I cannot answer, the genetic e f f ec t s  

of these doses. 

I would l i k e  t o  i l l u s t r a t e  by the f i r s t  s l i de ,  one of the points tht  

came from t h i s  s e r i e s  of experiments. One of the  things that is seen, contr-  

a r y  t o  t h e  information which D r .  Harris re fer red  t o  i n  the  acute experiments, 

i s  that the e f f e c t s  are much less pronounced i n  the doses which we have studied. 
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- I n  looking a t  dose; with a t o t a l  of 30, 120 and 5C0 roentgens del ivered once 

8 b-eek f o r  a period of s ix  months, we d id  not f i n d  a mture ca tarac t  a t  a l l  

(Fig.  1). 

few mcuo l s ,  and something that would c e r t a i n l y  not involve a detrimental  e f -  

f e c t  (Fig.  2). 

This  i s  the lens of an experimental miml's eye with only a very 

Representstive Holif i e ld .  

Col. Pickering. Yes, sir. 

Representative Holifield.  What animal was it? 

Col. Pickering. This was t h e  smll primate. 

Representative Hosmer. 

Col. Pickering. Yes. 

Representetive Hosmer , The t o t a l  Cose k - 2 ~  5Go? 

Col. Pickering. Yes, s ir ,  the  highest  dose used. If you w i l l  go t o  t h e  

Was t h i s  whole-body radiat ion? 

The i n t e r v z l  was weekly? 

next  s l ide ,  please. 

Representative Hosmer. 

Col. Pickering, A total dose of f i v e  hundred over a period of months, 

Representative Holifield.  W h a t  would t h i s  show? 

Col. Pickering. This shows that t he re  were no mture cataracts .  This is 

Did you mem 500 a week o r  a t o t a l  dose? 

one of t h e  f i r s t  points f o r  which we  had concern. 

To anwer  your spec i f ic  question, a n i m l s  were exposed as controls ,  

0 dose, o thers  exposed t o  a total dose of 30 roentgens, another group t o  120, 

and a t h i r d  group 493, over a period of s i x  months i n  t h e i r  eqosu re ,  they have 

shown a t  the end of f ive years only a very few opac i t ies .  There i s  no indicz- 

t i o n  t o  date thet these w i l l  develop i n t o  mture ca tarac ts .  

I n  f u r t h e r  looking a t  t h e  vlimals and studying the hematological re- 

sponse, w e  do not f i n d  a t  this date any dernonstrzble severe biological  damage. 
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I n  t h e  ear ly  d a y s ,  there vere chmges i n  t he  white blood c e l l  picture .  Theze 

animals have also been exposed t o  2 performnce s i t u a t i o n  i n  which en s t t e q t  

was made t o  study t h e i r  motor an3 sensory percept ion.  In  n3 instance have ve 

found that there  i s  a performance decremnt  when these t o t a l  doses have been 

adminis tered over a f rac t iona ted  period of time i n  which the  in t e rva l  of ex- 

posure was once every seven days. 

It should be emphasized t h a t  t h i s  work was done under va t e r  i n  the 

swimming pool resctor  et Ozk Ridge and there w s s  some concern t h a t  we c o d  

not  make accurate  dosimetric messurements. Consequently, a seccnd s e r i e s  of 

I-.:-ge long term experiments were set  up lising a synthe t ic  type resctor w i t h  

neutrons (Po-Be) and gamm3 rays  (Co60) and an i n - a i r  exposure m=-de, 

I n  these instance; beginning i n  1954, and through t o  the  presect b t e ,  

they  were exposed i n  two d i f f e r e n t  s i t ua t ions .  

were exposed e i t h e r  every fou r th  dzy or  every 12th dzy. 

i n  each of the  exposure days f o r  2 priod of 16 hours. 

three d i f f e r e n t  dose r a t e s ;  a quar te r  of s roentgen per hour, a k . I f  roentgen 

per hour, or one roentgen per hour. 

gamma of zpproxirrately 78, 156, 316 and 616 re?. (Fig. /  p). 

Rather than once e week. they 

They were excozed 

They were expozed a t  

This permitted total doses of the PeuTron- 

It i s  of i n t e r e s t  t o  note that one group was exposed LO suczessive 

times, another group 20 times, which gives us an overlap of dore vhere the 

p o i n t s  are as te r i sked ,  u s i n g  twice es many doses snd hs l f  the dose ra+,e,  

We would obviously, therefore ,  accumuhte the sane dGs9 as one v i t h  

twice t h e  dose r a t e .  

Representative Holif ie ld .  Were theIe  experiment.5 on mice? 

C o l .  Pickering. These are on sml l  p r i m t e 3 ,  the rhesus monkey, Agzin 

s i x  yea r s  gost-radiation we hsve not found i n  thebe mimls  mture c a a r z c t s .  
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- Again j u s t  a few o-=cities. 

a l l y  bmsging. 

any shortening of l i f e  s p n  from the zdministretion of these  dozes of radiztion 

to date. 

There 3re  no blood checges now that are biologic- 

We have found no instance of leukemia nor have we determined 

To contrast  t h i s  with the remarks of ET. Herris, the next s l ide ,  vhen 

we Speak of an acute dose of 5 t o  7 hundred rep,  of ceut rons  delivered t o  (b 3) 

t h e  lens  of the eye  t h i s  i s  the e f f ec t  t h a t  can accurnuLate i n  13.5 months. 

na tu re  ca tarac t .  I f  you w i U ,  from the Rext sli6.e I can show you i n  acute ex- 

posures t h a t  the b io logica l  e f f e c t s  C’A be produced- We have produced i n  WAY 

Snjtances a mture or nezr nature ce tz rac t  (Fig. 4) ,  

A 

The point  here,  however, that I would l i k e  t o  wke f o r  the committee 

is that i n  no instance,  whether it be acute rad ia t ion  exposure or the protracted 

exposure, hsve we seen zny b io logica l  e f f e c t s  the-t t*ere serioua below a tot21 

dose of 200 roentgens, On that rjoint I vould l i k e  t o  continue my discussion. 

Representative Ho l i f i e ld ,  Could I ask you a t  that. c o i n t  t o  r e l a t e  t h i s  

t o  the  background r sd ia t ion  which is generally conceded t o  be around 7 roentgens 

over a l i f e  time of 70 years,  znd the amou t  of r-adiation which ha; been testi-  

f i e d  t o  before t h i s  committee as zn aversge of something less  than a roentgen 

from the bomb tes t  buildup of rediat ion? 

are now talking about experiments that r e h t e  t o  200 rmr-tgens,  would you h v e  

any comment on whether you can obtain any kind of de tec t ab le  biological  

with a dose rate as l o w  as 7 roentgens over a 70 year period? 

Then i n  view of t h e  f a c t  that  you 

Col. Pickering. S i r ,  I can only  ansxer vhzt our data substant ia tes ,  t’mt 

i s  t o  date; and I r e a l i z e  t h i s  i s  only  the eighth yesr of perhaps a 25 year 

l i f e  span an i ra l ,  ve do not  f i nd  demonstrsble b io logica l  e f f e c t s ,  There a re  

other points  which w i l l  come out i n  j u s t  a moment thst m y  permit an inference 

in t h i s  regard. 
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ZeFresefi'Ative Holif i e l d .  When you ansvered that question, were you 

speaking of s o m t i c  a g e  and genet ic  d m g e ?  

Col. Pickering. S o m t i c  dslnage. I have no dsta nor am I qual i f ied t o  

speek  on the genetic phases. 

Representative Kol i f ie ld .  You a r e  3pesking on t h e  physical &mge t o  

the  body ce l l s .  

Col .  Fickering. That i s  cor rec t .  If we observe these anim1.i i n  the 

next  s l i de ,  over the e n t i r e  _period over vhich they have been exposed, one 

group being exposed every fourth day, the exposures lasting f o r  llearly 200 

&-. ..-, you can follow t h e  blood pic ture  TLet ue concentrate on :?.e highest 

dose re;resen+xd by the lover l i n e ,  We f ind  that there  i s  e. drclp i r ?  the 

leukocyte cow,t during the interim of r ad i s t ion  e.xpoc:.ure, but po.3 - radiat ion 

it returns  to *rht we must conelude frcm our experience i s  t h e  noAxnzl blood 

p ic tu re  (F ig ,  5 ) .  

Four years l a t e r  we have not found a demonstreble damzge r,t these 

doses. 

As of 4-6 yezrs post-rzdiation they do not y e t  exis t ,  

T h s t  i s  not t o  say that t e n  ye?rs from now it w i l l  not be mnifest ,  

Representative Holifield.  HOW does that compsre t o  the l i f e  spzn of 

man w i t h  resgect t o  t h e  a n i m l  you are u s i n g ?  

Col. Pickering. I am sure t h a t  a l l  of' us have reasomble doubts. If 

w e  t a k e  mn, b-hose l i f e  i; p e r b p s  70 years,  ye bel ieve the  smll p r i m t e  

has a l i f e  expctancy  of 20 t o  22 years, 

can use a fac tor  of %hree and scale from monkey t o  m m .  

we know that. Thst is about the  life s-mn, s i r ,  one t o  three.  A t  %he time 

these experi ixnts  vere going on, opportunity gresented i t s e l f  t o  look  i n t o  

another tjqx cf radiat ion experiment, For s o m  t i m e  snd beginni,?g pr ior  t o  

I a m  not inferring here thst you 

I m not  ce r t a in  

6 



1951, but  my r e m r k s  a r e  spec i f ic  from l g 5 l t o  da te ,  r s d i a t i o n  had been used 

i n  c e r t a i n  s e l e c t  cvlcer pa t ien ts  as a gossible  thempeutic,  agent.  

poss ib le  i n  conjunction with t h e  M ,  D .  Anderson Cancer Hospital  t o  conduct some 

work i n  the  therspeut ic  zdministration of i cn iz ing  r a d i a t i o n  and t o  get a 

f e e l i n g  f o r  t he  numbers, that Mr. Hosmer was g e t t i n g  from D r .  Harris, the-- 

involved 263 patients. 

a group of ind iv idua ls  that were t reated.  

It vis 

Obviously t h i s  i s  not  a Lsrge population b u t  it is 

There mre two points  that become i n t e r e s t i n g  i n  t h i s  opportunity, It 

wag poss ib le  t o  s tudy  e f f e c t s  from, i f  you w i l l ,  ~i f r s c t i o r a t e d  exposure v5ere 

ind iv iduz ls  received 15, 25 or  50 roentgens. 

t o t a l  immediate dose. 

same f o r  the 25. One 25 r dose v i th in  3, feu minuter- Another one over a 

period of hours.  

One group received this a s  2 

The Another grouy> received it i n  f i v e  equal  doses. 

And also +,he same fo r  the 50 roentgens., 

These individuals  i n  eddition t o  being folloc'ed clinicgzlly were 

s tudied f o r  psychomotor -performince, 

two-hand-coordinator end the  ro ts ry  pursu i t  which had tremendous s t a t i s t i c a l  

s ign i f icance  i n  terms of the t e s t s ,  s ince they had been t r i e d  on mny thocs- 

ands of f l y i n g  cadets .  The individuals b-ho received r ad ia t ion  exposure were 

taught t o  work these devices. The idea was that if these types and doses of 

r a d i a t i o n  d i d  produce a p e r f o m c e  decrement, per tups it would be m i f e s t  

a t  c e r t a i n  dose l eve l s .  Since r sd ia t ion  therapy was n o t  widely used, sms2 

doses were used f irst  i n  the t h e r s p u t i c  mmgernent of these cancer patients. 

There were t e s t s  edministered using the 

The f i r s t  experiment which I have described here  on the board in  

terms of a performance decrement prmits the following conclusion. 

not  evidence of' 2 psychomotor decrement among the  individuals  who received 

these doses of r sd ia t ion ,  whether it was administered over 8 period of a fev 

There v a s  

7 



. minutes or  over a period of a day i n  f i v e  d i f f e ren t  f r ac t ions  of dose. 

t i o n  there  were no c l i n i c a l  evidences of rad ia t ion  e f f e c t s .  

I n  addi- 

Representative Hosmer. For the purpose of the record when you vere talking 

w i t h  these,  were you talking about all of them or  the 15 roentgens? 

Col. Pickering. I am talking here of some 200 pa t i en t s .  

Representative Hosmer. 

Col. Pickering. 

Were you talking about a l l  those doses o r  just one? 

I would l i k e  t o  combine all of the doses whether they be 

i n  s ing le  shot  or  whether they be i n  the integrated or  protracted dose. 

Representative Hol i f ie ld .  

Col. Pickering. Yes, sir.  There was no decrement i n  the perforroance nor 

"his was whole-body rad ia t ion?  

i n  the  c l i n i c a l  observations of these pa t ien ts .  

b io log ica l  damage. 

p a t i e n t s  three years post-radiation. 

of these pa t i en t s  were terminal cancer pa t ien ts ,  and that there would not necess- 

a r i l y  be the whole group alive a t  the end of three years. 

years in t h i s  follow-up study, 30 per cent  of these pa t i en t s  were a l ive ,  and 

that i s  perhaps about as s igni f icant  a survival as among those who did not 

receive any rad ia t ion  treatment. 

There were no suggestions of 

An opportunity presented i tself  t o  look a t  some of the 

I think you should understand that most 

A t  the end of three 

Progressing, then, from t h i s  experiment, it became possible t o  s tudy  

o ther  pa t i en t s ,  and these now are  the 263 t o  which I re fe r r ed  e a r l i e r ,  who 

were given doses from a control  group of zero t o  200 roentgens whole-body x- 

r ad ia t ion .  The dose sca le  went from 25 t o  50 t o  75, 100, 150, 175, and 200 

roentgens. 

Again these individuals were followed i n  terms of p e r f o m c e  decre- 

ment. I n  the next s l i de ,  one of the th ings  that one sees,  looking now a t  the 

r o t a r y  p u r s u i t ,  and perhaps you would be in te res ted  i n  w h a t  it is, it i s  a 
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d i s k  l i k e  the turntable  on a record player, and one i s  required t o f o l l o w a  dot 

with a pointer ,  and t o  stay on the  do t  as it goes i n  i t s  eccentr ic  motion. The 

cont ro l  group represents,  as you see,  a curve, a learning curve (F ig .  6).  

These individuals became better as the  days  progressed. It was possible 

t o  study t h e  individuals four days p r i o r  t o  the edministration of rad ia t ion ,  

and i n  t h i s  pa r t i cu la r  instance d a i l y  f o r  t en  days post-radiet ion,  

s tances  you see t h a t  there is a learning.  There i s  perhaps w h a t  one might chwse 

t o  call a possible decrement a t  175 t o  200 roentgens i n  t h i s  pa r t i cu la r  instance, 

b u t  es t he  number of pa t ien ts  hzve increased, we cznnot prove t h i s  t o  be stztis- 

t i c a l l y  s ign i f i can t ,  and perhaps it i s  associated with the seve r i ty  of t h e  d i s -  

ease, 

In a l l  in- 

I must point ou t  t o  the  c o m i t t e e  t h a t  t h i s  i s  one point about which 

I n  zny event,  we d id  not f i nd  8 performnce the re  is some question (200 r ) .  

decrement i n  these psychomotor tests 2nd i n  t h e  c l i n i c a l  observations the  in-  

d iv iduz ls  below 175 roentgens d id  not  demonstrate any s i g r i f i c a n t  b io logica l  

damage. However, hzving been fol loxed ezch day i n  their  blood p i c tu re  there  

i s  the  one point  t o  which Dr. Harris re fer red .  There i s  cfter the i n i t i a l  

rise a drop post-radiation in - the  lymphocyte count, 

all doses from 100 t o  125 t o  200 roentgens (Fig. 7). 

In observing these pa t i en t s  f o r  a p r i o d  of several months, there were 

three o ther  points  t ha t  perhzps are worthy of the conanittee's t i t tention. F i r s t  

t he  nausea end vomiting th t  i s  f requent ly  associated with exposure t o  i o n i z i x  

r a d i a t i o n  w a s  not  suf f ic ien t ly  severe so es t o  preclude the nu t r i t i on  of the 

p a t i e n t .  Secondly, there wzs an increesed bleeding tendency, Thirdly, t h e z  

ind iv idua ls  when compred t o  other  cancer pa t ien ts  who were untreated h d  

e s s e n t i a l l y  the Sam l i f e  expectancy, If one plots  the curve of some 200 

This drop was manifest in 
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i n d i v i d u a l s  s t r icken  with lung cencer and t h e i r  su rv iva l  time and compres in- 

d i v i d u a l s  w i t h  the same disease who received 200 roentgens of whole-body rzd ia -  

t i o n ,  t h e i r  surv iva l  t i m e  i s  ident ica l .  

say is t h a t  rzd ie t ion  did not contribute t o  2n ear l ier  death, whether or not it 

r e l i e v e d  the  condition of cancer, I am not q u a l i f i e d  t o  say. 

So ags in  p e r b p s  a l l  T am tryiw t o  

This study led t o  an i n t e re s t ing  point  which I th ink  m y  come out i n  

t h e  n e x t  s l i d e .  

r a d i a t i o n s  as it has af fec ted  the response of smell p r i m t e s ;  fu r the r ,  there 

have been opportuni t ies  of studying the acute  e f f e c t s  from among the J e w e s e ,  

th.3 nuc lee r  accidents a t  Los Alanos, the  Marshalleee and the  administration of 

t h e r a p e u t i c  x-radiation i n  the  treatment of c e r t a i n  s e l e c t  cancer ps t ien ts .  

If one p l o t s  the white blood ce l l  response i n  e l l  of these types, here i s  

neutron-gamma radiat ion,  beta radiat ion,  x-radiation, delivered over d i f f e rec t  

time pe r iods  2nd d i f f e ren t  energy swctrums, t he  response i z  not too d i f f e rea t ,  

and t h e  minimum depression is about four  t o  f i v e  weeks (Fig.  3) .  

We b v e  had the  opportunity t o  observe neutron and g a m  

The cnly reason f o r  showing t h i s  i s  that we would l i k e  t o  f e e l  tizit 

as one goes i n t o  8 long t e r m  a i m 1  progrem much i n f o r m t i o n  can be tzkerr from 

t h e  human acute  responses that do occur t o  guide us i n  t he  Lor4 term ef fec ts ,  

s i n c e  we  do not have chronical ly  exposed human beings a t  t h e  Fresent t i m e .  

Representative Holif ie ld .  Colonel, you w i l l  be i n t e re s t ed  t o  b o w  t&+, 

t h i s  committee b?s responsible f o r  r s i s i n g  t h e  appropriation from $2 millior, 

t o  $3 m i l l i o n  i n  the  l a s t  authorizat ion b i l l  f o r  the purpose of helping i n  the 

f ac i l i t i e s  f o r  experiments on aniwls along the  r a d i a t i o n  l i n e .  

Col. Pickering. Yes, s i r .  Speaking f o r  our o m  School we are gratei’ul 

t o  you. If I m y  continue, moving now from the smll p r i m t e  or  the monkey, 

through t h e  hwan portion, I would l i k e  t o  go t o  another s e r i e s  of experi3ent.s 
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that a re  i l l u s t r a t i v e  of t h i s  f rzct ionated expasure t o  r ad ia t ion  and a feu of 

the  stetements vhlch we m y  mke. 

Choosing another specie now, our concern t o  see i f  there  a r e  specie 

differences and f u r t h e r ,  i f  one can r e l a t e  them, from monkey t o  man, s tudies  

were begun on rats. 

hours, or i f  you w i l l ,  .8 of a roentgen per day. 

radiat ion a t  age four months and i r r sd i a t ed  t o  age 16 months. 

posed every day f o r  12  mnths ,  a d  followed. 

hzs been published and it is of considerable concern, these a n i m l s  l i ved  

longer then t h e  cont ro l  a n i m l s .  

i e t i on  over extended per iods of time kas produced an increzsed su rv iva l  time 

over c o n t r o l a n i m l s  receiving no ex_posure, i n  D r .  Cerlson's labor.=ctory, a l so  

a t  Lo$ Alamos, i n  England, and mny other l sbo ra to r i e s .  It is  8 poin t  that 

bears considerable eddi t iowi l  work because t h i s  could be most important. 

They were given one ten th  of a roentgen per hour f o r  8 

They were begun on t h i s  

They were ex- 

We can conclude t h i s ,  s ince  it 

This e f f e c t  of extremely small doses of rad- 

Representative Ho l i f i e ld .  1s t h i s  zn indicat ion,  then, t h z t  i n  the cases 

of small doses of r zd ia t ion  tkt it i s  appirent ly  bene f i c i s l ,  r a t h e r  t h m  

deleter ious ? 

Col. Pickering. I do not f ee l ,  sir, t h a t  I am personal ly  q u a l i f i e d  t o  

say. 

Dr. Mole has demonstrated that cer ta in  of the da* comparable t o  t h a t  which 

I have j u s t  referred,  below 10 roentgens per week, t he  data  czll be f i t t e d  

e i t h e r  with a s t r a i g h t  l i n e  or  a curve, and suggests, j u s t  a s  you have asked, 

t h a t  there m y  be a threshold.  

Representative Hol i f ie ld .  

However, t h a t  suggestion has been mde by many outs txiding s c i e n t i s t s .  

I know one of the f a c t s  brought o u t  by D r .  

Russell  i n  h i s  mss experiment w i t h  mice a t  Oak Ridge w6s t h a t  t h e  same 

amomt of radizt ion given over a longer term i n  smller doses but cumulative 

11 



- produced much less  damage. 

same amount given i n  one mss dose a t  one t i m e .  

I th ink  l e s s  damage by a fac to r  of four  than the 

Col. Pickering. That is  cor rec t .  There a re  o the r  inves t iga tors  who Cave 

reported t h e  same. 

pared in t roduct ion  so I would not  ge t  i n t o  controversy with o ther  i n d i v i d z l s .  

D r .  Hhrdin Jones perhaps w i l l  have a d i f f e r e n t  opinion i n  the  morning, and I 

th ink  he has very good mri t  t o  h i s  remarks. 

I endeavored t o  review the  l i t e r a t u r e  f o r  you i n  my pre- 

The experimental evidence t o  date i n  these experiments ind ica tes  be- 

yond any quest ion of a doubt that the i r r ad ia t ed  animals out l ived the controls 

'=cause the  i r r ad ia t ed  animals a r e  a l i v e  i n  f a c t ,  end the cont ro l  a n i m l s  zre 

dead 

Representative Holif ie ld .  I s n ' t  t h i s  some evidence t h a t  i f  we want ta 

be i n t e l l i g e n t  and weigh these f a c t o r s  t h a t  we cannot jump t o  conclusions 

either way on some of these things,  because we simply do not have as y e t  

enough d a t a  t o  ac tue l ly  prove the case a t  e i t h e r  extreme. 

Col. Pickering. As I continue your question w i l l  be answered, sir. 

Representative Bates. Is there any cor re l a t ion  between extended l i f e  i n  

areas which h v e  high natural background radiat ion? 

worked out  on tha t ?  

Hzve m y  f igu res  been 

Col. Pickering. I th ink  D r .  Te l l e r  and D r .  Pauling k v e  fr inged on this. 

I a m  not  q u a l i f i e d  t o  talk about it. They have discussed people l i v i r q  i n  

Denver o r  the  Tibetan mountains. I don ' t  know whether thst i s  germne t o  your 

quest ion.  

Representative Bates. 

Col. Pickering. I don ' t  h o w  the answer. I don ' t  know that anyone dces. 

That i s  my question. 

12 



Representative Bates .  You b v e  s t s t i s t i c s .  

Representative Hosmer, 

good idea t o  l i v e  longer or  no t .  

Pe rbpr  t h e  Colonel i s  wondering whether it i s  a 

Representative Holif i e l d .  Proceed, Colonel. 

Col. Pickering. Moving then from monkey, man, and rat, t o  the burro. Re- 

fe rence  t h i s  pa r t i cu la r  i n fo rmt ion  which I shall give,  I must qua l i fy  it; t h i s  

is information over which we h v e  cognizance by r eques t  b u t  did not do t h e  work. 

A l l  o t h e r  inforimtion given t o  t h i s  time we have hsd p r im, ry  cognizzr-ce and 

a r e  speaking from our experimental dsta, 

Ridge Nat ional  Izboratory about aine yesrs  ago. 

i n  t h i s  band of burros t h a t  i s  of i n t e r e s t  t o  us. 

rates of 25 r per week t o  a t o t s 1  dose of 350 r. The animls involved were 20 

i n  number. 

demonstrzble hematologic dsmge. 

are a s  many i n  t h e  control; as i n  the experimental Znirils. 

will keep i n  mind, t he  doses here end the  rztes, it w i l l  pe rn i t  me t o  go very 

s h o r t l y  t o  the  only conclusion I vould l i k e  t o  mke. 

A band of burros were exposed a t  Oak 

There i s  one ps . r t icular  group 

They were exposed t o  dose 

To dzte thzt group of anim4.s a r e  s t i l l  a l i v e .  They do no t  show any 

There are some cornea l  o-=cities, but  there 

So aga in  i f  you 

Moving from t h e  burro excer imnts ,  exposures hzve been conducted i n  

mice by one of our contrzctors .  

and 3 rep per hour ( g m m  r ad ia t ion ) ,  

that they  were e-xposed e i t h e r  once a day, another group every three b y s ,  or 

a t h i r d  group once every nine h y a ,  t o  look a t  f r ac t iona t ion .  

We have chosen dose rates of one th i rd ,  one, 

They have been f rac t iona ted  i n  dose so 

I n  zddi t ion one group was exposed f o r  18 &ys, another group f o r  54 

days, and a t h i r d  group for 162 days. 

time by a f z c t o r  of three.  These experiments i n  terms of longevity, as t h e  

dose accumuhtes ,  show grez te r  mortali ty,  znd t h e  greatest mortal i ty  ex i s t s  i n  

If you w i l l ,  t h i s  i s  protract ion of 



t he  f r a c t i o m t i o n  of every ninth day of rad ia t ion .  

rzd ia t ion  and are being followed. 

They are about two yeers post-  

Coincident with t h i s  expr imen t ,  a gam r ay  experiment was another one 

done w i t h  neutrons,  where the assumption was mde  t h a t  the neutron may be bio- 

l og ica l ly  more damaging, 

i ng .  Therefore, the  dose rates were one f i f t e e n t h ,  one f i f t h  8nd three f i f t h s  

of a roentgen/hr. 

We assumed that it perhaps m y  be f i v e  times as dsmag- 

The in t e rvz l s  were iden t i ce l .  

A poin t  of extreme i n t e r e s t  here ,  mor ta l i ty  accumulated faster i n  t h e  

neutron expozed animls a t  the 3 day i n t e r v a l  thm t h e  other two in te rva ls .  

cxie sees  i n  these  experiments on both pro t rac t ion  %nd f r a c t i o m t i o n  e f f ec t s ,  

tkt neutrons Pad g a m s  are not necesszr i ly  t h e  ssme. 

that I xould l i k e  t o  make, 2s has a l resdy  been suggested t o  the  committee, even 

though there  are 8 considerable s e r i e s  of experimerrts t h a t  are giving us evidence 

on the e f f e c t  of long term ra,diation, t he re  ere m.ny more t h a t  need t o  be d o x .  

So 

It leads t o  the point 

I n  summary, the  point  I vould make i s ,  I th ink ,  demonstrated on the 

last s l ide .  

my opening remark is  s t i l l  the  r e m r k  I must  stacd by. 

mental b io log ica l  e f f e c t s  i n  a n i m l s  that have been exposed f o r  a period of 

f i v e  t o  e igh t  years  pos t - rad ie t ion  below 200 roentgens. 

t r y i n g  t o  develop our so-called dose vs .  c l i n i c a l  e f f e c t  c k r t .  

From the evidence we have from among our own experiments, I thin!! 

We do not see d e t r i -  

On t h i s  basis we ere 

Below 200 r 

w e  need surve i l lance ,  there i s  s l i g h t  hematopoietic damage, with a drop i n  leuko- 

cytes, 

primates, from E colony of near ly  a thousend. Although th i s  i s  not  h r g e ,  it 

is  a large experimental  colony t o  maintain f o r  perhaps 20 years. 

We have it from hurnzn data on 200 i n d i v i d m l s  and several  hundred x ~ l l  

With thzt, those w i l l  be my conclusions. To da te  i n  the fract ionat ion 

of dose over t he  time periods w e  have available, and the e igh t  years post-  
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r a d i a t i o n ,  we do not  see demonstrsble detrimental  b io logica l  e f f ec t s  i n  terms 

of rneture cataracts ,  we have not  demonstrated an increased incidence of leukemia 

i n  t h e  small primate, we have not found a shortening of l i f e  span that is a t t r i -  

bu tab le  t o  ionizing rad ia t ion ,  These aninrals a re  i n  a breeding colony and 

whether or  not they a re  temporarily s t e r i l e  i s  not manifest, and we are  not 

q u a l i f i e d  t o  study the gene t ic  e f f e c t s .  

Representative Bates. Colonel, how m n y  specimens did you use i n  t h i s  

example that you have on the  board? 

Col. Pickering. 17,000 mice. 

Representative Bates. l7,ooO? 

Col. Pickering. Yes, sir. 

Representative Bates. 

C o l .  Pickering. That was f o r  the whole total experiment. 

For the  nine group? 

Representative Bates. For the  nine day group, how mzny did you use? 

Col. Pickering. Approximtely one th i rd .  

Representative Bates. This was consistent.  

Col. Pickering. Yes, sir. As the  analysis of variance has now been made 

i n  the  gama ray experiments, the mortali ty increases a t  the nine day fraction- 

ation period i n  mice. 

day f r ac t iona t ion .  

I n  neutrons, the mor t a l i t y  i s  g rea t e s t  i n  the three 

Representative Bates. Do you know of any reason that would account 

f o r  t h a t ?  

Col. Pickering. No, sir, I don ' t .  I believe the invest igators  who are 

with u s  i n  t h i s  program will t a k e  t h i s  as t h e i r  next research s tep.  

Representative Bates. You d i d  not have nany deviat ions from the mn.  

Col. Pickering. There are deviations,  bu t  this finding i s  s t a t i s t i c a l l y  



s i g n i f i c a n t .  

t o r y .  

i n  January and severa l  thousand a n i m l s  i n  J u l y  and looking a t  t h e i r  normal 

surv iva l ,  choosing the worst s i tua t ion ,  winter  i n  Chicago, and so on. 

By analysis of variance it is a f a c t  on t h i s  specie i n  that Labora- 

We based our norm1  s u r v i v a l  time on accep t ing  several thousand animals 

Representative Bates. 

Col. Pickering. Tha t  i s  correct. 

Representative Hosmer. 

The nine i s  gamma and three i s  the neutrons? 

You don't have much of a qua r re l  with Dr. Harris, 

do you? 

Col. Pickering. No, sir, I don ' t .  I have t w o  more points that came from 

One i s  on the LD tne o ther  quest ions,  and I can be exceedingly b r i e f  on them. 

50. 

d i d  not  discuss ,  i n  a study trying t o  recons t ruc t ,  i f  I may use that phrase- 

ology, Hiroshima end Nagasaki, t o  look a t  dose d i s t r i b u t i o n s  and perhaps 

better eveluate the da t a  which i s  avai lable ,  small primites were exposed two 

years  ago i n  the weapons e f f e c t s  programs and t o  d a t e  doses of up t o  532 rem 

I n f o r m t i o n  that we have available that D r .  Harris ,alluded t o ,  b u t  graciously 

have not  produced an  LD 50-30. That is a poor way to  state it. ( f - f . 9 )  

Representative Hol i f ie ld .  

Col. Pickering. I th ink  it is above 532. 

Representative Hol i f ie ld .  Lethal dose? 

Col. Pickering. Lethal dose, 50 per cent ,  30 days. I base t h a t  on 

having a port ion of these a n i m l s  very much a l i v e  i n  t h e  Laboratory today two 

years  pos t - rzd is t ion .  

does not  k i l l  50 per cent  of the small primates used. 

p r i m t e s .  

W i l l  you say w h a t  t h e  LD i s?  

So a t  least fo r  a two year post-radiet ion period t h i s  

These were adolescent 

Representative Hol i f ie ld .  Wes that given i n  one dose? 

Col. Pickering. Yes, sir. 
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Representat ive Holif ie ld ,  532 roentgens i n  one dose? 

Col. Pickering,  This WE?S a t  a weapons e f f e c t  test. This spectrum of 

dose extended from somewhere around 1632 t o  135 roentgens. 

Regresentative Bates. Colonel, you said it d i d n ' t  k i l l  50 per cent .  k h t  

per cen t  d i d  it kill? 

Col. Pickering. I can tell you. I n  t h i s  pa r t i cu la r  532 r group I hzve 

There were 8 animls per po in t  md there  are six survivors .  t he  dam. It 

kil led 25 per cent .  

Representative Bates. 

Col. Pickering. Yes, sir. 

Haven't nnny people used the  range of 4 t o  600? 

Representative Bates. So thzt would f i t  in somewhere wi th  that experi- 

ment. 

Col. Pickering. That is r i g h t .  The lest point  i s  with reference to 

retinal burns, Mr. Holif ie ld .  I n  the  experimnts  which were conducted, I czn 

state t h e  following, and I appreciate your e a r l i e r  remrks that these &re o-p?en 

hearings and not  c l a s s i f i ed .  There was a nevs re lease  t h a t  retinal burns d i d  

occur i n  t h e  eyes of animals. That is  indeed f ac tua l .  They occurred i n  the 

eyes of a n i m l s  t o  distances of approxirately 300 nau t i ca l  miles. 

Representat ive Holifield.  Burns occurred i n  t h e  eyes of animals t o  d i s -  

tances of 300 nau t i ca l  miles? 

Col. Pickering. Yes, sir. 

Representat ive Holifield.  W h a t  type of znirnals? 

Col .  Pickering. They were pigmented rzbbits. 

Representat ive Holifield.  How i s  t h i s  bl ink time reac t ion  i n  t h a t  cz-ce 

as compared t o  humn beings? 

Col. Pickering. Comdr. Fugi t t  i s  here, and he has the Armed Forces Special 



. Weapons re lease .  Suffice it t o  say and I am sure he would agree w i t h  t h i s ,  that 

t h e  s e a t e s t  percentage of the  t h e r m 1  ef f ic iency  of t he  weapon was delivered 

w e l l  i n s ide  the  blink r e f l e x  of the a n i m l s .  The r a b b i t  has a b l ink  r e f l ex  of 

200 t o  250 milliseconds and the t h e m 1  contr ibut ion f o r  the most part was de- 

l i v e r e d  i n  a few milliseconds. 

Representative Ho l i f i e ld ,  In  other  words, as f a r  as blink r e f l e x  is con- 

cerned, the h m  being would have no more protect ion t h a n  the r a b b i t  has? 

Col. Pickering. On those p a r t i c u h r  tests, that is correct .  

Representative Hol i f ie ld .  These were high tests over Johnston I s l a n d ,  . 

wzre they not? 

Col. Pickering. Yes, s i r .  I am r e fe r r ing  t o  t h e  Atomic Energy and De- 

partment of Defense re lease  i n  the Washington Post last week. 

Representative Hol i f ie ld .  That would have b d  t o  be s l a n t  range, would 

it no t?  

Col. Pickering. Yes, s ir .  

Representative Hol i f ie ld .  Is there  any of t h i s  mater ia l  i n  t h i s  f i e l d  

c l a s s i f i e d .  

Col. Pickering. The d e t a i l s  a r e  c l a s s i f i ed ,  and they were wr i t t en  and 

published by our group. 

Representative Hol i f ie ld .  I f  it has been published it i s  not c l a s s i f i ed .  

you mean it i s  unclassified.  

Col. Pickering. It i s  published i n  the c l a s s i f i e d  l i t e r a t u r e  of spec ia l  

weapons. 

Representative Holif ie ld .  I see. It is  wr i t t en  up b u t  it is not  de- 

c l a s s i f i e d  t o  the public ye t .  

Col. Pickering. No, sir .  That is why I prefaced my remrks .  



Represenb t ive  Holifield.  h e  there  any fu r the r  questions of the Colonel? 

If not ,  Colonel, you have given us very valuable testimony today, and we a_cpre- 

cia- having it very much. "his w i l l  cause us all t o  do sore studying, I em 

sure .  

Repr 

(The statement of Col. Pickering follows:) 

sen ta t ive  Howell. Dr. Newell, w e  w i l l  have t o  r r y  you over until 

tomorrow, sir .  We will start w i t h  you as the  f i r s t  witness i n  the  morning. 

We meet tomorrow morning in the Old Supreme Court Room. It w i l l  be a 

d i f f e r e n t  room i n  the Capitol  B u i l d i n g .  The committee stends adjourned. 

(Thereupon a t  5:2O p.m., a recess was taken until Wednesdzy, June 24, 

1959, a t  10 a.m.> 
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