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I .  INTRODUCTION

The detonation o f the f i r s t  atomic bomb heralded the beginning of a new age. 

Almost everyone agreed th a t the enormous energy released by the "atomic reac­

t io n "  would create opportun ities and problems fa r  la rg e r than man had faced in 

previous h is to ry . However, few foresaw the explosion o f knowledge th a t would 

also be part o f th is  new age.

This phenomena brought po ten tia l new to o ls  as well as new hazards to  soc ie ty . 

Each was as varied as the part o f socie ty i t  e ffec ted . To the young mother 

worried about strontium -90 in  her c h ild 's  m ilk , i t  was a th re a t. To the women 

w ith  cancer, i t  was hope. To the doctor, i t  was a l ig h t  w ith  which he can look 

in to  the human body and spot po ten tia l problems. To the engineer, i t  was 

un lim ited power. To the geochemist, i t  was a too l fo r  unraveling the secrets 

o f nature. To the peace group, i t  was the p o s s ib il i ty  o f world des truc tion .

To those charged w ith defending our country, i t  was the only means o f m aintain­

ing a balance of power. And, to  the e co lo g is t, i t  was the means of f in a l ly  

understanding the com plexities o f the environment, the web o f l i f e  tha t 

sustains mankind.

Even before the research leading to  the atomic bomb began, i t  was recognized 

th a t rad ia tion  and handling o f rad ioactive  m ateria ls  presented r is k s . Radia­

tio n  sources such as x-rays, cyclotron-produced isotopes, and natural radioac­

t iv e  isotopes were known to  cause cancer and even genetic damage at high expo­

sures. S t i l l  unknown was the re la tio n sh ip  between the degree o f rad ia tion  

exposure and the resu ltan t damage. Delayed e ffe c ts  were a major concern. Be­

fore nuclear energy could be fu l ly  employed, a greater understanding o f i t s  

negative impacts was essen tia l.
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B illio n s  o f d o lla rs  and important socia l values were at stake. Workers, the 

public and the environment had to  be protected. Recommendations fo r  doing th is  

d iffe re d  in  cost by as much as a fa c to r o f 100 and some recommended walking 

away from th is  soarce o f energy a lto ge the r. The congress and the adm in istra tion  

had to  make some d i f f i c u l t  decisions but the needed inform ation was not ava ilab le .

To f i l l  th is  inform ation vo id , a research program was estab lished. The program 

was balanced between d irected research to  resolve sp e c ific  questions re la ted  to  

protecting workers, the public and the environment and the search fo r  fundamen­

ta l in s ig h ts . This is  the story o f th a t program, how i t  addressed major socie­

ta l issues, what was learned, how good is  th a t knowledge, and what is  ye t to  be 

learned.

The story covers the o rig ins  o f health and environmental research; the early  

problems re la ted to  ra d ia tio n ; the mandate to  e x p lo it the opportun ities  o f 

special nuclear properties in  medicine; the need fo r  and development o f much 

more precise and rapid means o f measurement, and the new challenges brought 

about by the new energy sources. The story  concludes w ith a suimary o f the 

major open s c ie n t if ic  issues and an assessment o f how d i f f i c u l t  w i l l  be th e ir  

re so lu tio n .

Also to ld  are i l lu s tra t io n s  o f how new science has formed the basis o f im port­

ant commercial, or medical developments. Several o f these provide annual sav­

ings to  socie ty on the order o f a $100 m illio n  or more each. With the excep­

tio n  of nuclear medicine these developments or app lica tions were not e x p l ic i t ly  

sought by the program. The function  o f the program was and is  to  develop in fo r ­

mation c ruc ia l to  the defense and energy needs o f the Nation. Yet, these “ spin­
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o ffs "  in  aggregate provide annual savings to  the Government and the pu b lic , 

several times the annual cost o f the e n tire  health and environmental research 

program i t s e l f .



I I .  ORIGINS OF HEALTH AND ENVIRONMENTAL RESEARCH: PROBLEMS AND OPPORTUNITIES

Over-exposures to  natural rad ioactive  elements had occurred before World War I I .  

Radium d ia l pa in te rs , mostly young women in  th e ir  la te  teens and ea rly  tw enties, 

had ingested some radium by "po in ting " th e ir  brushes w ith  th e ir  l ip s .  By 1930, 

when th is  practice  had stopped, bone cancers has already appeared in  th is  large 

group o f women. Studies were s tarted  on th is  occupational disease almost immedi­

a te ly . These and s im ila r stud ies, plus inform ation from those exposed to  large 

doses from x-rays, provided most o f the knowledge about ra d ia tio n  e ffe c ts  in  hu­

mans ava ilab le  in  1942. Some o f these studies are s t i l l  going on today.

Radiologists during the la te  nineteenth century were i n i t i a l l y  unaware o f the 

dangers o f ion iz in g  ra d ia tio n . Often they held x-ray f i lm  in  one hand while 

adjusting the x-ray mechanism w ith  the other. The exposed hand received large 

doses causing many burns tha t refused to  heal. Some ra d io lo g is ts  were forced 

to  abandon th e ir  professions and some died prematurely from cancer.

In the la te  '2 0 's , Herman Mueller showed th a t x-rays caused mutations in  the 

f r u i t  f l y  but the data was not too useful in  p red ic ting  the e ffe c ts  on man.

The inform ation ava ilab le  from these and s im ila r experiences a le rted  the atomic 

researchers to  the hazards o f excessive rad ia tion  exposure, but the inform ation 

was too imprecise to  formulate standards in  which confidence could be placed.

Forewarned by these early  experiences, the management o f the ea rly  weapons and 

reactor programs proceeded w ith considerable caution so th a t work could go 

forward w ithout serious r is k  to  the workers. Concern fo r  safe ty was so complete 

th a t part o f Seaborg's f i r s t  spoonful o f plutonium was fed to  ra ts , and scien­

t is t s  at the U n ivers ity  o f Washington were asked to  look fo r  ra d ia tio n  e ffec ts
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on aquatic organisms Columbia River before the Hanford Engineering Works produced 

i t s  f i r s t  plutonium.

However, vastly  improved dose e ffe c ts  inform ation was needed by those concerned 

w ith  fa l lo u t ,  by our nuclear navy, and fo r  the new nuclear power ind us try . The 

f i r s t  order o f business in  post-war b io lo g ica l research was to  develop a program 

to  assess the e ffe c ts  o f low leve ls  o f ra d ia tio n  on both nuclear workers and the 

general p u b lic . This program would conduct research to  determine 1) the e ffe c ts  

o f rad ia tion  on man, 2) how ra d io a c tiv ity  was cyc lied  in  the environment, 3) the 

pathways tha t carried  ra d io a c tiv ity  back to  man, and 4) how to  detect and measure 

rad ia tion  exposure.

During the Manhattan p ro je c t, there was also a concern fo r  the environment. 

I n i t i a l l y ,  i t  was feared tha t important species o f p lants or animals could be 

severely severely damaged or k i l le d .  In May o f 1943 at the U nivers ity  o f Chicago, 

s c ie n tis ts  w ith the Manhattan Project were concerned th a t the Hanford production 

reactors, to  be b u i l t  on the Columbia R iver, might endanger the salmon and other 

f is h  in  tha t large r iv e r .  They soon awarded a con tract w ith  the Applied Fisheries 

Laboratory o f the U n ivers ity  o f Washington on the "In ve s tig a tio n  o f the Use of 

x-rays in  the Treatment o f Fungoid Diseases in  Fishes."

The t i t l e  was deceiving, the real purpose was to  inves tiga te  the e ffe c t o f 

x-rays on salmon, salmon larvae and eggs. Since x-rays in te ra c t w ith  l iv in g  

tis su e , ju s t as gamma rays do, the work was expected to  help p red ic t what might 

happen when the f i r s t  ra d io a c tiv ity  entered the Columbia R iver. Time was sho rt, 

the f i r s t  reactor would begin operations in  September 1944. Because salmon eggs 

take 2 to  4 years to  grow to  adulthood, w ith  most o f th a t time spent at sea away
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from the eyes of observers, the f is h  from the f i r s t  ir ra d ia t io n  in  1943 would 

not return u n t il 1945, 1946, or 1947, perhaps too la te  to  provide the necessary 

data.

Salmon, though im portant, were poor te s t animals because o f th e ir  long periods 

at sea, so in  1944 the work was extended to  t ro u t.  Trout can be kept in  the 

laboratory under observation constan tly . Consequently in  1945, a new labo ra to ry , 

the Aquatic Biology Laboratory, a part o f the Hanford Operations, was opened.

Since there was no aquatic contamination, the aquatic eco log ists were not needed 

fo r  the f i r s t  three atomic explosions: Almagordo, Hiroshima and Nagasaki. How­

ever, they were pressed in to  service in  Ju ly , 1946, at B ik in i,  when a small bomb 

was detonated about 500 fee t over anchored naval ships in  B ik in i Lagoon. This 

shot. Project Able o f Crossroads was not too in te re s tin g  fo r  aquatic b io lo g is ts . 

The next shot. Project Baker, was. Exploded at middepth in  the lagoon, 90 fee t 

down, i t  caused severe rad ioactive contamination in  the v ic in i ty  o f the shot.

S c ien tis ts  from the Manhattan Project were organized to  in ve s tiga te  the resu lts  

o f Test Baker and s c ie n tis ts  from the U n ivers ity  o f Washington were ca lled  on 

to  do the work. Although they were used to  working in  the la b o ra to ry , were 

un fam ilia r w ith oceanographic equipment, and th e ir  instrum entation was prim ative , 

th e ir  work showed d e f in ite ly  tha t marine animals concentrate ra d io a c tiv ity  from 

the water, and can, i f  eaten, contaminate man. However, when a resurvey was 

made la te r ,  most o f the ra d io a c tiv ity  was gone, fishes teemed in  the c lea r waters, 

waters, and sa ilo rs  swam where a year e a r l ie r ,  a column o f in tense ly  rad ioactive  

water had been l i f t e d  high in  the a ir .
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In add ition  to  de fin ing  the b io lo g ica l and environmental hazards o f the atom 

fo r the users o f th is  new source o f energy, the research programs helped develop 

benefic ia l uses o f rad ia tion  in  medicine, a g ricu ltu re  and basic b io lo g ica l s c i­

ences. The firs^-m ed ica l use o f ra d ia tion  was fo r  cancer treatm ent. Radiation 

therapy and tumor imaging using rad io tracers were both important advances. The 

use o f rad io tracers in  ag ricu ltu re  led to  an understanding o f the uptake o f 

essentia l m inerals from the s o i l ,  and th e ir  movement in  p lan ts . Studies o f the 

e ffe c ts  o f rad ia tion  on l iv in g  c e lls  and molecules provided in s ig h ts  in to  the 

mechanisms o f many l i f e  processes, previously impossible to  observe.

The excitement o f the times and the flow  o f money made ava ilab le  by the great 

promise o f nuclear science prompted many s c ie n tis ts  to  p a rtic ip a te  in  nuclear 

research. Hundreds o f b rig h t new graduate students followed th e ir  professors 

in to  the new, burgeoning f ie ld s  and th e ir  s c ie n t i f ic  pub lica tions provided so lid  

ground fo r  the rapid growth o f knowledge. Radiobiology, radioecology, tra ce r 

chemistry and nuclear medicine were born, and oceanography, ecology, geochemis­

t r y ,  g lacio logy and many other d is c ip lin e s  o f science enjoyed th e ir  f in e s t hours.

From the beginning, a dual emphasis existed in  the way b io lo g ica l nuclear re­

search was done. The research was stim ulated by a need fo r  in form ation so tha t 

nuclear technology could be safe ly developed. This was the mission th a t j u s t i ­

f ie d  the research. On the other hand, the b io lo g ica l research could, at the same 

tim e, provide an understanding o f the basic p rin c ip le s  underlying the in te ra c tio n  

of rad ia tion  w ith  l iv in g  m atter. This dual emphasis was o f vast importance, be­

cause i t  would make the re su lts  o f the b io lo g ica l research app licab le  in  other 

f ie ld s  and fo r  other po llu tan ts  to  face the problems th a t are bound to  a rise  as 

new energy technologies emerge.



I I I .  ADDRESSING THE PROBLEMS: BIOLOGY AND ECOLOGY

The process o f addressing the Issues associated w ith ra d ia tio n  produced major 

fundamental advances in  the f ie ld  o f bio logy and ecology. These advances 

resulted in  diverse and wide spread app lica tions and established a foundation 

upon which the mere d i f f i c u l t  and expansive issues could be addressed.

B iology: The Hazards o f Radiation to  Man

Soon a fte r  the war, steps were taken to  learn more about the long-term and 

genetic e ffe c ts  o f ion iz in g  ra d ia tio n . The atomic bombs dropped on Japan had 

le f t  many irra d ia te d  survivors who feared fo r  th e ir  health and fu tu re . E ffo rts  

began to  quantify  the exposures and to  document the re su ltin g  e ffe c ts , but real 

progress d id n 't  s ta te  u n til 1950 w ith the establishment o f the Atomic Bomb Cas­

ua lty  Commission. The Commission operated under a wing o f the National Academy 

o f Science -  National Research Council so th a t i t s  find ings  would be above 

suspicion. Financial support came from the U.S. Atomic Energy Commission with 

Public Health O ffice rs supplied by the U.S. Public Health Service and the 

Japanese Government. Since 1975, part o f the expenses o f the epidemiological 

study have been borne by Japan.

Epidemiological investiga tions o f the radium d ia l pa in ters were taken over by 

the program and enlarged. New studies were s tarted on persons in  the midwestern 

U.S. who drank well water containing unusually large amounts o f radium were 

s ta rted . These studies were to  help define a threshold value fo r  bone-seeking 

radioisotopes such as radium, which was s t i l l  unknown.

In Japan, ch ild ren o f the exposed atomic bomb survivors were examined which con­

tinues today fo r evidence o f genetic e ffe c ts . More recen tly  research fo r  point 

mutations has been carried  out. Despite careful s tud ies, no increase in
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genetic damage has been found among these ch ild re n . However, the te s ts  are 

incomplete, the s e n s it iv ity  o f the te s ts  poor, and the sample too small to  

conclude tha t no mutations w i l l  be found. The studies did show, however, 

th a t the rad ia tion  dose required to  induce as many mutations as occur n a tu ra lly  

is  qu ite  large ( i . e . ,  over 100 rads).

These studies provide most o f the data used to  estimate the hazard o f rad ia tion  

in  humans. Some add itiona l inform ation is  ava ilab le  from human studies in  

Europe. Ocassionally, some lesser exposures occur to  smaller population samples 

which may be followed to  see i f  ra d ia tio n  e ffe c ts  (c h ie f ly  cancer) occur. Addi­

t io n a l ly ,  the health records o f the many thousands o f atomic energy workers ex­

posed to  rad ia tion  have been examined. P redictions based on the atomic bomb 

survivor data, ind ica te  th a t the rad ia tion  exposures are too low, and the numbers 

o f workers too sm all, to  expect to  see a s ta t is t ic a l ly  s ig n if ic a n t increase in  

cancers. So fa r ,  th is  expectation appears to  be ju s t i f ie d .

Nevertheless, many have challenged th is  conclusion. Whether the atomic bomb 

survivors are representative o f the Japanese population has also been challenged. 

Even though these challenges come from a small m ino rity  o f s c ie n t if ic  workers who 

disagree w ith  the B E IR (III) committee, a group set up by the National Academy of 

Sciences to  look at ra d ia tion  e ffe c ts , the challenges emphasizes the need fo r  

more d e f in it iv e  data.

I t  seems evident th a t no consensus on the q u a n tita tive  hazard from ra d ia tio n  can 

be achieved based on epidemiological fin d in g s . This lack o f agreement la rg e ly  

stems from our re la tiv e  ignorance of the causes and natural h is to ry  o f cancer.
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The pathological processes re su lting  in  cancer must be known before the argu­

ments can be resolved. Only then w il l  we be able to  p red ic t the s e n s it iv ity  o f 

people to  cancer, whether induced by io n iz in g  ra d ia tio n , chemical exposure, or 

some other mechanism.

To understand the need fo r  basic b io lo g ica l research in  solving the epidemio­

logy problem ju s t  presented, i t  may help to  re ca ll some ea rly  h is to ry . In the 

la te  eighteenth century when vaccinations began in  France, a method was needed 

to  ca lcu la te  the number o f people saved from smallpox, i f  any, by the new 

vaccinations. Because e ffe c ts  o f other fac to rs  were often la rge r than e ffe c ts  

o f the vaccin, i t  was impossible to  develop re lia b le  s ta t is t ic s .  Of the mathe­

maticians who worked on the problem only Daniel Bernoulli came up w ith  a method 

tha t offered some hope o f success. He assumed the deaths from smallpox were 

"independent" o f other causes o f death.

This p r in c ip le  o f independence was probably co rrect in  i t s  ap p lica tio n  to  

smallpox. However, i t  may s ig n if ic a n t ly  over estimate e ffe c ts  >jh0  applied to  

" lo w -le ve l" ra d ia tio n . The issue to  be resolved is  the l i f e  shortening e ffe c ts  

o f low -le ve l. There are two problems in  determing th is  e f fo r t  from epidemio­

log ica l s tud ies. F ir s t ly ,  the e ffe c ts  th a t measured in  epidem iological studies 

are the number o f cancers. Secondly, in  the case o f low -level ra d ia tio n , the 

e ffe c ts  are o ften in  the "noise ( i . e . ,  the va ria tion s  between sample groups 

are la rger and usually are a ttr ib u ta b le  to  other fa c to rs ) ."

Epidemiological studies have provided a s u ff ic ie n t  basis fo r  es tab lish ing  current

worker standards w ith  confidence (see the box on page ) ;  however, re liance  on

epidemiology alone is  s ta t is t ic a l ly  u n se ttlin g  and has not provided pub lic  closure
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on the low -level rad ia tion  issue. Fundamental new in s ig h ts  re su ltin g  from 

experimental b io log ica l science have been and w il l  be <^egaine(U Because we 

cannot p red ic t what evidence w il l  resolve the issue, the research e f fo r t  needs 

to  be broadly ba^ed and d iverse.

[Box on Epidemiology o f Radiation Exposure]

In the mid-1940's, our experimental knowledge o f rad ia tio n  e ffe c ts  on b io lo g ica l 

m ateria l was f u l l  o f gaps. Since ea rly  work was only on f r u i t  f l ie s ,  a large 

e f fo r t  to  determine the genetic e ffe c ts  o f ion iz in g  ra d ia tio n  in  a higher an i­

mal, the mouse, was s ta rted . This had to  be a long-term p ro je c t w ith  thousands 

o f animals needed fo r  accuracy, because even at abnormally high doses a sp e c ific  

mutation is  a rare event. We have learned th a t, as expected, a given dose 

causes more mutations in  the mouse than in  the f r u i t  f l y .  The dose ra te  is  

important because at lower dose rates repa ir o f the mutated gene occurs, tha t 

is  a ce rta in  ra d ia tion  given slowly induce^'si fewer mutations than the same 

dose given qu ick ly . Although, useful b io lo g ica l in form ation has resu lted from 

these stud ies, there is  much more to  be learned. For example, i t  is  not yet 

possible to  tra n s la te  the e ffe c ts  o f rad ia tion  on ind iv id ua l animals to  the 

e ffe c ts  o f mutant genes in  a large population o f animals. The la t te r  is  an 

inheren tly  much more complex problem but one o f equal or greater importance 

than the problems now being resolved by the genetics stud ies.

A diverse program to  address th is  problem and to  advance general knowledge of 

genetics was in it ia te d  in  association w ith  the mammalian program and conducted 

in  a number o f u n ive rs ity  genetics departments to  provide breadth and va rie ty  

as well as in  the National Laboratories. Also required was a means to  obtain
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genetic Information much more ra p id ly  than could be obtained from the animal 

s tud ies. Bruce A^ies a t Berkeley developed such a method which has had impor­

ta n t app lica tions w ith in  the program and cu rren tly  re su lts  in  major savings in 

the chemical and^iharmacentual ind us trie s  (see C e llu la r Bioassay discussion on 

page________ ).

[Box on C e llu la r Bioassay]

P ara lle l w ith th is  animal studies program was a somewhat smaller but s t i l l  

extensive p lant genetics program centered at a d if fe re n t National Laboratory.

Like the animal genetics program, th is  was composed o f both goa l-d irected 

experiments (the development o f a g r ic u ltu a lly  and commercially valuable new 

plant va r ie tie s  by ir ra d ia t io n  o f seeds followed by crossing and se le c tio n ), 

and general development o f the science.

Because o f the equal paucity o f knowledge concerning the le th a l e ffe c ts  of 

ra d ia tion  and perhaps p a rtly  because o f an ea rly  concern about the e ffe c ts  o f 

a nuclear war a large program to  measure le th a l e ffe c ts  o f various types (q u a li­

t ie s )  o f ion iz in g  rad ia tion  was put in to  place. When one re fle c ts  about the 

number o f rad ioactive isotopes th a t are known and the various energies o f alpha, 

beta, gamma rays and p a rtic le s  th a t a rise  from the decay o f these isotopes he 

rea lizes th a t complete knowledge o f th is  type w i l l  never be a tta ine d . P r io r it ie s  

had to  be established and experimental work done on the most l ik e ly  exposures 

and the p o te n tia lly  most dangerous isotopes. Those who remember well the 1950's 

and 1960's may re ca ll the succession o f isotopes whose names were associated 

w ith periods o f pub lic  concern: Strontium 90, Cesium 137 and Iodine 131. The

waves o f concern followed c lose ly  the development o f new knowledge as each 

isotope came under closer sc ru tin y .



-  6 -

The research on movements o f isotopes from point o f o r ig in  to  th e ir  encounter 

w ith humans w il l  be discussed under the ecology section o f the re po rt. How­

ever, among the inves tiga tions  on bio logy de ta iled  here the very extensive work 

on inha la tion  must be emphasized. This work s tarted  in  the e a rly  fo r t ie s  as a 

part o f an in d u s tr ia l hygiene program. The rise  o f the atomic industry  has 

increased the need fo r  continued work along th is  l in e  as a p ra c tica l matter 

and has stim ulated fundamental work on lung physicology and lung responses to  

deposition o f various substances. This work provided a large stim ul]l|is to  the 

development o f precise instruments discussed la te r .  In a d d itio n , these develop­

ments s ig n if ic a n t ly  aided the a b i l i t y  to  address questions re la ted  to  other forms 

o f energy.

Numerous feeding experiments to  determine the hazards from various isotopes 

were conducted and some continue although th is  type o f program is  now much re ­

duced. A point o f great in te re s t has been to  design experiments so th a t animal 

studies can be linked to  human epidemiology, espec ia lly  w ith  bone-seeking e le ­

ments such as radium. This permits use to  be made o f the d ia l pa in te r data to  

estimate e ffe c t in  humans o f other bone seekers such as occur among the trans- 

uranics, i . e . ,  plutonium and americium as well as o thers, w ithout human experi­

mentation.

Up to  th is  po int emphasis has been placed on p ra c tica l requirements o f the nu­

c lea r development program. A basic philosophy developed during the ea rly  period 

was to  encourage work tha t ensured the maximum y ie ld  o f fundamental knowledge 

from experiments which had more immediate app lica tio n  as th e ir  primary goal.

At the same time basic work which c le a r ly  re la ted to  the so lu tio n  o f p rac tica l 

problems was encouraged by o ffe r in g  support both to  major contractors o f the
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agency and hundreds o f u n iv e rs it ie s  and colleges. This helped to  ensure the 

long-term in te re s t o f many f i r s t  class s c ie n tis ts  and to  provide needed con tin ­

u ity  in  the program.

Early e ffo r ts  to  apply knowledge gained during the h igh ly  secret work o f the 

war period resulted in  handsome payoffs. Ion exchange methods were developed 

fo r  separation o f f is s io n  products. At the end o f the war biochemists in  th is  

program turned th e ir  knowledge towards using these separation methods on b io ­

chemical products. This app lica tion  together w ith the new a v a i la b i l i ty  and 

techniques fo r  use of rad ioactive  l ig h t  elements were indespensible fo r  the 

extremely rapid post war developments in  genetics and biochemistry which gener­

a l ly  go under the name "molecular b io logy ." The use o f these isotopes and the 

stimulus provided by new and elegant techniques fo r  separation o f minute quan­

t i t i e s  o f b io log ica l substances coming at about the same time as the e luc ida tion  

o f the s tructu re  o f the basic genetic m a te ria l, deoxyribonucleic ac id , reoriented 

and re v ita liz e d  a l l  o f basic b io logy.

The continuation and expansion o f these ea rly  e ffo r ts  created numerous groups 

working on the advancing fro n t o f b io lo g ica l science, o ften in  close contact 

w ith chemists and phys ic is ts  also working at the fo re fro n t o f knowledge in  th e ir  

sp e c ia ltie s . New discoveries re la tin g  to  the conversion o f l ig h t  energy by 

photosynthesis were made in  several parts o f the program. The chemistry o f the 

photosynthesis set in  motion by conversion o f l ig h t  energy to  chemical energy 

was qu ick ly  worked out w ith  the help o f the newly ava ilab le  lon g -live d  isotope, 

carbon 14. This work resulted in  the awarding o f a Nobel Prize to  Melvin Calvin 

of the U nivers ity  o f C a lifo rn ia .
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The elegant methods introduced fo r  Isotope separation were ju s t  the beginning o f 

great improvement in  techniques fo r  separation worked out fo r  both large and 

small scale operations. Some o f these were la te r  d irected toward the separation 

o f ribonucle ic  acids important in  the process o f gene expression. Collaborative 

work w ith other Federal agencies provided ribonuc le ic  acid to  several in s t i t u ­

tion s  where fu rth e r investiga tions revealed the structu res o f these compounds 

and helped advance knowledge which has culminated in  the new techniques of 

gene-splicing and DNA recombination, bases fo r  a ra p id ly  growing indus try .

L i t t le  was known at the molecular leve l about any re la tio n sh ip  between cancer 

and the c e ll nucleus during the ea rly  1940's. The program being reviewed here 

began w ith in tensive inves tiga tions  o f carcinogenesis by io n iz in g  rad ia tion  

and at the same time developed knowledge about the in te ra c tio n  o f rad ia tion  

w ith  ce ll nuclear m ateria l as well as w ith other c e ll components. Important 

con tribu tions to  the knowledge o f cancer causation came from the stud ies. When 

the program was broadened from a s t r ic t ly  nuclear context to  include other forms 

o f energy l i t t l e  change in  the basic components o f the program was required. 

Cancer remains one o f the ch ie f concerns re la ted to  a l l  sources o f energy pro­

duction whether so la r, nuclear, o i l ,  o i l  shale, coal or coal converted to  o i l  

or gas.

Ecology

The environmental research during the Eniwetok te s ts  o f 1948 followed the pat­

te rn  o f the e a r lie r  P ac ific  bomb te s ts . The resu lts  were e sse n tia lly  the same. 

Radiation damage to  marine l i f e  was minimal and ra d io a c tiv ity  in  f is h  was d isa - 

poted ra p id ly . In a comparison in  1949 w ith  land plants in  the Eniwetok area, 

the f is h  were found to  be much less ra d ioac tive .
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H o s t i l i t ie s  broke out In Korea and subsequent te s tin g  a c t iv i t ie s  were la rg e ly  

confined to  the Nevada Proving Ground. The f i r s t  bomb was detonated In January 

1951. W ithin a few years, 23 bombs were exploded In the desert. Teams o f 

s c ie n tis ts  from ttie  University o f C a lifo rn ia  a t Los Angeles (UCLA) were assembled 

to  measure the e ffe c ts  on land plants and animals. Meanwhile, the P a c ific  te s t 

s ite  would lanulsh u n t il the f i r s t  thermonuclear bomb was exploded at Enewltok 

In November 1951. Americans were more concerned w ith  the fa l lo u t  from the Nevada 

te s ts . Strontium-90, cesium-137, Iodine-131, and the grass-cow-mlIk-human food 

chain became part o f our vocabulary.

V Though there was always concern about people eating f is h  contaminated by rad lo - 

’ a c t iv ity  from the P ac ific  te s ts , the f a l l  out from the Nevada te s t was much 

closer to  home. Therefore, the te r re s t lv a l research fo llow ing  the Nevada te s t 

was focused on atmospheric transport and movement o f radionuclides through the 

food chain to  man.

The f i r s t  panic was over stront1um-90. That was superceded by cesium-137, when 

I t  was learned th a t Alaska natives, p a r t ic u la r ly  the Eskimos at Anatuvak Pass, 

had high leve ls  o f cesium-137 from eating caribou meat, a mainstay In th e ir  d ie t.  

The world was shocked because Alaska was so fa r  from the nuclear te s ts , and the 

leve ls o f cesium-137 were so high. I t  was a qu irk In the ecology tha t led to  the 

abnormal concentrations, and caused o f f ic ia ls  high up In  the Atomic Energy Com­

mission to  become acutely aware o f ecologica l problems. For the caribou fed on 

lichen—a rootless p lant th a t grew on rock, and l ik e  a sponge, absorbed fa l lo u t  

from the a i r ,  ra in  and snow.

The next surprise was Iodine-131. Even though I t  only had an 8-day h a lf l i f e ,  

i t  was tra v e lin g  from a ir  to  grass to  cow to  m ilk  to  human th y ro id  so ra p id ly
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i t  was tra ve lin g  from a ir  to  grass to  cow to  m ilk to  human th y ro id  so rap id ly  

th a t i t  was the major dose to  man. Then a U.S. A ir Force bomber crashed at 

Palomares, Spain, spraying plutonium over acres o f tomatoes. These incidents 

demanded a strong-program in  te r re s t r ia l  ecology fo r  i t  was apparent th a t no 

matter where fa llo u t  landed in  the world , i t  had the propensity to  get in to  

man. How ra d io a c tiv ity  moved from s o il to  p lant to  animal to  man became an 

important question, and ecology became popular. There was a need to  know what 

the eventual dose to  man might be i f  a ce rta in  level o f ra d io a c tiv ity  were 

introduced to  the environment.

In te re s t in  aquatic ecology and marine transport was at a low during the Nevada 

te s ts , but tha t would change. The world w i l l  not soon fo rg e t the Bravo shot in  

March o f 1954, part o f Operation Castle at B ik in i.  Bravo brought us face to  

face w ith the awesome power o f a thermonuclear device, 15 megatons, 750 times 

as big as the atomic bombs f i r s t  tested 8 years e a r l ie r .  I t  was a shot th a t 

went astray, and triggered  public reaction th a t led to  a great increase in  

ecological research. Fa llou t from Bravo, ca rried  100,000 fee t in to  the s tra to ­

sphere, encountered winds a lo f t  and d r if te d  eastward ra ther than northward, 

as pred icted. This mishap caused the plume to  pass over three is lands exposing 

over 200 Marshallese, 28 American m il i ta ry  personnel and, unknown a t the tim e, 

the Japanese fish in g  vessel Fururyu Maru. The Marshallese and Americans were 

qu ick ly  evacuated, but the ship , covered w ith ashes from the b la s t, spent 2 

weeks re turn ing to  p o rt, b ro ilin g  in  ra d io a c t iv ity .  When i t  a rr iv e d , many of 

the crewman were sick and before long one would d ie .

Public reaction was p red ic tab le . Fish from the Fukuryu Maru were destroyed, and 

Japanese consumption o f f is h  dropped sharply as frigh tened c it iz e n s  turned away
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from seafood. Fishermen could not s e ll th e ir  wares, even though most o f i t  was 

not contaminated, and f is h  markets went out o f business. Everyone had questions. 

Where did the ra d io a c tiv ity  go in  the ocean? Would i t  k i l l  the fish?  Was sea­

food forever contaminated? Would ra d io a c tiv ity  get in  the Kuriosho current and 

bathe Japanese beaches? There was panic in  Japan, th e ir  s c ie n tis ts  had no 

answers, and the Americans, p i t i f u l l y  few. I t  was apparent th a t there was much 

to  lea rn , and soon.

The Bravo shot caused the f i r s t  real panic because i t  forced the evacuation of 

peoples from th e ir  homes (in  Rongelap, e tc .)  and i t  k i l le d  a Japanese fisherman.

The te s t demonstrated th a t fa l lo u t  was dangerous, and not as innocuous as some 

had claimed. There is  no question th a t our in a b i l i t y  to  p red ic t w ith  any cer­

ta in ty  where the ra d io a c tiv ity  would eventua lly  go, led to  the development o f 

an oceanography program in  the AEC. The concern o f the Japanese, so dependent 

upon th e ir  harvest from the oceans, pressed our research forward. The f i r s t  

step was taken by the Japanese--a cru ise o f the research vessel Skunkostu Maru— 

to  see fo r themselves how contaminated were the seas, and the f is h .  Their 

seven-week t r ip  in  1954 took them completely around B ik in i and Rongelap, on two 

sides o f Eniwetok, and through the tuna fis h in g  areas. The t r ip  was nearly dup­

lic a te d  in  1955, in  Operational T r o l l ,  by the Americans. Although traces of 

ra d io a c tiv ity  were scattered nearly everywhere, the T ro ll report sa id , “ None of 

the edib le portions o f f is h  co llected...showed leve ls  th a t would be o f concern." 

However, so many unknowns came to  l ig h t  th a t there was no complacecy.

In fa c t ,  the unknowns were considered in  1955 by the U.S. National Academy of 

Sciences, which set up a committee on the "B io log ica l E ffects o f Atomic Radiation," 

whose Summary Report appeared in  1956. The second meeting o f th is  corranittee.
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A pril 13-16, 1956, led to  the pub lica tion  in  1957 o f a book, "The E ffects 

of Atomic Radiation on Oceanography and F ishe ries ." The major unsolved oceano­

graphic questions they id e n t if ie d  were: dispersion in  the upper mixed la ye r;

c irc u la tio n  in  t+i€ intermediate and deep laye rs ; exchange between the surface 

layer and deeper laye rs , sedimentation processes; e ffe c ts  o f the biosphere on 

the d is tr ib u tio n  and c irc u la tio n  o f elements; uptake and re ten tion  o f elements 

by organisms used as food fo r  man; and e ffe c ts  o f atomic ra d ia tio n  on populations 

o f marine organisms.

The la s t three problems, at le a s t, c le a r ly  ca lled  fo r  help from marine ecolo­

g is ts . And, because o f the importance o f plankton in  tra nspo rting  m a te ria ls , 

eco logists were able to  help in  the other areas as w e ll.  These seven major 

areas o f marine science became the heart o f AEC's marine environmental program.

Fortunate ly, the top s c ie n tis ts  involved in  the NAS study had, w ith  great fo re ­

s ig h t, ca lled  fo r  a study o f fundamental processes ra ther than the dead-end road 

o f “m on ito ring ." The importance l ie s  in  the fa c t th a t the processes th a t move 

radionuclides through the ocean, in to  marine food chains, and back to  man are 

the same processes th a t move DDT, RGB's, energy re la ted p o llu ta n ts , and a l l  o f 

the to x ic  substances in  the environment th a t plague man today.

The lessons learned in  these pursu its  have nnot beem lo s t .  They have provided 

a fundamental store o f knowledge on the transpo rt and transform ation o fm ateria ls

in  the environment. As seen in  the discussion o f transpo rt on pages____ , th is

knowledge is  cu rre n tly  being applied to  important environmental issues.

[Box on tra n sp o rt: ARAC; Continental Shelf Dynamics, Radiological
Issues; Transuranic Cycling]
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While i t  was the fear o f fa l lo u t  th a t opened the pub lic  purse, i t  was the special 

ch a rac te ris tics  o f fa l lo u t—it s  ra d io a c t iv ity - - th a t made the study so productive. 

Radioactive atoms can be measured w ith  1,000 to  10,000 times the s e n s it iv ity  o f 

nonradioactive al^oms, so tha t fa l lo u t  could be l i t e r a l l y  followed to  the ends o f 

the earth. This made i t  easy to  trace as i t  moved through Nature's cycles. Each 

rad ioactive atom "broadcast" i t s  presence and could be followed w ith  unerring 

accuracy. Of equal importance, each group o f radioisotopes decayed at a known 

ra te . A m illio n  atoms o f 131i would be 500,000 atoms in  e ight days. The use of 

th is  b u i l t - in  time clock was picked up by s c ie n tis ts  to  determine the rates at 

which processes were occurring. For the f i r s t  tim e, the speed at which sediments 

accumulated in  the ocean, the age o f g la c ie rs  and how fa s t m ateria ls  are moved 

through the environment could be measured. Because o f fa l lo u t ,  ecology became a 

mature science o f recognized value. The AEC, charged w ith  a re s p o n s ib ility  fo r 

a r t i f i c ia l  rad ionuclides, played a major ro le  in  th is  development through i t s  

ta lented con tractors.

<r>v^ ^  2  co^ 0



IV. EXPLOITING THE OPPORTUNITIES: NUCLEAR MEDICINE

In addressing the health and environmental issues re la ted  to  ra d ia tio n , unique 

s k i l ls  and d isc ip lin e s  were developed by s c ie n tis ts  throughout the program. In 

recognition o f the po ten tia l values o f these s k i l ls ,  they were asked to  e x p lo it 

these s k i l ls  and^'Bisciplines fo r  purposes other than defence and energy. Several 

e ffo r ts  were in i t ia te d ;  the most successful o f which was nuclear medicine.

The nuclear medicine story had i t s  o r ig in  w ith the discovery o f x-rays in  1895 

by Roentgen. Shortly th e re a fte r Becquerel observed and in te rp re ted  the rad io ­

action pro jection  o f uranium.

[F igure showing ea rly  instrum ents: developed photographic p la tes spin thariscope,

cloud chamber and the gold le a f e lectroscope.]

In 1973, twelve years, a fte r  Rutherford in fe rre d  the existence o f the nucleus 

from his famous sca tte ring  experiment, Hevesy measured the metabolism (uptake) 

o f lead in  plants using radiolead-212. In 1924, a n t is y p h i l i t ic  mediocaments 

in  animals were studied by Henesy using radiobismuth-210. Blood speed in  sus­

pected heart disease pa tients was obtained by measuring the time required fo r  

radium C so lu tions to  traverse from one arm to  the other in  the f i r s t  radioac­

t iv e  tra ce r c l in ic a l studies conducted in  the la te  1920's by Blumgart.

In th is  period, there was l i t t l e  understanding o f the health impacts o f rad ia­

t io n ,  and dose and safe ty standards were e sse n tia lly  non-existant. Dose rates 

were governed by the ( lim ite d ) d e te c t ib i l i t y  o f the ava ilab le  instrum entation. 

Instrumentation to  measure ra d ia tio n  took a step forward w ith  the perfection  

o f the Geiger counter in  1928.
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A r t i f ic ia l  ra d io a c tiv ity  was observed and in tepre ted in  1934 by the Curies,

Fermi discovered the neutron, gamma reaction fo r  generating radionuclides and 

prepared a rad ioactive  isotope o f iod ine . In the ea rly  I9 3 0 's , Lawrence invented 

the cyc lo tron , and demonstrated tha t radionuclides o f many elements could be gen­

erated re ad ily  by bombarding various ta rge ts  in  th is  machine.

The f i r s t  use o f a r t i f i c ia l  ra d io a c tiv ity  in  biomedical research occured in  

1935 when Hevesy and Chievity fed phosphorous-32 to  ra ts and studied i t s  tu rn ­

over in  tissue s . The f i r s t  therapeutic use o f a r t i f i c ia l  radioisotopes in  man 

occurred in  la te  1936 when John Lawrence used phosphorous-32 in  the treatment 

o f leukemia. The f i r s t  radioisotope “ ta ilo re d "  fo r  a s p e c ific  need, and s t i l l  

is  wide use at the present tim e, is  iodine-131, discovered in  1938 by Seaborg 

and Livingood.

The too ls  and basic knowledge at the time was abismal. The Geiger counter in ­

te ra c tion  e ff ic ie n c y  usually was much less than one percent, and " tra c e r"  doses 

o f about 500 microcuries o f iodine-131 were required fo r th y ro id  "uptake" stud ies. 

We know today th a t such a dose provides a to ta l body dose o f one rad and a thy ro id  

dose o f 750 rads. In the la te  1930's, im p lica tions  o f these doses were unknown, 

allowable l im its  were high, and many o f the o r ig in a l experimenters )such as 

Curie, Hamilton paid the price  by dying o f leukemia.

The advent in  the 1940's o f the nuclear reactor provided an intense and copias 

source o f neturons, radionuclides can be generated in  huge q u a n titie s  and at 

moderate cost by placing cost by placing elements in  the neutron f lu x .

In August 1946, the f i r s t  shipment o f reactor-produced isotopes fo r  c iv i l ia n  

uses (carbon-14 fo r  cancer research) was made from Oak Ridge. In la te ,  1946,
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S eid lin  and M a rin e lli announced the f i r s t  e ffe c tiv e  treatment o f th y ro id  cancer 

using iodine-130 and iodine-131. In 1948, Myers announced the f i r s t  e ffe c tiv e  

treatment o f cancer by external rad ia tion  using cobalt-60 as the sources.

In 1946, iodine-125 was discovered by Reid and Reston. Because of i t s  nearly 

to ta l emissions o f x- and gamma-rays, i t s  freedom from beta p a r t ic le s , and i t s  

convenient 60-day h a l f - l i f e ,  i t  is  the most w idely used radio isotope today 

through i t s  v i t r o  app lica tion  to  in - v i t r o  radioimmuno-assay.

At th is  time rad ia tion  e ffe c ts  had not ye t been re lia b ly  determined. Workers 

on the Manhattan p ro je c t, fo r  example, were allowed 100 mi H i  rads per day, seven 

times current standards. Thousands o f Ankylosing sp o n d y litis  pa tien ts  received 

an average dose to  the spinal cord and nerves o f 700 rads, and hundreds o f rads 

to  other body organs, and many contracted cancers la te r  in  l i f e .  High rates o f 

thy ro id  cancer were noted in  thousands o f in fa n ts  who received 100 to  400 rads 

of heck ir ra d ia t io n , over one thousand ch ild ren  who received an average o f over 

400 rads fo r  an enlarged thy ro id  gland, and over 10  thousand ch ild ren  who received 

about an 8 rad scalp ir ra d ia t io n  fo r  the treatment o f timea c a p it is .  Breast can­

cer was s im ila r ly  high in  hundreds o f women who received over 800 rads while 

being fluoroscoped during lund c o ll ague treatm ent.

These excess were not stopped by the development o f improved instrum ents, but 

the instruments were essentia l to  subsequent reso lu tion  o f th a t problem. The 

s c in t i l la t io n  detector was developed in  1947 by Kail man and gamma ray detectors 

were developed in  the ea rly  1950's. The f i r s t  re c t i l in e a r  scanner, hau lt by 

Cassen in  1951 required a long time to  develop a complete image. Hal Anger 

developed a rapid moving camera in  1958 to  over come th is  l im ita t io n  and to



-  4 -

enable dynamic studies (see discussion on the Anger Camera).

[Box on the Anger Camera.]

In 1950, Perlmarrdiscovered iodine-123 in  the Lawrence cyc lo tron . The physical 

properties o f th is  isotope (no beta p a r t ic le s , 13 hour h a l f - l i f e  159 KeV gamma- 

ray) are advantageous over those of iodine-131 fo r  most d iagnostic app lica tions 

in  nuclear medicine, and are beginning to  be rea lized  at present. A lso, in  the 

early  1950's, Perlman discovered thallium -201 in  sp a lla tio n  products generated 

by bombarding ta rge ts  w ith  the Berkeley 184-inch cyc lo tron . (See the discussion 

on the ap lica tio n  o f th a lliu m -201  fo r  d iagnostic o f heart disease.)

[Box on thallium-201 fo r  heart d isease.]

In the la te  1950's, fa llo w  and Berson invented radioimmunoassay, a method of 

assaying compounds accurately in  v i t r o  using a rad io trace r. Iodine-131 was 

used i n i t i a l l y ,  and was eventually replaced by iod ine-125. Hundreds o f m illio n s  

o f these assays are performed annually.

As a re su lt o f the AEC health research program on ra d ia tio n  e ffe c ts , s t r ic te r  

con tro ls were place on rad ia tion  workers and pa tien ts . A lso, as a re s u lt 

o f more sens itive  detectors, smaller doses o f rad io tracers were used fo r  

diagnostic purposes. Allowable ra d ia tion  worker doses were decreased to  fiv e  

rads per year. Hearings before the E ig h ty -F ifth  Congress on the e ffe c ts  o f 

rad ioactive fa l lo u t  showed the po ten tia l fo r  danger and led to  the subsequent 

ban on atmospheric te s t in g . The tra n s it io n  o f nuclear medicine from an a r t to  

a science was underway.
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Since 1960, signal enhancement procedures were increas ing ly  applied to  the 

nuclear medicine imagers to  provide sens itive  and dynamic imaging o f a l l  body 

organs using a wwide range o f gamma-ray em itting  isotopes. The Anger Camera 

w ith Sodium Iodide (Thallium ) s c in t i l la to r s  accentuated the s ign ificance  o f 

such radiosiotopes as iodine-123 and technetium-99M, whose low p a rtic u la te  and 

gamma-ray emissions are so appropriate fo r  camera use (see the discussion on 

Technetium-99M fo r  the diagnosis o f prostate camera).

[Box on technetium-99m fo r  diagnosis o f prostate cancer.]

In the 1970's, Brownell g rea tly  improved his positron emission tomograph device 

by assembling two planar arrays o f a gross o f c rys ta ls  which could be ro tated 

halfway around the subject while feeding the in te ra c tio n s  o f the pa irs  o f 511- 

KeV photons w ith the almost 3,000 coincidence combinations in to  a computer. This 

allows much new inform ations to  be obtained in  v ivo , such as metabolism o f rad io­

traced amino acids in  normal and diseased s ta tes , metabolism o f sugars and sub­

s t itu te d  sugars in  regions o f the brain during physio log ica l s tim u la tion  and 

in  diseased s ta tes , and metabolisms o f radiotraced amino acids in  the normal and 

diseased myocardium and pancreas.

[In s e rt paragraph on current agenda fo r  nuclear m edicine.]



V. REFINING THE TECHNIQUES: INSTRUMENTATION

The success of a research program often depends on the development o f new in s tru ­

ments and measurement techniques. Early in  the h is to ry  o f science observations 

depended on the f iv e  natural senses. Chemists recorded the co lo r, sm ell, and taste 

o f the compounds :Jhey id e n tif ie d . B io lo g is t cataloged p lants and animals by s ize, 

shape, and co lo r. However, as s c ie n tis t by s ize , shape and co lo r. However, as 

s c ie n tis ts  searched fo r  a deeper understanding to  measure th ings th a t could not 

be f e l t ,  smelled, tasted, heard, or seen.

Immediately a fte r  the establishment o f the b io lo g ica l and health programs o f AEC, 

the most important measurements problems were re la ted  to the hazard o f ra d ia tio n . 

Instruments were needed to  measure the amount o f ra d ia tio n  exposure o f nuclear 

workers and experimental animals. Techniques were needed to  evaluate the e ffe c t 

o f low le ve ls  o f ra d ia tion  on l iv in g  organisms. Both sides o f the exposure-effect 

research needed the development o f new instruments to  es tab lish  the e ffe c t o f 

ra d ia tio n  on man and h is environment before the bene fic ia l uses o f atomic energy 

could be developed fo r  c iv i l ia n  uses.

The e a r lie s t ra d ia tio n  detectors developed fo r  b io lo g ica l use were s c in t i l la ­

t io n  detectors. They used the property o f some m ateria ls  to  give o f f  small 

flashes o f l ig h t  when rad ia tion  passed through the m a te ria l. This l ig h t  was 

sensed by very sensitive  p h to m u ltip iie r tubes and the flashes o f l ig h t  were 

counted. In the early  1950's the sodium iod ide c rys ta l de tector was developed.

In 1955, the l iq u id  s c in t i l la t io n  technique was developed, where the radioac­

t iv e  m aterial was in  so lu tion  w ith  the s c in t i l la t in g  m a te ria l. These techniques 

provided the means o f measuring low le ve ls  o f ra d ia tio n  in  b io lo g ica l m a te ria ls , 

leading to  an accurate measuremnt o f dose fo r  many b io lo g ic a l, environmental and 

medical studies.



By the early 1960's s c in t ia lla t io n  measurements had become standards fo r  measure­

ment o f ra d ia tio n  In  b io lo g ica l m ateria ls In  medicine and nuclear workers health 

p ro tec tion . The search fo r  more sens itive  means fo r  measuring gamma ra d ia tio n  In 

the environment had led to  the development o f a series o f Increasingly sens itive  

so lid  sta te  ra d ia tion  detectors. By 1965, a very sens itive  gamma ray spectro­

meter was developed which measured the energy o f the gamma ra d ia tio n  as well as 

counting the number. This allowed the m ateria l em itting  the gamma ra d ia tio n  to  

be Id e n tif ie d  from the ch a ra c te ris tic  energy. The gamma ray spectrometer w i l l  

be used to determine the Isotopes present In  m ateria ls  from weapons tes ts  fa l lo u t  

and release from nuclear f a c i l i t ie s .

The development o f the gamma ra ^s p e c tro m e te r led to  development o f two other 

techniques which could be used to  Id n e tify  m ateria ls  which did not emit gamma 

rays. Neutron a c tiva tio n  Is  a technique which changes an element to another 

element having a ch a ra c te ris tic  gamma ray by bombarding the atomic w ith  neutrons. 

I t  Is  used to  Id e n tify  p o llu ta n ts , such as heavy m etals. In environmental samples. 

X-ray d isp e rls lve  fluorescence devices cause a ch a ra c te r is tic  X-ray to  be emitted 

frm a sample when the sample Is  exposed to  low energy x-rays. The use o f these 

techniques have very broad app lica tion  to  detection o f p o llu ta n ts  In the environ­

ment, such as analysis of atmospheric aerosols, analysis o f to x ic  elements In 

tissue samples, and Id e n tif ic a t io n  of p o llu ta n ts  In s o ils .

Techniques to  measure the e ffe c ts  o f ra d ia tio n  on b io lo g ica l systems ( l iv in g  

organisms) developed In  p a ra lle l w ith  the techniques used to  measure ra d ia tio n . 

Early e ffe c ts  research looked fo r  v is ib le  damage or changes which suggested 

genetic abnorm alities. In the early  1950's research In ra d ia tio n  e ffe c ts  

sh ifte d  to  looking fo r  c e llu la r  damage. This damage could be seen under a l ig h t  

microscope, though the observation o f energy c e lls  to  es tab lish  good s ta t is t ic a l



re la tionsh ips  a t low doses was d i f f i c u l t .  In the 1960's th is  research led  to

c e ll bioassays fo r  genetic damages. The most famous o f these tes ts  is  the Ames

te s t developed a t the U n ivers ity  o f C a lifo rn ia  by Dr. Ames. I t  uses the change 

in  bacte ria l cu ltu res to  synthesize the amino acid h is t t id e r re , which is  caused 

by a s ing le  m uttion, as an index o f the a b i l i t y  to  cause genetic change. This 

assay has been w idely used in  the 1970's and 1980's to  look fo r  genetic damage 

from chemicals.

The search fo r  a means of s ta t is t ic a l ly  es tab lish ing  the amount o f c e llu la r  

damage from low leve ls  o f ra d ia tio n  was advanced by the invention of flow 

cytometry in  1965. This technique looks a t in d iv id ua l c e lls  which are passed

by e le c tron ic  sensors in  a l iq u id  supension. Often the c e lls  are dyed w ith

pigments sp e c ific  to some abnormality and the po rtion  o f the c e lls  fluo resc ing  

is  autom atic ity recorded. Techniques l ik e  c e ll bioassays and flow  cytometry 

have developed from research too ls  to  means o f determining the po ten tia l r is k  

o f cancer and genetic damage from ra d ia tio n  and chemicals.

[C entrifuge development in  DOE labs]

Medical uses o f ra d ia tio n  and instruments necessary to  f u l ly  e x p lo it  th is  po­

te n tia l expanded ra p id ly  in  the 1960's and 1970's a fte r  the early  users o f 

rad ia tion  in  medicine which can be traced back to  la te  19th Century (see pro­

ceeding sec tion ). Medical uses o f ra d ia tio n  can be classed as therapeutic use. 

o f ra d ia tion  o f d if fe re n t types, and diagnostic use o f a va rie ty  o f ra d io iso ­

topes. Therapeutic use of ra d ia tio n  began in  the 1930's. The f i r s t  therapeutic 

uses o f ra d ia tio n  used isotopes such as phophorus 32 and cobo lt 60. By the 

early  1950's ir ra d ia t io n  o f pa tien ts  was done on the Berkeley synchnocyclotron. 

The use o f other types of rad ia tion  sources which showed promise o f important 

therapy continued through the 1960's and 1970's. The production o f C a lifo rn ium ,
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a spontaneous neutron emmltter allowed in te rna l exposer o f cancers to  neutron 

ra d ia tio n . This promising new technique is  s t i l l  under eva luation.

The use o f radiosotopes fo r  detecting abnorm alities in  the human body w ithou t 

exporatory operations was developed through the 1940's and 1950's. The success 

o f these e ffo r ts  depended on the discovery o f su itab le  isotopes and the develop­

ment of "cameras" which would produce images o f the uptake o f the isotope by 

of "cameras" which would produce images o f the uptake o f the isotope by spe c ific  

organs. The development o f these instruments was described in  the proceeding 

section.

As the pace of instrument development increased in  the 1960's, the problems 

o f co m p a tib ility  between instruments and systems o f instruments increase.

In the 1970's, the use o f "on -lin e " computer analysis fu r th e r emphasized the 

need fo r  standard methods of in te rfa c in g  instruments in to  systems which 

would allow c o lle c tio n  o f large amounts o f in form ation from complex experiments. 

These needs were met by the Nuclear Instruments Module (NIMS) system and the 

Computer Automated Measurement and Control (CAMACS) system.

The Nuclear Instrument Module (NIM) system was developed to  provide a basis fo r 

replaceable plug in  instruments which kform modules in  power supply/instrum ent 

racks. The standardization also included some aspects o f signal inpu t and 

outputs to  instruments. A 1968 repo rt o f the National Academy o f Sciences 

National Research Council states " . . . t h e  Nuclear Instruments Module system has 

revo lu tion ized  the manner in  which experiments are now performed in  nuclear 

physics." The CAMAC system, developed by Harwell Laboratory, England, uses the 

NIM system but adds d ig ita l signals and bussing, systems communications, 

in te r fa c t in g  to computers and other processors, and the associated software.



The development and general use o f these systems have saved m illio n s  of do lla rs  

by decreasing the dup lica tion  of Instruments and the decrease In  the labor 

needed to  In te rface  Incompatible Instruments. The savings In time fo r  develop­

ment o f Instruments and Instrument systems, which relased research s c ie n tis ts  

to  do th e ir  primary work, are probably worth more than the more tang ib le  saving 

In  Instrument construction and In te rfa c in g .

The Invention o f new Instruments and an a ly tica l techniques by the b io lo g ica l 

and health program shas been p r o l i f ic  by an measure. I t  has both bene fltted  

from and provided stimulus to the explosion o f e le c tron ic  and Inform ation 

science revo lu tion  th a t w i l l  probably be considered the mark o f our times. The 

reason fo r  th is  success Is  In the basic s truc tu re  o f the b io lo g ica l and health 

research In the past few decades. F ir s t  there was a number o fw e ll defined 

program goals which not only a ttrac te d  monetary support but the ta le n ts  o f top 

s c ie n tis ts . In a d d itio n , these s c ie n tis ts  were set towards reaching these 

goals a t decentralized labora to ries  which had a mix o f d is c ip lin e s  designed to 

meet the f in a l ob jectives. B io log is ts  could learn from physlsts and chemists, 

as they learned about the problems and opportun ities  In  b io lo g ica l research. 

Their combined assa lt on the goals o f the programs led to  many e x c itin g  d is ­

coveries and Inventions.

The approach to so lu tion  o f b io lo g ica l and health problems In the new energy 

technologies has been w ell served by the stategy and techniques f i r s t  developed 

to  determine the hazards o f ra d ia tio n . Complex chemical m ixtures became an 

area o f v i ta l  concern In the 19870's as the nation explored the po ten tia l o f 

snythetic  fue ls  from coa l. Dosimeters fo r  monitoring exposure to  po lycyc llc  

aromatic hydrocarbons were developed to  meet the needs o f In d u s tr ia l hygiene In 

th is  new area of energy development. In  ad d ition , to  monitoring devices.



s c ie n t if ic  procedures, such as b iod irected  chemical ana lys is , were developed to  

measure the carcinogenic and mutagenic p roperties o f complex m ixture o f chemi­

cals derived from coal liq u e fa c tio n  and g a s ific a tio n .

Future evaluation of energy technologies w i l l  include the eva luation o f th e ir  en­

vironmental and health consequences. The too ls  to  make these evaluations are 

instruments and s c ie n t if ic  procedures l ik e  those developed to  evaluate the hazards 

o f ra d ia tio n  and the hazards of the chemicals fo r  coal technologies. Only th is  

kind o f evaluation w i l l  allow the planned m itiz a tio n  o f de le te rious e ffe c ts  tha t 

w i l l  lead to  pub lic  acceptance and optimal development. The instrum ent develop­

ment under past b io lo g ic a l, environmental and health research has met these cha l­

lenges by invention , adaption and improvement o f new instruments and techniques. 

Given adequate resources i t  w i l l  continue to  meet these ob jectives.



VI. NEW CHALLANGES AND FRESH OPPORTUNITIES

A po ten tia l flood  o f new p o llu ta n ts , such as the exo tic  chemicals from o il 

shale and synthetic  o i l  from coal w i l l  be produced in  quan tity  in  the next 

decades. Testing th e ir  a b i l i t y  to  cause cancer, mutagenic e ffe c ts , or somatic 

damage is  urgently needed to  help guide development o f the technologies to  

minimize health and environmental e ffe c ts . Now, before the technologies are 

locked in to  place and b i l l io n s  invested in  production f a c i l i t ie s ,  is  when 

guidance can be most h e lp fu l, and the leas t expensive.

The nuclear power industry is  in  serious tro u b le , fo r  many reasons. Public 

fears o f the e ffe c ts  o f low leve ls  o f ra d ia tio n , accentuated by the Three-Mile 

Island accident, seem to  grow la rge r each year. The debate about the low -level 

e ffe c ts  o f rad ia tion  w i l l  have to  be s e tt le d , which means continued and innova­

t iv e  research. Nuclear waste disposal is  viewed by the pub lic  as a nagging 

problem th a t has to  be solved. Already sta te  le g is la tu re s  have in  some cases 

forbidden nuclear power construction u n t i l  th is  delimma is  solved. Sea disposal 

must be investigated and perhaps developed, because land disposal may be p o l i­

t i c a l ly  unacceptable, even though te c h n ic a lly  fe a s ib le . In the present p o lit ic a l 

c lim ate , i t  is  possible tha t none o f the sovereign 50 states w i l l  accept high- 

level ra d io a c tiv ie  wastes w ith in  th e ir  borders. The processes in  the deep ocean 

need to  be investigated c a re fu lly  by s c ie n tis ts  o f in te g r ity  so th a t public 

acceptance would fo llo w  i f  safety could be demonstrated.

The breeder reactor and fusion are p o s s ib il i t ie s  in  the next few decades. Their 

fu tu re  w i l l  sure ly depend on assurance th a t th e ir  e ff lu e n ts  are not a th re a t to  

l i f e  or to  the environment. The e ffe c ts  o f t r i t iu m ,  plutonium, magnetic e ffe c ts  

and liq u id  sodium a ll  w il l  be questioned before these new technologies w i l l  be 

permitted to  proceed.



Although great s trid es  have been made in  understanding the e ffe c ts  o f rad ia tion  

(the National Academy o f Sciences re fe rred  to  rad ia tion  as the "best known 

po llu ta n t in  the environment"), socie ty is  a long way from closure on how to  

best use the f is s io n  and fusion resources. I f  the American pub lic  steps back 

from the resources, the pressure on our fo s s il and other energy options w il l  

be intense. As seen in  the discussion on Coal L iquefaction and G a s ifica tio n , 

the program has provided a s c ie n t if ic  basis to  address some o f the new issues. 

While th is  work w i l l  re su lt in  major savings in  the development o f the synthetic  

fue ls  ind us try , serious issues remain in  a l l  area o f the new energy technologies.

[Combined Box on Coal L iquefaction and G a s ifica tio n ]

The debate on acid ra in  grows more b i t te r  by the hour, fueled by inadequate 

data. Only when s u ff ic ie n t fac ts  are in  hand can the proper decisions be made. 

B ill io n s  o f do lla rs  are at stake in  p lan t m od ifica tions—p re c ip ita te rs , scrub­

bers, f lu id iz e d  beds, e tc .—and the increased cost o f lo w -su lfu r coa l. Great 

social d isruptions can be expected i f  eastern high s u lfu r coal producing areas 

are forced to  close. Questions are myriad. Do p re c ip ita to rs  increase acid 

ra in  by removing the la rge r p a rtic le s  th a t are mostly a lka lin e  and could neu­

t r a l iz e  the acids? Are p re c ip ita to rs  an "expensive f ix "  to  remove the v is ib le  

p a rt ic le s , while leaving the s m a llp a r t ic le s  th a t go deep in to  the human lung 

and cause most o f the health problems? What tr ig g e rs  the conversion o f s u lfu r 

oxides in to  s u lfu r ic  acid? In the manufacturing process, the conversion o f 

SO2 to  SO3 and then to  s u lfu r ic  acid won't proceed w ithout a c a ta ly s t. Can 

the ca ta lys t in  Nature be found and neu tra lized , thus e lim in a ting  much o f the 

s u lfu r ic  acid in  rain?
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Many serious s c ie n tis ts  are concerned w ith the buildup o f COg. Year a fte r  year,

slowly but s tea d ily  the CO2 leve ls  in  the atmosphere increase. As more and more

coal is  burned, the production o f CO2 w il l  increase markedly. While the CO2 in

the atmosphere allows the sun ligh t to  pass through to  the ea rth , the longer wave­

length l ig h t- - in fra re d  or heat ra d ia tio n —ca n 't escape from the earth because i t  

is  blocked by the CO2 , which is  opaque in  the in fra re d  region o f the spectrum.

Many fear th a t i f  the earth warms a few degrees, ra in fa l l  patterns w i l l  change, 

vast areas o f farmland may become unusuable, the ice  caps, containing tw o-th irds  

o f the worlds fresh water, may m e lt, flood ing most e x is tin g  large c it ie s  on the 

sea coast. The new areas o f open water, in  the po lar regions, once ice is  melted, 

w i l l  probably a ffe c t the w orld 's  c lim a te , perhaps even bring ing on another ice 

age. What are the w orld 's  sinks o f CO2? Are the higher leve ls  o f n itra te  and 

phosphate from sewage in  our r iv e rs  increasing the production o f p la n ts , thus 

removing CO2 from the atmosphere a t an incrased rate? Can the removal o f CO2 in 

the ocean be speeded by an increase in  the production o f calcium carbonate by 

she ll-fo rm ing organisms? Are vast areas o f carbon being deposited in  the ocean 

o f f  the continental shelf? Too l i t t l e  is  known to  p red ic t the re su lts  o f the 

buildup o f CO2 w ith any confidence, but the increase is  ind isputed and inexorable.

Our environment needs to  be looked at in  a new way--not as a f ra g ile  system, 

to  be protected at any cost, but as an ac tive  partner in  so lv ing man's waste 

disposal problems. C learly the environment has a "carry ing  cap a c ity ," the 

a b i l i t y  to  accept wastes at a ce rta in  ra te  w ithout degrading the environment, 

or harming man through the food he takes from the environment. For example, 

everyone would agree tha t one ounce o f coal ash, mixed in to  the ocean would cause 

ne g lig ib le  harm. However, a cubic m ile o f coal ash concentrated in  the ocean
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could have serious Impacts. Somewhere in  between there must be a reasonable 

l im i t  th a t the ocean could accept th a t would not cause adverse e ffe c ts . The 

bacteria l systems in  the environment, the plants and animals, a l l  have the 

po ten tia l to  remove and d e tox ify  wastes. We must e n lis t  the help o f Nature 

by learning what i t  can, or cannot, do fo r  us.

The earth is  one system, made up o f a i r ,  land, and water. Man must i n t e l l i ­

gently se lect which media—a ir ,  land or water--can best process the many energy- 

re la ted wastes from c iv i l iz a t io n ,  w ith  the least damage. Those decisions have 

not always been made w isely in  the past and as a consequence unnecessary impacts 

on both human health and the environment have been suffe red.

The ocean is  the key to  our fu tu re  in  many ways. I t  contains manganese modules 

and po lysu lfide  metals—m ateria ls o f s tra te g ic  importance. The heat d if fe re n ­

t ia l  between deep and surface waters near the equator have long been known to  be 

a natural storehouse o f energy th a t can be converted to  e le c t r ic i t y ,  hydrogen, 

or ammonia. The seas contain enought uranium and thorium to  fue l our c i v i l i ­

zation fo r  hundreds o f years, and enough hydrogen to  carry us nearly fo rever, 

i f  they could be economically extracted. A g ricu ltu re  seems capable o f ou t-pro­

ducing land, i f  the diseases tha t come w ith the crowding o f organisms can be 

e lim inated, labor costs reduced, and n u tr it io n a l d ie ts  o f s u f f ic ie n t ly  low costs 

can be developed. But i t  is  as an e f f ic ie n t ,  low -cost, tro u b le -fre e  garbage 

disposal tha t the ocean o ffe rs  the most po ten tia l to  aid c iv i l iz a t io n .  The many 

cleansing processes in  the ocean th a t d i lu te ,  de tox ify  and remove po llu tan ts  

from the water must be tested fo r  th e ir  a b i l i t y  to  come to  the aid o f beleagured 

mankind.
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I t  is  man tha t we must worry about most, p a r t ic u la r ly  the e ffe c ts  o f exposure 

to  small traces o f po llu tan ts  over long periods of tim e. Can life t im e  exposures 

o f indoor po llu tan ts  such as radon, formaldehyde, oxides o f n itrogen , e tc . ,  

shorten l i fe ?  Increase m orbidity? Is energy conservation dangerous to  your 

health? Are the new kerosene heaters a health hazard? Is the in te r io r  o f our 

homes more dangerous than the outside a ir?  Are the massive funds devoted to  

cleaning up the outside a ir  a ttacking the leas t dangerous part o f the problem? 

Should the big e f fo r t  go to  cleaning up the ins ide a i r ,  where we spend most of 

our time? Can sm all, inexpensive instrum ents, l ik e  the smoke de tecto r, be 

made to  inform us o f dangerous p o llu ta n ts  in  our homes?

New and complicated molecules, many c lose ly  re la ted to  known carcinogens, can 

be expected from the new energy technologies. The " f is h  bowl" conditions 

under which a ll parts o f Government operates makes any e rro rs  an embarrassment, 

i f  not a crime. Without answers to  the health and safety aspects o f the new 

energy technologies, the 'wa§ decisions w i l l  be d i f f i c u l t  to  make. I f  correct 

decisions are not pursued, public confidence w il l  be eroded. Without pub lic  

support, our energy goals cannot be met.


