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Hankid ha8 alvlryr lived In an enviroarabnt e u f h o d  vith radimetit i ty  

from natural aad unavoidable ~)uroeo  swh .I radioaotitrs minerals snd o o d c  

rayrr. 

Intensities t d  to be much lwg. at  sea level and on mmll isl&s, with the 

exwption of Baltlo ielande, throughout tbe mrld. A t  hi& altitudes ooamlo ray 

sot iv i ty  inareares signifioantly. similarly natural rsdioaotivity Prom minerah 

inoreaaecr rlgnlficantly ia acme mines, and in  the vator q p l i e 8  of sate arear. 

For example, water in the Jolirt area in Illinoir Qontdm r e l a t i n 4  largs 

quantities of radium Bad i t r  daughtaF produatr. 

&mad Roentgan aad natural rsdioiaotopor by Baoquml aad the Curies, there har 

beon a d d y  lnar.are i n  the 

CLTO be- elrpoead. With the develapasent of nudear ueapons aad the epnd of 

atomio energy by iaduotriil aetlvltios, the letrpla of uorld wldr radiation vi11 

amquertionab2y mntimze to bareare. 

Natural radfoactivity varies greatly in donee throughaut ths world. 

Stnee the dlraotrey of Prays 4 

of radiation t o  uhiob regmanto cf mmklnd 

At the present time there is oonfsdanoe that the lnurabexlt to the 

MtUrdly oldsting rdioaatirity i e  but a amal l  Praotion of that bdirwd to 

d o t  prior to  the teeting of a t d c  wmpons aad tha presently dsvdaped o t d o  

anergy ialustry. Hovwer, vhsn one spaairles the d i w w  aaurodi of radiation 

to whit91 large -bere of mrrnklnf are being expored, it is  qulte widat tbat 

~ r i o t l d  oopcesn mwt be folt by phyaloians ard soientiete for the possible in- 

fluence of such radiation upon individuals, rsslected p u p s ,  atpd whole popula- 

tione. In the course of the ddiberatlon of W e  panel attention was called 

to #e aldetmue of the folia typee of expoaure to rediation t o  WtiLah hrBnnn 

bingo  were exposed, v01uxrtarll.y and involunfmily: 
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man, Bi)vere depreaaion of them demente occurs later, aad recovery is nore de- 

layed. similarly, the time af death  in man resul t ing principally from htnnete 

logical depression differs from t ha t  of laboratory animals. In m e t  laboratory 

spceoies, ossentially all animals alive on tho 30th post-exposurs day w l l l  remain 

a l ive  for several months, although the l i f e  span it3 shortened. In  man, however, 

the peek inddenoe et' death frm BUUTW dsprmssion oocu8  during the 4th and 5th 

post-expome veek (FUro8&lrne and Nagasaki data). Thus an u1 30, 30 day considera- 

tion is insdoquato t o  aharaotsriss tho aeute l e t h a l  does response of man, anr! an 

ID 50, 60 days would be profamble*. The axtensive aer ia l  blood counts obtained 

in human beings sxpoeed to fallout gaqp rdl ia t lone m e  relied on heavily in 

aharaoterlsing the hsnretologioal responses of human beings exposed to external 

radiation. Admittedly the dose rat. w i t h  fallout uaa mch lower than with prompt 

radiation and map have redwed the rffeatirsneep, somewhat. These individuals 

received, I n  addition to gormyr radiations, beta radiations of the Bkin, erd probably 

a minirpal degrm of Internal  oontsnination. It va8 the conse118ue of the ntlpanol 

that neither the beta l e d o n e  nor the low level of internal contnmlmtion eignUi- 

cantly oontributed t o  the pattern of &.ngo observed. ' h i s  dew was supported 

the general agreesPsnt of these data wl th  other less e ~ b B n 6 i ~ ~  data on human behga 

who d i d  not receive, additional skin lesfone or internal contamination; and the 

lack of aorrelation between the sevsrity of hemntologlwil change and the extent 

of bets lesions In those exposed t o  f a l lou t  redietion. The reservation was held, 

however, tha t  data are  inedequnte t o  eat.bl3.8h this view with certainty, and that 

synergietic effecta cannot be ru led  out. 

W t Y  sad m rbidi4y frm @@,+bods r&&&&& t 

The pan-hempoletlc depression contribute8 in largu measure to mrbidity 

and mortality following total body irradiation, In  the sublethal and low lethal 

T h e  reservation must be mede here that the  expoeed Japaneae population ver0 
heterogenous w i t h  respect t o  age, sex, physical ooDdition and degree of added 
trauma from burns or b las t .  The extont t o  w h i c h  t hem factors affected 6- 

viva1 t h e  has not, been determined. 
onverse  i s  true-homgoneaus populations are studied. 

In etudies on laboratory animals tha 
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ranges, the rsspanse obssrr9.sd l a  oonafstent with other olinioal  panuytopenlc 

states. Neutrophil daprcrreion Inereems the euewptl3f l l ty  t o  infootion and 

platelet depression contribute8 to,* bleeding tendency. 

ment af these defeats durm tha flrd fw veeks m y  p e d t  &val In 8ome In- 

dividuals who might otbervire have mocm?md. pha oonoqt of total. body p r a d i s t l o n  

a8 priorelrily a pancytopenic state, vh i le  useful, in p h b l y  an o ~ r s ~ l l f l a a t l o n ,  

par t icular ly  in low 

CorreOtion or treat- 

hi& lethal rangas. 

-Y to m u t i o p  Is well estebl lahd and the patbgeaeeis  

may well involve interference vlth speoific inmUne msohanisms, phagocytOsi8, ami 

oigration of lwkooytes in addition t o  simple neutrophtl deprerrafon, 

t o  l&&&g is vel1 carreletad vith p la t e l e t  depression. 

Rowaver, additional faatoru may be iavolved maoh a i  l ipid antlthrodmplaatina 

(Tocantlm) or disturbances in the 8 l ipoprotein transport mechanism (Nickson 

Bane). 

heparln narsinietratlon to rabbits. The relation of these al terat lone t o  ths 

hleding tezxlenoy ha8 not been establishsd. 

heparinemla is not a oontributing cause of bleeding. 

In some hstanaes, t h e  l a t t e r  ahangba me similar to changes M u c a d  by 

It w8 the on88n8ua that frank' 

After a d o e m  daath a n h a  even if hernorrhag. an3 W e a t i o n  are 

&rm free r a t a  die a t  dore lmls moderately higher than the lethslr oorreated. 

dose for rate in the  natural &ate. The80 animals d i e  l a t e r  with never0 hemorrhage 

and a n d a .  

within the first  veek presumably fraa f lu id  imbalance snd vasatlar oallapae cop  

r d a t s d  vlth marked damage t o  the i n t a s t h l  apfth02im. 

dose levela, poorly known aad l i t t l e  tmderstood bioohmical ahngos" o o m  &dah 

may oontrlbute t o  mortality in the axposed individual. C u r  knowledge is irrndsquate 

t o  d e t e m l m  a t  tb present t h e  t o  what oxtsnt auoh biochemiaal change8 may p m e  

lethal in themselves even vhen infection and hsrlaorrhege g.n be treated adequetely. 

A t  dam l m l e  In e x ~ ~ s  of the LD 100, 60 d 4  level, individuals d i e  

It is clear tha t  a t  all 

*Apparently decreased respiratory quotient (RQ) i n  snimala; Increased excretion 
of amino acida in irradiated human beings, etc. 
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b data are evailable t o  allow adequate characterization of tho I3 50 

The degree of hmatological dapree~ion observed in  patients re- value f o r  man. 

ceiving t o t a l  body x-radiation indicates that t he  m n t  eatirpate of 4% r i~ 

a reasonable es t l r~a to  fo r  x-radiation as employed in ths olinic. A reosrrt re- 

evaluation of the data f'mm Hiroohlma and Nagaaki iadloated 8 value higher than 

this for Laamsdiate gemms rrPdhtian *om the bomb. 

consideratiom oen ba interpreted to Lndicate tha t  tbe LD 50 for man exposd t o  

immediate gamma radiation arrl f a l lou t  gaaw redlat ion from ths atomic bomb m y  be 

lover than thir  figure. A large degree of uncertainty exlets io both approachss, 

Oeometrical and depth-dose 

and more biologloal and p h y e i d  data are raqulrd t o  Mt t le  the iserue. The sit- 

uation is complex, and it boame evident that it is not posaible t o  extrapolate 

with confidence Prom one cordition of radiation earpoaure t o  another, or from ad- 

mal data to msn. 

BB for deteatfble sffeotpr 

There appears t o  beao threBhold* dose fo r  ohangea i n  the par l#mra l  

p l a t e l e t  oount end possibly for other elements of the blood. 

low doee  level^, bomver, oan be datocted only in a re la t ive ly  large populetion. 

Changee a t  very 

Nothing is knoun about subtle ohangee in tha blood forming organs a t  dow levela 

80 small  that chaagss in the blood picture cannot be detected. 

-ion -sure and i t e  awe ritn 

The diagnosis of exposure t o  radiation aad iter severity 1s made on the 

basis of the hietory am3 physicrrl en3 laboratory examinations, 88 with any dissasa. 

Available eetimatea of && roentgen dose reoelved obtained Sy p h y s i d  means should 

be coneidered i n  evaluating the dsgree o4,.alrpaeure, but should never i n  themselvee 

be taken ae an irdex for disposit ion or  treatment eince tissue doeq a d  $fstributioq 

*The threshold conoept may h incorrect eince i nab i l i t y  t o  detect  effeata at lover 
doeea may o n l y  be a manifestation of inadequate c r i t e r i a  for effect .  For praat i -  
cal purposes a threshold night be dlaeaifisd 88 t h a t  dose where s t a t i s t i c a l l y  6ig- 
nificant difrerences are detected. For many e f fec t s  this m y  necessitate OX'tremelJ 
large aarnples. 
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of abeorbed energy ultimately deternfnaa effeat not dose in air. 

radiation exposure shu3.d be avoided if po8db10.  If exposure is necesaery urdw 

Any degree of 

emergemy oondltions, severe hematological depreeaion m y  be q s u t d  at  doses of 

100 r o r  more measured in air, from inmediate radiation frcm the bomb or  f r o m  the 

gama radiation f r o m  fallmat material. With human expome a wlde speutrum of ages 

and of e t a b  of health i a  likely to ?s involved. Thus It i s  not posri’de t o  p w  

d i a t  acoutately the eeverity of response that might be expeat& for Q population 

exposed a t  varioua doee levels. There l e  ddenoe f r o m  the humen baings expoad 

t o  fallout radiation that dldrea may be more stwerely rslpeoted than are young 

adults. Whether WJts Is due t o  inharently greater sensitivity or  to an increaeed 

depth dose due to smaller e i m  is not knovn. FYom anlmal data, It has been post- 

l a t d  that elderly individueLa may be amre earfoualy affeated then young adultar. 

I 

Reoomnendations for therapy are given for 1)  oonditions where exposed 

irrdividuals aan be aarefdly d i a d i v i d d l y  handled bemuse they are limited 

in number and ~doquate fao i l i t i er  exiet for takfr~g ciare of them, and 2) expogurse 

a t  the cataetrophie level &ere adequate mediael observation and care are impoe- 

aible. In the first category, of omdlnal importencs i n  therapy i s  wsful ob- 

eenratlon, good nureiz4g w e ,  aad treatment on an irdivldual baaie of any co& 

ditioa that mey arire. 

and ahould be edminlstered only if infeatioue proassees deoalo;, that would be 

h t i b i o t i o s  in  general should not be given prophylactically, 

treated vith antibiotics in the aberence of radiation. Prophylsatlc uee of anti- 

biotios m y  be oonsidered fL’ the neutrophil count drops belov l,000/IlOd. 

phyleutic use of antibiotics rimy be conaidered particularly where BOVBTB wuuade 

or  other oomplimtions may be present. If at ib io t iar  are ued, they should be 

& 

’r: 

@Mn ltjr@ dOS08 a d  the brod-rpednan drugs 8hOdd be employed. Fluid8 

should So given as iadicatd  dlnlcally. 

t ical ly ,  but only as iniicatad from olinical ami laboratory findings. 

Blood should not be glven prophyleo- 

Presh 



uhola blood lq direct silicone multiple syringes vithout anticoagulant or 001- 

lected in plaetic bags or pletelet  tranaf'usions may be of eoms value in control- 

ling purpura ard other hsmorrhagio IPaaifeetatlona. The uae of drug0 without 

dear indication i e  disctouraged kwuee cf their unknown and posiibly harmful 

effects on the irrdietbd individual whose metablimn i s  deranged. Parenteral 

admini~tration of druge should be held t o  a minimum beuauae of the added trauma 

i n  an MivMuel susceptible t o  purpura sad Infeetion. A t  preaent there are no 

specifio prophylactic or thsrapeutio agemta* that ohould be dock-piled for me 

I n  the hematological depression and the resulting disease etate following expome 

to total body irrsdiation. 

Wer orltestrophic oonditions it of oourae v i l l  not be possihle to  

adhere to the abova ngimsn. The prinoiples of therapy remain the same, exeopt 

that here there is B much better potential cme for uidoeprearl and empirical anti- 

biotic dlapeneation, pertiaularly to i&ivlduale in uhiah burne, mechanical wouzxis 

or other added trauma exlst. 

$IF -S TO RADIATIa 

1) Tbe Japanese d8ta from th8 EIfrouhlnu and Nagasaki bombings 

sbould be fkther e m a d  in respout t o t  

a) Duration of doprosalon of leulcocytee a8 a funation of' 

dietanor and a d d i n g  (doae). 

b) Leukooyte counts at  various intervals i n  relation to ultimnte 

*Antibiotics of great value in tho therapy of infeation i n  the exposed individual 
are not coneidered hers as speaifia drugr. 

marrov preparations, etc., alaimd or ahown to favorably modify  aaute radiation 
injury i n  eninal~, have 110 plaw ae yet i n  the treatment of humn radiation in- 
Jury. 

Suoh prophylaatic agents known to  
t h i s  p-1 eUCh a6 dfbsdryl OcOnpowd8, hypold& inducibg dW6,  Q1-n 01: bone 



01 Survival time ae (I function of distance and shielding (dose), 

and of age. 

The degreo of  i n i t i a l  blood count depremloo in relation t o  

the later development of leukemia and other late dieeaee. 

Additional and intensive s t ~ d i e e  should be initiated on human 

beings receivhg radiation to the whole body or larga portions of 

the body in th. therapy of mrlignant dieMWa 

&ould be given to  the t i m e  oourse of peripheral blood mounts for 

severed vwke following e%posure t o  different dQee8, and the nature 

d) 

Partiuular attention 

Of the dotting dOfeot*a 

Initiate studies on the cause of death i n  anlmala in Ai& death 

h.om brrmorrhogs a d  infection have been prmnted.  This rofers 

t o  doaths within the mat few weeke, as opposed t o  the much later 

death8 fram nephritis, nwplaela, O t C a  

Although nothing of praatioal value is now available for the we- 
a i f i c  therapy of .auto radiation injury, it is urged that further 

research be pursued on tho ftxd.mental defeete produced 

1- radiation on mranaalian syataas. - ion- 

d-thabasLQ 

1, w i t h  this h mind fb&M 

r a ~ ~ ~ h  18 n d d a  

to lmply that Jfeatiw tharapy 611 be expected the near fw 

ture or M e e d  that overwhelming doses are ever likely to y l s l d  

to  therapy. 

bmver, it would be unfair t o  the publia 

LONG TERM EFFTCTS ON THE EXGOD CF A SINGLE EX?OSUF(E TO IONIXIKQ 

RU)IATXON 

"he bed e h & s  8ouroe of inionnation on th is  subject is the JapcUM~se, 

Cone member of the panel reactivated the heparinda concept of radiation hmrrhage 
by draariblng the aesaation of bleeding in an irradiated individual vith thorn- 
p d a  folloving injeation of protamine, an antiheparin agent. 



survivor8 exposed a t  Hiroahlmn ani Nagasaki in August, 1945. 

data  on the iaanediate radiation effect6 a re  fragmentary and data on the R S I ~ O S ~  

individuals between the 16th week and the  2nd year are not available. 

a r t a t i s t l o a l  analysis of the hematological data obtained by studies on Hiroshima 

eurvivors and a control population, oarried out from 1950-1953 (aecC Program ME 99) 

showed tha t  there wab no evidence f o r  an increase i n  leukopenia, leukoopiosis or 

a n d a  in the exposed as compared t o  the control populstion. During t h i s  period 

several caw8 of ap las t ic  anemia were encountered among the Nagasaki survivors. 

However, it cannot be def in i te ly  atated that these casea were due t o  stomic radia- 

t ion.  

Bumdvora. 

dyscrasia in t h e  Japansae. 

Of neceasity, 

I n  1951 

Up t o  l a t e  1953, no oases of ap las t ic  anemia had been found i n  the Hiroehim 

It ahould !x noted that "aplaetic" anemia i s  not an unaommon blood 

I t 

In  contrast, an increased incidence of leukemia among survivors baa been 

olearly established. 

radiation could increase the inotdence of leukemia urder oontrolled axperfmental 

conditions in laboratory animels. 

incidence of leukemia i n  t h e  irradiated rmrvivors i n  Hiroshima has been carried 

out by the ABCC. This attudy is continuing an i  a s t a t i s t i c a l  analysis, b a e d  on 

It has long been known t ha t  repeated or single doaes or  

Aocordingly, an intensive investigation of the  

the varified oasei of leukemia oaourting i n  the Hiroshima survivor$, establiehe8 

beyond reasonable doubt that the inaidence of leukemh v8s signif icant ly  increased 

in exposed individuale. 

ahima. 

an annual incidence. 

During 1955-1956, 22 new oaser were di8CO~ered in H i r o -  

The following t ab le  is baed on the six year Incidence from 1942-1953, not 
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Incidence i n  Survivors Wha Ilsd 
Diatance f r o m  Hypocenter Acute 3pptoms Roferable 

In  &torr To R&&oa 

0 -  999 1/50 

1,500 - 1fi999 V583 

1,Ooo - 1,499 V150 

2,000 - 2,499 V950 

1 2,wo 1/l2,000 

Particularly germam t o  the above table l a  the  faat that spontaneous incidemoe 

of l e u k d e  in Japan a t  large during thir  t h  MI lr16,000, 

the hddenoe of dwth from l o u k d  in Japan l e  about one third that of other 

countries . 
Data lndlcate that 

Analysis of the Inaidonoe of loukemia by the ABCC t e m m  at  Hir~ol-~lma 

rovo.18 certain inooonslstsnoiee which are dioturbing: 

Some of the people vho were 2,000 t o  2,300 meterr from the 

hypocenter devoloped unqusrtionable signs of i rrd le t ion  riok- 

maot 

aoooding to available published BOUTQ~B of information*, the 

dore reaeived war ktwm 8 arpd 35 P gamm radiation. 

Tb. inoidenoa of leulcaaia among these people a t  2,000 to 2,500 

moterr vbo had irradiation eicknese i s  atatistically greater 

tban fa, the bcfdence aprong people who at  the 6am distance, had 

no irradiation illnsrcl. T h i s  further indiostea tbat some individuals 

i n  this region reoeivsd signifloant expoours. 

.pilation, purpura or oraphargngial leaione, where, 

Theas corusidaatlons make the observere rmspeot that the available i ~ -  

formatian about the Bmrnmt of irradiation expoatre play be incomplete. The members 

*The S f e c t r  of Atomic Weapone, Page 235, U. S. Oovsrnment Printing Offioe, W8-g- 
ton, D. C., 1950. 
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of the panel find it d i f f i c u l t  t o  atduate the data  because of these incansietew 

olea and would lib t o  recroPmend that  the knovn data on exposure of the  Hiroehippa 

group be medo a d a b l e  to those who were respoasible for the  l e u k d  data and 

its interpretation. Amthennore, Without preoiee h o w l d g e  of the  dose8 reaedved, 

it boo-6 -86ibh to eo tab lhh  lsVel8 Of &@e elrpO8WO at VhiCh t h e  hCidmC0 

of leukemia ell not be inoTmsd, if in faot n Athreshalda e~dsts. 

t i on  is vital  t o  the fu ture  uelfaro of' human being5 who m y  be forced to live in 

contrmlnnted area#. 

t h r e b l d  levole for radiation effeotr ,  it beoolpes absolutely sesant ia l  to obtain 

the moat roliable eetimnto of the exposure wherever obeenpble affeate  have beon 

dateatad, 

Sucb informa- 

In addition, uith the grovlng belief that there may not be 

In Japanese atom bomb frurvivor8 the leukemia8 have teen predominantly 

myeloid. h a v e r ,  Dr. A r t h  of th ia  panel emphadms that radiation induced 

mhatiq leukemias in Europeans have been obaervd. 

in te res t  that lymphatic leukorain i a  e r a r i t y  in Japan suggest- that r a i l a t ion  

Is prone t o  induoe the type of leukemia that  might o o m  epontaneou~ly. 

In t h i s  COnneotion it ie of 

F-?Q&&c O ~ W W  W O O O ~ ~ R  &mloD-nt of OM OULI &mkemlq ; 

bl the C O U ~ . S ~  of St ld ies  on Japanese . todo h b  8&v[)F~, obeeme- 

t iona on hematologio ohanges p r o d i n g  development of overt ahronio myelogenous 

leukemia were made In n llumber of a s e a .  In routine surveys, blood studiee ret- 

v d e d  evidence of a gaeraliaed prol i ferat ive e f for t  by the bone marrow, many 

months before obvioura evidence of leukemia. 

once of a small per aent of n~yelouytee aad metarayaloaytea, and a very s t r ik ing  

Increase in abeolute numbera of barophlls, in the peripheral blood. 

were accompanied by increased numbers of p la t e l e t s  and occaalonal n017rtObla8t8. 

Beginning i n  Novmbr, 1952, blo&.e:emical studiea on t he  separated leukocytes d- 

onstrated that i n  these early precl in ica l  cages of leukemia, the polymorphonuclear 

These oanifeetationa ware the  pro- 

These changes 
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leukocytes contained very l i t t l e  alkaline phosphatase. These alkaline phosphatase 

values were s i m i h r  to those rsported by Valentine e t  a l .  for ~ u t r o p h i l e ~  in well 

eatabliahed uams of ahronic nplogenour leukemia. 

Subroquent studies in chronlo myslogcolous leUkerSi., e q l o y h g  histo- 

chemical a8 wll as b i o o h e d d  methodr, have &OM that 2 per cent or  leos  of 

rqpentsd polys oantdn man eaall amounts of alkaline phosphatese. 

i n  other colditions with Increased polprphonuolear  leukoaytes, suoh as Infootion 

In aontrast, 

and m l o l d  mtaplasia ,  the  al+line phorphetsse values are high arrd praot ical ly  

a l l  segasnted neutrophileu wutain large OpLOuIlts of alkaline phosphafaw. 

It has been poettllated t h a t  the l e u k d c  0011 i a  deflaient and i n  the  

preaursor atage of dmloprwnt  of lmkemh, tu0 populations of cells a m  proeent 

with the leul.nric tppe inoreaaing in number until  a t y p i d  l e u k d c  blood p l b  

ture i r  &ant. It has bean the experlsnoe of soma of the panel inembers that 

and lLperioans exposed to  f e l lou t  redlation in March, 1954. Careful etwiy for 

oyt01oglo.l ahangss mentionad abve ,  especially basophlloaytoeia and iranature 

leukooyter, aad routine hietOohe~oel utu3lee for alkaline phosphatase (uelng 

peripbrel blood amears and either Cbmori'e Cobalt technique or  t h e  a m  we 

method) should be oarrid aut. 

for alkalias phosphatcur, on separated leukooytes should be done. In view of the 

long "latent perid",  studies f o r W y  yeers after exposure if not for l i fe ,  are 

In mcspidous oasest biooheded determinetions 

essential. 

2)  The cytologla and histochemical-biocheucloal atudiee might well be 

employed In tmrveyi of radiologis ts  and other ohronically exposed groups. 

3) The preeent ooncepta of leukemid reactione and myeloid metaplasia, 

Further studies and the relationship of these disorders t o  leukemia are obsoure. 
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on the eaapne a d  metabolio a o t i v i t l e r  of ~eukocytes in them disorders may lead 

t o  a better urderstding of radiation effects on lqpeloid oslla and the role of 

irradiation in lsukemogsnssir. 

4) It i r  generally reaognissd that routine hamtologie sttdies of 

potentially exposed irxiividuals are us6teful cud wqroduotlve. Howwar, rtudier 

on select groups by routine d newer techniques are highly desirable, o.g., 

radiologiste, physfolst. 

5 )  It vaa the oone8n8us tbat it would be d e e b h l e  t o  kaou the in&- 

den- of leuksmia in  W I mldlers ubo ware exposal s igzdfhmtly  to nn16bid gar. 

6) Padlatriobm have fluomsooped aevbarn babies, and a aonsiderable 

doee of whole bcdy radiation may have beem noeivd. 

these expoeed ahildren l a  needed. 

A low term follow-up on 

hnaressing numberr of human bingr are exposed t o  r rpeatd  doses oi 

radiation frequently a t  very low dose l m l e .  Thus in iadustry and in ASC 

h I t d ~ 8 t h l 8 ,  h r8diologtsts a r a d i O l O g i o a l  b d d O b 8 ,  publio hula 

eur~eyar a& particularly thome using ~uoroacsopy, and in repeated roentEprnogranu 

in Mica1 aad dental diagnadrr, largo populetiona are exposed to radiation a t  

levele well in oraers of baakgruuxxl. 

There are m a o r a l  ~ t d i e r  on rdfologFiats .ad radiological tochniai.as, 

lndioating that etatietically tho  blood oountrr of & ildidduals may be altered. 

Smllarly from the vaet number of wuntm on izxlividuals eqmmd t o  lov level 

radiations at AEC installatione, there ie evidenw tbat the m - d l s d  ma3dpRIpI 

permiseaable dose may result in s t s t i s t ioa l  altomtlon in the blood mutat. "ha 

possible ~lgnifi~tmce of these small Ohanges is not clear. 

in neutrophllee or lymphooytes count has l i t t l e  or  no signiflaance in itself. 

1% would appear that i t 8  significance I n  relation to the 1s- dmlopmant  of 

Tho alight deareaee 

0 0 1  1 0 0 2  



leukemia or other diem80 that short*na 1i.f. 8pan should be inYeatigeted. Roe 

onxmndationo to t h l a  offeat are glm belw. Data are available on the happato- 

logioal affeatts of expoaura to radiation up to  10 time8 badcgrolmd. 4he drink- 

redlum content of the drinking water ai rwighboring oammunitiea. Extonaive 

study has failed to  deteat differenom ascribable to the lnarmssd rdium oan- 

tent of the drlnl&g vater. 

nign aonlitions, it reuam alear that aerioue late  effects can result from a 

r ing le  exposure or a r d e s  of sxposuror to 1c. or i rotoplc  radiatlona. Thue 

In the courre of radiotherapy for  relatively bb 

thyroid oanwr her resultai in ahildren givm rradlstion for thpic  enlarpnent. 

siplilarly, l.uksai. has been raported in iadividuale reaeivlng repeat& r r d i a t i o n  

therapy f o r  apordylitls, ard in patients readving rapeatai 1-131 f o r  thyroid 

oanaer 
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1)  S5nce there era geograpbhal looatlone in vhicrh the known zgdia- 

tion intensities y8ry mnelderably, it is felt that tbe iDci8enoe of  leuk- 

should be eatahliehod in: a. Islsnd opulations (low baakground except Baltic 

b. M e 8  (dgh background) 

0. Prison md o i v i l  papulation in Joliet  (radium 

I*l.adlrp 

eontent in water higher than n o d )  

2) It was the don8onme that a aeaseless search should be cantinu- 

ausly m d e  for other harmful a g a t e  in the atmosphere ald our modern diet. 

gewinely f e l t  that preoacupation with radiation aray obscure other squally h a d -  

It  I s  

USEFULNESS OF HBJW O U M I C  WJDIES IN C O r n O L  UF RADIATION 

A large effort at  great expense was made by the AEC during the d e v e l o p  

ment of atomio energy to  determine if  routine hsmatologio atud5es would deteat  

low level exposure t o  radiation. It wa8 the consensus that frequent routine 



studies on perwmd e q o d  to  low l ~ v e l 8  of radiation have 0 limited value 

fbt does not just- the q s a s e ,  Phyeical control of th SnVirOmnt by ra- 

diatloa monitoring is an offeatin m e a ~  of maintaining a eafe srroironment, and 

nothing l e  gained by videspread hanatologio studies on p e r a o w l .  Hovmr, it 

'baae l b  strdies h e n  attDilable relative depression aod recovery time as a 

fundion of doue mould have beem mom pr.<rlsdlp detemdned. Acwrdlngly it i s  

believed that peridia, p e r h 4 ~  annual hamtologlo duli08 ehould continue on 

limited group8 of i d l l r i d u d l a  who run a greater rlek of aacldaatil ovezcexpomxre. 

Certainly, all irditriduals ubc, haw ban  expored bo awldentally a t  dose lavela 

of zs r or more oi e r s e ~ t i a ~ l y  uho~e body radiation (sin& elcposum) ehould 

have periodic eysksDatio Btudies t o  dotswine tho degree of hematologia do- 

preedon and the rooo~ery rata. There individuals should remain amy *om an 

environment where f'urther overexpormre i e  likely until the doeo readved has btm 

amortised at  the rate of 0.3 r/wdc. ?he latter i s  suggestad b8oauae Clinioal 

radiation therapy experieumo iadloatee that irxllviduals who have boon expoad 

prevlauely a8 m result of 10-1 therapy or  whole body eqoaure shou greater 

hamatologic depression following further whole body radiation. A more fruitful 

f i e l d  of hrsratologio study in relation t o  ahronlo redlation axgotime would appear 

t o  be the perlcdicr study of phosphatase oontent of the neutrophils and number of 

basopblle, on llmlted populations, who ara know to be exposed chronically, such 

a s  radiologhts, urologists, orthopdiata, x-ray technluians, aad dentists. 

 USI IONS 

At the amnoesnont of the deliberations there waa some question i n  the 

minds of the panel as to  the objeotives and the reasons for the establishment of 



the panel. 

addition to the confueion in tho minds of the pubUc there elm eldstr eoma lnrge 

gape in knouldge eseantlal for the uxhmstanding ard quarrtifioation of radiation 

hararda in the world of today let  alone the world of the futuro. Tha imardlate 

However, in the course of the dfsauselons it becam apparent that in 

ePfeots of direot ~ o s u r o  to high intensity r d l a t l o a  are udll dommented and the 

relation of dore to  affeot l e  h w n  Vith 60m dogroe of mnflder~c-e, wen though 

certain hiatuser exist  that are listd in the general dirausdon azd reoommxb 

tionr. In the redm of h n i c  elrposure it MI reao&md that the unavoidable 

baaagrourrc\ level of radiation warn known to vary vith eamons of tbe year, gaograghio 

looation, am3 altlttrde abotts e a  lapal. fiovsper, world-vide l d s  do not reem to 

be known with 8uffialeat aoaunay to doters ins  when a r l r e  in atsrospherla law1 of 

radiation i ~ ,  definitely oacmring. 

cm tho relation o f  dose t0 &feat under aoadltlonr &ore hund'ul dfe0ts were o b  

Sin- there l r  l i t t l e  quantitative intormation 

setablish the lml of atrpo~&erla redfoclativity a t  Vhioh dstootlble ohrordo affeote 

might oonwlvably ocaur. Houmver, wlth all of the reconrm.rdations oontalned In  

t h i e  report, It is W i e v e d  that a aoraab-typ.A researoh program to obtain needed 

information is  not indiotitd. 


