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1. &Et r&uc:icn 

Tke fmdequacy of the experimental snci cli.nictl dEta upon which the "tolerance 

dose" of v&i*locs 2 ~ n M - a ~  radiatiom has been 'wscd is pointed out fr, the Introduc- 

t ion e& i n  CStptS' N or this volume. 

charpd Kith the rcsponslbflity cf protecting the personnel working cn the plutonim 

projec: frm ~cverexposweR to  iorJzirig radiation or the tcxic effects  of u~sni~mp 

thzt t3 clinicallr appliccble t e s t s  piwe known which c o d d  de%oct blclogical altere- 

tion I a  an an.i.mil or hurana exposed to  doses of radiation or wenium isotopes in the 

It was 6pFmrnt t o  those of 1;.5 who Yere 

fitaierence range. A ' 

Yfi.8 t m d c  effect of mardm which i s  dfecrr~i6eci in d e t a i l  in Chapter VI af 

t h i s  Tolwe and Volmo 20, ,Pert XI hed been emphaEiaod by the work of eeveral in- 

t-estfge tors (1 1 (2). Ths work of these imres tigatar s has e tressed the toxic effects 

of uzaraiura oa tha kidney when a&inlstero,d parenterally i n  minute quantities. No 

publications wre available, hrniever, on the amount ons could expect woUd be ab- 

sorbed frm %be skir, lu i~s ,  or gastrointestim1 tract lahen such routes of entry 

were possible nor was infomation evailable on the oxpected biological effects of 

uraniw campounds thus 8 b s ~ r b e d  Sn smaU quantities frm day $0 day. 

indicetad t h s t  the radiation efzect of uranium 238 even if it were absorbed mould 

be , - a l c t i v e  negrfgible unless deposition within the humen body resched a t o t a l  of 

approximtel;. five gram, 

Calculations 

Thus, it WBB qparent that the toxic i ty  af umnim was 

primirily chcmicsll and clinical tests  were needed to detect &inage. 

Certain Z6cU were known regarding the biological effects of ionizing radiations. 

Beginnlag with the work of Heineke i n  1903(3) the adverse effects of radiation upon 

the blood forming tissue and the reflection of such effects  i n  me peripheral blood 

wzre recognized, Innumerable investigators have since studied other biological and 

http://an.i.mil


8;em net directed toward the study of the rcre c b o x t c  ganerol biolocicsl effects, 

?;ith this brief intr&uc:ion it i s  apparent that t o  prevent overexposure of 

personnel t o  sad i s  tions ard wazxhn toxiclfiyr exter-sive prophylactic measures had to 

I *- 
dl 
c 

comtantly de'*ermined. Pl!,: changes Fnduced i n  the hemetologicel constituents of the 

peripheral tlood ant? in $tie mine viere coasidered by most of us to be the m o s t  sensi- 

t i v e  known iuciicators of ,-adiatisn ani! uranium toxicity respectively. Consequently, 
- .  



3. Liver function t e a t s  of personnel expoeed %o uranim. 

&e Tho offecl of radicj..;ion on the phosphxus rnettibolian of 

5 .  The effect of radiation on -;he nail  bed cepi l l sr ies  of 

the leucocytes. 

persarael, 

6, The s.?fect of exposwe t o  various 25diations on the structure 
02 the fin@.- ridges. 

ll. Gomral riatfomle of Clinics1 Iaborstory Exaxutnetions end Other Ee81th 
frocsduzss 

A n  extensive and continuous study of the peripheral bXood end urine of the 

project persc,nilgl Bas ucertdcen, This was done i n  an attempt t o  discover evidence 

cf incSpicnt damage frm chemically and physiccllly tox ic  agents in personnel where 

unavoidable or scsidentcrl overexposure had occurred. V;e mere amare of the fact  that  

c Gjtgnificant Liologicel effects resulting from exposure t o  them agents ana uhich 

could be detected by clinic61 observations invariably meant that serious damage 

to health hac! already accursed. RS is emplbosised i n  Chapters 1, XI, and 111, 

prophylactic neasures designed t o  prevent or udniniize the danger of irreversible 

-53 

u. 
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damage to the health of laboratory personnel from these agents were p~aplount, 

However, it kas known that  the degree of exposure to these &gents could not be 

a ccuretely anticipated in each incivfduel case due to accidents, carelessness 9 

- 



abseat,. In- 

d l v i a w l a  with. h w t o l o r i  csl abnomalitiss fa*md i n  She prs-emp1crj.nen-t examine tioa 

%era likewise rpsclclly c c  -duered.  

ceptable for t mplopent, in &.En respects wFre placed avhenever FOSSibh  in work 

areas wherein exposure t o  icrizing radiations ma8 minimal or absent. 

I I L  Tke %on*aoln E& Verk Hazard" Grouping of Fkoject Perscmal 

A l l  empboyeer; a c e  accepted for emplopent and placed i n  8 particular job or 

BA tlttwpt mas t t z n  made to detefmine the mture of the cbnormality. 

IndiviZuals with a leucopenis but who were ac- 

position were chssified in terms of their indivitiual occupational hazard on the 

project in 0r.e of two groups nameu, (1) the control group and (2) the work hasad 

group. 

hasards but Father i n  terns of the haest.de peculiar to the plutonim project. 

T h i s  division w t i s  not made Zn terms of the usual understanding of occupational 

The control ~ o u p  ccnaiated of e l l  employees working i n  areas in which exposure 

L 
t o  radlstions or chemically tordc materials was negligible or absent. 

includedv for exhmple, the adainlst=ative staff who worked in talldings or parts  of 

sz building6 in chi& no work res aone with phyAicttlly or chemichlly toxic substances 

w. and who otherwise hed no coxitact with such rnaterihis. btudies of the hematological 

T h i s  group 
c 

9 

C . n  

- 
coustituents of the periphertl blood am urine wera conducted on these indiVidUl8 
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with regllarity for : + q c .  3s of cnojrsriscr v,i*%k *he j.naivicuelo worki11g in Ereas 411 

which these bzarde %Histed, 

a c t w l l y  casnpersble t o  t t e t  of the nwork hazwdn group descr ibd  belovn A l l  indivi- 

duals  i n  the control grovp k i d  tload end urine s t E d i e s  ac: less ofeen than evsq? six 

rcantbs. 

long aa two y6aarso 

The ncmbsr of individiltls i n  the control group was 

Hemt olog! m l  s tuL€.os were nsde asily on c c r t a i ~  coctr'ol inaividusls for as 

The yc& hr:'a=.d -2 c o ~ s i s ~ s d  of &ll those incSvidLsls in the laboratory who 

w3re expogee or potiat ial ly  cxponed to the Fhyeicaliy or chemically hazardous materials 

psculier t o  t5a project. Si-rico csrtain Crees of opsmtion on the project and certain 

t.ypes of work wase aztually cr Lotantially more hazarccus 'from t h c  &andpoint ,of radia- 

t ion  or ursnhla e:qxsurer individuals 

(1) those wi%h only a po?mntf.(tl or tnirimai rxposure; (2) medium Bxposure or; (3) heavy 

exposure. 

subdivided i c t o  es~entially three groups: 

Te.s suxivisior? vi313 arbitrary 8r.d on c1 relative basis. For exemple~ a 

secreterg who rorked i n  hn cffice adjoining a l abora tory  i n  whhh raaioactive rnbLerial6 

HCZ'F~ stuaied itas consiaered to be i n  a potentially or minimally hazardous area aria 

leborstory exclnin6tior-a xere conducted a t  monthly intervals while individuals aork- 

ing uirectly s i th  the reahzct ive  fission products day after day i n  amounts abcve 

the trhcer leve l  were con&irio,-ed in the "hec-vy exposursfi group. 

which c l i d c a l  ltt'aoratoq- examinations wEre done in this latter group varied fran 

- 

The frequency Kith 

dal ly  stuuies to studies conducted pvery three month. 

N. General I'rocadure FdlW8d in h a l i n g  with Clinical Laboratory rlbnor$dlities 

To fac i l i tat3  the operation of the c l in ice l  laboratories of the project, a @de 
I - - 

S> 

V k  

was fornul8ted wNch made it possible for the Chief Technician i n  each clinical labors- 

tory to  routinize the procedure of hsnuling abncrmlities which appeared in tests on 

personnel. 

project begsn operation end later a t  the  Clinton Laboratories in  Oak Ridge, Tennessee, 

- 
F 

T h h  guiue v;hich is sunmarized bel- w&s instituted a t  Chicsgo when the 
c 
9- 

and Hsnford Engineering Torks a t  Henford, U~shington. 

A. Leucocytes 

1. ~ o t c t l  leucocytee bel- j,ooo ger cu mrn 

hay indiviauhl whose total white couut has founa below 5,000 per cu mm 



. .. ...- 

aho.p,her in tbe Qccntrof graupt' o r  * "work haznr*d g r m p ~ ~  hac? repeat counts et 

wse;sly i n t e r w l s ,  

groups even mcre frequent counts were insti.tuted, the ind'-v:dual worK hazard 

W E  investigete' ana e decision Bas reecisa by the Liaison C d t C e e .  

functions of tN9 btpor-znt committee which Fade decisions relating t o  h e s l t i  

matters is  taken up i n  detai l  i n  peragraThs to  follow. 

If the situation warrrntedr particularly i n  the H O I ' ~  heza-c 

The 

Eith a return af the leucocyte vaiuzs t o  the normsh rbnge i n  "control 

If still normhlt a 

$,ith a return t o  normal 

persomel?i & repeat count was done again in one month. 

roCular sch8W.c of evc'p'y s ix  months was rekned, 

of the leuccc;t.te vdue of i -dividuals  i n  the work hazard group the fruquenq 

of rcpeat counts dependea zlpon the final disposition of the individual c a m  

(reduction i n  amount of exposurer rerncmal frm exposurer etc . ) ,  

2, '$OW1 leucocstes 6bwq 1 0 , m  E 

a, Individuals i n  %he control group or Lndividuals i n  work hszard grotips 

whose to*l leucocyte count was fcund to be above 10,000 per cu riun had 

repat counts at morithly interval6 unless 2.b. was applicable. 

b. 15 indiviouals in whm an ccutc exposure to irradisfiion hea or was 

presmed t o  have occurred, a t o t a l  leucocyte count and differential wes 

made aaily ?or one reek 8nd thereafter 6% weekly intervals as lndicatad 

br the result+s of the laboratory work done. l i t h i n  the f imt  4.8 hours 

of sach an actual or presumed exposurer even more frequent count8 were 

Wen as indicated. I' 
3 LSO1DhCf iO8f  8 

k nin.lmum of lw lymphocytes 8nd 8 maximum Of 34.00 per cu mm s e m d  

as guhies i n  repeating blood counts, 

checked daily as described i n  2,b, if it was thought t o  have resulted from 

an acute exposure, f f ,  however, such 8 vcrlue wa8 Pound in the work hazard 

A lymphocyte count of 1500 or less i ~ s e  

group an0 was presumed to be mated to  the chronic exposurer counts were 

repeated i n  one week. 

depended largely on the final medical disposition of the case (decision of 

If still as  la^ or lower, the frequency of repetition 



p ~ o c s d w a  outlhed in 2.b. was follmsd. 

5. N _ c  ~kutronhil-&-~o~&! rhtio 
4 

In recording +he leucocyte colint snd ci i f tusential  leucocyte couat the 

per cent of  each constituent a6 well as  the calculated ebsol~ i te  amber of 

the mujcr constituants W ~ M :  fiUed i n  ofi the psrmsnent report sheet (me 

attache& ,'om used QJ the Uetallurgic~11 Laboratory et the UrLhersity of 

CLicago), 

the  absolute n-mgber of &yzphocytes 8115 ncutro$dls sppeared vas outlined 

ekcve, 

of convenience bnd eimpUcLty 1.2 was chosen as the noms1 value. 

s m e i f l a n c e  of thie ratio in control and work hazard fna@.duals YSS =in= 

triined. 

glsnce that were not obvsous from obssmetion of the record of the sbsolute 

nmbers of them constd.tuentts. 

6. flonocstel~ 

.. 
The proceaure for repeeting bl.md counts xhsn ebnomaUtfss in 

The neutrcphil-1;Fmp:lmyte rat io  varied considerably but for purpos% 

Careful 

Trends i n  the neutrophil-lpphocyte ratio were often noted a t  a 

Persistent or Snclreaaing monocytosis above six per cenh otherwise 

unexplained, m%c considered as an fndiccltion for a repert leucocyte count 

and diZferentiit1 b t  rnoatPiLy intertrals, 





7, Eosina~hi le  

A persistent or increasing eosinophiliE, otherwise unexpleinedt was 

considered bs  an indication for repeat a e t e d n a t i o n s  a t  monthly intervals. 

Individuals i n  whm eosinophilia (above 5 per cent) was encountered arid 

tho-qhht to be related to the work hazard hsd leueocyte detsmimtions and 

difzerentials at nonthl;l' intervalc, 

8, Basophils - 

No evailablb information indicated th l i t  the number of basophils in 

the periphsra:. bloM was sigrd-f iantly eltered by radietion exposure. ,They 

were CoLited routi;iely, taurever, and if 8x1 abnormality appears& it w88 

consiaereo ,specially. 

9. Innature forms 

Inmature forms i n  excess of noma1 such as  myelocytes9 nucleated 

erythrocytes etc., appearing i n  the peripheral blood smeer tiem conaidered 

' 6s they arose ana propsr evaluation and disposition made, 

B. heticulocytes, pvthrocYte8, hemoglobin detemintltdons 

1. rieticulomrtss 

Reticulocytes, in  per' cent of erythrocytes, were consicered within 

noma1 M t s  if between 0.5 and 2,0, Estimations of reticulocytes were not 

made routinely but special Bark hazard groups ana comparebfe control groups 

ware deeignated arbitrerilp and had reticulocyk, estimations along udth the 

other hemtological routine. 

2. FrYt hrocvtee a hemoglobin in pama pel 100 a 
Erythrocytes ana hemoglobin dctqminetionrr were made on the individual 

I n  the control 88 well as 0x1 those in tbe work hazard graups* The frequency 

of d e t d n a t l o n s  in the hitter group oepended on the amount of erposure the 

individual was considered to be getting. The frequency of determfnations in 

the control group is aiscussed below. 

I I I V i 5 8  The hemoglobin and eFythrocyte values which were considered within 



-9 

tho normal range am: 

Erythrocytes Hanoglobin 

Male-sdliat 5.5 f 1.0 16.0 2 2.0 

Femnle-sdult 5.0 f 1.0 14;O f 2,O 

(dlliona per cu nna) (grams per 100 m l  photoelectric) 

IR the event that values according to  these standards were found 50 

be abnormal andl the abnorrcality ascertained found to be unrelsted t o  work 

hazards the indi*,ldusl was referred for investigation end treatment (after 

one, 7zpeat cic3temhat.iou) to  the appropriate c l inic .  This action w8s 

reccxded in the individualB8 chart as Q pert of the permanent record. If 

the abnormality ~ E S  ccneidered to be re lated t o  the work hazardr the lieces- 

sary S t q x #  a s  indhated, t o  Safegusrd the individual's health were taken 

and the progress of the anomia followed. 

C. Elritebet Counts <direct Smium Citrate metbod) other ~pcerlurss  used --- i n  e w  lwting ---. blood cop,puletion 

For practical purposes it was c~ns idered thBt the platelet  values of tho 

peripherhl blood of personnel would be affected i n  a manner caanparable to the 

leucocrt,cs per cu rP;n after an acute or chronic exposure t o  externally origine- 

tirig ionizing raaiation. 
. 

Platelet determinetisas nere perfonned on selected work hazard groups and a 

Routine determinations on a l l  peraonnel were not euitable number of controls. 

instituted. 

cu mm. 

made a t  intervals described under Leucocytes in A. 

The normal limit3 were considered to  be 275,m +/e l ~ , ~  per 

If values below the ddlmum were discmered, repeat deterninetian6 were 

A careful investigation of 

'the work hazard was made and further disposition of the case clependsd thereon. 

Values above 373,000 peraisting on one repeat determination were considered 

epedally 88 they arose and no aefinite routine established. 

prothrmbin time, bleeding and clotting time? and capillary fregilfty were 

instituted. 

In special cases 



~ ~ p l o p m  tat not imtit .Aed ac a routine yrwedure. 

s p e d a l i y  cie8l.gnatsd control anc: cork h~3ae-i.d groups, 

l a b c r a t x y  ex&nin&tiori in ruth specially designatel groups depended upon the 

S t ~ a i e s   ere confined to 

The frequency of t;kLa 

report, 8 

hazard or 

opezatiion 

t o  n d u c e  

resoarch laboratory showed a mounting contamination In terms of m n i m  

contarninetion with other radioactive materials, decisions were medo to close 

in the particular 18bor~itOry for decontcrmim tion and recommend6 tions made 

tke likelihood of a repetition of the condition. A report on a l l  clinical 



physicians, Their a bnonnnlitfaa 

of work hazard exposure the 

particular fxdividwd h3d s ~ s t a i ~ i i d  in the past and a decision made which was con- 

sidered to be ia the best ir'teresta of the imtLddueltij  health. 

VI,, gJA?j.cal ,!&oratory &bnorme~.iLeq Encounterad 

The xmbs and ' ~ h r i e t y  of abnormalities found durinz a typical nonth of qeratLu3. 

a t  the  Yeta3angScal Ldx,   tory h Chicago is shown below in Table I. SCI%*uilly Of 

t h i s  T o U e  ::ill reveal the amy clinical problems involved in reachi% Eppropriete 

cenclusjons as t o  the psrt plc;J'ed by the work biesrd In the abnomElftfes encountSTO~, 

For exrim&Is. 33. a Beucocrte couct, on an ind iddw! .  mas found t o  be belm 3mo 1)61 

CIA mm, J . t  B?S 3m;;!Lately ckecked by calling ths dndividuel b c k  to tho  c ~ n P c a l  

i&borcr"Yzy for  6 repet dt'kdnetion.  

able f o r  st'uiy and if the date Indicated a d r c s t i c  reduction had uc~Uf'x'ea~ it ma6 

nBccsc2-y t o  d e t a d n e  whether the abnormaliky @a6 Eecondsry t o  a coincidental in- 

fectdor, or other origin, or actud.ly m b t 6 d  to tha physics1 hazard enccuntored in 

norkin[: with 8 radiation SOLWCO or SOU~CQB. Tho indivfdual was occasior&ly of m c t b -  

91ty sqbjechod to careful questioning concernirg his ~ 0 r k  activityp h h  present health. 

and 8 pkAyalf:al exa&mUon w'3s frequentl;i riocemery. The health p h p i c i s t  investigated 

the root; or roms in which the i d v i a u e l  was warking ana frequently would reconatntct 

tibe previous week or weeks of activity w i t h  the heXp of the indioidualfs inmediate 

supamisor in order to ascertein a8 nearly as possible the amount of radiation ex- 

posure irmolved, 

after these became available in sufficSent quantity? the approximste amount of ex- 

term1 radiation accunulated Such records 

on an bnUiviciw1 obviously made E decision as ts the part played by rerdetion in suck 

a leucopenia such simpler. 

cal exadastion in auspectea cesc-s which developed leucopenias i s  il lustrated by the 

folloming inciaent #hich was one of rnsrqv relzitecl incidents, 

certain rsstcrch groups who &ere wrkiw intjrmately with large radiation sources such 

as fission proaucts or in the vicinity Df on experhental "pile" had hemetological 

H i r r  prevlocs hematologfcd. rcrord Pas avail- 

Pfha f l f L l !  tadges* a& nion5dation chambers" were worn by workers 

an h c i r L d a 8 l  for aqy period vas known. 

The need for c m x d b l  interrogation of personnel ana physi- 

As pointed out above, 
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studies a t  f r  s+er. t h L c i  s u k  D ouca 

indlcsted since it m s  not uIziika3$. 

Several in6isiduals i n  om, such g::oqb wire foumd t o  heve Isucopsnias ~2 l eso  than 

3500 or ana jartlcular e;crrmiixition. 

or over. 

baa emly Gamar! rncacles, 

c s t h m  inr;tmces it was n ~ t  pessit;Ls t o  relate l~ ’~cq?on4-ns t o  infection or indeed t o  

a q  a%cert&fnzS2e etSio1og.y. 

possible redinticn oxpecure inaicotod essenthlly insignificant f indhgs ,  the qusstion 

of chace cvtrexposm dcs tc cesaiessas&a or titter uisregard for caution on the part 

of t h e  inciividual had t o  be consiuered. 

removed frm a l l  possi’o.le chance of rcdiu:ion sx?os-are and observed carefully %ruin 

a hematological snci cli-riicsl s”Lanapoiut. 

of high radiation expceum or potentislly high exposum areas t o  work ireas wherein 

negligible arjlounts of :?alation exposwe was possible, and was not uncommonly cones 

if lebortrtcry finaiags warranted caution. ,: 

VILWudies Hade on IndLvi6wls c i th  Leucoponla 

Thais previou lec.coc@ value had been 900 

&msdiatca invowtlga’Liozt of the fndividlsls concwmd indicated they probably 

“he acbseqc-xt  dxmrvat im ?roved tihis to be true. In 

E Y ~ J  if zcasults of t!z3 surJer of the work area for 

;If it seemea warranted, the individutrl was 

The practics of shifting mclrkers frm Erean 

Excapt for purposes of contoslo strides were not  made on those individuals whose 

leucopenia wes attr ibubblc  to ~ a f o & h n  or other kacuo C A U ~ B .  

carried out on only those inaividwls with lericocse values below LE30 per cu mo 

These studies were 

of 3he pericheral blood A. JSfect ef exercise gz~ & number gff Jeiicocvtes L- 

Thirty-five individuals o:i%n leucocyte vcilues of fmm M O O  to 3150 per cu mm 

wore subjected t o  the f l sbnd ing  mnnlng exereisem for one minu”& during whfch 

t h e  tae individual exertaa himself t o  the utaost ana raised hss feet above the 

floor a t  least twelve inches, 

8ubJecbd t0 the @me t o s t  for comparative puc”p03c3s0 A control leucocyte count 

8nd differential smear were @kea immediately before the exercise was begun and 

inmediately after it was completed. 

a f t e r  COmple$iOn of the exercise. 

after exercise an -.ncresse in t h e  leucocyte value occurma, 

- IndiuiQuals with normel leucocyte values were - - 
- 5 2  
-?= 
0- 
LaJ Another sample was taken f i f t een  minutea 

In all individuals so examined irmPedietely 

Seirei.sl of these 



a& fnc:*ease f.n the polporphoa'mloar neu*opbil leucocytes, 

s:ago of maturation of these mbi l iaed  cell& ~ 3 s  cpparent. 

crss ra3ects 

et 01 ( lor  o Sctlneidsr asid Xavena b), zeller (E), Gransitz (131, hnd D L E ~  others, 

T J ~  irrcreese mpecssnts mobF.1 izetion of ?,E5ucocrt.es cjnd aoes not riecesstiriu 

ilzdicete &>e +%ctional sts+&e of the henopcie*dc t3saue. 

be'caean the type of respame t o  the hucezcke testa arid degree of exposwe t o  

radia3lcn. Znaivicuiels on project ~ h o  ked dovelopd a l s u c ~ $ l d a ~  the . 

eticrlom 02 which s&a u&no.c.ap respnded t o  infe:tions wch a s  upper respiratory 

i .~~scL~cr,7s ana other rdnm ia;?ectPons by incresses of as much os 100 per Cent 0I' 

mvre in the leucocyte vslue. 

8 ,  ytirS:-ltioa CKJ t o t a l  Ieucacyte valueg auriw one & 

Mcr shift in %he 

The. fact  that exera 

increme in the leu.=ocyte value has been reported @ Bryanp 

No correlation exists 

LcEcocyte aad differential counts were nude on a rmnber of fndividuab with 

a leucopenia b t  8830 -1. Y., l l r O O  8. E., and &:OO 8. E. 

minntions ere shosn i n  'ileEr3.e 111. Seventiy-cn9 and a half per cant showed an 

incream at tfre 4 8 0  P. LE. d e t e a n a t f o n ,  14.6 per cent remained essentielly 

the S ~ E  and ll.8 per cent Ehmed a slight further aecreese. Forty per cent of 

the leucocyte counts remained essentially unchaqed a t  the ll:@O A. 1. dafsrmin3- 

tion; 25 per cent were slight.ly ciacreased and 33 per cent were slightly inczeaaod, 

Ponder, e t  a1(14), Sabin, Cunniagham, et sib), end sbop?(16) hat7e studied the 

d i w M l  mriation in the leucocyte values of noma1 individuals end repol.ted 

inconsistent but frequent increases in the afternoon wmpllng. No particular 

v a h e  of a practical mture could be assigned t o  the results we abtained in 

stuayiug these hdiriduals  except that a relstlvely norats1 diurnal fluctuation 

wae obtained. The fac t  that certain indiviouals fa i led  to respond with an 

increased leucocyte value coula not be correlated with an increased exposure t o  

ionizing rcaibtion, 

G .,: 

R e s u l t s  of these deter- 
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Tha use o f  adremlin LnJection or relatoci sxbstmcea to study the reaparm 

of indiv.'.c3.1ala K i t h  l e u m p e ~ i s  likewise is probablr of l i t t l e  practical value 

in assessing the functional state of the hemopoietic systsn;; nor i n  our experi- 

ance can the resporse t o  such stimulation 5e correlated w i t h  the degree of chronic 

radiation e q o ~ u r e  susG6ined by an indfvidwl,  ka is already k n m p  the presenca 

cf a leucopenia i n  enimls caused by chronic g ~ m e  ray exposure aoea not prevent 

raarkabln increases in the leucocytea of the pripheral  G l ~ d  with infection9 

LOZSmn JijcobsoI1, e t  d.(17)c Like?.rise p positive i32reas~?5 in laucocfie V ~ ~ U C W  

i n  indiv i iwls  after cckenalin injection d e s  not piredude the possibility that  

hem reported t h  relatively rapid oksct of leucocytosis i n  normal human sub- 

jwts subsequert to adrendin injectfor., 
s 

The effect of adrenalin injectLon 

on a young nogro project sc i ent i s t  with a Leucocyte count of 4100 per cu m is 

Uustrate5 i n  Figure I, 

ately before the subcutaneous injection end st 1/2 h~ intervals thereafter 

Leucocyte end differential counts were made immedi- 

for 2 112 horns. 

minutes after injec'don and grauually fell thexeafter. 

neutrophils increased during the 2 1/2 hour period of observation while the 

lymphocytes rose abruptly reaching a maximum 112 hour after injection and then 

gradually fell to a value belort; the pre-injection control, 

Do sternal bone mrrm aspirationBtucii4 

The leucocyte value is increased circa 36 per cent by thirty 

The polymorphonuclear 

bfaraal aspiration8 were perfonned on inaividuels wmking in areaa of rela- 

tively high exposure to raaicrtion who had developed a leucopenia m l l d  l a  indi- 

vhuals of the "control group" who had leucopenies, T h e  result8 in both groups 

were normal und eseentially similar. No eviasnce of fibnonoal morphology of the 

vskious precursors or evidence of mbturstios arreet ma encountered. 

exlrmple of bone narrow aspiration findings is given in Table hr; TGs &divip;Uai 

A typical 
9 .  . 
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not necoesari3y reir.ted t o  radistion souces. AB reported by Lorenrr:r e t  

the bone usrrorr; of mice expcaed chronically to 4.4 r for s ight  hours per dsy for 

a period of F I Q Z . ~  then %wo ycrrs m y  b3 essential ly noma1 on kiatolagical 

E. i%rRbQlOaj c?3& s tudi~a  

9orphclogical stuaiea of the erytkirocyts and nucleated constituents of ths 

periphcrel hMcd conducted cn  work hezerd ana control gr~ups fa i l ed  to indicate 

ciungee p.ttrihrrtcb?-,o t o  radiation exgosure. Cooke and Ponderqs modification(21:J 

of the znefih cwmt uds wed to determice whether 8 shift t o  "Ye left  of tho 

polpor$zoo.u.cl~ar ce l l s  had occurred i n  laboretory persome1 as e result of 

exposure to  rtlciiwctive materials. The results were recorded in tern of the 

to+& lobe ccant  according ta Hargraves{SI and are seen fa Figure 11. 

t G - 1  lobe c a n t  of work hazard personnel varied l i t t l e  froan tht of personnel 

,I.m the ccatzcl groups. 

dsscr ibd fcLimfry rAiotion,  occurs only after prolonged heavy exposure OF 

after single scute doses. 

Jacobson@0). 

posure was consiaemd t o  be relatively higher than other grcups, auprevitel 

8ta;bning of the leucocytes with Janus green and neutral red m a  undertaken. 

The 

The polgmorphonucleer shift to the left  which is 

Sbon(23), Rayer@b), Coke and Ponda?(2l), Isoncs(25), 

In cwtain of tha work hazard groupa i n  which the radiation ex- 

No 

hcreass  i n  neutral red granides i n  the mphocgle cytoplasm was obeeroed. 

Iseacs(25) reported en incrwse in the neutral red granulea of the mononuclear 

cells of the peripheral blood of the human sfter therspactdc x-radiation. We 

hove lfkewiee found scch an hcreaoe in the human after exposure to total body 

x-radiation i n  dividad doses tot8Ung 50 r given 111 a abcoday period. In rabbits 

the neutral red granules of the lynphocytes of the peripheral blood are increased 

after exposure to 200 r total body x-radiation and above when given in one acute 

dose, 

F. Daily leucocvte c m t s  conduct4 more Shan 

Daily to-1 leucocyte am clii'ferentiai uw couhtir were doni? on to& 
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the u d n a  o f  personnel t o  th6 extent that the study of specific gravityp presence 

of a l W n  or reducing suSstenceso caste, OT bamturi8 indicated ovmexposcre. 

The Value of UriEe studies of tids variety was confined p r i n c i p a w  t o  the 

discovery of acrtte or chronic disease of the urinary tract unrelated +uo the 

kaeards peculiar t o  the project. It m u s t  be emphasized, haever, t h a t  stUdiB8 

of the urine were of inectimable value i n  6eteFnil.ling the degree of  exposure t o  

uranium end plutonium E ~ B  the urine is the principal route of excreticn of these 

materials, Tamcnb6um(1), Flurometric analysis of the urine for w s n h a u r  Price, 

e t  a a ( B )  and reaiochamical analysis of the urine for plutonium, R U ~ S ~ U ,  et 

s l @ O )  mad3 it poesible to e s t h b t e  with a fair  degree of accurficy the ectual 

amovnt of these radioactive isotopes deposited within the  body of exposed per- 

soanel. Increased porphyria excretion in th6 urine w88 effected by the deposition 

0% wbuijrgp in the body of pers0~~01, Ferret& et 8 l (  2 1. 
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€3. Hmatolonical s t u d e g  cf _'the peripherfal b l w d  

On the plutoaim project part of the Eaxihatt.sM ditstrict undertaking, rela- 

t ively few inatsnct@,+?re encountered in which changes i A  the hematologicel 

- constituerts of' the peripheral blood of personnel could be attributed t o  con- 

tac t  with oxternti1 8eu;rces of radiation or the deposition of radioactive matsrieIs 

wil;lLin t h6  B q v .  The greet variation i n  the steady s ta t0  of the various hemato- 

lo:;ical constikwnts of &he peripheral blood frm one individual to another, 

th3 inaccuracy of modern mc,t,hcds for measuring these constituents and the  indigin 

dual p h p h l s g i c a l  vsrrietion from hour to hour, day t o  day, and month to month, 

m k s  it almost impossible to irrtespret minor fluctuations resulting frm acute 

or chronic radiation exposure. In euinaal experiments involving maw animalsp 

a known clcposue and comparable conkrols, otat iot ical  significance may be at tr i -  

buted to  what wuld ordinerily be considered a minor reduction i n  the lynrphocyte 

value. If a sitlgle anlmal of the experimenkl group i s  COr?lpared to the control 

group, horzmr, it is iq~oss ib le  to attach significance t o  6 mLnor lymphocyts 

reduction. Usemhere in theso velumes 8 statistical etuciy of th9 V 8 r i a t i O ~ ~  i n  

the hesatoXogictr1 ccnstituents of the peripheral blood in control and work hazard 

groups of voriom ages dl1 be dealt vdth i n  aetefl? Sacher, et  el(31). 

sigdficernt alterations were found i n  these latter studies w h i c h  were attribu- 

# 

No 

table t o  radiation exposure. 

More empbeis on basic biolo$ical research on the mechanbm of ecldon of f o d z -  

I i n g  radiations is obviously required before one can logical ly  devise c l in ica l ly  ap- 

m c s & 3  t e s t a  tb detsx&id!le am evaluate incipient drimage fran these agents. 

likewise applies  to the problem of uranium t a l c i t y o  

6nexiI.a or thrornbocytopenie has developed i n  personnel as a rrsult of chronic expo- 

- 
This 

A3 
c -- 
c z  

The discovery that  a leucopenia, 

8uce to radiation, or &at Uver or kidney damege is apperrent af ter  chronic exposurm 

t o  u r ~ n i t a n ~  is a discovery of significant damage alresdy sustained, and serves t o  

indicefe the inadequacy of our present methods of diagnosis. The concept that no 

amount of ionizing raditltion can be sefely tolerated. by the human, obviouslr c a ~ o t  



ba accepted ii' work is ti0 contirue in this f i e ld ,  buf L. firn biol3gical basis for 8 

perm;-ssable QQSB should be establ ished.  A nmbr of biological iavestigationa 

w h i c  1 ~ a v e  been ca'ried on in tho metaLlurgice1 ?,eboratory have practical c l in ica l  

signifimnce and important funaarmntal implica ticms. 

sion and cvaltration of a l l  these stuaies and only 6 fear are given $elm. 

Space does not permit discus- 

A, @ p e r h e n t s , ~  the effect ionie3.w radiation coarrulation Ef b;Lood 
A prolonged bleeding timet increased capillary fragi l i ty ,  thrombocytopenie 

snd prolonged clotting time hsve been described f o l l o t h g  heavy acute exposure 

Of enimals t o  x-radiation bh.0~98, Yierrrnt and Whipple(32) end have been COR- 

firrced Ln cur leboratoryp Jacobson, et a1(26)e The explanation for a prolonged 

bleeding t h e  is cons idsxd  t o  be related t o  the 2hromSocytopenia; neither the 

increased capillary fragilit,y nor the p o l a g e d  clotting time b w e  been edsquatcly 

explained. Anent e t  aL(33) working with dogs hes shown in our laboratories 

that th i s  ir~creased clotting time is related definitely t o  an increese in the 

anount of ciScdatfng heparin and i s  a major cam8 of deaeh, 

dent in certain dogs t o  render the blood incwgulnble i n  tho test tube. The 

anti-coagulant present in the blood of some of these animals is sufficient t o  

It may be 8 u f f b  

alter the coagulability of the blood of namul enimals in the test tube. ThFe 

hemorrhagic state can be repeatedly reversed for varying periods of  time (24 to 

72 liowrs) by the edminietration of' purif ied toluidine blue, protamines end cero 

tain of the thiodn dyee. 

entirely clear But may be related t o  Clostsid lum Der- OF other W ~ C -  

tiom. The practical hiporlance of this viork lies i n  the fac t  that it repre- 

ssnts a definite contribution i n  treatment of acute rediation isjury i n  man. 

It i s  already wicient i n  our own experience on the project t h a t  the clotting 

time my be increesed 88 a result of acute werexposure t o  ioniaing radiation. 

It iesms quite sviaent fr? the work of Prosasr, e t  sl(*), Zirkle, et a1(35), 

Jacobson, e t  a1(36), B W ~ ,  e t  al(37arbtc1, end ~ o m m ,  et d17) that the 

deeth o f  8&alS after mute exposure to ionizing radiation such as X rays and 

fast  neutrons is more frequently due to a cumulative effect of cierengemsnt i n  

The explanation for the hyperheparenmia 5s not 

- - - 
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eeveral organ syrtems rather than one single  system fa i lu re  suoh a8 the homo- 

poiet io  syatemo Thus. death ma? be due to i n i t i a l  shook (r-abbitr) within the 

first tuenty-four ~ O W B ,  overwhelming infeotion with f a i l u r e  of immune mechanisms 

inoluding severe lymphopenia and neutropenia (dog, rabbi t )  o r  in t rao tab le  hemor- 

rhage due t o  hyperheparanemia (dog)o 

Axlly any one of these o r  other phyaiologioal breakdowns is a s t e p  Porwardd 

Bo Chronic da i ly  exposurs of onimala to whole body gamma ray i n  the 

Abi l i ty  t o  t r e a t  adequately and aucoess- 

- -- --- 
"tolerance range" 

It waa pointed out  i n  the Introduotion that p r i o r  t o  the w a r  no t r u l y  

biological bas i s  f o r  the "aooepted human toleranoe dose" o r  0 , l  r per  day for 

indef in i te  periods existed,  An adequate hlmnan experisneat properly controlled 

i n  which t h i s  tolerance value oould be tested is largely impossible and w i t h  

this in mind Loremo e t  a1 (17) set up a number of experiments i n  which mioe, 

rabbits,  and guinea pigs wure  exposed a t  a dose rate of  0,01, O U 1 ,  1'1, 22, 

bob, and 8,8 r fo r  eight hours per day and some o ? h r  experiments where the 

same dose r a t e  w68 given f o r  twenty-four hours per day, 
, 

The radiation source 

uas a gram of radiumo 

p e r i ~ d s ~ e x t e n d i n g  beyond three yetwao 

These animals were observed while thus exposed over 

Signif icant  effects on the hemopoietic 

system were not  reflected in the peripheral  blood in any of the three epecier 

chronioally exposed t o  doses of 0,11 r per day during more than 3 years of 

expo8ures 

ohurges in the peripheral blood, 

era1 blood varied with the epeciesg guinea pigs w e r e  mst sensi t ive0 mice 

intermediate and rabbi t s  r e l a t ive ly  r e s i s t an t ,  Of great significance even 

though d i r e c t  extrapolat ion to  the htgnan cannot be made i a  the  f a c t  t h a t  a 

r t a t i s t i o a l l y  s ign i f i can t  increase in ovarian tumors appeared af an earlier 

Chronio exposure t o  1,l r per day and above produced hematologioal 

"he severi ty  of tbe effect  upon the periph- 
I_ - - 
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age i n  mice exposed t o  0,11 r da i ly  t o  a t o t a l  acomulated dose o f  approximately 

100 f o  As pointed out  by Lorenz, e t  al(17)p this f w t  should perhaps be taken 



It was pointed out i n  <be Introduction that few 6 t u d i U S  had been made on 

humen subjects i n  s u c h  -Ahole b o a  exposure to singlo or divided (acute and 

subacute) aoses of x-radiatdon was used, In those Studies which were reported 

the subjects were often too ill a s  e result of the primsry disease process 

being treated and thus icterpretations of the hemtological data were d i f f i -  

cult if not hpo3aible .  Low-Beer and Stone(38) undertook trsatuent of a nmbr 

of Fotients with chronic Cegenerstive aisease of the joints with ahoh boQ QS- 

posaze to X my. 

d s i l y  in ciiviued doses of 3 t o  20 r (on the skin). 

quired OEQ 6 rel2itivel.y fe~, minutes of exposure. 

undertook comparable stuuies. 

hempdet i c  system comparable t o  the guinea pigs, Lorcnz, e t  d17) and dogsr 

The totr.1 oases edministtred varied f r a  100 t c  320 r given 

The daily treatment rt- 

Je,cobaon and Cick(39) 

These studies indicated a sensieivity of the 

PrOSser and Jacobscnfa4), Allen, e t  e l ( 3 3 ) ,  With to to1  accumubted doses of 

150 r (tissue awe)  leucopenis, lymphopenia occurred-the severi Ly, however p 

varying uiuely frm inaiviaual to i n a i v i c u l .  a s~riking effect was the 

definite macrocytic snemicr which developed i n  about 200 days i n  practicelly 

a l l  C Q S ~ B  exposed to t e ta i  aoses of this magnitude, 

the ha~s to iog ic s l  constituents of the peripheral blooa of these individwla 

mas unfverabl but the time required for recovery varied widelyo 

D. T ?  bioloi$cal e f fects  g Ipnn-lived radioactive f iseion isotoces 

Spontaneous recovery of 

k$ruee, USCO~ ana ~inkle(37), Jacobstmr e t  a l ( w ) ,  pTo8ser, e t  81 (U), - 
HaJniltoa(u), and J$lccwnr et tal(@) ctudied a number of representotive radio- 

active f i s s ion  product isotopes i n  terms of their distribution ana locaUzstfonr 

- - 
r, 
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co excretion ana biological effects  i n  the experimental animals ana the human. 

It i c l  apparent fran these stuaies that once plutonium gains entrance to the 

body of the experimental animal or the hwnan it i s  localized largely i n  bone 

and is  excreted very slowly. Like StrOnfiURB and rsdium it prodUC88 bone 
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chilrges in organs or tissues msy occur as  a msult of tbe ect'ion of these iso- 

t o p s  i n  &he abserca of or prior t o  obsemable changes i n  the hematological 

In gc,neral, however, i t  i s  t n e  that histopsthological 

corrstituezlts of the pesiphei*€!I blood. 

x. st-q 

The general Er.odequacy ,>f the routine c l in ica l  laboratory exsminations such a ~ i  

blood &na urine stvdies i g  the detection of chrolljlc radiation OF uanium exposure 

i n  thv talescrnca r t q e  ha6 becmc *mident by our experience on the plutoniwn pro- 

ject. 

ducted OM pra;tect -%rsomel (control and work hazard groups) for crt P e a s t  fowr 

purposas; (1) t o  provide a cclns%ent check for chance acute overexposure i o  these 

agonb, (2) t o  disrmer any incipient damage to the hemopoietic Eptea or urjcary 

system frm these agentst (3) to psovbae legal  protection fcr the contractor and 

(4) to keep up morale of laboratory persornel, 

enti chmists that radiation and uranium were toxic to the hemopole%ic system arid 

wrirpeq-  systm respectively. "A%S f a c t  that frequent exaltinations of the blood and 

urine were baing done gave the workers confiaence that, i n  adtiition t o  the frequent 

phydcnl mcsdforing of work &re&& and personnel for rcldhtion hwm?dsp the function 

of their Qcst sensitive" organ s y s t e m  was being constantly scrutinized. 

Lxtsndve hematological and urine stuaies e t  frequent ictenrals were COR- 

It was widely kmwn t o  p h y s k k i t a  

O n l y  in reiativa3.y fels Lastances did c l in i ce l  laboratory eviaence provide a 

clear-cut indication that an acute or a chronic rmiatioa exposure sustained by 

persotanel had @XI excessive. 

of the various henatol~gicel  constituents of the peripheral blood and the multi- 

The great dndiviaualveriation in the steady s t a t e  

pl i c i ty  of factors which may adversely a l t e r  this steady state, temporarily or more 

chronically, made interpretation of minor vcrricrtions difficult and often impo$sible. 

The need for more carefully controlled basic studies on the biological effect of 

physical ana chernicol agents such as  radiation end uranium is stressed. Tests for 

incipient titimage 6 0 ~  che estsblishent of o sound eperriiissible aosenof radiation or 
.,n.-.; .- .--.,-,A 6 :  .-,. % 
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