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By Bertram V. A. Low-Beer, M.D., and Robert S. Stone, M.D. 

The developmenf oi c h i n  reacting nuclear power p i l e s  with the 
intense radiations fra the fiasian process and from the fiseion products 
brought about the poeaibility of the accidental or neceeearg exposure of 
the entire body of persona t o  x-rays, gamma rap, and neutrons t o  an ex- 
tent never before thought possible. The health division of the Metallurgi- 
cal  Project VBS faced With the problem of what changes would occur in 
hflividuals exposed t o  more than the "tolerance does" of 0.1 roentgens, 
an one or more dsys. 
individuals would ehov a rapid and radicdl change. The litmature, how- 
ever, c0nta-d very l i t t le  infornaflon on the e t iac t  of x-ray exposure 
on perscw xith r e l a t iw ly  nomi l  hematological pioturea, an4 euch in- 
vertigatiollll as v8re reported were rather confusing because of the objec- 
t ives of the etudies. Eance, it was considered necessary t o  s t u b  the 
eifecte of 'total body irradiation" with x-rays of veu~tng energy on 
hss ls to logicw normal individuals. 

It was thought that the b1M PiCtUre of such 

801.efica1 of Subjects 
Patients with diseaee requiring therapeutic trradiat-ion of t he  
b a y  were selected fur obssrvatim in this study. The patients 

for total body irradiation wera selected by pbyelciana on the  s taff  of 
the UnipatSity of California Hospital, having no connection with the I 

Manhattan Project and the treatments wre administered as pa r t  -of the 
normal therapy of t h e e  patients. 
patients ware receiving euch treatments by 
on them for the Manhattan Project. 

first group studied. They were observed for short periods only because 
of the probability of their  advancing dieeaee causing blood changes 
unrelated t o  the erposute t o  x-rays. 

have been followed for varying periods of time. Thirteen were warnan and 
were man. The ages ranged from twenty t o  seventy-five years, as 

shown in Table 1. 

Advantage was taken of the fect  t h a t  
nmeroue blood atudiee 

The patients with mstaetatic carcinoma and lsmphcana were in the 

'Pwdnty-nine patients treated betmen October 1942 and June 1946 

Method of Treatment 
The patients were placed in suoh a position that the whole body was 

exposed in the one x-ray beam at  each session. 
the patient faced the r-ray tube oaa treatment day and t h e  posterior sur- 
face the ne*. 
on the eldn in the center of the field. Thus the dosee referred t o  in 
th i s  report are always raentgsna on the  skin, including backscatter. A l l  

The anterior surface of 

The dose in roentgens was measured by a thimble chamber 

This document*wlll appear in Div. Iv, Vol. 21 of tho NNES. 
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patients except tlSrbe received equaf: f5e&imaXanWnt"ambunte at each treatment. 
The dally exposures vera approxate ly  5, 10, 15, 20, 30, or 50 roentgene 
and the total erpoeurer ranged lrround either 100 or 300 roentgens. 

exposed, is called the "total body exposm." 
I s  not the wual way of describing radiation therapy but it l e  used hem 
becatwe in occupational exposure with the individuals moving about, no 
one sraiaoe is orposed continuouelg. 
cm could lmow the total radiation t o  which a peraon working in that area 
was expored. HOVOV~F, the amouzIt of radiation received by hny part of 
the body aurface could not be determined. 

measured by mew of a phanton for each qual i ty  o f  radiation used. 
eummation of the calculated t issue doeen a t  a depth of ten contimetere is 
called the 'whole body dose." This lnd lca fee  more accurately the Bmount 
of eaergj absorbed per cubic centimeter throughout the w b l e  body t$an 
doer the srmppatlon of tbu 4080s an the euriaoes. 

patentiale of 100, 200,- loo0 kilovolts. The 100 ltv x-rays vera 
prodwed in a Maclrlett tube in a Picker oil-cooled, shockproof, 120 kv 
tube head, activated by a Xelley-mtt  100 kv c o ~ t a n t  gotentie.1 genera- 
tor. The only f i l t ra t iah  ueed waa that inherent in the tube and tube 
head. The 200 kv x-rape were produced by a 200 kv constant potential 
current frca a Eelley-lloett generator piesing through a Hacklett tube in 
a Plaker oil-aooled rhockprooi 220 kv houaing, 
W88 that of the tube and cas- and i n  #aid t o  be equivalent t o  about 
0.r) m of copper. 
were moduced by tht? Sloaeh.igh-Xxequenay generator. 
WI 0.8 mp Cu + 3.2 rn Fe. The added firtsr w e  2.2 mm Pb + 0.6 ~mn Bn+ 
1.0 PL Cu + 1.5 rmr Al. 
radiation a m  shovn in Table 2. 

but vere traaaferred t o  tb 200 kv apparatw for the mJor portim o? 
their treatmnts. One of theso patients (No. 7) received to ta l  body 
lrradistion excluaively, one (no. 4) reoeived looal irradiatian t o  
specific leeiana one month after reoeiving total  body irradiation, and 
cm (NO. 3) received local irradiation 1s and 19 masthe,respective~~ 
m e r  the ccaJclu8ion of tatdL body Irradiation. 

(Hoe. 9 t o  13) received to t a l  body lrradiatiion exclusively. 
been t r eabd  t o  local arms bsfm the to t a l  body O X ~ O ~ W O E ,  one 5 month6 
(No. 3), one 6 monty (No. 2), and o m  22 mths (No. 8) before. Two had 
been treatbd t o  l o c d  war before, and were so treated a g a b  after the I 

total-body exposureq, (Cases 1 and 6 ,  Table 3). 
Tvelve patients were treated w i t h  lo00 kv x-rays. 

(HOE. 18 t o  23) received tofal body Irradiation exclueively. , 
received local ifiadiatlan three months before (Ho. 15); one had received 
local irradistion fvslve mtha before and was giwn more two nontha . 
after (No. 14); two received local irradiation 6 months (No. 17) and 

The s m  of a l l  b i l y  axposures, regardlees of which surface was 
This  method of 8tnnmatIcm 

Frau measurements in a given area 

The depth dose a t  ten centhatere in the center of tha beam was 
The 

Three qualities of r-raye vem wed, t h e  prcduced by electric 

The inherent f i l t ra t ion , 

The added f i l t e r  was 3 m a  alumin=. The lo00 ko x-ra 
Ths iabarant f i l t e r  

The Wrtinsnt p h y ~ i ~ a l  factors ?or each qual i ty  of 

Three patient6 were treated with 100 ko x-rays in the beginning, 

Ten patient8 were treated wlth 200 kv x-raye. Five  of them 
Three had 

E i g h t  of these 
One had 

I 
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8 month (no. Ui), r e a ~ c t i + s ~ ,  after thr total body x-ray treuta8&. 

(100s. 24 t o  29). 'Aro of the80 (fos, 26 and 27) reoeived arils 3 and 4 
t m a ~ r , m r p e o t i ~ e ~ , o n  200 kv. Thlr waa nweaaary becatme of break- 
downs o$ oquipmsnt. It should be mentioned that the t i aew dose a t  10 cm 
depth diiiara by only 2 per cent bstwaea' the lo00 a d  the  200 kv x-ray8 
under the a b m  aonditiona. 

Teble 3 shows th-trestm6nt data and period of obeervation for 
each of the pattenta. w4 total, body expo~ure does not always equal the 
dose per day Imtittiplied by the number of exposures. The reas& for this 
discrepancy 1s that  w h i l e  the elm was t o  give a set dose per bar, the 
actual amount given varied a l i t t le  above or below the intended dose. 
The total-body e l p o e m  ir  the accurate figure. 

The longea t  period of observation (loa.  9 t o  ll) war approximately 
3 p a r a .  Tbb ahorteet period was 21 &ye, whloh was cmly 4 &ye longer 
than the tmatawnt period, Om patient (No. 23) did not return after the 
second treatment, f ine  of the patiante am st i l l  be- follavsd and the 
r e a d l t r  o? further obeervatim w i l l  be reported at  a la te r  date. 

Methoda o? Hsmatologicsl Studies 

first exposure ta radlatim. 
t o  have h64 a m r a l  blood atuW~ over a period o? eemral days before 

flwtua- TO- avoided by takin# the blood esmple~ in the morning 
whenever pooaib3.o. During the f l r a t  three t o  a i r  dare of treatment 
blood oounts wru mh, one, three,and s i r  hour8 after trentment. When 
the t reaa6nfr  continued more than m e  week, the number o? blood counts 
war redwed t o  two on each treatment day, cme innnediately beiore and 
one an hour af ter  expoeure. After canplotion of the course of treatment 
an attempt ma made t o  obtain blood counta two or three times a week for 
two weka, t h  once a wok for four weka, then once every two weeke 
for the one- ei&t w6b, then once every four weeb during the entire 
period o? obeemtion. lhny patients did not keep all of their  appoint- 
ments. Durlug the t r e a k t  period each patient was instructed t o  remain 
on hlr regular diet  and t o  take the normal. mount of f luid.  

folloxlng lnboratoq prooedurer wore performed by the mothode dercribed. 

per cent odculated on the h a i r  tbst 100 per cent equal 14.5 @E homo- 
globin per 100 cc o? blood. Three specimen8 wero taken, tw-were meas- 
ured. If the variation was greater than 2 p r  c e n t , t b  th i rd  speclmeul 
was mearwd and the average o? the two roadjng8 varying the least  from 
one another was wed aa the iiasl reading. 

Rob Blood Cell Counta - Bees-Ecker solution WAS wed for the f irst  
teets,  but Hayem'r solution waa used for mast o? the dllutione. Three 
samples of blood wm taken. The red blood celle ?ran two eanwles ware 
caunted in "Spencer bri- llne" counting chambers, caunthg five of the 

\ 

Four pcublenta t m b d  with both loo0 h and 200 kv x-ray8 

On all p a t i a t 0  bitidl h s m s t d l O & l d  E t U d i O S  =m before the 
It would have beon much more satisfactory 

O t S r t i n g  t--t but this Wa8 not attained io C l i n i O E .  D i u r n a l  

The blood rampler MZY taken from the lobe o? the ear, and the 

Hclmodlobin D s t e w t i o p l r  - Tho 8ahY.i mthod -8 wed and the w m  

I 
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0.04 eq IPI erear. 

t h i o  maa value -6 us@ ar the mauberaf bl-ytluwaytes per cubiu mi- 
meter. If %e darfsffoa vas ggwrterthan- 5 pbz cent frc~ the -# then 
the third rpbalmon rar aotmted and the two *ah varled least  fr~a a.10 
another were wed, provfdeit neither varied more than 5 per aent frcm the 
man. If no two counts fell rithin 5 per aent of the mbah, all three 
sxma$mmn were counted and the average of the three counts were used. 
If thd meen of one ccmbination of two couatr differed by more than 5 
per adnt f2cm th .dan valw of the other ccmblqtiona of two counts, 
then a l l  three spaimsnr wore dircardsd and froah aar taken. 

white Blood Cell Count - Turck's diluting solution was used. Pour 
1 rn square -8 were counted. In a l l  other respects the proaeduree 
for tahing sampler and evaluating the aountr were the same as described f 
the red blood c e l l  count. 

The platel 
were count6d ln  a "Spmaer bright llne" aounting c h b o r .  The platelets 
o m  1 mn aquare area nore counted for eaah specimen. The evaluation of t 
pla te le t  counts of each of the samples was the same as stated for the red 
and white blood c e l l  count. 

The pipettes and counting chambers used were certif ied by the 
Eational Burasu of Stamhrdn. 

D i f f e r e n t i a l  Leukoasfs Count - Smears were made on cover glasees and 
stained rith Wright-Gienwa rtaln. One thowand cel ls  were counted. The 
remltr were reamled in percentage of c e U  observed and then translated 
into "abrolute aorortr" on the basir of the tutal white blood c e l l  count. 

In nine patiento the lobation of th6 nualeus of the polymorphonucl 
nuu%rophllia leukocyter vllr studied by tb C o w  and Pander modifioati@n 
HargravOr' method. In accordanae with thle  method the totalnumber of 1 
per 106 neutrophilic leukoaytes war counted and ths reeultlng figure war 
derlgnated the "lobation index." ?or greater accuracy, when the differs 
t l a l  leukocyte count 8-d 70 per coat or more neutraphllic leukocyte0 
number of lobor ln 400 ael l r  waa aounted, but when the differential  1 
cyte count rhowsd 69 per aent or lear neutrophilia leukoaytes, only 3 
were rtudied. The number of one-lobed, two-lobed, three-lobed, etc., 
neutrophilia leukocyter men were rocordeb. 

punoture method and anears were made on cover gLasses. The smears 
stained wlth Wright-Womaa etsln and dlfferentlal  ce l l  oounts were 
on two 80 froln eaah patient. A t  l ea r t  two hunbred cells were c 
for -ah dlfferentlal  aount. On four patientr there studies were 
both prior t o  and scam month8 after  troa-nt. On five other pati 

-tho after the  end of treataont. 

eleven patiento. In two patients determlnationo were made prior t o  and 
shortls after the end of the course of treatment. but in nine patients 7 

T b  iirpainga of there two a&mtr were awragsd. If 
each of the fvo C- d m d  16ar 3 per cent the m o ,  then 

Platelet  C o u n t  - Beer-Baker dllutlng eolution was used. 

S t e m  Marrow Studlor - The spealmens were obtained by the 

o m  s t o m a l  marrow rtudy m a  made of eaah and it was d m  sever8 

war detomlned by Quiak's mthod in Rothrcmbln Cancentattiat- 

-1 the de~erminations were made only af te r  the end &f treatment. - 

3 0 0 3 9 3 -i 
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Sediabntaticp, Rata war determlmd by Wintrobe's method i n  fifteen 

Pacbd Bed Ccowecle Volume war ~etornined by Wintrobe*r method 

Icteric Index determinations were =de on eighteen patients both 

patient8 both prior t o  the beginning ef and af te r  the conclueion of 
treatPcmt. 

on eightoen patlentr before and s i to r  tnatment. 

before and af te r  treatment. 

The charts and graph of r i r teep  of *he twent -nine p8;tients 
treated are reproduced (Piga..lA and B t o  16A and By. There shar the 
numberr of the priocipal blood cel lr  and of the gcams per cent of the 
hemoglobin throughout the erpriaent .  Tha lobation index of the 
neutrophilic 1-0 is included when ]mown. These elxteen charte 
were select8d as the most ccmpleto. 

Although 29 patients were treated in t h i r  seriets, only 26 bad a 
W f f i C i s n f  mmber of blood count$ t o  be of mlue In  an analysir of the 
hematological r e r p o ~ e  t o  tatdl-bo&y x-ray exposure. 

In the absence of rsliable rtatisWcdL data concerning tbarange 
of no- fluctuation in the hemoglobin cc&ent, erythrocyte count, 
and absolute numbsrs of tb various 1-0, vb have conaidered the 
iollapfng varlatlapu frcm tha pm-troatarsnt values as rlgnlficantr 
tho boglobin cCQfent d tho rider of red blood cells-15 per cent, 
far the t u t a l  nwohr of white blood c e l l r  of polymor~honuclsar new 
trophilic -a, and of lymphocfies-b per cent; and for the number 

Brcm a study of the chsrk aob graphs it ia evident that the 
devia t ldr  of anf of tl@ factore rtudied a t  the 1, 3, and 6 hour inter- 
vals af te r  each treatment were neither conairtent nor significant. 

Coaparirona of the effect of different individunl doses nre di f - -  
itcult becaua4 of tbs m a l l  number of patients observed in each group. 
However, one fact  rfand. out. Patients who received Individual dose6 
of 13 r or 20 1: shared a significant deomare in the nwnber of 3ympbocytes 
a f te r  a totdL of 40 r bad been given. On t h r r  other hand, patients vho 
received individual dorer of 5 r QT 10 r showed no such decrease kiter a 
total of 40 r had been givea. However, In  all carer thare war a signif- 
icant decmare h the nmber of Igmphooytes by the end of the treatment 
period. lo ouch conairtent change war o b r m d  In the number of the 
other Mta blood cells a t  this the,  although variations fram the pre- 
treatment values occurred. Patients who received treatment with x-rays 
generated by either 100 h, ur part4  by 100 kv and part ly by 100 lw 
showed a l o r 8  marked tendomy toward devlationa in the number of the 
white blood ce l l s  during and a t  the end of the treatment, even though 
the7 received total  dorer of 300 r. 

who reoeivsd a total of 306 r, with x-raya generated by lo00 or 200 ko, 
or Partly by loo0 apb partly bp 206 kv, rhowed a eignlfioant but tam- 
porazg decrease in the number of a l l  blood cel l r ,  while thore patients 

for 

of ~0Cmr-m per cent. 

A t  approximately 30 days af'ter ccnrolu~ion of treatment a l l  patients 
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who received to ta l  doses of only 100 r with loo0 b x-rays Sh-d 8ignii-  
icant deviations o f  only the number of white blood cells.  A t  approxi- 
mate4 60 &ye af te r  conclueion of treatment there was again a significant 
decrearo in the number of white blaod cells. The decrease which occurred 
a t  60 dayr af te r  ccolclusion of treatment war in turd Zollawed by w c o v e n  
t o  pro-treatment valuer. In however, the recovery o f  t h e  number 
of lynplbcser lagged bbhind that o f  the other a t e  blood cells. 

signiiicant oariationa in the n-r of the different types or white 
blood collo were oboemod a t  parim times la te r  than 60 dayr af ter  the eni 
of treatment. The approximate times a t  which these were observed are show 
in Table 4. 

The patieni 
received du-ylag individual and t o t a l  doses. A decrease in the number o f  
lober per 100 c e l l r  occurred in eight of there patients a t  approximately 
the twentieth day follcnring onaet of treatolbnt. In one instance the de- 
crease war i i r r t  noted on the f i f t i e t h  day following onest or  treatment. 
This change persieted for varplne periods of time and occuzmd Irreepectivc 
of upward or downward doviatione in the numtter of pdlymorphonuclear neu- 
trophilic leukocytes. 

A signiiicant decrease in the number of erythrocytes and in the 
grama per cent of hemoglobin was observed in s u m  of the patients during 
the courre of treatment. A recwery t o  or even above the pretreatment 
valuei rar obrerved in there patientr toward the end O f J  or s h o r t l y  af te r  
c ~ l u a i o n  of the treatmentr. 
ocmrrod in the number of erythrocyter and in the hemoglobin concentration 
a t  agproximate4 100 dnv af te r  conclusion of treatment, in others a t  any 
tine irCa 100 t o  600 dam. 
number d m o c y t e r  accclarpsniell by a rise in the cacentration or the - 
hemoglobin and an increare in the packed cell volume of t h o  red blood cellr 
Th i s  18 the blood picture of a lPacrocytic anemia. A return t o  the pre- 
treatmbnt valuer of both the number of erythrocyter and the hemoglobin 
concentration war obrerved in all patients. The changos that ware observed 
in  thb number of erythrocytes and in the concentration of hemoglobin during 
and after the cows6 of treatmsntr could not be correlated with the qualitg 
the individual i r a c t i t w J  ar the total  amount or radiation given. 

The platelet  count did not chango significantly during or af ter  
treatment in any of the patientr. 

The eternal lparrow studier which were made on 9 of the patients 
revealed no abnormalitier. 
a8 adequate because they were made both before and after treatment on c d y  
2 patients. On the other 7 patiante they were made only af ter  treatment. 

The prothranbin concentration did not deviate beyond the normal 
limits in the 11 patients far whcm it was determined. 

The sedimentstion rate  of the erythrocytee war deterdned on 15 
patients. no significant deviations f i c m t h e  pre-treatment values were 
observed at any time. 

No changer were obremd in the icteric index or the 18 patiente 
for whau it was detennined before and after treatment. 

Th6 bffect a the lobation index war studied in 9 cases. 

It extended into the post-treatment period. 

In raw of tba patients marked changes 

The80 changer consisted of a decrease in the 

Howbver, these studies cannot be caneidered 

I 
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1. Bemutological utudles vmw =de on 29 pati&r rfio were treated 
by exponlag the* whole bodies t o  r-raya generated by 100, 200, or 1000 lnr. 

be of uaa in t h i o  study. 
Significant changer in the'number of blood cello were obrerved 

in all of the patients and rum of there changes appear t o  be rolatiobly 
constant. 

3. The most c ~ l s t a n f  change ~8 a doereare in the absolute num- 
ber of lyaphocyter follaving t r o a w t ,  irrespective of the size of the 
doee end the -physical factorr of treatment. This decrease was followed 
by a return t o  n o m  in the poatttreatmen$ period. 

4. A decreaae in the number o? nwlear lobes per 100 neutrophils 
was a caneistent f indhg in the 9 patients for whim the lobation index 
was studied. 

5. The number of monocytes varied greatly M a result of erpoeure 
t o  radiation, bot elm retlvlled t o  naraal. !fhe mort frequent change 
was a large increase in numberr during the course of treatment. 

6.  After the concluaicm of treatam&, irsqaent4 near the 30th 
and 60th daye, significant doviatiom in the to t a l  w h i t e  blood ce l l  
count end in the cotmtr o f t h e  separate t y p e n  ai leukocytee were observed 
a t  interPals ~ W h g  mot Ottsn between 1% t o  300 days, and in ~ o m b  
patiento an l a t e  as 680 days. 

o c c a r i ~  showed a d e c r e ~ e  during the courne of treatment, followed 
by a 
In the lata post-treafipsnt p l o d  a teqporary mecrocytlc hyperchramic 
ends vam obmerab in patlentm. 

index, or platelet  count of any of the patients wae~ observed. 

**-air of thm obrerwd for S f l c l a t l y  1- p a i o d s  of time to 

2. 

7. The e - w e  ccmata and the concentration of the hemoglobin 

t o  pro-irradiation levels in the early port-treatment period. 

Ro changer ln prothrcmbin cancentraticm, sedimentation rate, icteric 


