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The development of chain reacting nuclear power pilee with the 
intense radiations from the fission procees and f rom the riseion products 
brought about the poesibility of the accidental or ncceeeazy expoeure of 
the entire body of persons t o  r-raye, gamma rays, and neutrons t o  an ex- 
tent never beiare thought poeeible. The health division of the Metallurgi- 
cal  Project we8 faced with the problem of  what changes would occur in 
individuals expoeed t o  more than the "tolerance does" of 0.1 roentgens, 
on one or more days. 
individual8 would ohow a rapid and radical change. 
ever, contained very l i t t l e  information on the effect of x-ray exposure 
on persons xi th  relatively no& hematological pictures, an& euch in- 
vestigations as were reported wem rather curuusing becawe of the objec- 
tivee of the etudiee. Hence, it was coneiasred necessory t o  study the 
e?fects of "total body irradiation" with x-rays of oaqying energy on 
hematologically normal individuals. 

Selection of Subjects 
Patients wtth disease requiring therapeutic irredlation of t he  

entire body were aelected for  observation i n  this study. The patients 
for t o t a l  body Irradiation were aelected by physician8 on the staff of 
the University of California Hospital, having no connection with the 
Manhattan Project and the treatments were administered as part  of the 
normal therapy of theee patiente. 
patients -re receiving auch treatments by making numerous blood studies 
on them for  the Manhattan Project. 

f i r a t  group studied. They were observed for  short perioda only because 
of the probability or their  advancing disease causing blood changee 
unrelated t o  the exposure t o  x-rays, 

Twenty-nine patients treated between October 1942 and June 1946 
have been followed for varying periods of t i m e .  Thirteen were women and 
eirtsgn were men. The agee ranged from twenty t o  seventy-five years, as 
shown in Table 1. 

Method of Treatment 
The patient8 were placed in euch a position that  the whole body was 

exposed in the one x-ray beam a t  each seeaim. 
the patlent faced the x-ray tube one treatment day and the Posterior Sur- 
face the next. 
on the skin in the center or the field. Thus the dosee referred t o  In 
t h i s  report are dWag8 roentgene on the akin, i n c l u d w  backecatter. All 

It wae thought that  the blood picture of such 
Tha l i terature,  how- 

Advantage was taken of the fact  that 

The patients with metastatic carcinoma and lymphoma were Ln the 

The anterior surface of 

The doee in roentgens was meaeured by a thimble chamber 

V h l a  document*will appear in Dlv. IV, Vol. 21 of the NNES. 
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patients except tWae rscsived equal' fiRCf;iadc&il.'anibUtItS n t  each treatmen% 
The daily erposurea w8re approximately 5, 10, 15, 20, 30, or 50 roentgena 
and the total exposures rangsd around either 100 01" 300 roentgens. 

exposed, Is called the "total body exposwern 
1s not the usual way of describing radiation therapy but it is used here 
becaum In occupational exposure with the individuala moving about, no 
one surface is exposed continuoualy. From measurements in a given area 
one could bow the total radiation t o  which a person working in t h a t  aree 
was exposed. However, the amount of radiation received by any par% of 
the body surface could not be determined. 

measured by mehlls of a phantom for  each qunllty of radiation used. 
summation of the calculated tissue doses a t  n depth of ten centimeters if 
called the "whole body dose)." This indicates more accurately the mount 
of energy absorbed per cubic centimeter throughaut the whole body tp.n 
does tbs sumation of the Coaes on the surfaces. 

pcrtentiale of 100, 200,and lo00 kilovolts. 
produced In a Macklett tube in a Picker oil-cooled, ohockproof, 120 kv 
tube head, activated by a Dlley-Koett 100 ko conatant potentie.1 genera- 
tor. The only f i l t r a t ion  used was that  inherent in the tube and tube 
head. The 200 kv x-ram were produced by a 200 kv constant potential 
current frcm a Kelley-Koett gensrator passing through a Macklett tube In 
a Picker oil-oooled shockproof 220 kp housing. The Inherent f i l t ra t ion  

that of the tube and casing and is  said t o  be equivalent t g  about 
0.25 m of copper. The 1000 kv x-r 
were produced by tas Sloaebigh-irequancy gensrator. The inherent f i l t a  
was 0.8 m Cu + 3.2 mm Fe. The added f i l t e r  was 2.2 mm Pb + 0.6 m Bn+ 
1.0 mm Cu + 1.5 m Al. The pertinent physical factors for  each quality 
radiation are shown in Table 2. 

but were transferred t o  the 200 kv apparatus for the major portion of 
their  treatments. One of these patiente (No. 7) received total body 
Irradiation exoluaively, one (no. 4) received local irradiation t o  
specific lesions one month mer receiving to t a l  body irradiation, and 
one (No. 5 )  received local irradiation 13 and 19 montha,respectlvely, 
a f t e r  the conclusion of total body irradiation. 

(nos. 9 t o  13) received t o t a l  body irradiation exclusively. 
been treated t o  local areas before the to t a l  baas exposwes, one 5 mont 
(No. 3), one 6 m o n t l p  (no. 2), and one 22 monthe (No. 8) before. Two hi 
been treat&d t o  local areas before, and were so treated again after the 
tutal-body expoeureq, (Cases 1 and 6, Table 3). 

Twelve patients were treated with lo00 hv x-rays. Eight  of these 
(nos. 18 t o  23) received total body Irradiation exclueively. 
received local Irra@ation t h e  month8 before (no. 15); one had receiv 
local Irradiation twelve montha before and was given more two months 
a f t e r  (no. 14); two received local irradiation 6 months (No. 17) and 

The s m  of a l l  dally exposures, regardlee8 of which surface was 
This method of sumation 

The depth dose a t  ten centimeters in the center of t ha  beam was 
The 

Three qualities of x-rays were used, thoae produced by electric 
Tho 100 kv x-rays were 

The added f i l t e r  wns 7 me alumieum. 

Three patients were treated with 100 kv x-rays in the beglnnlng, 

Ten patients were treated with 200.k~ x-rays. Five of t h e m  
Three had 

One had 



o o t u ~ : .  i SOURCE r--- Lmrrnco 0c:kcla LJborrtorJ I 

-- 

I 

1 

L I 

AECD - 2348 3 

8 months (Ro. 16), respectively, a f t e r  the total  bods x-my ttostnmit. 

(Nos. 26 t o  29) .  'bra of these (Hos. 26 and 27) received only 3 and 4 
t r e a ~ t s , r e s p e o t i v s l y , o n  200 kp. Thle was necesaary because of break- 
downs o$ equipment. 
depth dlffers by only 2 p r  cent between the lo00 and the 200 hp x-ray8 
under tha above conditions. 

each of the patients. The total body exposure does not always eqml the 
doee per day multiplied by the nunibor of expoaurea. The reaedn for t h l a  
diecrepemy is that while the aim was t o  gfw a set dose par day, the 
actual amount g l ~ ~ n  varied a l i t t le  above or below the intended dose. 
The total-body exposure is the accurate figure. 

3 pears. The ehorteet period was 2l b y e ,  which was only 4 dam longer 
than the treatment period. 
second treatment. 
results of further observations w i l l  be reported a t  a la te r  date. 

Four pe%ients treated xl th  both 1000 kv and 200 kp x-rays 

It ehould be mentioned that the tissue doee a t  10 cm 

Teble 3 s h m  the treatment data and period of observation for 

The longest period of obeerPatian (Ioos. 9 t o  ll) was appzoxWtely 

Hhe of the patients are a t i l l  being follovsd and the 
One patient (no. 29) did not return after the 

Methods of Hemtological Studies 

On a l l  patients i n i t i a l  hemstological studies were made before the 
f i r a t  exposure t o  radiation. 
t o  bnve had several blood stud308 over a period of aemral daye before 
s t a r t i n g  treatment but this was not attained in our clinics. 
f l u c t h t i a m  mre avoided by taking the blood samples in the morning 
whenever poarible. During the f l r e t  three t o  sir daya of treatment 
blood counts were made, one, three,and e l x  hours after treatment. When 
the treatment8 coathued more tbsn one week, the number of blood counts 
was reduced t o  two ~ l l  each treatment day, one inrmediately before and 
one aa hour &or e r p ~ ~ u t b .  After caqlet ion of the course of treatment 
an attsmpt was made t o  obtain blood counts two or three times a week for 
tr0 weeb, than once a week for four mehe, then once every two weehs 
for the ensuing eight M&&, then once every four m o b  during the entire 
period of observation. ~ a r r ~  patients aid nut keep all of their  appoint- 
ments. During the treathent period each patient was lnatructed t o  rsmaia 
on his regular diet  and t o  fake the n d  amount of a u l d .  

The blood e a q l e s  were taka frm the lobe of the ear, and the 
following laboratory procedures were perfarmed by the mathods described. 

Hamoelob5.n Doterminstions - The B a h l i  method m u  used and the erama 
per cent calculated an the basis that 100 per cent eQual 14.5 gm hemo- 
globin per 100 cc of blood. Three epeclmene were taken, two-were meaa- 
wed. If the variation was greater than 2 per cent,the third epecimsn 
m e  rneaeured and the average of the two readings oarsing the leaat from 
one another was used ae the final reading. 

Red Blood Cell Counts - Bees-Ecker solution Was used for the first 

samples of blood mm taken, 
counted in "Spencer br+ght line" counting chambers, count- f ive of the 

It would have been much more satiefactory 

D i u r n a l  

tes ts ,  but Hsyam's ~01ution was Used for m e t  Of the dilUtionS. Three 
The red blood cel ls  *can two samples mre 

. 



4 AECD - 2348 

0.04 sq llpl m a s .  
each of the two counts deviated lhss than 5 per cent framthe mean, then 
this man value was u s 4  as t he  number d argtbroaytee per cubio mflll- 
meter. If the dapfstion was greater than 5 per cent frat the man, then 
the t h i r d  spbciman was a m t e d  and the two which varied least  frm one 
another were used, provided neither varied more than 5 per cent froin the 
mean. If no two counts fell within 9 per cent of the m h a ,  all three 
epecimens were counted and the average of the three counte were used. 
If tbei mean of one combination of two counts differed by more than 5 
per cdnt f'rom the mehn value of the other camblytiona of two counts, 
then a l l  three spsaimsne wore diecarded and freah cmoa taken. 

White Blood Cell Count - Twak's diluting solutian MS use&. F& 
1 mm square areas wore a m t e d .  In a l l  other respects the prooeduree 
for taking samples and evaluating the oounts were the s a m  as deecribed f 
the red blood cell count. 

Platelet  C o u n t  - Reee-hker diluting solution m e  ueed. The plate1 
wore countdd in a "Spencer bright line" aounting chamber. The platelets 
one 1 mm square area were counted for each epecimen. The evaluation of t 
P h t e l e t  count6 of each of the eamplee was the e m  ae etated far the red 
and white blood c e l l  count. 

The pipettes and counting chambers used were certified by the 

The findings of these two cbtmts were averaged. If 

Sternal Merrax Studies - The apeaimens were obtained by the needl 
puncture method an4 smears wore made on cover glaeaes. The emears were 
stained with Wright-Oisasa stain and differential  o e l l  counts were made 
on two mears frcln eaah patient. A t  least  two hundred celle wore count 
for each differential  a m t .  On four patients these studies were made 
both prior t o  and acme month after treatment. On five other patients, 
d y  one e t e r n d  marrow et* was made of each and it was done several 
month8 after the end of treatment, 

was determined by Quiak'a method 
eleven patient@. In two patients determinations wore made prior t 
shortly after the and of the course of treatment, but in nine pati  
the determinations wore made only arter the end of treatment. 

Pratbrcabin Concentration- 
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Sedimentatian Rate was determined by Wintrobe's method in fifteen 

Packed Red Cmpuscle Volume was determined by Hintrobe's method 

Icteric Index determiasticme were made on eighteen patients both 

patients both prior t o  the beginning of and after the canclueion o t  
treatment. 

on eighteen patients before and m e r  treatment. 

before and a f t e r  treatment. 

The charts and graphn o f  sixteen of the twont -nine phtients 
treated a m  reproduced (F iga .*U and B t o  16A and BTe These ahox the 
numbers of the principal blood cel ls  and of the grams per cent of the 
haolJlobin throughout the experiment. The lobation index of the 
neutrophilic leukocytes is included when hm. These sixteen c-8 
were selected as the moat cap le t s .  

fithaugh 29 patients were treated in t h i s  series, only 26 had a 
sufficient ntrmbsr of b l d  ccnmtd t o  ?m of valus in an analysis of the 
heamtological response t o  total-bdy x-ray exposure. 

In the absence of reliable statisWca1 data concerning tbarange 
of normal fluctuation in the hsmoglobin content, erythrocyte count, 
and absolute numbers of the varioua leukocytes, wo hnve canaidered the 
f o l l m h g  variations f i ran  the pre-treatment values as significant; 
the hen,globln content and the number of red blood cells-15 per cent, 
for the t o t a l  number of white blood cells, of polymorphonuclear neu- 
trophilic leukoaytes, and of lymphocytes-40 per cent; and for  the number 
of mouocyt6s-100 per cent. 

From a etuay oi th4 c m s  ana graphs it is evident tha t  the 
bviat ions ai an;r of the factors studied a t  the 1, 3, and 6 hour inter- 
vals  a f t e r  each treatment wbra neither consistent nor significant. 

Canparisms ai the effect  of different individual doses are dif- 
f l cu l t  becans6 of the emall number of patients observed in each group. 
Hovwer, one f ac t  stands out. Patients who received individual dosee 
of 13 r or 20 r s h m d  a significant decrease in the ntmiber of lymphocytes 
after a total of 40 r had been given. On the  other hand, patients who 
received individual doses of 3 r or 10 r s h m d  no such decreaie after a 
t o t a l  of 40 r had been given. Hmmr, in du cases there m e  a signif- 
icant decrease in the  number of lsmphaoytes by the end of the treatment 
peridl. Ro such cansiatent ahnge  was observed i n  the number of the 
other w h i t s  blood cel ls  a t  t h i n  the ,  although variations ?ran the pre- 
treatment values occurred. Patients who received treatmant with x-rays 
generated by either 100 ]lo, c.. partly by 100 kv and p a r t 4  by 200 kv 
e h m d  a less marked tendency toward deviations in the number of t h e  
uhite blood cel ls  during and a t  the end of the treatment, even though 
they received total doses of 300 r. 

who received a total of 306 r, with x-rays generated by lo00 or 200 ko, 
or partly by 1000 ap& partly bv 200 kp, rhowed a significant but tem- 
porary decrease in the number of a l l  blood cells, while those Patients 

for 

A t  approximate4 30 dam a f t e r  conalueion of treatmsnt all patients 
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who received t o t a l  doses of only 100 r with loo0 kv x-rays showed signif- 
icant deviations or only the number of white blood cella. A t  approxi- 
mately 60 days a f t e r  conclusion of treatment there was again a eignificant 
decrease ln the number of white blood cells.  The decrease which occurred 
a t  60 days a f t e r  canclueion of treatment was in turd followed by recovery 
t o  pro-hreatment values. In general, however, the recovery of the number 
of 1ynpBocybes lagged bbhind tha t  of the other white blood cella. 

Biepllflcant variations in the nmber of the difrerent types of white 
blood cUUB Mre observed a t  various timss l a t e r  thsn 60 days af ter  the end 
of treatment. The approximate times a t  which these were observed are ahown 
i n  Table 4. 

The patient 
received varsing individual and t o t a l  doses. A dectoase in the number of 
lobee per 100 cel ls  occurred in eight of these patiente a t  approximately 
the twentieth day following meet of treatment. In me instance the de- 
crease was first noted on the f i f t i e t h  day fol lcmbg onset of treatment. 
Th i s  change persisted for varping periods of time and occurred irrespective 
O? upward or down- deviations in the number of polymorphonuclear nea- 

The bffect ~ 1 1  the lobation index was studied in 9 cases. 

ocmrmd in the number of e 
a t  apprmhmto4 100 days a 

number of mythrmes acc 
hemoglobin and an increase 
Th i s  1s the blood picture 
treatment values of both 
concentration was observe 
in th6 rider o? erjthr 

t h e  frau 100 t o  600 days. 

The eternal marrm studies which were pade on 9 of the patients 
revealed no abnormalities. 
as adequate becaum they were made both befme and af ter  treatment on 
2 patiente. 

The protbrmbin concentration did not deviate beyand the n o m 1  

The sedimsntafian rate  of the eFJthrOCybe8 m s  detenaiaed 15 

No changas were observed in the icteric index of the 18 patiente 

Hawboor, these studies cannot be considered 

On the other 7 patients they were made e af ter  treatment. 

l imits in th6 ll P a t i a t S  far W h W  it deterplined. 

patiente. 
obeerved a t  any t h e .  

for whom it was determined before and af ter  treatment. 

No aigpiiicant deviations from the pro-trsatment values were 
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I. Hematolagical studies m made on 29 patients who were treated 
by exposing the i r  whole bodies t o  r-raye generated by 100, 200, or 1000 ko. 
Twwnty-six of them were obaerved for  sufficiently long pmode of t h e  t o  
be of use in this study. 

Significant changes in the'number of blood cells were observed 
in a l l  of the patients and some of these changes appear t o  be relatively 
ccmetant. 

The moat cansistent change was a decrease in the absolute num- 
ber of lymphocytes following treatment, irrespective of the size of the 
dose and t h e  physical factore of trenbent.  This decrease was followed 
bp a return t o  normal in the poat-treatmen$ period. 

A decrease in the m b e r  of nuclear lobes per 100 neutrophile 
was a consistent finding in the 9 patients for  whom the lobation index 
WRS studied. 

t o  radiation, bat almp returned t o  normal. The most frequent change 
m e  a large increase in numbers dpringthe course of treatment. 

and 60th days, eignkficant deviatiom in the t o t a l  white blood c e l l  
count and in the couats of the separate types of leukocytes were observed 
at intervals varying most often between 150 t o  300 days, and In some 
patients as l a t e  as 680 days. 

occasionally a h m d  a decrease during the course of treatment, followed 
by a recovery t o  pro-irradiation levels in the early poet-treatment period. 
I n  the l a t e  past-treatment period a temporary macrocytic hyperchromic 
anauta was observed in  many patients. 

index, or platelet c m t  of any of t h e  patients wae observed. 

2. 

3. 

4. 

5. The number of monocflee varied greatly as a result of exposure 

6.  After the conclusion of treatment, frequently near the 3Mh 

7. The erythroayte counts and the concentration of the hemoglobln 

No changes In prothrombin concentration, aedhentation rate, icteric 


