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1. INTRODUCTION 

The development of chain-reacting nuclear power piles with the 
resultant intense radiations from the fission process and from the 
fission products introduced the possibility of accidental or  necessary 
exposure of the entire body of persons to x-rays, gamma rays, and 
neutrons to an extent never before thought possible. The Health M -  
vision of the Metallurgical Projectwas faced with the problem ofwhat 
changes would occur in individuals exposed to more than the tolerance 
dose of 0.1 r, on one or more days. It was thought that the blood pic- 
ture of such individuals would show a rapid and radical change. The 
literature, however, contained very little information on the effect of 
x-ray  exposure on persons with relatively normal hematological pic- 
tubes, and such investigations as were reported were rather confushg 
bec'ause of the objectives of the studies. Hence i t  was considered 
necessarv to study the effects of total-body irradiation with x-rays of 

iematologically normal individuals. 
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2. SELECTION OF SUBJECTS 

tients with diseases requiring therapeutic irradiation of the en- 

The 'patients for  'total-body irradiation were selected by physicians 
on the staff of the University of California Hospital, who had no con- 
nection with the Manhattan Project, and the treatments were admin- 
istered a s  part of the normal therapy of these patients. Advantage 

I t ire body were selected for  observation in this study. 

s e d  on Metallurgical Laboratory Report CH-3863. ' 
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making numerous blood studies for the Manhattan Project. ' ilil 
The patients with metastatic carcinoma and lymphoma were in the 

first p o u p  studied. They were observed for short  periods only be- 
cause of the probability that their advancing disease would cause blood 
changes unrelated to the exposure to x-rays. 

was taken of the fact  that patients were receiving such treatment by 
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Table 3.1 -Classification by Age 

Age Men Women 

20-30 3 0 
31-40 4 2 
41 -50 3 3 
51-60 1 6 
61 -70 4 2 

* 
.' 

71 plus 1 0 

Total 16 13 

The condition of 29 patients treated between October 1942 and June 
1946 was followed for varying periods of time. Thirteen of the patients 

years, a s  shown in Table 3.1. 
were women, and sixteen were men. Their ages ranged from 20 to 75 . .  
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\. 3. METHOD O F  TREATMENT 

. The patients were placed in such a position that the whole body was ;..I 
exposed in the one x-ray beam at each session. The anterior surface 
of the patient faced the x-ray tube one treatment day, and the poste- 
rior surface faced the tube the next day. The dose in roentgens was 
measured with a thimble chamber on the skin in the center of We 
field. Thus the doses referred to in this paper a r e  always roentgens 
on the skin, including back-scatter. A l l  patients except three received 
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I equal fractional amounts at  each treatment. The daily exposures were 
approximately 5 ,  10, 15, 20, 30, or 50 r, and the total exposures 
ranged around either 100 or 300 r. 
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I The sum of all daily exposures, regardless of which surface was 

exposed, is called the "total-body expcsure." This method of sum- 
mation is not the usual way of describing radiation therapy, but i t  is 
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used here  because in occupational exposure, with the individuals mov- 
h g  about, no one surface is exposed continuously. The total radiation 
to which a person working in a given area was exposed could be known 
from measurements in that area.  However, the amount of radiation 
received by any par t  of the body surface could not be determined. 
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treatment an attempt was made to ob.tain blood counts two or  three 
t imes a week for two weeks, then once a week for four weeks, then 
once every two weeks for the ensuing eight weeks, then once every 
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four weeks during the entire period of observation. Many patients did 
not keep all their appointments. During the treatment period each 
patient was instructed to remain on his regular diet and to take the 
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i '  ' n n r m ~ l  =mount of fluid. 
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correlated with the quality, the individual fractions, or the total amount 
of radiation given. 

The platelet count did not change significantly duringor after treat-  
ment in any of the patients. 

The sternal-marrow studies that were made on nine of the patients 
revealed no abnormalities. However, these studies cannot be consid- 
ered adequate because they were made both before and after treatment 
on only two patients. On the other seven patients they were made only 
after treatment. 

The prothrombin concentration did not d&iate beyond'the nbrmal 
limits in the 11 patients for whom it was determined. 

The sedimentation ra te  of the erythrocytes was determined on 15 
patients. No significant deviations from the pretreatment valves were 
observed at any time. 

No changes were observed in the icteric index of the lapatients for 
whom i t  was determined before and after treatment. 

6. SUMMARY 

1. Hematological studieswere made on 29 patients who were treated 
bv expasing their whole bodies to x-rays generated by 100, 200, or 
1,000 kv. Twenty-six of the patients were observed for sufficiently 
?ong periods of time to be of use i n  this study. 

2. Significant changes I n  the number of blood cells. were observed 
in all the patients, and some of these changes appear to be relatively 
constant. 

3. The most consistent change was a decrease in the absolute num- 
ber of lymphocytes following treatment, irrespective of the s ize  of 
the dose and of the physical factors of treatment. This decrease was 
followed by a return to normal i n  the posttreatment period. 

4. A decrease i n  the number of nuclear lobes per 100 neutrophils 
was a consistent finding in  the nine patients for whom the lobation 
index was studied. 

5. The number of monocytes varied greatly as a result  of exposure 
to radiation but always returned to normal. The most frequent change 
was a large increase in numbers during the course of treatment. 

6. After the conclusion of treatment, frequently near the thirtieth 
and sixtieth days, significant deviations in the total white blood cell 
count and in the counts of the separate types of leucocytes were ob- 
served in almost all the patients. In the late posttreatment period 
similar significant changes were frequent. These were observed at 
intervals varying most often between 150 and 300 days, and in some 
patients a s  late a s  680 days. 
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7. The erythrocyte coimts and the concentration of the hemoglobin 
occasionally showed a decrease during the course of treatment, fol- 
lowed by a recovery to preirradiation levels in the early posttreat- 
ment period. In the late posttreatment period a temporarymacrocflc 
hyperchromic anemia was observed in  many of the patients. .. 

No changes i n  prothrombin concentration, sedimentauon rate ,  IC- 
teric index, or platelet count of any of the patients were observed. 


