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Effect of Small Measured Doses of Radiation on Lymphocyte Morphology 
in Man. (23221) 

R. LOWRY DOBSON AXD MARE’ 11. C H r w  (Introduced by J. H. Lawrence) 
Donner Laboratory oi -11 cdical Physics nrztl Biophysics, and Radiation Laboratory, 

L’iziwrsitg o f  Ciili,foriii(i, B e r k f k y .  

Ingram and Barnes(1) reported an in- 
creased incidence of bilobed and binucleated 
lymphocytes in the circulating blood of cy- 
clotron workers. When these observations 
came to our attention a program was initiated 
a t  this laboratory to investigate the phenome- 
non on a quantitative basis. A study was 
carried out that same year on 5 groups of lab- 
oratory personnel comprising 34 persons ( 2 ) .  
The results suggested an increase in incidence 
of binucleated lymphocytes in individuals es- 
posed intermittently or chronically to radia- 
tion at  levels below 300 mr per week. Ani- 
mals given doses of x- and ./-rays from 2 to 
75 r have also shown this response(3.4.5). 
Ingram et  aZ.(6) presented additional data on 
the original group of cyclotron workers. and 
demonstrated a decrease in abnormal lympho- 
cytes following shielding of the accelerator. 

Presented here are results of a study of the 
binucleated lyniphoc_\ite response in normal 
individuals chronically esposed to low doses 
of ionizing radiation, predominantly s- and 
?-rays. 

Methods. The incidence of binucleated 
lymphocytes in the peripheral blood of 8 ac- 
celerator operators was determined within a 
few hours to a few days after exposures of 80 
to 200 mr. Comparison was made with the 
incidence in a closely matched control group 
of 7 persons receiving no known radiation 
exposure above background levels. Tntermit- 
tent and chronic exposures to s- and Y-rays 
were measured with electroscopes and film 
badges. These values were checked with in- 
dependent measurements of radiation fields in 
work areas. The average exposure level of 
the accelerator operators during the year prior 
to sampling was 110 mr per week. During 
the week prior to and including the taking of 
blood samples the average for the group was 
190 mr. The neutron fields to which these 
persons were exposed were low in comparison. 
In the one instance where neutrons could be 

considered to have contributed significantly 
to  the total exposure the individual received 
on the average only 13% of the maximum 
1)ermissible weekly neutron dose. The other 
individuals in the group received considerably 
lower neutron exposures, of the order of 3% 
to  6.z of the maximum permissible weekly 
exposure. Jfeasurements were made by com- 
paring track counts in the emulsion of neu- 
tron film badges to emulsions exposed to a 
standard Po-Be source. The maximum per- 
missible weekly dose was taken as 4.3 x 10‘ 
I’o-Be neutrons per square centimeter. Using 
a relative biological effectiveness of 10 this 
represents a dose of 300 mrem per week. 

Rcsults. The lymphocyte data presented 
in Fig. 1 represent the counting of more than 
one million white blood cells. An average of 
.?8.OOO cells per person was examined in the 
exposed group, an average of 77,000 cells per 
i’erson in the control group. Counts were made 
from stained blood smears. At  least 5 individ- 
ual counts were taken from each person a t  va- 
rious times of day and totaled. Only binucle- 
a ted lymphocytes with 2 completely separate 
nuclei or with 2 non-overlapping nuclei con- 
nected by a thin hair-like filament were re- 
corded. Cells not meeting these criteria and 
lymphocytes with bilobed nuclei were not con- 
sidered in this study. In order to avoid pos- 
sible artifactual changes, concentration meth- 
od..; and anticoagulants were not used. 

It is apparent that the incidence of binu- 
cleated lymphocytes is low, and that more of 
these cells were seen in the exposed individ- 
uals than in the controls. The mean in the 
exposed group was 5.9 per 50,000 white blood 
cells with a range of 3.4 to 7.6; it was 1.4 per 
50.000 in the control group with a range of 
0.4 to 2.5. The difference is highly signifi- 
cant by statistical tests. 

In an attempt to explore the pattern of this 
lymphocyte response to individual and cumu- 
lative exposures, several persons were studied 
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FIG. 1. Incidence of binucleated lymphocytes in 
peripheral blood of 7 normal unexposed individuals 
and of 8 normal persons exposed to levels of ionizing 

radiation of the order of 200 mr per week. 

over periods of many months. On one of 
these persons 17  counts, each consisting of at 
least 5 hourly samples were taken during a 
90-day period shortly after he began working 
with radiation. These data from the count- 
ing of 936,000 white blood cells are of inter- 
est because his average radiation exposure was 
239 mr per week; and during this period he 
received 4 individual daily exposures exceed- 
ing 200 mr. While the first 2 counts showed 
only 1.5 and 0 binucleated lymphocytes per 
50,000 white cells respectively, the incidence 
during the rest of the interval fluctuated 
about a mean of 6 per 50,000. In general 
larger numbers were seen several days after 
exposures to 200 mr or more. Daily counts 
were taken frequently during a 10-day pe- 
riod following a single dose of 264 mr on the 
eightieth day. Forty-eight hours after this 
exposure the incidence of binucleated lympho- 
cytes was 15 per 50,000 white blood cells: 10 
days after exposure it was 1 7  per 50,000; the 
average daily count between these 2 times 
was 3.5 per 50,000. It does not appear pos- 
sible a t  this time to adequately relate a pat- 
tern of the binucleated lymphocyte response 
to individual radiation doses ; however, such 
a relationship is suggested by these observa- 

tions and is currently under study. 
Discussion. Binucleated lymphocytes oc- 

cur in small numbers in the peripheral blood 
of normal individuals. High numbers have 
been seen in patients with lymphatic leuke- 
mia; they may be elevated in hepatitis, and 
probably in other abnormal conditions. The 
data reported here were obtained from per- 
sons in good health. Physical findings: lab- 
oratory data and medical histories were re- 
viewed in each case. It must nevertheless be 
borne in mind that this response is not spe- 
cific to ionizing radiation. Murphy and 
Sturm( 7 )  described seeing large numbers of 
these cells in the blood of animals after heat 
treatments. The possible relationship of 
these cells to the “stress lymphocytes’’ of 
Frank and Dougherty(8) is being investi- 
gated. 

In the study reported here a 
significant increase in incidence of binucle- 
ated lymphocytes is demonstrated in persons 
exposed to ionizing radiation at  levels of the 
order of 200 mr per week. 

Summary. 
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