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HEMATOLOGICAL CHANGES IN HUMANS CHRONICALLY 
EXPOSED TO LOW-LEVEL GAMMA RADLATION 

At the Los Alamos Scientific Laboratory, a number of individuals a r e  exposed 
continually to small amounts of ionizing radiation. 
small doses of whole-body radiation (0.1 to 10 r )  i n  single acute exposures cause no 
change in the peripheral blood picture, i t  is possible that i f  a large enough group of 
individuals, chronically exposed to low-level gamma radiation, is studied over a long 
enough period of time, statistically significant hematological changes might be ob- ' 

served. 
Ten individuals at  the Los Alamos Scientific Laboratory were considered satis- 

factory for such a study, both from the point of view of the duration and average 
level of their exposures, and because of the complete records available in each case. 
This paper reports the analysis of the blood counts done on these ten men, together 
with suitable control cases,  over a three-year period from December 12, 1946 through 
December ll, 1949. 
month periods, designated Periods I - IV. 

A. INDIVIDUALS STUDIED 

Although it  i s  well known that 

This time interval has been divided into four consecutive nine- 

- 
1. Exposed Group 

These ten individuals, all males, whose ages ranged from 25 to S6, had 
resided at the altitude of Los Alamos, New Mexico (7100 feet) for an average of three 
months before blood counts were done for purposes of analysis. From pre-employ- 
ment physical examinations and hematological observations during their early weeks 
at the Project, the individuals were presumed to be in good health. During the study 
period, the ten men carried out essentially similar work involving materials that 
emit beta and gamma rays. Radiation exposure was whole-body in nature. The beta 
radiation received by these men was roughly 5 r ep  for every one roentgen of .gamma 
radiation. 
tological changes, since doses of 5000 rep to the hands of individuals have been 
shown to have no effect on the circulating lymphocytes. ( l )  The gamma-ray spectrum 
may be considered essentially that of radium. 

During the course of the three-year period reported, periodic physical exami- 
nations showed the ten men to be in good health. No increase in upper respiratory 
infections or incidence of any diseases known to effect the peripheral blood picture 
for an appreciable length of time was recorded. 

It is felt that this beta exposure probably did not contribute to any hema- 

2. Control Groups 

a. Forty-six individuals, selected because their work lnvolved no exposure ' 

to beta, gamma, or  x-irradiation, were used for one ser ies  of control cases. These 
individuals, all males, had resided at the altitude of Los Alamos at least as long as 
the exposed group and were presumed to be in good health because of periodic and 
pre-employment physical examinations. Ages ranged between 20 and 42 years of age. 
Their occupational hazards included exposure to alpha emitters but, due to the slight 
penetration of alpha particles in tissue ( 5 0  microns) and the slight possibility of 
ingestton of the active substances, they were considered satisfactory for control pur- 
poses. As in the case of the exposed group, no known exposure to other toxic agents 
(dusts, organic solvent vapors, etc.) existed. 
period, 10 individuals from the control group left the Project, and the number of 
control samples for Period I V  was, therefore, reduced to 36 individuals. 

have occured in choosing the original control cases (the investigators were familiar 
with the general hematological pictures of all individuals a t  the Project), or that only 
46 individuals did not represent a sufficiently large cross  section of the general Los 

During the course of the three-year 

b. Since it was felt that unconsCious "selection" of favorable cases might 
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Alamos population, an additional control group was drawn from the Laboratory files. 
A blindfolded individual, unfamiliar with the records, was allowed to select a t  ran- 
dom from all the active files (over 2000) 46 individual cases. (The records of the 
ten men in  the exposed group were not available for selection.) Those records with 
fewer than ten counts ( i .  e . ,  those individuals who had resided at the elevation of Los 
Alarnos for less than approximately two years)  were excluded, and the drawing was 
continued until the full complement of 46 was attained. Of the 46 males chosen, all 
had been exposed to various types and amounts of ionizing radiation and to other 
toxic agents known to occasionally produce hematological changes. 
extremely erratic, however, and the average weekly exposure of any individual in 
this control group was at least a factor of 10 below those of the exposed group 
individuals. This "random" control group is marked with an asterisk in all data 
tabulations. 

Exposures were 

B. METHOD OF COLLECTION OF DATA 

Blood counts were uniformly obtained between 8 and 10 in  the morning. 
lary blood was used,  and diluting pipettes and counting chambers, calibrated by the 
National Bureau of Standards, were employed. One side of a chamber and one 
pipette were used for each determination. Smears were made on cover slips, and 
100 cells were examined routinely on each differential count. For the majority of 
the three-year period, each member of the exposed group received a blood count 
weekly. 
of counts done on each individual is given in TableII. 
much less  frequently than did the exposed individuals. 
considered i n  this report, the average number of counts for one individual for any 
nine-month period was three to four. 

Ionizing-radiation exposure was measured with film badges and with pocket 
ionization chambers. 
methods agreed closely. The figures reported in Table1 a r e  for body film badges. 

Capil- 

Variations i n  this schedule occured, however, and a tabulation of thenumber 
Control cases received counts 
Of the 92 control records 

Total figures for the dose received by each man by the two 

c. METHOD OF STATISTICAL ANALYSIS OF DATA+ 

The average total white count, absolute neutrophil count, and absolute lymphocyte 
count for each individual in  the study was determined for each nine-month period. The 
mean values for each group were then calculated using the means for the individual 
members of each group. Thus, the group-period averages reported a r e  made up of 
10 samples in the case of the exposed group, and of 36 to 46 samples in the cases of 
the control groups. The significance of the difference of suitable means was calcu- 
lated and is expressed i n  this report in terms of the index of abmodality. ( 2 )  
The index of abmodality represents the number of standard deviations of the differ- 
ence of two means separating the two means. 
greater, representing three standard deviations separating the two means, was taken as 
the lower limit of statistical significance. 
times through chance alone. An index of abmodality of 4.0  represedts one chance in 
1.6 x 104 that the observed result was due to chance alone. 

In addition to the analysis of the data from the point of view of the significance 
of the difference of comparable means, an additional study of the lymphocyte values 
for each individual in  the exposed group was carried out. Thebest line of fit for the 
points representing the lymphocyte values for each individual for the four periods was 
calculated by the method of least squares. The regression coefficients of the formulae 
for the exposed individuals were averaged and the significance of the depression of 
lymphocytes studied by this means. (3) 

An index of abmodality of 3.0 or 

Such a result could occur once in 3.7 x lo2 

The regression coefficients were studied for 

* 
The assistance of Mrs. Verda Strang and M i s s  Elizabeth Busch in the compilation 

and analysis of data is gratefully acknowledged. 
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internal homogeneity and were found to be homogeneous at  the 10 percent level. 

into four consecutive nine-month periods designated as Periods I - IV respectively. 

D. EXPERIMENTAL RESULTS 

As has been stated, the time during which the study was continued was divided 

Table I gives the total and average exposure of the 10 individuals in  the exposed 
group. The mean total white count, absolute neutrophil value and absolute lymphocyte 
value for  each individual and for the group as a whole is presented in Table 11. 
Similar values for the control groups are given in Table III. The significance Of 

differences of means within the control and exposed groups themselves axe presented 
in Table IV. 
control-group means for comparable periods. 
cyte depression in  the exposed group as studied by the means of regression Coeffi- 
cients, and the significance of the findings. 

pared to the selected control group o r  to a totally random cross section of the Labo- 
ratory population, the exposed individuals showed a significant deviation from the 
"normal" groups in Periods III and IV. In Table VI, it is seen that the h e a r  re- 
lationship representing the progressive depression of lymphocytes of the exposed 
group, noted in all four periods of study, carries a probability of less than 2 per- 
cent that it is due to chance alone. 

E. DISCUSSION 

In the authors' opinion, to prove that an average weekly radiation dosage of the 
level reported causes a significant depression of lymphocytes, several criteria must 
be met. 
cases must be shown to exist. 
itial pre-exposure levels i n  the group selected for study must be significant. No 
other possible explanation for hematological variatidn can  be present. 
groups at  similar exposure levels should .demonstrate essentially similar findings. 

Clearly, only the first two requirements have been strictly met in this study. 
So few counts were done on the individuals in the exposed group prior to the start 
of Period I that no suitable statistical figure for pre-exposure lymphocyte values are 
available for  this group. Hence, it was necessary to take the average lymphocyte 
value for Period I as the initial value for the exposed group from which the signifi- 
cance of later depressions within the group was calculated. These data, given in 
Table VI, show that there is a less  than a 2 percent chance that the observed de- 
pression within the exposed group itself could be due to chance alone. 
fact that heavy expsuresoccurredduring the first  period, this lymphocyte value is 
in all probability low, and the significance of depressions within the exposed group 
also slightly low for this reason. The majority of the decrease in the lymphocytes 
occurred between Periods I and LI, following the high exposure of Period 1. 

While external radiation exposure is probably the most likely cause of the ob- 
served changes in the hemogram of the exposed individuals, the possibility of Internal 
body deposition of active materials exists. So little is h o r n  at the present time of 
the uptake of materials of..the type considered in this study, the biological half-life 
of these substances, and their organ deposition, that the possibility of "internal" 
deposition must remain somewhat in doubt. Since, hdwever, elaborate precautionsto 
guard the personnel against ingestion of the material were taken, and since actual 
proven instances of oral, nasal or wound contamination are very few, "internal" radi- 
ation from bodily deposition of the radioactive materials is a remote possibility. The 
presence of other hematological toxic agents has been strictly discounted in  occupational 
environment of the individuals. No details of their private environments or their histories 
before coming to the Project would indicate possible hematological abnormalities. 

Table V gives the significances of differences between exposed and 
Table VI gives the data on the lympho- 

It is seen that positive findrngs a r e  Umited to Tables V and VI. Whether com- 

A significant difference between the exposed individuals and suitable control 
The depression of circulating lymphocytes from in- 

Finally, other 

In view of the 
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In s o  f a r  a s  the authors have been able to determine, no other groups with 
comparable numbers of exposed personnel, with comparable consistent dosage of a 
similar level, and wth comparable accurate hematological and exposure data, exist at 
the Los Alamos Project or  at  other AEC installations. The possibility of confirming 
the findings given in this report through the study of other groups seems, at the present 
time, slight indeed. 

not seem entirely justified on the basis that the most rigid criteria a r e  not met. 
Where it is possible to demonstrate a highly significant difference in lymphocyte 

s h e  development of this deviation, based on an unsatisfactory starting point and few 
subsequent points, carries a n  uncertainty of only 2 percent, careful consideration 
must be given to the possibility that a definite and possible serious change has 
occurred in the individuals in question. The fact that the exposure level to which 
these men were subjected is below the currently accepted level is further disquieting. 

An absolute lymphocyte value of 1500 in an apparently healthy individual would 
not necessarily be a cause for alarm. Where, however, this value represents a 
relatively large decrease from a well-established previous norm, i t  should be given 
careful considerabon. 

Disregarding of the positive findings that a r e  felt to be present i n  the data does 

1 

w values between exposed and control groups, and where demonstration of the progres- 

F. Summary 

1. Changes i n  the hernogramof 10 individuals chronically exposed to low-level 
gamma radiation over a three-year period a r e  reported. 

2. The possible correlation between the decrease i n  circulating lymphocytes 
noted and the whole-body ionizing radiation received by the individuals in  
question is discussed. 

ACKNOWLEDGMENT 

The authors wish to express their appreciation to Dr,s. T. L. Shipman, 
H. 0. Whipple, R. S. Crier,  T. N. White and E. P. Cronkite and toMr.  R. J. Hader 
for their suggestions in the preparation of this manuscript. 

RE FE RE NCES 

1. N. P. Knowlton, Jr. , et al. , Beta Ray  Burns of the Human Skin, J.A.M.A. !41, 
239-246 (September 2 4 r l S 9 ) .  

2. Elmer B. Mode, "The Elements of Statistics" (New York, Prentice-Hall, Inc., 
1941). 

3. R. A. Fisher, "Statistical Method for Research Workers" (New York, Hafner 
Publishing Company Inc., 1948). 

. 
. .  

- 7 -  

Z Z L  3 
DOEIHQ 



.. .' 

. .  

4 

- 8 -  

, 



4 

- 9 -  

7 



. .  

h 

s 
C 
0 

- 10 - 
b 



.. 

Neutrophils 

41 64 2 206 

4648 2 293 

4079 2 204 

4001 2 212 

5994 5 230 

4223 2 245 

Period 

I 

I+ 

n 
m 
rv 
-N+ 

~ 

Lymphocytes 

1983 2 66 

21332 108 

1927 2 72 

2026 5 77 

2042 2 87 

2049 2 96 

TABLE IfI 
SUMMARY OF HEMATOLOGICAL DATA 

FOR CONTROL GROUPS 
Periods I - IV 

W. B. C. 

7009 2 248+* 

76% 2 391 

6790 2 250 

6865 2 263 

6844 2 327 

7053 2 267 
* - Denotes Random Control Group 

++ Denotes Standard Error of the Mean 
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TABLE V 

Denotes "random" control group used for comparison 
A positive index of abmodality denotes increase of exposed group 
above controls; a negative index of abmodality denotes a decrease 
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TABLE VI 

SIGNIFICANCE OF LYMPHOCYTE DEPRESSION IN EXPOSED GROUP 
(On the Basis of Regression Coefficients) 

1 
Individual 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

Regression Coefficient* 
' (bi> 

- 109.0 

- 127.6 

- 46.0 

- 42.4 

- 134.8 

- 21 2.4 

+ 36.6 

-262. 1 

+ 21.4 

- 67. 1 

Average Regression - 94.3 I Coefficient (bo) 

t 
In te rms  of decrease in lymphocytes per nine-month period. 

Since the individual regression coefficienk differ among themselves somewhat 
more than would be expected on the variation of the points around each line, the 
hypothesis that the average slope differs significantly from zero is tested against 
the variation among the regression coefficients. 

= 9,040 2 C(bi - bo) The square of the standard deviates, s , = 
9 

= - 3.14 bo 

mi 
t =  

6 

t with Q degrees of freedom is significant at between the 2 %  and 1% level. , 
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