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This report summarizeafthe apparent hematological changes 1n 10

- individuals, exposed to total-body gdmma radistion in near tolerance
G A T ke

amounis, over & period of four and one-half yesrs. Two control groups,
in addition to the exposed group; vere used for comparative purposes.
Control group I received essentially no ga;ma or b;ta radistion. Con-.
trol group II received exposures at least & factor of 10 below those
of the.expoeed group. The average total leukocyte count, absolute
neutrophil value, and absolute lymphocyte value, were determined for

N each individual and for all groups. Analysis of data indicates a sig-

nificant depression of the absolute lymphocyte value, of the exposed

group as compared with those of the control groups .
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FURTHER STUDY OF EEMATOLOGICAL CHANGES IN HUMANS
CHRONICALLY EXPOSED TO LOW LEVEL GAMMA RADIATION

1. Introduction

A previoﬁa report1 covered in detail the hematological changes observed
in 10 individuals chronically exposed to low level gamma radiation for &
period of three years at the Los Alamos Scientific Laborastory. Since the
publication of the original report, data have been collected on the same
individuals for an additional 18 months. This report covers the additional

data and summarizes the observations during the entire four and a half years

"of the study.

For the purpose of analysis, the total body study period'ot 54 months

has been divided into six consecutive pefioda of nine months each, designated

as Periods I through VI, respectively. Various time intervals «aring the Sk
months will be referred to by their appropriate period designation. The 54
months include the timé petveen December 19L6 and June 1951. The initial
report1 gave the observations for Periods I through IV.

The composition of the group of individuals exposéd to the ionizing
radiations and of the groups selected for control purposes has rcmﬁined
esgentially the same as reported previoualy.l Conditions of exposure and
methods of data collection and analysis changed somewhat in Periods V and VI

These variations in experimental method are covered below.

2. Individuals Studied

2.1 Exposed Group

Ten individuals were selected for study since their work included
exposure to totsl body gamma radiation in relatively large amounts. These

individuals handled radiocactive substances, both betu and gamma emitters.

e 3063 04

DOE/HQ



1061123

The gamma ray spectrum was considered to be approximately that of radium.
During Period V, one of the 10 individuals left the employ of the Los Alamos
Sclentific Laboratory. Another individual received only one blood count
during Period VI. Hence, while the data on all 10 individuals from Period
I to Period V were available, only eight of the original.group wvere studied
for Period VI. ‘ '

Periodic physical examination of the 10 individuals has indicated that
their general health is good. An average weight gain of five pounds has beer
noted in tbe'group during the fbur and 8 half years of stﬁdy. No unusual
incidence of upper respiratcry infection or other minor illnesses has been

noted.

2.2 Control Groups

Both of the control groups originally selected for this study were used
for Periods V and VI. Control group I, consisting of males whose work invol.ve
no exposure to beta or gamm. radiation, origina;ly‘included 46 individuals.
Certain members of this group left the employ of the Los Alamos Laboratory
during Periods V and VI, and by Period VI the ‘size of the group was reduced
to 21 individuals. Several members of this group were assigned new work durin

the later portion of the study, and their exposure under the new working con-

‘ditions included bete and gamma radiation. The average level of exposure vas,

howvever, at least & factor of 10 below that of the personnel of the exposed
group; therefore, these men were not dropped from the control group. _Periodic
physical examinations ﬁave 1nd1cateé that the general health of the control
group remaiped good.

The “random" Cphtrol group II,.addéd to the study during Period IV,

originally consisted of 46 males whose hematology records were selected at

. random from general files in the hematology section. No consideration was

-5- | o - DOE/HQ
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given the exposure the igdividuals received. While numerous membere of the
group recejved both beta and gamma exposure, all exposure levels were as le
a factor of 10 below those encountered in the exposed group. Because some
dividuals left the project, the number of individuals in Control éroup II
had dropped to 30 by Perilod VI.

No individuals were.added tb either control group during the time
period covered in this report, since sufficient blood counts had been done
on the remaining individuals to give a aatisfacﬁory sample of normal total
vhite blood counts, absolute neutrophil, and absolute lymphocyte, levels for
the Los Alamos area. As mentioned in the previous report, all control in-
dividuals had resided at the altitude of Los Alamos for as long a&s the expos:

individuals and enjoyed generally comparable working conditions.

3. Collection of Data

Ali blood counts were done between 8 a.m. and 10 a.m. The same techni-
cians who did the counting in previous periods‘continued'to do 8o in Periods
V and VI. Capillary blood was used, and pipettes calibrated by the National
Bureau of Standards were employed. One pipette and one side of the standard
counting chamber were employed for each count. Differential counis normally
included 100 cells but occasionally 200 were obeerved. During Periods I
through IV, all individuals in both the exposed and coﬁtrol groups received
their blood counts at a central laboratory. During Periods V and VI, however,
the exposed group and several members of the control groups received blood
counte at their places of work.

Members of the exposed group, as well as those members of the control
groups receiving incidental radistion exposure, were monitored with body f{lm

badges and pocket ionization chambers. Film badge estimates of dose are used

€. Q
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throughout this report. Excellent agreement was observed Setween the
film badge and ionization champber values.

During Period V, the general level of exposure of the exposed group
was essentially the same as it had been during Periods III and IV. During
Period VI, however, it was possible to reduce the exposure of nearly all
e#posed group individuals to levels comparable to those received by members
of the control groups mentioned above. In view of the observed decrease
in ébaolute lymphocytes in members of the exposed group during Periods I
through IV, this change in exposure level was viewed with great interest
by the investigators. W1£h the prospect that the majority of the indivi-
duals would no longer receive relatively large radiation doses, thé op- -
portunity existed to determine whether the absclute lymphocyte values of
theee-individuala would return to control levels. The demonstration of
such a return to normal levele would strengthen the postulate that the
observed lymphopenis was radietion-induced. Persistent lymphopenia would

make the postulate less tenable,

4. Method of Statistical Analysis of Data

The average total white blood cell count, absolute neutrophil value,
and absolute lymphocyte value, were determined for each individual for each
exposure period%t}f;e mean of the above values for each group was then

calculated using the mean figures for each individual in the group.

the period-group averages féported consist of the average of the determina-

yobT\ZS

tions in 8 to 10 individuasle in the case of the exposed group and of 21 to 46
individuals in the control groups. vThé Qignifichnce of the difference of the

mean values for control and exposed groupe are expreseed in this report in

. terms of.the "t" test. | | ) DOE /HQ
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In addit;on to comparing the control and exposed groups, &an analysis
was ,made of the varietions in absolute lymphocyte values for members of the
exposed group. A least sguares line, each point weighted directly as the mu
ber of observations and inversely as the variance of the observations about
their mean, wvas fitted to the mean absolute lymphocyte values for each in- -
dividual over the six peribda. The regression coefficient of this line ex-
pressed the absolute number of lymphocytes lost or gained per nine-month
period over the entire duration of the study. The significance of each of
these regression coefficients vga determined and is expressed in terms of
its "t" value. The average regression coefficieht for all 10 individgals
was determined, and the hypothesis that this average regression coefficient
differed significantly from zero was tested in the following manner. Where
bi is the regression coefficient for any one individual and b, is the average
regression coefficient for all individuals 1h the exposed group, the sum of
the squafe of the'standard deviate, 82{ is given by

52 - (bi - bo)
: 9

end "Student's' t-value is given by

_ 2 b
8 Q1o

In the case of individuals 1 and 6, who left the project in Period V,v

t

the regreesion coefficient is based on the values for Periods I through V only.

5. Experimental Results

Table 1 gives the total and average exposure for all 10 individuals in
the exposed group for Periods I through VI. The mean total white count, the
absoclute lymphocyte value, and the absolute neutrophil value, for each indi-
vidual in the exposed group and for the group as a whole are given in Table 2

for all six periods, together with the number of counts each man had in each

R 3063 G8DOE/HGC
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period. Average values for the control groups for all six periods are
given in Table 3. The significance of the differences between values

for the various periods within the control groups and exposed groups

. themselves are given in Table 4. The significance of the differences

between means of the exposed group and the control group for each period
is tabulated in Table 5. Data §n tﬁe regression coefficients 6f least
squares lines of fit to the absolute lymphocyte values for each man in
the exposed group are presented in Table 6.

As was the case in the analysis of data on Periods I through IV pre-
sented in the original report, it is seen that significant results occur
only in the lymphocyte values for the exposed individuals and their de-
pression below the ;bsqlute lymphocyte values for the control groups.

The significance of the depression of lymphocyte values within the ex-
posed group from Period I to Period VI carries & probability of less than

1 per cent that it is due to chance alone.

6. Discussion

The percentage of lymphocytes found in both control groups.over the six
study periods (average 29.3 per cent, range 27.9 - 30.7 per cent) is }over
than the values previously reported for individuals residing at S000 - 8006
ft altitudes. Peterson found an average of 36.26 per cent lymphocytes in
differential counts on young adults at 5755 ft (Butte, Montana),2 and‘
Stammers reported an average of 36.8 per cent in 171 young édults at 5%50
ft (Johannesburg, South Africa).5 Ruppanner found %8.25 per cent in 8 men
residing at ST4l ft and 36.6 per cenf in 12 men residing at 7382 ft in the
Swiss al‘ps.h Peteréon suggested that the higher ultraviolet content of sun-
light at these altitudes might be responsible for the lymphocytosis, and

-9  DOE/HQ
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Stammers pointed out that the Johannesburg area received an average of T3
per cent of the total anﬁpal avajlable sunlight. The Los Alamos ares has
an equally favorable climate, yet at the Los Alamos elevation, 7200 ft, no
lymphocytosis véa seen.

Nor was the percentage of lymphocytes found in the present study as high
that noted by Osgood in studies of normal young adults near ses level,s’b
although our findings agree well with the values reported by Wintrﬁbe.7 It
is possible that technical differences between laboratories may account for
some of the differences noted.

The values for the total white blood cell count in this study are
.81ightly lower than those reported by Osgood, Ruppanner, and Peterson, but
the differences seen are not statistically significant.

. Chamberlain has pointed out the tendency of physicians to repeat blood
counts on individuals when abnormal values are found, thus biasing the data
in favor of high or low values with individuals shovihg transitory of per-
slstent abnormal white cell levels.8 E; has pointed out that this may be a
legitimate criticism of Knowlton's study of leukopenis and lymphopenia in
individuals exposed to gamma radiation over many months.9 We feel confident
that no such bias has appeared in the dsata cbllected on the members of the
exposed group in this study. At no time was the counting schedule of the
exposed groﬁp altered during the course of the study because‘of abnormal
values as the counting frequency was high enough to make special repeat de-
terminations unnecessary in fhe fevieving physicians' opinion.

The absence of repeat counts was not true in the case of the control
groups, however, in which there was a low counting frequency. When an ab-
normaluvhite cell count was found, a repeat determipation was ususlly mude
in a matter of days after the originﬁl count. Since in the majority of

=10~
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instances, the repeat determination was made because the original'va]ue found
wae below 4000 cells, values of the total white cell count for control groups
may be slightly lower than they truly should be. This may account for the
differences betweer cur control white cell count values and the values given
by other suthors noted sbove. No attempt has been made at this writing to
remove repeat counts from the éontrol group data, for we feel ihat the effect
of such adjustment of the data would be slight, and would tend to increase
rather than decrease the significance of the differences between control and
exposed group means.

The six time periods used in this study should have minimjized any effect
which aeaaoﬁal blood count variations would have on the changes seen. Each
time period of nine months included three of tﬁe four annual seasons, the
three included varying within any consecutive group of four periods. In our
data, no significant differences between the determinations made on control
groups appeared between any periods. Nor did any change appear in the total
vhite cell count of the exposed group which migﬁt be explained on the basis
of possaible seasonal variations. This is contrary to the changes in the
total vhite cell count reported by Chﬁmberlain, who found lower total white
cgli values in the summer montha.a

The large number of reports dealing with hematological observations in
humans chronically exposed to lov intensity ionizing radiations attests the
g;neral intereet in this subject.8'17 In general, the most conaieteﬁt finding
reporfed has been & grenulocytopenia. Opinion 1s divided on whether bf not
lymphocytes are decreased or increased with doses pear present tolerance levels.
With relatively large continued exposure, lymphopenia is evident,ll apd in
the most complete data given on chronic low level exposures to date, lymphopenia
wvas also the most striking finding in certain caaesulo In hie analysis of the

A | 1DOE/HQ
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data collected jn AEC laboratories in this country, Moahman16 stated that
granulocytopenia appeared to be the most consistent finding in personnel
exposed to 16nizing radiation, but he also noted & general downward trend
in the total white cell count and the lymphocyte values in certain exposure
groups. Chamberlain has concluded that decrease in the circulating lympho-
cytes is the only significént finding in personnel exposed to slightly more
gamma radiation than was received by the ipdividuals inm this study.8 His
group included individuasls with possible internal as well as external radiatic
Since the original report of the preaent'studyl the mean lymphocyte
value for the group has continued to decreaeé. In the analysis of the first
four periods, the average absolute lymphocyte loss per individual per period
was 94 cells. In the present analysis 1n;lqding the data from the entire six
periods now available, the average loss is 66 cells per period. Thus the de-
crease in the last two periods was not as large as would have been anticipated
on the basis of the changes seen in the first report. This tendency of the
absolute lymphocyte value-to level off, rather than to continue its rate of
decrease, is encouraging, especially in view of the marked reduction in the
exposure of the individuals during Period VI.

No significant variations in the hematological observations hade,‘other
than the lymphocyte change, has been noted to date. No change in working
conditions, other than the marked reduction in exposure, has occurred. In
the authors' opinion, the possibility of internal hazard has remained slight.
No other known toxic agents were encountered in the working eﬁvironment.of the

individuals studied.

7._Sumary

. Hématological changes observed in 10 individuals chronically exposed

‘ -12- /H
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to low-level gamméAradiation over & period of L-1/2 years héve been limited
to an apparent persistent lymphopenia. The'average exposure of each indi-
vidual over this period of time has been 146 mr/wk. No factor in the work-
ing conditions of these individuals other than thelionbing radiation ex-
posure has been discovered which could aécount for the apparent hematological

changes eeen.
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TABLE 3%

SUMMARY OF HEMATOLOGICAL DATA FOR CONTROL GROUPS

PERIODS I-VI
-Period WBC Neutrophils Lymphocytes
I 7009 + 2uB%x  L16Lk + 206 1983 + €6
I* 7654 + 391 4648 + 293 2133 + 108
1I 6790 + 250 L079 + 204 1927 + 72
111 6865 + 263 4001 + 212 2026 + T7
Iv 684k + 327 3994 + 230 2042 + 87
Ivs 7053 + 267 4223 + 245 2049 + 96
v 6741 + 300 Loks + 220 2068 + 112
v 7500 + 332 Ly27 + 215 2175 + 100
VI 6591 + 362 LO79 + 236 1952 + 127
vI* TH34 + 287 4380 + 198 2264 + 112
* Denotes random control group.
#* Denotes standard error of the mean.
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TABLE 5

SIGNIFICANCE OF DIFFERENCE BETWEEN EXPOSED GROUP AND
CONTROL GROUP MEANS FOR EACH PERIOD

Periods - ’  wB.C. Neutrophils Lymphocyte

Exposed Control ar 3 prob*+ 't prob. t  prot

1 1 S sy 1.38 204  1.32  20% .59 50

11 II N 11 >50% .51 50% 2.22 W

111 111 s . .39 >50% .98 354 2.57 = 2

) v v Ll 42 >s04 . 1.37 209 2.78 <1
. v v 3} .87 Lo$ 88 . Lot 2.80 <1
VI vi 27 b >50% 1.48 15% 2.26 39

I I* L6 .18 >50% .27 50% 1.13 25%

i v IV sy . A1 508 A .77 kss 2.31 3¢
v ve v 35 >s06 .05 508 3.21  <1%

VI vI* 36 .66 >50% - .87 403 3.56 <1%

.- . 4

* Denotes "random" control group used for comparison.

#* Probability that difference observed is due to chance alone.
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TABLE 6
SIGNIFICANCE OF LYMPHOCYTE DEPRESSION IN EXPOSED GROUP

(ON THE BASIS OF REGRESSION COEFFICIENTS)

Individual Regreaai?s ?oefficient* 4+ for test of b
1

1 - 97.61 10.4

2 - 49.28 5.%

3 --97.61 o 1044

" - 64.37 K 6.9

5 - 718.53% 8.4

\ 6 1Lk .46 ' 15.4
7 - 32.4Y4 3.5

8 -134.73 1k.4

9 + 75.28 8.0

10 - 66.97 ‘ 1.2

Average Regression

Coefficient (b,) - 69.07

*# In terme of decrease of lymphocytes per nine-montb period. -

Since the.individual regression coefficients differ'among themselves
somevhat 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 thé;variation among the regression coefficients.

The square of the standard deviates, 6 = (b; - o) = 3812.25

_ 2%
'8
V10
t with 9 degrees of freedom is significant at between the 1 per cent and -

, N JNCLASSIFIED
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i .1 per cent levels.
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