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INTRODUOTION

This is the second report on statistical analyses of data from a

series of hematologic studies made on the animals aboard the target ships

at Bikini.

For the purpose of this report several detailed data forms were

develored, based upon the preiilse that they should be easy to fill in

and complete, as well -_ b: susceptible to large sample statistical tabu-

lations. After the hematologic data were recorded, the forms were for-

warded to the Medical Statistics Division for coding, tabulating, analyzing,

and interpreting. Definitions, codes, and procedures were written and

these were followed in the transcribing and card punching prior to making

the actual machine tatalations. Every effort was made to eliminate human

errors and it is believed that the data, as presented, are accurate and

contain only such variations as are found in all tabulationn of red cells.

In the first paper (1) the observed results on the white blood nount

of the pigs exposed to ionizing radiations were described. The data pre-

sented. A n were obtained from the same group of pigs and because some

of the red blood counts were compared with the counts of the white cells,

it is appropriate to briefly list some of the findings as summarized in

the previols paper.

1. There was a very high correlation between the lymphocyte count

and the white blood count.)

2. Of the 137 (pigs aboard the SAKAWA which sank are not included)

experiemntal pigs placed aboard the target ships, 38 hMd died

by 31 January 1947.2

S3. Twenty-six pigs had a reduced white blood. count (13,000 or below-

the normal metn count was 23,000) within eight days. Of these,

17 died and 9 live



4. All except one of the pigs with reduce& counts were located

aboard four ships (01,03,11,12). These same four ships also

had the highest mortality rates.)

S5. There was a relationship between amount of white blood count

reduction and survival time.

v 6. Many of the control, as well as the experimental pigs, had

reduced counts from unexplained reasons during a period follow-

Ing the blast.

7. As far as white bl'6od counts are concerned, the group that had

reduced counts and yet lived had returned to normal limits by

the enz of the report period'31 January 1947.

R3SULTS

Figure 1 (two RB~s, one of 3.0 and the other 8.9 not shown in Figure

1; and all red blood counts for pigs are shown in millions and parts of a

million) is presented in the form of a histogram and shows the distribution

of the number of pigs by the amount of the normal red blood count. These

counts were the only ones available to be used in establishing the normal

standards. For same of the pigs, two red blood cell counts had been done

and for the remainder only a single count had been made. If a pig had more

than one red blood count recorded for the period prior to A-Day, a single

mean count was computed and used Just as if there had been only one red

blood cell count made.

It was pointed out in the diseusaton concerning white blood counts

that there is a dearth cf hematologic information available for use in

comparing normal counts of different biological species. This fact makes

it particularly difficult to differentiate between changes that may be

caused by exposure to ionizing radiations and other determinants, such as
physiological changes, diet, tropical exposure, etc.
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It is rather interesting that the histogram, as shown, assumes a

bi-modal type of distribution. This Is usually caused by either working

with heterogeneous material or a paucity Gf data. Since it is known that

the red blood counts are homogeneous (the pigs were carefully selected

as to age - approximately three months of age wCien brought aboard the

USS BURRLESON - ancestry, etc.) it is thought that a larger sample would

assume a single point of major concentration; In fact the same result

U could be achieved with the data on hand by merely increasing the class

interval.

The count distribution had a range of from 3.0 to 8.9. However,

only two counts were outside the limits of 4.0 and 7.9. The mean was

found to be 5.9 (X 5.9 ; 8: 1.0 ; ( -_ .09).

When the white blood counts werr examined it was shown that there

was a dramatic drop in the total count for the pigs that received a

heavy dose of rddiation. This precipitous drop generally ocmrred within

72 >ours following the test and either resulted in death, or a long

convalescent period before the white blood count returned to normal limits.

Figure 2 depicts the average reaction of the pigs that had a reduced

white blood count and also shows the trend of the red blood counts during

the same period of time. There are two groups of pigs included: (1) those

that lived; and (2) those that succumbed direct or indirect effects of the

bomb. In general, there was a decline of the red blood count for the

animals under consideration (those that had depressed white blood counts),

although the reduction was not as sudden or as severe as is dhown for the

white blood counts during the first period (1 July 1946 - 5 July 1946).

Because daily blood counts, subsequent to the test, were not obtained, it

is impossible to compute the exact day of minimum readings. However, there

was a lag in the suppression of the red blood count and the average
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minimum counts did. not appear until the fourth period. (18 July 1946 -

23 July 1946).

It may be noted that, at the period of the minimum readings (the

first and fourth), the average red blood count as well as the white blood

count was higher for the group that lived. Data for the red blood counts

are not available from the fifth to the tenth periods (24 July 1946 - 31

October 1946). During October the red blood counts had returned to normal,

in fact they exceeded the pre west counts during the remaining periods of

the study. This picture did not hold true for tha white blood counts as

the average count for those that lived did not regain full pre-test status

by the end of January 1947.

from Figure 3 (the average red blood counts shown in Figures 3 to 4

and 6 to 10 are based upon total counts from all pigs stationed aboard

specific ships) one may obtain a comparison between the average red blood

count for the first four ships (01 USS NEVADA, 03 USS INDEPENDENCE, 11 USS

SALT LAKE CITY, and 12 USS FALLON), and the average for the renaining 11

ships. Since it is commonly accepted that the white blood count is a much

more accurate index of the amount, or dose, of ionizing radiation received,

it was felt that if the white blood count reduction was not detectable the

red blood count would certainly not be reduced in significant amounts.

T•herefore, the two groups of ships sh-wn in Figure 3 were determined by the

fact that all of the pigs, with one exception, that had a reduced white

blood count, were located on Ships 01, 03, 11 and 12.

the average red blood counts of both groups showed a downward trend

following irradiation although the counts for the pif- aboard the first

four ships dropped the more rapidly. The minimum average count for this

group was reached during the fourth period; however, there was not a
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significant difference in the mean during this period. In fact the

trends of the counts of the two groups are very similar and it is

impogsIble to state that any of the observed diffzrences could de-

finitely be related to the effects of exposure to ionizing radiations.

Since many of the animals located in the rirst group were having re-

peated mediastinal hemorrhages, it in quite possible that this factor

partially accounted for te slight progressive anemia. However, there

is no doubt, as evidenced by the blood smears, that there was Rome

degree of disturbed erythropoiesis from radiation or other factors.

The depression of the red blood count for either group is difficult

to evaluate, especially for the first four ships. There are four con-

trol count readings shown on the chart for the sixth, tenth, eleventh,

and thirteenth periods. It is apparent that control counts follow

about the same trend as the other two groups from the sixth period on.

Frce this comparison it would seem that other factors, perhaps tropical

anemia, effect of sodium fluoride used as a vermifuge, nutritional

deficiency due to minimum weight requirements, or increasing maturity

influenced the red blood counts as much as the radiation exposure.

Figure 4 might be considered as a supplement to Figure 3- In the

former figure the charting was made on the absolute red blood counts

only. The averages as shown in Figure 4. have been converted from

absolute counts to percents of the normal or pre-test readings. This

allows a direct comparison to be made between any period and the normal

count. The average white blood counts for the two groups are also shown

in order to allow the trend comparisons of the two counts to be made.

One is iimediately impreseed with the precipitous white blood count drop

experienced by the first four ships and it is apparent that the countb

of the animals that lived did not coincide with the trend until the tenth
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period (1 October 1946 - N1 October 1946). Furthermore, at the end

of the period under consideration (31 January 1947') the white blood

counts were only about 9)0% of their pre-test average. vihile the

average white blood count for the first, four ships had dropped to

43% of the normal count during the first period, the red blood

count for the same group had decreased only .o the 85% level. It is

quite noticeable, as was previously mentioned, that the avarage red

blood counts for both groups were considerably above the normal count

which had been taken about seven months earlier.

The data for the animals included in Figure 5 night be considered

a refinement over those shown in some of the previous charts. WhU i,

as was noted, all of the animals that had a reduction (with one ex-

ception: Pig 376, Ship #31) were located on Ships 01, 03, 11 or 12,

it was also true that not all of the pigs on those four vessels did

have a depressed white blood count. The other pi~s that are included

in Figures 3 and 4 might be considered dilutions, Therefore, Figure

5 includes only those animals that had a reduction in white blood

count. The same sudden decline is still there in the white blood count

trends; in fact the drop, as might be expected, is even more drastic

than is shown in the previous chart. It appears probable that the red

blood count trend portrays the best possible picture of the red blood

count reduction following the cest; however, as has been pointed out,

caution should be followed lai attributing all or any certain proportion

of the suppression to disturbed erythropoiesia from radiation.

DISCUSSION AND SUMMEAY

The red blood counts wert tabulated for the experimental pigs

prior to A-Day, and these comnts were considered as normal readings.
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However, it should be pointed out that the pigs, at the time they

were received, were approximately three months of age and ly the

termination of the study period (31' January 1947), were about ten

months old. Fcr some if the pigs two normal] were available and for

the remainder only a inrgle count had bean made. If m pig ý.ad more

than ono rel ciunt recorded for the perio& prior to the test, a mean

count was computed and this was used Just as if there had bmen only

a aingle count taken. The mean normal red blood count was found to

be 5.9. Z- 1.0 0-_ = 0.09 ; = 118
X

Appr-dimatelly seven months later during January, the mean count for

the pigs alive a&,- that time was 6.6.

-1.0 ; t ---_ 0.15 ; N 47
x

The frequency distribution of the pre-tost normal counts, formed a

bi-modal pattern; however, it is believed that this would have been

eliminated if more data had been available.

There was a decline in the red blood counts subsequent to A-DFW;

however, the depression was not as drastic nor as sudden as was observed

for the white blood counts. There were 26 animals that experienced

white blood count reductions and of these, 17 died antd 9 lived. It

was found that there was a significant difference in tha avor~e

white blood counts during the first period (1 July 1946 - 5 July 1946)

between those living (9) and those dying (16). When the red blood counts

were tabulated, it was observed that these pigs that 4 ied also had

lower minimum red blood counts (3.4) than those that lived (3.8). How-

ever, one very importr ý point should be emphasized that while the

minimum white counts occurred within 96 hours, the lowest red blood

counits did n it appear until from 16 to 22 days following the explosion.
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Ther4 was a depression in the average blood counts following the

test, both for the pigs aboard the first four ships (this grouping was

uade because all of the pigs that had depressed white blood counts were

aboard those ships) 01, 03, 11, 12 and those )r the remainire 11 which

had not received enough ionizing radiation to make discernibl• diffe-

reuces in the white blood counts. Possibly the lower average red blood

counts experienced by the animals on the first four ships during the

feurth period could be ascribed to the effects of the irradiation.

When comparisc is were made collectively, between red and white

blood count trends, for all pigs with (white count) reductions, -scsi

interesting facts were available. During the first period for these

animals, the average white blood count had dropped to 26% of normal

while the averagn red blood count had only been reducod to 88% of

normal. The average white count changed very little between the first

two periods; however, the fed counts continued to decline and reach

the 81% level during the second period. From this period throu4h the

fourth, the white counts increased and during the second p iod were

approximately 50% normal while tVie declining red counts had dropped

to 65% of their pre-test levels. From the fourth thror ;h the tenth

-n "pkl (11 _T.- IGA - 'X ____) +A^' %P%44- ^ 9

very slow rs.wvery whije by the tenth period the red counts had

reached the 951% ark and continusa to increase until, during the last

two months (December 1946 and January 1947), of the study. they were

Pl]ove the normal counts. Meanwhile the recovery of the white counts

had reached 75% of normal during January 1947.

In makimg direct ocuparisons between the recovery rates, it

shoull be amphL.1-.d that there are missing data on the red cells

between the fifth and tenth periods. Also, the trends of the counts
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sibsequewt to the test cannot nocessarily be ontirely attrt.uated to

5xinijsiug radiation4 .

BIBLIOGRAFHT

(1i) 'eport cof the Naval. Medical Research 8ection, Joint Task For*. ONf

on Biological Aspects of Atomic Bomb Teats, Appen&ta No. 4., Statisticel

Analysis of HEatological Data on. PFig, White Bloo•I Cell Counts.

-9-



25

20

w

z

• 5

01

0 1., _I I I I
4.0-44 45-4,9 5.0-5.4 5.5-5.9 6.0-6.4 6.5-6.9 7.0-74 7.5-7.9

,RBC-.MILLIONS - -

Fig. 1. Distribution of normal RBG's. 116 experimental pigs.



SOQNVSlOHl -013M

to000 0 0
t~ (D tol It 0\ L *

0)) OD

SDD

V'.0> - ~ -- L

> h O c c

CF))

n ~ ~ a:cE-:a)-- *

- 0

U" ) Ol Co

(D Q) (L)

z Z'-

04 U)

* cr 2 ~ 2 2 "
-~.4-

CD'

coi

lii 0U) 0pr.wt
(d k6 10 1 m

SN~iTU -018



7

RBc /
6- First Four Ships -

RBC
All Other Ships

U)
2
0

4--

* Average RBC's for control pigs.
Note: Dotted lines indicate missing data.

Normal 1 2 3 4 5 6 7 8 9 10 11 12 13
PERIOD--

Fig. 3. Comparison of avercge RBG s for first four ships (01,03,11,12) and all others.



,.o

100

100 -- _ _ _ _ _ _ -

WBC-Lost II Ships

80-

RBC
First Four Ships

60-

z
C.,

0WBC-First Four Ships

40

20

Note: Dotted lines indicate missing duto.

0 . , I I I I I I ... I I , I I I ,
Normal I 2 3 4 5 6 7 8 9 10 I 12 13

PERIOD

Fia. 4. Comparison of percent of RBC and W6C reduction. First four ships(Ol,03,11 ,12) and all others.



,oo - ____________.-""" ____

806

60 -

z WBC

L 6

80

e•
w

40

Note: Dotted lines indicate missing dGta.
Pig 376, Ship 31 not ihcluded.

0 I I -II I I I
Normal 1 2 3 4 5 6 7 8 9 -10 11 12 13

PERiO00

Fig.5. Comparison of percent of RBC and WBC reduction 25 pigs having a reduced WBC.



100

RBC ,,,-""

80

.X

60-

I-

z WBC
w
Cr.
w
a.

40 F

20

Note: Dotted lines indlicate missing data.

0 1 1 .... L I __ _ I I I ,
Normal 1 2 3 4 5 %" 7 8 9 10 II 12 13

-- PERIOD

Fig.6. Comparison of percent of RBC and WBC reduction. ShipOI.



RBC80 -__ __ ___..... __.. "_
80..

60 --- _ _

z
w
cr-

LU
0~ WBC

40

I Note: Dotted lines indicate missing data.

Normal 1 2 3 4 5 6 7 8 9 10 11 12 13

Fig7.? Comparison of percent of RBC and WBC reduction. Ship 03.



RBC

80 . ..

60 WB G--_C-

z
w

w

40

20

Note: Dotted lines indicate missing data.

ou I. I. . ,, l I , I I I I I I i
Normal I 2 3 4 5 6 7 8 9 10 I 12 13

PERIOD

Fig. 8 .Comporison of percent of RBC and WBC reduction. Ship



100-

RBC

80 -""'

I-t
WBC

60

z
C--
Lil0

40

Note: Dotted lines indicate missing data.

Normal I 2 3 4 5 6 7 8 9 10 II 12 13
PERIOD

Fig. 9. Comparison of percent of RBC and WBC reduction. Ship 12.



, .*. ---. . --

)d
CC

.co

oCG

Ur

'1)

9-.. " '-
\ " .. 

.

S I 1- rI

"0 I. h 3'F

, a

SNOI77N --8



Defense Special Weapons Agency
6801 Telegraph Road

Alexandria, Virginia 22310-3398

TRC 10 April 1997

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OMI/Mr. William Bush

SUBJECT: Declassification of Reports

The Defense Special Weapons Agency (formerly Defense Nuclear
Agency) Security Office has reviewed and declassified the
following reports:

AD-366718" XRD-32-Volume 3

AD-366726- XRD-12-Volume 2

AD-366703•- XRD-16-Volume 1

AD-366702 XRD-14-Volume 2

AD-376819L" XRD-17-Volume 2

AD-366704- XRD-18

AD-367451` XRD-19-Volume 1

AD-366700Y XRD-20-Volume 2 36 6 70,7 -

AD-376028L- XRD-4

AD-366694 - XRD-1

AD-473912- XRD-193

AD-473891- XRD-171

AD-473899- XRD-163

AD-473887- XRD-166

ýAD-473888- XRD-167 'Md if

AD-473889- XRD-168



TRC 10 April 1997

SUBJECT: Declassification of Reports

AD-B197749 XRD-174

AD-473905- XRD-182

AD-366719- XRD-33 Volume 4

AD-366700ý XRD-10

AD-366712- XRD-25 Volume 1

AD-376827LA XRD-75

AD-3667561' XRD-73

AD-366757, XRD-74

AD-366755- XRD-72

AD-366754- XRD-71

AD-366710"( XRD-23 Volume 1

AD-366711- XRD-24 Volume 2

AD-366753' XRD-70

AD-366749- XRD-66

AD-366701- XRD-11

AD-366745 XRD-62.

All of the cited reports are now approved for public
release; distribution statement "A" applies.

ARDITH JARR9TT
Chief, Technical Resource Center

copy furn: FC/DSWA (DASIAC)
KSC


