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THE CHAIGES IN THE 2 B F Sies SmONICAILY EXPCSED TO LOR ISVEL A 47

GAMMA RADIATION®

Norman P. Knowlton, Jr.

(Contribution from the Los Alamos Scientific Laboratory of the University
of California, los Alamos, New Mexico) .

At the los Alamos Scientific Iaborato:;y a number of ::nd:_i.yiduals are exposed
contimielly to small amounts of ionizing radiation. Although it is well kmowm
that smell doses of radiation (0.1 to 10 r.) in single acute exposures cause no
change in the peripheral blood picture, it is possible that if a large enough
group of individuals with such exposures are studied over a long period of time
one might obtain changes in the average blood counts which are statistically
significant.

In view of this possibility, ten individuals who had dally film badge ex-
posure records and weekly blood counts over a seventy-seven week period were
selected for study. The following is & statistical study of the changes in
the totel white tlood count and the absolute neutrophil and lymphocyte counts

for these ten ind‘.xjduals.

A grojzp of 2/ individuals have been used es controls in this study and,
el+hough ther dn not heve blood studies as frequently as the exposed group,
the lzrge muter of individuals tends to correct this deficiency.

S+ INDIVIDUAIS STUDIED:

Exposed Group: These ten individuals (all males) received an average of
16.21 roentgens of gamma reys per man over a 77 week period (0.211 roentgens
per week). The extremes of dosage varied from 13.06 to 24.20 roentgens.

Table II shows the exact dosage received by each man, The mmber of blood
counts dore on each individual during this 77 week period varied from 37 to

#This document is based on work performed under Contract No. 7405-eng=36
for the Atomic Energy Commission.
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H, with an average of 64 blood counts per men. The mmber of counts obtained
en each man are tabulated in Table IV. During this study period all 10 men
earried out a similar experiment involving materials which emit gamma rays. In
general, the radiation was received uniformly over the 77 week period with pere
haps double the average amount during the periods between 11 and 21, and weeks
25 and 32, The radiation delivered during e week period was received in the
five day work week and usually the_y received approximately one-half of their
weekly dosage during one of the five days., One of the individuals had been
working on this particular experiment for 14 months before this blood study was
begun (Case 4); one for 7 months (Case 6) and one individual (Case 7), who is
included in the study, began work seven weeks after the study began. The other
seven individusls began working on this dperation 0 to 20 weeks before the
stady period. None of the ten individuals had significant exposure to ionizing
radiation before starting on this experiment,

Control Groups This group consists of 2/ individnsls (23 males and 1 fe-
male), who were picked for study specifically because their jobs involved no
appreciable exposure to neutrons, beta, gamma or X-radiation. They had slight
exposure to alpha radiation, but this is not considered an external hazard be-
cause of its low penetrating power in tissues (approximately 50 microns) and
the alpha exposure was such that inhalatlon or ingestion was unlikely. These
2/, individuals have had no known exposure to other toxic materials, such as
dusts, organic solvent vapors, etc. The blood counts of these persons were
studied over approximately the same time period as those of the exposed group,
The mmmber of blood counts done on each individual during this period varied
from three to nineteen, with an average of ten blood counts per individusal,

B. METHODS OF STATISTICAL STUDY:

Exposed Group: This group was studied during a period of 77 weeks from

December 1946 to Junme 1948. Tjls period was divided into two time periods of
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of 38 and 39 weeks. In the second; 39 week period; there was one week during
which no blood wﬁom were made (the December holidsy season 1947) and
8o the two perlods are considered as equal in length. The analysis of the

hematological data consists of an attempt to demogstrate a difference in the

blood picture of the individuals between the two 38 week periods., This was

done by twb methods:

Q) To compare the weekly averé.ge of the blood counts of the
ten men during the first and second thirty-eight week
periods. .

(2) To study the difference between the blood counts of each
individual during the lst and 2nd 38 week periods.

Control Groups Since there were fewer counts per individual in this group

the hematological data was considered as an average of all individuals and in-
dividual changes were studied only in the case of the total white blood count.
The data includes all blood studies from May 1946 to July 1948 on these indi-
viduals. This period was divided into two approximately equal periods - May
1946 to June 1947 and July 1947 to July 1948, It should be mentioned that no
blood counts were excluded from the data on any of the 2/ control cases or the
10 exposed individuals over the time periods studied,
C. RESULTS:

Exposed Groups Table I shows the difference in the total white blood count
between the first and second 38 week time periods. In this data the average
counts of all ten men for each week are consiémred, thereby reducing the vari-
ation of the counts from the mean in comparison to the variation present if each

individual is considered separately. The mean WBC in the first 38 weeks is 7892
and for the second period 6945 = a drop of 12,0%.
Table II shows the change of the total white blood count of each of the ten
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individuals for two 26 week periods from December 1946 to May 1947 and from
Pecember 1947 to May 1947 to rule out possible seasonal effects on the blood
count., %The drop in total white blood count is from 7770 ¢> 6720 cells per
cubic millimeter - a drop of 13.5 per cent. The individual drops vary from
5.6 to 17,1 per cent with an average ;:f 12.4 per cent. Table II also gives
the exposure record of the ten individuals, 4

Table III shows the difference in the absolute neutrophil counts in the
first and second time periods. The average weekly counts of all ten men were
used for the statistical test. There is a drop from 488’1. to 1.366 peutrophils
per cublc millimeter -~ a2 decrease of 10,5 per cemt,

Table IV shows the changes in the sbsolute neutrophil counts of each ine
dividual. Nine out of ten of the men show a drop and one shows a rise of 2.5
per cent. The changes vary from mimus 13.4 to plus 2.5 per cent with an aver-
age decrease of 10,4 per cemt,

Table V shows the difference in the absolute lymphocyte counts in the tto-
38 week time periods. These figures are obtained from the average absolute
lymphocyte counts of all ten individuals for each iveek, There is & drop from
1920 to 1611 lymphocytes per cubic millimeter of blood - a decrease of 16,1
per cent,

Table VI demonstrates the changes in the absolute lymphocyte counts of each
of the ten individuals. All ten show a decrease with a range from mims 1.7
to mimus 26,6 per cent. The average drop is 16.6 per cent.

Figure I shows the average weekly blood counts of the exposed group and a
graphic representation of their exposure record,

Control Groups The analysis of the total white.blood counts of the cone
trol group of 24 individuals is shown in Table VII., There are 11 decreases,
12 rises, and one count that is constant during the period studied. The change
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in the WBC varies from plus 20 to mmus 28 per cent with an average of mimus
1.0 per cent, The means of the average WBC for each individual show a change
of mimuis 1.3 per cent; while the average of the sum of all counts for each
time period shows a change of plus 0.4; per cent.

The comperison of the neutrophils and lymphocytes in the two time periods
has been done on the basis of the average percent of these blood cells in the

differential count since the total white blood count has remained approxima-
tely constant. Table VIII shows the average percent neutrophils and lympho-
cytes in the first and second pa.rt' of the study period. Iﬁ is evident that
there is no drop in the percent neutrophils and a asmall (3.1%) drop in the
per cent lymphocytes,
Do DISCUSSION:

The statistical analyses for changes in the total white blood count and the
absolute neutrophil and lymphocyte counts in ten individuals exposed to approxi-
mately O.2 roentgens of gamm rays per week over a 77 week period show highly
significant decreases in all three of these blood elements. There appear to be no
significant changes in the blood of twenty-four individuals who received no
known exposure to beta, gamma, X-rays or neutrons., The exposed group showed
a 12=13 per cent decrease in the total white blood count; a 10=11 per cent
fall in the absolute neutrophil count, and a 16=17 per cent drop in the abso-
Jute lymphocyte count. The control group showed a drop of O=1 per cent in the
total white blood count; no change in the per cent neutrophils, and a decrease
of 3 per cent in the per cent lymphocytes.

It would appear that this group of 10 individuals exposed to doses of gamma
radiation which is considered below tolerance have had significant changes in
their p.eripheral blood. These changes which are relatively small are only recog=
nized when blood examims tions are made frequently over a long period of time., It
must be emphasized that, although no other agents which might cause these changes

heve been uncovered. it is quite possible that they existed. Such factors as
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the altitude at los Alamos (7,400 feet above sea level), dietary changes, prs=
vious exposure to ionizing radiation, illnesses, ummessured gamma radiation,
and the remote possibility of inhalation or ingestion.of radicactive materials
have been investigated and, although they;appear to be negligible, it is always
a possibility that one or more of them might have been casual agents.
It is improbable, but not beyond the realm of possibility, that such dosage
levels would give changes in the blood picture. With dosages as low as 20 te
30 roentgens in a single acute exposure, it is possible to show a significan<
decrease in the lymphocytes of the.peripheral blood of a single animal, At a
dosage of 30 roentgens this decrease may be twice the drop seen in this study.,
&lthough it is known that & certain amount of ionizing radietion given in an
acute exposure causes & greater effect than if the same amount is gigen over a
long period of time, there must be A definite relationship between the two., It
) is evident in animal experiments that this factor is not a one to one ratic, but
that it probably takes at least ten times the amount of totel radiatiorn in coronic
exposures to obtain the drops seen in single acute exposures. This 18 quite =
reasonable phenomenon for there is constant repeir during chromic irradiation,
but with an acute dose the entire damage is done during a btrief period before
effective repair has been instigated. The ratio between dosages giving 8 simi-
ler depression in acute and chronic exposures would be closer to one to one if
one considers what dosage in an acute exposuré will give a residual depression
of bone marrow or lymphoid activity monthns after exposure. In such & case the
time for repeir could be made equal to that present in a chronic expo;ure study,
In view of these findings, it is important that hematological and exposure
data at various other laboratories be analyzed to determine whether or not these
are reel chenges. If confirmatory results are subsequently obtzeined, the pre=

sent concept of tolerance doses should be zarefully reviewed,.
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o lmoftenindivi&uals upoaadtoO.Zroentgensofgmaradia
tion per mek showed a significant fall i.n the total white blood count and
the absolute neutrophil and lymphocyte counts during a 77-week period. 1'!}9
degree of fall wuuld not lfmve beex_; predicted rrom exper:\.mental ir.mdiat:!.on
in animals and other unknown factors might bave also been casual agents.

It is suggested that hematological and exposure data in other laboratories
be a.naJ:zed statistically to confirm or disprove the effect of such low dos-

ages of ionizing radiation on lumans.



ILABLE I
IXPOSED  GROUP

STATISTICAL ANALYSIS OF CHANGE IN WBC:

X

z.
X =
hx.
c.x-

&verage .of first 38 weeks
Average of second 38 weeks

7892 u =
38 nu -
543 0“3 -

L7 = 12,0 per cent drop

Student T T f

t

= 705

FROBABILITY = approx. 1078
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EXPOSED GROUP

Zadividua] Changeg in WPC

1 &250 455 105 630 615 139 13,84
2 TH2 6510 15.6  T.23 94 7.23 24,20
3 6312 527 124 57T 530 2,76 13.83
4 6657 5767 134 721 41T 2,25 13,63
5 645 512 160 B34 B4 3,23 19.61
6 725 6750 LB 9.6l 4eS3  4al2 18.16
7 UST 6582 1LT 466 Tekb  3.80 15.92
g 9292 TS5 170 539 480 2.87 13,06
9 10,702 8932 165  4J8 62 2.78 13.68
_J0 6945 6555 5.6 6.25 6,62 3.3 16.18
WERE IO 6RO 1244 16.21

Difference between the two means = 1050 = 13,5%:rop
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4881 gy = 4366
38 ns = 38A
393 - a-,_s = 499

515 = 0.5 per cent drop
t = 4093

FROBABTLITY = approx. 1070



CASE : RE — 4

1 % omer 2 8 -1
2 36 5131 36 4553 = 11.3
3 38 4022 26 3781 - .6?0
4 24 21z B 362 = 13.1
5 38 3776 36 27 - 1.4
¢ B ew ® om -2
7 »  km % wm -2
e ® 4w R e -20
9 38 %8 3 695 - 12.1
_10 33 4668 31 4785 e 2,5
AVPRAGE 4816 4312 - 004

Difference between the two means = 504 = 10,5% drop
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T4BLE ¥V

EPSED  GROUP
STATISTICAL S ®) N oC C
X < 1920 § = 1611
n, = 38 ny = 38
ox = 260 03 = 220
x =§ = 309 = 16.1% drop
t"4093
PROBLBILITY =~ approx. 107
b
\b
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cazE M% z
1 1749 1720 - 1.7
2 1863 VALY - 2443
3 1664, 1308 - 214
4 1385 121 - 9.1
5 1721 1455 - 15,8
6 2331 . 1835 - 213
7 2019 1948 - 3.5
8 2786 2066 - 258
9 1706 1589 - 6,9
20 1603 0 - 2é36
TR T 5] —EE
Difference between the two means = 320 = 17.0% drop .
3
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TABLE VII

Control Group

JOTAT, WHITE BLOOD COUNT

ST

PERIOD

SECOND TIME PERIOD

Case Ko, Sum of Average Ro. Sum of ALverage y 4
Noo Counts WBC's _ WBC Counts WBC's iz o] Change
12 7 46375 6625 - 4 27400 6850 ¢« 3
12 3 26550 8850 4 28000 7000 -21
18 6 42150 7025 4 23700 595 - 16
b 9 79425 885 10 83500 8350 - 5
15 8 54000 6750 1 79750 7250 . 7
16 S 74250 850 9 73125 8125 - 2
17 6 53100 8850 . 6 63600 10600 + 20
18 7 57225 8175 7 58450 8350 . 2.
19 6 43500 7250 6 36750 6125 - 16
20 - 35250 7050 4 20200 5050 - 28
21 7 47075 6725 5 37250 7450 « 1
22 6 37950 6325 4 30400 7600 + 20
., 23 3 25050 8350 A 34200 8550 . 2
124 6 47850 7975 5 41250 8250 +« 3
25 7 42875 €125 5 27000 5400 - 12
26 i 6950 6950 2 15400 7700 + 1
27 1 8450 8450 3 25425 8475 0
28 5 37625 7525 2 15950 975 + 6
29 4 35600 8900 3 24675 8225 - 8
30 & 19400 4850 3 15075 5025 + 8
31 4 40405 10100 3 29400 9800 - 3
32 3 37125 12375 4 48100 12025 - 3
33 2 28200 9400 g 30675 10225 +«+ 9
AR 2
TOTAL 125 97275 191900 113 5 189300 - 2
c125 > 24 =13 - 2 -2
AVERAGE 7820 7995 7852 7887 - 1.0%
Average of All WBCs 7852 « 7820 = + 32 = 0.4%
Average of Case Averages 7887= 7995 = =108 = 1.3%
O
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.CONIROL __GROUP
EER _CENT NSUTROPHTIS AND IIMPHOCTIES

NEUTRCPIIIS ¢

No. Lverage 3
—CUTLE - Change
1st Year 125 ) 58.39 0.0%
2nd Year 13 58443
JSNERCCIIES s

Bo, Lverage 4
—unte 1 Change
ist Y 125 29.3 :
) e - 301$
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_yross /L Ralph O. Stainhards, Jr.
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BBX No. £¢ L2 )
= Juns 19, 1345

Tes Er. Joseph Rafimmn

Sabject: a—qm-mamn-nmm
» nua-.mdmmummwﬂuuna-m
m:nnhmr-htd to hemlth mittars, te imdicate hasards which sre imvelved

" 4 the prograN, emd to summariss the uuu;i- dms—‘h:mﬂnu-d'

eliniastiag these hasards.
Part I - Bala Chamiwtry Orosp (Ca-14)s |

' mwumwuuopﬁu-uuﬁmzq
(1& Mc)nm-&-m(um ? = A0 hrs) sources fer use ia the Rala
prograi. &--ﬁhddmundmnmewahmtmm
mmwmmwm-qunmm
d.ﬂlrlﬂm(km.fgjmm).ndpcmitas-cnuefm
m&hhhbw

Wh.mcwunﬂdwhmuﬂlcm(mc
unc).mhmmwdatquummnnm

Essentially, twn typss of hasards are encountared ia these separsticns:

m;—-ndhuc-

bhﬂmﬁnm(w_ <—-?

Sisce ths sourses wped me, &8 a8 maticsed aheve, &f sxtrumaly Righ Ustamsity
-4mm-¢-ﬂnwuhnmmmfwmw¢m
assems extressly large proportioes.

A. Esthods of Nomitaring Eadiatiom |
mmdmtmummmmmhndmuma
eut 1o two wym B
s. Direst somitoring of persannel

b. Boxitoring of lscatiess
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mmmlhmwmuugun-nﬂn—nm
munmpmmmum:ommn—m
-mumm-“ummm-ﬁn-nﬂnxmmuux
deve 1z recardet @aldy. ;mmatx.sn.ppndu'mrmumc
’uuuntru-lnr—a:zmdwmru-xndawauhdut&
m-nm-ww-m«muzp-mumn-—
wmmmmu;-wu.l.s.nnmu)mmm
vlrl-uh-‘t.h-otu- m-m.uumunyf/s:-rxum-r
mﬂ.m&omﬂmuthaﬁwdmhmtm
as mds by the Victarews and Hemson chasbare.

At frequest intervals during the day, varicus significant locaticms
withia the chemistry building are smitored withthe Victarssn survey metar to
deterxive the arternal gamea radistica level at these paints. Blackboards at
these polats are them wsed ts post the "safe working time® (time required to
receive 8.1 r).

Sevaral air counts have besn aade in the past in arder te determine the
degres of air-born ceqtamiaation. Rooe of these counts as ever mx=seded the
tolerance limit of 160 o/m par litar. _ ' -

u--—umdimmlnm&wwhmmmu
e the bullding wbes the rediatisn level exueeds the wsmal smCs worting lewel,
an air lemisstics shemder is lecated withia Swe matars of the epwaticas lecaticm.
This wter {5 scomsated o a cirewil which awtomstisally activates an alars aod
warning 11ghts when the redistios level sxcesds s predeternined level (usmally
2 rhr.dgu hunth. opuretiens lc‘tloi.) Furtherscre, $his circuit 1s |
ssmmected to A recerding mIlisacster which 15 used to follow ths varicus Changes
which eccwr in the radistion lsvel. Although it has tsen showm (see appemdix A)
that pe correlation can e dramn betmeen the mstar madings and ths radiation
lewel in any part of ths Wullding except ian the vicinity of the chasber, the
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3=
a-e.'éug sillisnswtar has proved iawalsahle in the following rup-mu
&Atlnltumnuunmrddmmunhnlum
at all timss.

b.b‘mm-mm.hum-hnhmhp‘-

acudhr-n they eocur.

SRS « Nechanioal and chemical difficalties can seastisss be treced w

.-:qu--rmm N |

B. Eathods of Perscmnel Pretection:
The surisus sethods of parscamel mun m lsogically dividad inte
.hh:hm:
» Direct persemns] prctastien

s.r-mlquummm‘mu-.

’mmmmmg_uuaumuuw
wa“ud'“onua&acm&" sm.thtndaupdeumnw
as high as 3-h r/day, it has beem found macessary to distributs this dose as
equitably as possible betsesn all the sssbers ef the grouwp. This is sscomplished
Wy pre-essigning jobs €om to the mimatest dstail. In this scheduling of ppsratiams
the following factors are takss imtc comsiderstiom:

a. Proishle dose which will be reseived

». Provicas exposure of pereas imvolved

l.hnluatmmhmh’b

d. KNeood count history of parson imvolved 4
. During cperstioms, cae persce 15 ¢lven the Job af making certain that
the schedals is adhmred t0. I the evunt that amsrgency opsraticns are DecsEBAYy,
he and the 46 represastative determine any rewisions wmixich are to be mde in
the sahednls. wnn--wwmmmm;nﬁuwmbu

ths wvaricus masberes of the growp »o that & more esven distridution is possitls.
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Protaction of persamel from redio-activs poisons is accomplished by
-mueﬁmumemméﬁuacwm prevemt wpread of con-
tanination from cme gart of the building to asotber and to prevent persomal |
contamivatich. The uilding itsalf is divided into thres sesticos:

a. Nighly wu (working area)

b. Lightly m&d (m.x. workshop, emtdhum rocas,

- and comtaminated effise.

¢. Uncantazinated '(-u-a-; sncestaxinated dressin; rooms, clothing

starage rooms, ant lamchrom) | |

Spread of ‘contamiration from ons portion of the Wmilding tc ancther
upn-n-d\vhohuuortbwru-gnr-tn-ﬂ-ml-ywaan-dnc
which is kept closed during opsratioms ladhnp-sunantﬂu-tinunen-.
taximted portion of the building by assms of an air-lock systas. Protective

_clothing iz almys worn in the contaximated section of the Wuilding and is

@My changed to umcontaminated clothing when going throuch ths air-locks

to> the wmcontasinated section. This clothing is changed frequently to mwrevent
the individual from becoxing semtasnirmted and all contaximted elotking is stored
in a specia] isclated rooa within the eenhdmtd section. Contaminated slothimg
u'qn-n o decay tcrcbutu—ithh-foro taing laxndered. LM;W

'cuaupnh-mh‘nm-ﬁn-umuam'mmam

contaxisstion.
Indirsct protecticn of parssanal by revisisa of procadures arxd equipsant
u-mui--u-—n-ttmzn. Bo-dssign of filter gudgets, inm ordsr to
eliminste maxy difficunltias wvhich vars formsrly ssccuntered during scurce pre—
paration and during dscontamimstion, bas result ed in & subestantial decrsmse in
dovage. Ahuc_h-ethnmmhubowndﬁ;rmt
they my bs allowed to decay and thus eliminste the decontaminsticn of highly
radio-active apparatas.
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The dectmtamiration procedure 1iself bas also been revised. A special
dacontaxivation pit, complste with water outlet and hami crane, bas been
yub i3to wse witkis the last amuth. Throughk the wse of this pit, dosas rwceived
daring deccutaxipation procedires dave twen conmsidershly reduced.
; }M-ﬁwtﬂneep,ﬂntptl-huonmzz.uhstmm
comgistaly elisdmated the mecensity for ebssrvers closs to the point of
‘ m &mmmu-muuumumuuuan_
Zutattbopm-tomtaammnmldtb munm.
h'qu-_uuy. large doses wre u_:e-nn-l by the pscessity for this close
.ﬁ“un.

Detarminition of the liguid lsval formerly wms mds Iy persomal vwisual
obasrvation by several sasbeara of the group at frequest intsrvals during tha
ssmrutics pressdure. Howsver, & remots costroel liguid levsl indicater, phe-d

~  intc wse during the week of May lLith has sads 1t possible to deteraioe the
1iguid evel Srom a positics abmt t—ti fest from the point of operatiam.
The acexracy of detarmimmtion has also been very graatly iscressed. -

The eontrol pamal am! mtarisl banfling method has besn comsidarshly
ruvisad and simplified, mwnm;lmw-wtﬂh
um.&-mmnm'phﬂumu-,.
Mhmﬂﬂh“ﬂlﬁwdmnmm

hmwﬁmhﬂi—n—mm,mﬂ.bmmb‘
decreased .

The chaxical separstion precess has alsc bess comsiderably revised.
Qriginally, s siasgls siep phesphats soprstion ws wed. Nowsver, the wxnly
long filtmution times (132-36 lrs.) resultad in large doses. During the mcnth
of Marcs, 0US, scnsiderabls research wms carried out to sliminste the difficulties
which wsare inheremt in the pbosphats process. s pesult ms 2 tvo-ets) hydruxide-

exalats proosss which reduced flltration times down to L - 6 beurs. nw tha
| COPIED FOR
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Mudmwummmmmurmﬂtuim
seducticn, it was falt that this sms due primrily to the {ncrease in the
utlﬁtrd&-mm-d- mmm..mm
—lnlm-lptmouo'dﬂ::ﬂnb-dmn-cm

)
]

‘Muﬂﬂmmu&-Whm

' C. Active Problams:

' . mﬂnnldlw-rm-thwuopntm i
il ushmtyeaomm Tt wme ths purpose cf thls meter to
__'wa-mmmcnon—wum-wm Rowever,
xurcmu-ns-m---uawsuu--rmm

s~ Large asro drift

b.m-tm:-au-

N , s- Righ inmeariia

i o 4. Extremsly mayrow yunge

' nuwmz.mmu-mmmlym -
‘ ﬁo'MQMhmﬂdd.ty.tthneatrdpnlﬂn-uhhcp-uha
o | Nand cosntars which were supplied to us by Dick Watts! sestico proved
Y %o be inadeuate for the following resscus: |

'--lmw _ _ )

b Difficulty af asasuring bets-gamm bard costasimticn ia the presssce
of & Mok ertarml rediation decetty. o |
Awwn—wmmum
in epuretion. The shasher and 1= housing is provested from .na-u-n- w
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