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W t A  RADISTIOrr* 

Norman P. Knorrlton, Jr, 

(Contribution f r o m  the Los UOS Scientific Iaborabry of the Unlverdty 
of California, Ins -os, New I d e o )  

A t  the Los Blamos Scientific Laboratory a number of individuals -~ are exposed 

continuelly t o  Bnall amounts of ionizing radiation. Although it i s  w e l l  known 

that  all doses of radiation (0.1 to 10 r.) i n  single acute exposures cause no 

change in the  peripheral blood picture, it is  possible that if a large enough 

group of individuals with s u b  exposures a r e  studied over a long period oZ time 

one might. obtain changes in the average blood counts w h i c h  are statistically 

S i ~ . X i C a n t .  

In vier of t h i s  possibility, ten individuals who had daily f i l m  badge ex= 

posure records and weekly blood counts over a Beventpseven week period were 7-- 

selectea fo r  study. The following i a  a s te t is t ical  study of the change8 in 

the tatel w h i t e  blood count and the absolute neutrophil and lp?hoCgte count6 

fir these ten iu6i.ridud.s. . 

A g r o q  of Pi+ indidduals have been used es controls In t h i s  study arid, 

el'hugh thq do mt hgve blood studies as frequently as the exposed &MU?, 

-sed G ~ D :  These ten indipid& (all males) received ea average of 

16.21 roentgens of gannna rays per man Over a TI week period (0.2Il roentgens 

per week) . 
Table II shows the exact dosage received 

The extremes of dosage varied from 13006 t o  24.20 roentgens, 

each man. The d e r  of blood 

counts dam on each individual daring this 77 week period varied from 37 t o  

*,This document is based on work performed under Contract No. 7405-eng-36 
for the Atomic Energy Commissione 
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?A w i t h  an average of &+ blood counts per man, The mnnber of counts obtained 

en each mtn tme tabulated in Table IV. Dur3ng W s  stuity period all 10 men 

d e d  out  a similar experimext ipm>lving materials uhich emit gerplma rays, In 

general, the zadbt ion rw8 received ttnffol.mly mer the 71 week period nith per- 

Imps double the average amount drrrfag the periods between II and U, and weeks 

25 and 32, The radiation delivered during a week period was received in the 

five day work week and psuBu3r they received app-tely one-half of their 

w e e k l y  dosage durfng one of the f ive days, One of the indieduals  had been 

t 

_ _  . - -  - _  

rrorking on this particular m e n *  for U months M o r e  this blood study was 

begun (Case 4) ; one for 7 laantha (Case 6) and one 3ndi~~LdudL (Case 7 )  , d m  i6 
lo&&& h the sfudy, began work 88~811 weeks after the sfttdy began, The other 0. .. 

M v i d u a l a  began working on this operation 0 to 20 week8 b e f o r e  ths 

8- pgiod, Bone of tbe ten fnditridaals had s i w c a n t  exposrrre to io- 

radiation before startkg oa this experiment, 

Coatrol GXWUDS This group consists of 21t indiviQlala (23 males and 1 fe- 

male), rho were  picked for study specifically because their jobs involved no 

appredable sxpasure to  nmtrons, beta, gamnra o r  X-radiation. They had ellat 

erposure to alpha radiation, but this is not considered an external ha& be- 

cause of its low penetrating pcnmr in tissues (ayproximately 50 m f c r ~ ~ )  and 

the alpha expoeure was such that inhalation o r  ingestion was nnlikely, These 

24 individuals have hsd no lmown expolsure t o  other tocr=ic materials, such at3 

basts, organic solvent vapors, etc, The blood cuunts of .$he& persons w e r e  

studied over approximately the same time period as those of the exposed group, 

The xumber of  blood counts done on each individual during this period varied 

from three to nineteen, nith an average of ten blood counts per individual, 

m o D s  aF STBTISTICdL SmYt  B e  - 
Z2mose.d G ~ C N D ~  This p u p  was studied daring a period of 77 weeks from 

December 1946 t o  June 194.8, 'Ws period was divided into tno time periods of 



- 

of 38 and 39 reeks, In the second, 39 reek period, there was one week during 

wbich no blood umdaannons were made (the December hoUday season 1947) and 

80 the two periods a re  considered as equal length, The analysis of the 

hematological data consists of an attempt t o  

blood picture of the fndfvfduals batween the 

done by two methods: 

(1) To compare the w e e k l y  average of  

demonstrate a difference in the 

two 38 week periods, This  was 

the blood counts of the 
. .. . . . . . . . 

ten men during the flr& and second thirty-eight week 

periods, 

(2) To 6taady the difference between the blood counts of each 

-*dual dpring the 1st and h d  38 W O ~ C  p e r i o d s o  

Control Grms Since there were fewer counts per individual I n  t h i s  group 

the hematological data was congidered as an average of all individ-r and in- 

dividual changes were studied only in the case of the total a t e  blood catmt, 

The data includes a l l  blood studies f Y o m  May 1946 to J d y  1948 on these $xtdi- 

10 expored Individual8 over t he  time periods studiedo 

c, JZmJI4-t 

Psrposed G p j s  Table I shows the dffference in the t o t a l  w h i t e  blood count 

between the first  and second 38 week t h e  periods. In t h i s  data the average 

counts of all ten men for each week are considered, thereby reducing the vari- 

ation of the counts from the mean in comparison t o  the variation preaent if each 

individual is considered separately, The mean W C  in the first 38 weeks is 7892 

and f o r  the second period 6945 Q a drop of 12,0%o 

Table If shows the change of the  t o t a l  white blood count of each of the ten 

k 



3sdiv'iduals for two 26 week -periods f r o m  December 1946 to M a y  1947 and from 

Decamber 1947 t o  May 1917 to r u l e  atrt possible aeasonal effects on the blood 

? c m t .  zhe drop in total White blood c m t  iS f m  "70 t - 3  6720 C d h  p ~ r  

cubic mietemnter - a drop of 13e 5 per cent, 

5e6 to 17,1 per cent w i t h  an average of l2,4 per cent. 

the exposure record of t h e  ten fndivfdual80 

The idiv5dual drops vazy from 

Table XX also glves 

Table XI shows the dlffersnce in ths absolute neutrophil counts in t31s 

first and second Wna periods. The average w e e k l y  c0tmt.s of a l l  ten man w e r e  

used for the s ta t is t ica l  teat .  There is a drop P r o m  4881 to 1366 neutmpMla 

per cubic & U b e t e z =  - a decrease of 10oS per cent, 

T s b l e  IV b w s  the changes in the absoltlte neutro$Ml counts of each in- 

div5dual. N i n e  o d  of ten of the men show a drop and one shorn a r iSe of 2.5 

per cent. The changes vaxy &om m.lnun 13,t to plua 2,5 per cent with an ever= 

age decrease of lOe4 per cent, 

Table V ahone the difference in the a b s o l e  l y m p h o ~  'counts 5s the two 
i 

38 week t i m e  periods. 

lymphocyte counts of all ten individuals f o r  ea& week,  There is a drop fkom 

These figures are obtained from the average absolute 

1920 to 16l l  lymphocytes per cubic mllUmeter of blood - a decretase of 16,l 

per cent , 

Table VI: demonstrates the changes in the absolute lsmphoqta count8 of each 

of the ten individuals. 

to minus 26,6 per cent. 

All ten &ow a decrease with a range *om xbua  1,7 

The average drop i s  l6,6 per cent, 

Figure I: shows the average weekly blood counts of the exposed group and E 

graphic representation of their exposure recordo 

-01 w t  The analysis of the total white blood counts of the con- 

b o 1  group of 24 fndividslals is shown in Table VII, There are ll decreaseso 

12 r iseso  and one count that is constant daring the period studied, The change 



i n  the RBC var ies  Lspm plus 23 t o  

leO per cent, The 

of minus 1,3 per cent, while the average of the sum of all counts f o r  each 

28 per cant w i t h  an amrage of minus 

of the avezage V i E  f o r  each individual show a &ango 

The comparison of the neutrophils and lymphocytes in the two time periods 

has been done on the basis of the average percent of  these blood ce l l s  in the 

different ia l  count since the t o t a l  white blood count has remained a p m -  - .  

tely constant. Table V I I I  shows the average percent neutrophils and 

cytes in the f irst  and second part of the s M y  period. It is  wideat that 

there is no drop in the percent nmtr0phiI.a and a snaU (S~I%) drop fn the 

per cent lymphocytes, 

c 

Do g g g g J S g O N 8  

The statistical analyses f o r  changes in the total white blood count and the 

absolute neutrophil and 1ymphoCyi;e counts in ten individuals exposed t o  approd- 

mately 002 roentgens of gamm rays per week over a T7 week period show highly 
significant decreases in all three of these blood elements. There appear to be no 
significent changes in the blood of twezrbpfour 3ndividuals wbo received no 

known exposure to beta, gama, X-rays or nentrons. The -sed group showed 

a 12-13 per cent decrease in the *&l a t e  blood count, a l&ll per cent 

fall in the absolu+a neu.trophU countp and a 16-17 per cent drop i n  the abso- 

lute lsmphocpte count, The control group showed a drop of 001 per cent in the 

t o t a l  w h i t e  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 t h i s  group of LO individuals exposed t o  doses of gamma 

radiation which is considered below tolerance have had significant changes in 

the i r  peripheral blood, These chasges which a re  relatively small are only recog- 

nized when blood t ions  are made fkequently over a long period of time. It , 

must be emphasized -At, although no other agents mhich might cause these changes 

have be= uncoveredF it is quite possible that they exfsted, Such factors as 



tbe d e t u d e  a t  Los d’lamns 

vious -sure t o  ionizing 

and the remote possibil i ty 

( ? p ~  feet above sea level), a e t a r y  d=qges>, pr* 

radiation, illnesses, unmeasured gamma radiation, 

of inbaht ion o r  ingestfon of radioactfve mate=ialls 

have been investigated and, although they appear t o  be negligible, it i s  dmp 

a possibility that one or more of them might have been casual agents,, 

It is improbable, but not b q o d  the reah of possibilfty, that such domes 

levels would eve c h a q p s  in the blood picture. W i t h  dosages as low as 20 to 

30 roan+- in a single R C U ~  exposureo it is  possible t o  show a signifi-ain: 

decrease in the l p ~ c y t e s  of the peripheral blood of a s-le aninml, AT a 

dosage of 30 roentgens this decrease may be twice the drop seen fn t h i s  study, 

Although it is bown that a certain amount of ionizing radiation &Tea in an 

acute exposure cause8 a greater effect  than if the same amount is gigen over a 

long period of tine, there must be a def%ite relationddp between the two, It 

is &dent in a n b d  experiments that this factor is not a one t o  one rat&, ht-; 

that it probably takes at least ten times the amount o f  total radiation In cnzwnle 

sxposures t o  obtain t h e  drops seen in &@e acute exposures. 

reasonable phenomenon fo r  there i e  constant re- drtring chronic irrsdiation, 

but with an acute dose the ent i re  damage is  done daring a Wef period before 

effective repair has been instigated, 

lar depression in acute and chronic exposures would be closer to one t o  one if 

one considcrs what dosage in an acute exposure w i l l  eve a residual depession 

This is quite i 

The r a t i o  between dosages givfng a dr&- 

of bone m a r r o w  or lymphoid actfvfcy months af+ar exposure. In such a case the _ -  - -  

time f o r  repair  could be made equal t o  that present in a chronic exposure study, 

In view of these findings, i t  is inportant that hema+alogfcal and exposure 

data 

w e  

sent 

a t  varSous other laboratories be anallyzed t o  de%ermine whether or  not + b s e  

reel  chenges, If confirmatory results are  subsequently ob-ained, the pre- 

concept of toierance doses s h o d 2  be ;arefully reviewed,, 
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be m e d  statisti- to conpirm or disprove the effect of such lor doe- .- - - - - . . - .  . 

ages of laxrizkrg radiation on hnmane. 
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- 32.1 
33 3 1  L785 + 2.5 
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Diffmence between the two m e a n s  = 504 = lo.% drop 
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5 = 260 
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1 1749 

2 1863 

3 166c 

1720 ,107 . -.. 

5 1727 . - 15.8 u 5 5  . .  . ... - 21.3 
7 2019 1918 = 3.5 
6 2331 1833 . -. 

8 2786 

3 1706 

25.8 2066 

1589 6.9 
. a .  

ll77 - 26.6 . 



ib 9 79425 8825 10 ern 83s - 5  
15 8 54ooo 6750 ll 79750 n5Q + 7  
16 9 74230 8250 9 73125 8125 - 2  

17 6 5 3 m  8850 * 6 63600 lo600 + 20 
18 ? $1225 8175 7 58450 8350 + 2 .  
19 6 43m 7250 6 36750 6125 - 16 
20 - 5  35250 7050 4 20200 5050 - 28 
2i 7 47075 6725 5 39250 74% +31 
33 6 379%) 6325 4 30400 7600 + 20 

26 1 6950 6950 2 15400 7700 + 1 1  
27 1 8450 8450 3 25425 8475 
28 5 37625 7525 2 15950 7975 + 6  

0 

&.rage of AllEEGs 7052 - 7820 = + 32 = o d  
I 

Average of Case Bveragea 7887- 7995 = -108 = 1,s 
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