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Abstract 

Periodio doses of a radiation designated as "slow neutron­
were giVE!D to two groups of 100 OF-1 female micee Each 
arbitra1'7 unit of dose, ~reased in !b was composed of 
slow neutrons considerabll' contaminated with test neutronso 
The mi~ were elq)osed in a manner similar to that U5ed tor 
fast neutron aposures, but :In the cart designea specifically 
tor "slow neutron" :1rrad1ationo 

1'be results are ve1'7 similar to those obServed as a conse­
quence of periodic fast neutron treatments 0 A comparison 
of the shortenmg ot lite induced· by each radiation indi­
cates that 1 n ::1B 88 effectiw lUI 7 Q 5 .!I a ratio rough13 
equivalent to that observed atter s mgle doses 01) A dose ot 
10 ~ per day depressed re leukocyte le.l to a range between 
2DOO and 3000 cells/mmo & more pronounced blood chsngee probabl,y 
would have been noted had other strains been usedo The 
terminal pathological condi tieD ot the experlmental miee 
was essentially like that observed after periodic tut 
neutron or gamma ray irradiatimlo 
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EFFECTS OF PLRIODIC DOSES OF SLOW NEUTRONS ON MICE 

10 . Introduction 

Two groups of mice~ 100 mice per group, were given small, 
periodic doses of slow neutrons to observe the effects of 
such treatment., This investigation was the last phase 01' 
the extensive study of total body irradiation carried out 
at Clinton Laboratories o The same effects have been o'b­
served in each part ot the study to make direct comparisons. 
possibleo The effects produced by periodio doses of fast 
neutrons or gamma rays have been reported in MonH,...115, the 
effeots of the same radiations after a single dose in Mon&. 
116, end single slow neutron doses :in lIlonH-117 0 The primary 
pUl'pose of'the entire study was to provide more adequate . . 
eJeperimental data with which to set tole:nmce levels for 
radiation workers o In addition, it was hoped to gain some 
kn~wledge of the mechanism of radiation effects which would 
be of significance in protection and therapeutic develoP=' 
ments. 

20 Fposure Techniques 

2,1 Radiation Used: 

The radiation utUized for this stud,J, although called 
"slow neutron", was badl,y contaminated with fast neutrons. 
An analysis of the components has indicated that half' ot 
the 'biological effect is contributed by each class ot 
neutron~J.:l 0 The radiation was monitored by boron encased 
chambers of the Victoreen 1\ameter; doses ot this radiation 

10 Zirkle; Ro Eo ... Monthly Report~ OB...2S08 
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were expressed in tems of ,} 2) 0 

2,2 Irradiation Procedu"., 

e 

The exposure cart described in MonB-ll? 1188 alao used for: 
these nper1menta. Each day, betore 8D3' esposures were 
made, the rate at which a dose oould be giwn was dete~ 
m1ne~ as dee crlbed 1n . the ret"erence just oited.. The dura"", 
tiQD. of an;v exposure was based upon the dai.ly dose 1'8.te 
and' was measured by both a _proportional counter and 8D. 
el.ectric o1ock: teen-sure aocurate l'esults o 

Female mice of the standard OF.I strain were used exoJ.u..,., 
aiwly tor this studyc>' The method used to put theae mice 
into the experimental cart with a minimum exposure ofiJer­
sonnel to radiation from the cart has been described It 

As pointed out in the descrjption ot single slow neutron 
dose effects, the 10ading procedure was apt to injure the 
mice; the periodic elCposures greatly increased the preP 
babi1it.y of injurmg an:r particular mouseo Anticipating 
that frequent mechanical injury would act to shorten life, 
specific controls were alao put into the cart each da,y but, 
of course, given no irrad:1ation.. The difference :in c0n.­
trol and experimental mortality rate indicates, thea, the 
rad1at1On effect .. 

223 .AccuracY or Dosaeel 

. 1'he la1"lest source ot error in single doses was due to the 
fact that the radiation intensity 'ftlried from front to back 
ot the cart at the exposing position" The dose rate, detel'l­
mined by the preliminary monitor run. wu' the average rate 

20 .Henshaw, Pc> SQ, R. S~- snider, E~ Fo Riley, and G. Eo 
Stapleton - Del.ayed Effects of· .Single Doses or Slow 
Neutrons on .Mice ... IIcmB-1l7. 
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at the center ot the 'cartG Then, since mice were placed at 
random in the cart, the average dose received by these mice 
dur1ng the course of m~ treatments was that indicated by 
the meter. Thust.hia source' of error beoame unimponant tor 
th1s atud;y 0 

Other sources of error during this 1nvest1gation were (1) 
error in reading the meter (2) lack of reproducibility of 
the ootmter and () errors in adm:lnistering the exact dose 
prescribed" Since t.he significance of each source 'Ot error 
:is the same as applied for period1~ fast neutron exposures 3)9 
it wi) 1 be sufficient to say tha.t the error was probably not 
more than 10 percent end tended to make the actual dose 
greater than the sta~d dos,e" 

30 Emer1mental Results 

l"l §borten1ng of Life: 

The ability of'mice to survive repeated treatments ot slow 
neutrons is presented :in the graphe or Figure I.. 'ftle 

Figu""ie 1" Dose-weight--survivalrelationships obeerved:1n 
groups of CF-l female mice, ! the specific controh, 11 
thfL28 .per clay.. end C the lOa per day e:rouJ,)" .. 

3.. Henshaw~PGS .. ,- R.. -s .. Snider, 'Eo Fo RUeyg Go E~ 
Stapleton, and R.. Eo Z1xkle ... Comparative Late 
Ettects ot Periodic Doses ot Fission Neutrons and 
ot Gamma }taya "" Uonu..l1;o 
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curwes c1:nl_ th1"Ough the V s.JIII.bols show percent sumvalJ 
the aoaamulated dose is indicated by tr::langular 871Dbols 
and the awrage group weight br c1rcular s;ymbolso !he 
treatment given to each group and the n'W11bem upon which 
the curves were based are Doted bY' the respeetiw curves. 
The saales used were the same tor all three sets of' 0Ul"ft8() 

A compar1saa. ot theae controls with the corresponding fast 
neutron controls shows that the abUity to survive is much' 
the same in both cases Q AocoJ!'djngls, we ma,y conclude that 
the meohen1cal injury suttered dumg the loading pl'Ooedure 
did no t. contribute as much as waa eJq>ected to a shortening 
ot lite. The slow neutron contl'Ol group appears to be 
C\ring at a slightJ..y higher rate so the average' Ute span w1ll 
probabl,y not be. as long a8 that of the fast neutron control 
groupo Smce eo percent ~ - the mice were still living 
wh_ the surriWJ.1 curve ot 118ure lA _8 dram, the a_rage 
l~.fe e~ctane;y wu eatimated by extrapolation based upon 
ellPerienae with other control groups, the value so derived. 
being between_ 56 and fIJ we_. 
-Anaqs1s ot the curves obtamedw1th the two eJlper:1mental 

. groups shcrBs that repeated doses cause both a loss in 
weight and premature deathQ The awrage lite span ot the 
101. group Wd found to be 22 weelr:8" that of the 51. group 
32 weeks. Then, it 58 weeks is assumed to be a tair es­
timate of the length ot lUe of the average control mouse, 
1t follows that the lOs. group lived J8 percen't as long and 
the 51! group 5; percent. as long as the controla" fhus lO& 
per day shortens a mouseS 1#'8 62 peroent.a When t.his 
ftlue is plotted an a 0Ul'W of percent shortening of Ute . 
b7 periodio fast neutron doses, lOa appeal'S to haft shortened 
Ute all much as 103 n per daT would have. On the bas1e of 
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this comparison 1 n 'Would seem to be about 7 as times as ef­
fective as l!_ This value is probabJ¥ Ii better. comparative 
value than any quoted in 10nR-1l7 since the periodic doses 
were more accurate than smgle doses and not subject.to &8 
man;r correction. factol'So 

3s2 aeDlltologz and PathologYJ 

Figure :2 shows the hematological findings associated with 

FIgUre 20 Periphe1"8l blOod Changes associated with dailj 
exposure to slow neutrons. A and ~ specific controls; ! 
Jm.d Da 5 and.1O.8 daUv treatments. resJ)ectivelYo 

5 and 10 A dally exposures of slow neutronso Because of the 
specific control picture, it is doubtfUl whether the COD=> 

tinuous low leukocyte level obtained with 5 S. animals 18 due 
to irradiation. The results obtained with 10 !. animals, 
howewr, are def'initeJ¥ on the positive side. Total leukoc;yte 
1eftls dropping to the range ot 2000 and 3000 rarely happens 
in normal en:1m.also But as pointed out on other occasions, 
CF-1 animals proved to be rather unaat:fsfactor.r for hemato.­
logic studies because of the downwaM drift m controlso It 
seems like13 that rather dramatic blood changes might be ob­
tained with 5 and 10 !!. da1l8 doses in other strains of 
an:tmalso 

The teiminal pathology in periodic slow neutron treated ani,.. 
mals revealed the same conditions as obtained with fast neu­
trons and gamma ~s - a gradual emaciation and decline and 
occasional mediastinal lymphomatoses. It should be noted 
that about one, fourth ot the animals in this series 

, ~ ".!. ~ •• ::~ ,., ' • 
• ~~..l'," 1:n'" ~.it, ." 
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died nth a lung infeotion ot tmlaloWll tqpe o Great numbers 
ot small pustules t01'Jlled throughout the lungs and on the 
wal.l..s of the pleural canty. Since at tint these were 
seeo onlT :Sn treated Sroups there was a tendency to at­
tribute· the "action to some specific action of the rediP 
ation being used. Later a few cases were seen in other 
groups including controls and there were groups :1D this 
series that showed no such infecticnso' Hence, this was 
regarded mere13 as an aocidental infection.. Because of 
the :!ntection, howewr, the incidence figures for tumors 
have little value. 

4Cl' General5y.mma!7 

Slow neutronsadm1n1stere4 :In small periodio treatments 
have been found t,o shorten lite, cause loss ot weight, and 
change bodil3 organs.. Repeated doses of 10 & shorten lite 
to 38 percent ot the normal expectancy; 5 !. per de3 reduces 
the life span to 55 pe1"Cellt ot normal.. ibe kinds ot et ... 
fects observed in this experiment are vel"1 similar to those 
obsene4 after dailY fast neutron exposures.. Since the 
same observation '118.8 made in connection with the single 
dose investigation, it may be stated that slow neutron 
radiation does not have a unique biologic action, rather 
it is much like test neutron or gamma radiation .. 
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On the basis of the dose-effect relationships noted bare 
and :in the correspond.ing fast neutron 1nwstigatIon, 1 n 
appears to be 88 effective as 705 !. as def1nedo This is 
not greatq different from' the ratio obtained with smgle 
doses where 92 n. and 525 a constitued an L1)..50o WhEll com... 
paring single and periodic gamma and fast neutron etfeota 
it 1J88 tound that the biological effectiveness ratio 
changed from 1 n/9r tor smgle doses to 1 n / 15 GO 30 r 
tor periodic dosee.., The stability of the fast and slow 
neutron ratio :in contrast to the different gamma to n 
ratios suggests that slow neutrons act biologicall¥ more 
like tast neutrons than like gamma ra"yso However, the 

. radiatIon used for slow neutron exposures 1fas b;y no 
means pure" Therefore, . before making 8DJ" conclusions 
based upon quantitative results as. observed, the 00lIl= 
ponents of the varu.us radiationsahould be more caretul.l;r 
anal,yzed and the methods of doe e measuring oaretulJ.y 
ewluated" In tact, the d1f'fieU1ty encountered in ew.luating 
quant1tatift eftects emphasizes the need tor a satisfacto17 
biological unit of dose which can be applied to and measured 
tor each of the ftri.oua rad1ations" 
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