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HISTORY OF IDEA OF TOLERANCE 

u -  Professor Roentgen discwered x-rays and irmestigated the i r  character- 
i s t i c s  i n  the l a t t e r  par t  of 1895. 
nounced h i s  discovery he to ld  of his use of heavy metals t o  confine the 
neuly discovered rays. 
buillding and experimenting with the new "x-rayn tubes, had developed a new 
and peculiar dermatit is  of h i s  hands which was determined t o  be due t o  the 
action of tho roentgen rays. I n  a re lat ively short tilac! it was found that  
x-rays produced many changes i n  people who worked with them and i n  -1s 
used for experimental purposes. The i n ju r i e s  recorded include the follow- 
ing:  
s t i t u t iona l  symptoms such a s  t iredness,  weakness, nausea, and vomiting3 
cancer i n  chronic x-ray ulcer; inhibi t ion of bone growth; s te r i l i za t ion  of 
ma3.e rabbi ts  and guinea pigs) reduction of white blood ce l l s )  a l terat ion of 
bone marrow, etc.  By 1906 it had been found tha t  most of the organs of the 
body could be al tered by the  X-rays. 

I n  December of tha t  year when he an- 

By the  end of Januarg, 1896, Grubbd (11, who was 

erythematous dermatit is;  smarting of the eyes; epi la t ion of hair; con- $1 li 
I li ' h i  
til, 
Eq 

While the  need f o r  protection against  t he  ionizing radiation was obvi- 
outs fmm the verp beginning because of the  in jur ies ,  the idea O f  t rying to  
define an amount of e x p o m e  t h a t  could be tolerated by the humon body war 
slcm in developing. 
wail formed i n  1921, it discussed Ifestablishing a madmum tolerance dose i n  
t e ims  of a specifiable and reproducibqe biological standard. and I f  possible 
&pressing t h i s  biological  standard 3& physical u n i t s . "  (2) 
problem was s ta ted more expl ic i t ly  by Mutscheller (3): "In order t o  be able 
t o  calculate  t he  t h i c h e s s  of the protective shield there  must be knOwn the 

'dose which an operator can f o r  a pro+nged period of time, to le ra te  without 
ult imately suffering Injury". 
others selected mme people who had b e n  occupationally exposed f o r  dome 
yesirs without ahowing evidence of 4 dele tedous  effect .  
iatSon t o  which these people had b e d  expasad was then determined in retx-3- 
spcct. When the  units used are t r a n d a t e d  in to  roentgens, the doses Of w- 
fe ren t  workers advocated a s  to le rab la  nearly all f a l l  i n  the  range Of 0.1 to  
0.2 r per  day. 

When the  B r i t i s h  X-RAY and Radium Protection C o d t t e e  

4- 
a I n  1925, the  

I n  ans t tempt  t o  f ind  such a ndose", he and 
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Tablb I.. Historical  m a  Radiation InSuriep 

Mscovery Of X-myS Roentgen 

Dermatitis of hand8 (January) Grubbe/ 

Smarting of eyes (March) Edison 

Epilation (April) -el 

Constitutional symptoms W a l s h  

Paraplegia and spasmodic muscular contraction Rodet and 
B e r t h  

Degeneration bf vascular endothelium Gassman 

Cancer i n  x-ray ulcer  Rieben 

Bone growth inhibited Perthes 

S t e r i l i z a t i o n  pmduced Albers-Schgnb erg 

Blood changes produced 

Leukopenia produced Heineke 

Bone marrow changes demonstrated Vbrthin 

Uilchner and Mosse 

A n d  found i n  two x-my workers B&l&a 

11. Histor ical  Landmarks: Toleranca 

Rollins photographic indicat ion of "sailen intensi ty  

Bri t ish X-ray and Udim Protection Conunittee considered "es- , tabl ishing a tolerance dose" 

First attempt a t  defining a "tolerance dosen by Mutscheller 

U.S. AMsorg Committee on X-ray and Radium Pmtection rec- 
omends tolerance desk of 0.2 r per  day 

J 

dose of 0.2 r per  day 
't 

I n t e m t i o n d  X-ray and Radium COUdttee endorses tolerance 

U.S. Advisory Committedreduces tolerance dose t o  0.1 r per day 

Metallurgical (Plutoniq&t) Project adopts tolerance dose of 0.1 r 

International COnrmisSidp on Radiological Pmtection reconmends 

I! 

per  day 

0.3 r (air) per  week b 0.05 1: per day 
! 
$ 2  



I n  1931 the Advim C m t t e e  on 1-h~ m d  Radium Protection in the 
United States ,  and i n  193 the I n t e r n t i a d  C o d t t e e  on X-by a d  Radium 
Pnstection both endorsed a t o l e m e  dose of 0.2 r per day. I n  1936 the 
United S ta tes  h m l t t e e  reduced the t o l e m c e  doso t o  0.1 r Per 
ently far two reasons. F i r s t ,  the  pract ice  in E-pe ma t o  meamre the 
do,Be on the  skin with backscatter, whoreas the pmct ice  in the  United S ta tes  
V(L,S t o  measure the dose For the  quality of rad- 
i a t ions  then available and the  size of the  f i e l d s  involved in whole-body 
expostwe, the agrement between 0.1 r i n  air and 0.2 r on the  skin was very 
good. Second, by 1936 there  were maw more 200  k+ x-ray machines in opera- 
t i on  producing more penetrating mdiat ions than before, and therefore a 
greater  percentage of the  -ace dose m a  reaching the deeper organs. The 
m a h  bas i s  on which these tolerance doses were established was still the 
obnemation of those occupationally exposed. 

aPPar- 

a i r  without backscatter. 

m. Estimation T o ~ ~ ~ c Q  Doses - 
Date Author Days fgr 

do so 
Calculated 
r per dayb 
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1925 
1926 
1927 
1928 

1,931 
1932 
1932 
1936 
1’950 

1928 

Rollins 
ht schel ler  
S i eved  
dolomon 
Dutch Board 
Barclay and Cox 
Kaye 
Advisory C o d t t e e ,  088 
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bCalculated on bas i s  of e&,hema hose = 600 r. except F a l l l a  y-ray 

Number of days w e r  which l/lC# of an erythema dose be received. 

I -  <. - 
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I.C.R.P. recommended 0.3 r (air)*Jper week. 

These “tolerance doses” were larg@y of i n t e re s t  
g i s t s  u n t i l  19&2 when the first nuclear ,chain reacting 
erate. Since then, the matter of rad iavon protection 
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expossure have become Of in te res t  t o  the c i t izen  in the  street an well as 
t o  the  many thousands of workers O c c u p a t i o d y  exposed. 
more accurate infonnatlon on which t o  base the tob r snce  dose became hown 
t o  many sCient id8  and money f o r  experiments V a l  =de available. New 
t e s t s  of various kinds were tried in attempts t o  find t h e  ea r l i e s t  possible 
Changes as a r e d t  of e X P O s u r S  t o  ionizing n d b t i O n 8  w i t h  t he  hope Of 
avoi,ding more serious effects- SeVe2-d Changes wen found, such 88 bilobed 
lymphocytes, changes i n  in t race l lu la r  s tmcture ,  mom iwrvture leuc~cytes ,  
etc. 
of rea l  significance to t he  ind iddual .  

The need f o r  

The new problem tha t  i s  not Yet solved is: Are these minor changes 

PERMISSIBLE DOSE 

The problem of how t o  define a peruiisdble dose became mom d i f f i c d t  
than that of specifying what dose had been tolerated by a few people. Ai- 
t e r  mch del iberat ion the Internat ional  Colamission on b d i a t i o n  Protee- 

- p ti on^ (b )  defined permissible dose a8 "a dose of ionizing radiation that in 
-the l i g h t  of present knowledge is not expected t o  cause appreciable bodily 
injury t o  a person a t  any time during h i s  l ifetimew. 
injury" is defined as  "any bodily InJur~r  or ef fec t  that 8 persan would re- 
gard a s  being objectionable and/or competent medical authori t ies  would re- 
gard a s  being deleterious t o  the  health 8nd well-being of the individaalv. 
In  attempting t o  give a numerical value t o  the  permissible dose the fact 
that  man is and always has been bombarded by the  ionizing c o d c  rays and 
the  radiat ions from the  natural  radioactive elements amst be hken into con- 
sideration. 
(about 10 m r  per  week). 

ience of radiation workers (mastIJ medical) mer the  past  60 years, and on 
such anifial experiments as seem t o  be pertincurt. 
that make the  interpretat ion of the  btlmaa experieme d i f f i ca l t .  Firat ,  we 
havla no r e a l  meaaure of the  level of expOUU08 pr ior  t o  about 19b2. Second, 
the  long l a t e n t  period between cause and e f f ec t  - sbmotimes 25 years - makes 
it 1difficult t o  connect the  two. 
is so great t ha t  mme people lmom t o  h.re been olercxposd have had no COIR- 
p l icat ions while others  not known t o  have been W O ? e x p O s e d  have died of 
such conditions as leukemia that probably were due t o  such exposures aa they 
suffered. 

nAppreciable bodily 

These radiations provide a lower limit tha t  i s  inescapable 

a 
The upper limit of p e d s d b l e  expo- mst be based on the exper- 

Them are s a r o d  factors 

Third, the  biological variability of nun 

CEUTICAL &NS 

R e v l d n g  the  experiences of  man.&nd the result8 of aninid experlmen- 

' h e  s]%in is t he  mast exposed organ Of the 
It was the  first known t o  be in$lred and is the  one m o s t  frequently 

t a t ion  revealed c lear ly  that  -me orms of t he  body are c r i t i c a l  t o  the 
problem of p e d s s i b l e  exposure. 
bod&. 
involved. I n  the damaged skin cancer +metimes dflelopes and causes the 
deaith of the  person. @ 1911 Hesse ( 5 )  -8 able t o  co l lec t  9b C8808 Of X-mY 
incluced human tumors. The great lengtk of t h e  between caum and affect 
malces it d i f f l c d t  t o  set a p e d s s i b l d  dose for the  aMn. &me doctor8 
have developed detectable sMn changes 98 long 88 25 years a f t e r  Stopping the 



pm.ctice of exposing t h e i r  hemds whlle doing fluomsopic work. Bp est l -  
mating tho probable doses received by the skin of t h r  hands of radiolo- 
gleits who showed no skin changes, the International Colmnfssion se t  1500 m r  
per week a s  the  maximUm permissible dose when o d y  the  hands and foreams 
ant  exposed, a8 i n  handling radioisotopes. When the  d o l e  body i s  exposed, 
the1 limit f o r  the skin i s  300 m r .  Q 

It ~5 recognized ear ly  i n  the dudp  of radiation effects  that any 
peI ' lphed  blood change was one of the  first objective signs of the effect  
of x-rays, The hemopoietic t i s sue  
the, changes i n  which can be followed by s tudies  of the peripheral blood. 
Before there  were physical instruments capable of making reproducible me.& 
urments ,  blood counts were used as a biologicdl monitor of e x p o w e .  
the1 perlad before personal and area modtoring was easi ly  possible, many if 
not, most radiologists,  radium workers, and technicians were overexposed, as 
wati demonstrated by the first feu weeks O f  accurate monitoring i n  the mdi- 
olclgy departments of many hospitals. 
in 1924 (6) and Goodfellow i n  1935 (7) deal t  with marked changes i n  the 
blood counts due t o  real overexpomres. With the  establishing of tolerance 
doses and the  development of mans t o  m e a m  exposures, hemtologis ts  have 
had t o  maroh for new c r i t e r i a  of damage. Now, Ingram (8) and others have 
found b i l o b d  lymphocytes i n  the blood of cyclotron workers presumably ex- 
posed t o  very l i t t l e  radiation. 
nchangesn with verg l ow exposures i n  very short times. 
found "trends" i n  serial counts which he considers significant. 
were done on workers exposed t o  below maximum permissible levels,  
other hand, Jacobson and co-workers (11) have found no correlation of counts 
with exposure a t  low levels ,  and Chambcrlaln, Turner, and Williams (12), 
while finding some evidence of detectable radiation e f fec ts  on the rverago 
count of la rge  groups of workers even a t  low l eve l s  of exposure, conclude 
thsit white c e l l  counting does not give much of a measure of protection to  

thus established a s  a c r l t i c a l  organ, 

I n  

i 
l i  ' ;I 
81 
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Hence the  reports of Caman and W l e r  

d 

Helde and Wahlberg (9) hate associated 
Mayneord (lo) has 

The counts 
On the 

c"F 
9 .B 

What really is of concern is  whether or not these changes 
and can be considered a s  "appreciable bodily injury". The 

r e a l  danger t h a t  threatens is the development of leukemia, a universally 
f a t a l  disease.  
dstng between 2928 and 1948 died of leukemia while only 334 of 65,922 non- 
r ad io log i s t  physicians, 0.9 per  oent, d i rd  of the disease. 
detected the  premonitory s i g n s  of leukemh. 
many people who have had severe blood changes from radiation expome have 
not developed leukemia, Experimental udies using animals have not helped 
us  t o  date  except t o  p m e  tha t  i n  sus$ptible animals leukemia occurs 
e a r l i e r  and more frequently following &hole-bodp i r radiat ion.  

March (13) found t h a t  lh of 299 radiologists,  4.68 per cent, 

No one has 
It is well established that 

n / t -  

T h i s  author believes that whi le  fa r ia t ions  f r o m  the  n o d  must be 
stiadied and a l l  avenues of studying blibod chlnges investigated, d i g h t  devi- 
a t ion  from an admittedly unstable nnoknaln should not be classed a s  "appre- 
cirible bodily injury". 9 + 

4 
The Internat ional  Conmdssion on Fkdiological Protection has recommended 

tha t  the p e d s s i b l e  weekly dose in tha blood forming organs be 300 The 
lawering of this dose from essentially:  600 mr per week was an attempt t o  be 
cn the safe side and was not based on $roof tha t  600 mr was t o o  high a dose. 
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Th15 300 mr i s  t o  be measured in the  cubic centimeter tha t  receives the 
h1,ghPst dose. 
posed before leukemia becomes a problem. 

Many oxprriments suggest t ha t  the whole body must be ex- 

Another t i s sue  tha t  has entered the l i s t  of c r i t i c a l  t issues  is the 
lens of the eye. It was known t ha t  treatments with l a r g p  doses of x-rays 
colild cause cataracts.  
coiitinued smal l  doses i n  radiologists.  
hayre a highly select ive action on the lens  as evidenced by the changes in 
the  eyes of some physicis ts  working with them and Of some of the Japanese 
exposed a t  Hlmshima and Nagasaki has placed the  lens  t issue in t he  c r i t i c a l  
list. However, it should be noted tha t  exposure of adult  animrrls t o  levels  
of  x-ray dosage much above permissible l eve l s  did not produce cataracts. 
The Internat ional  C o d s s i o n  decided t o  set 300 m r  per week a s  the p e d s -  
sitile dose, mainly t o  have a bas i s  for dose f r o m  neutrons. 

Cataracts had not been seen as a r e d t  of long- 
The f ac t  tha t  neutrons seem t o  

The e f f ec t s  of ionizing radiation on the gonads have been under inves- 
t iga t ion  since a t  l e a s t  1903. However, except for human experience, l i t t l e  
was h o u n  about the  e f fec ts  of long-term low l eve l  exposure u n t i l  Lorens 
and. Heston s tar ted genetic experiments i n  l 9 U  (U). Exposure of the gonads 
t o  ionizing radiations can produce steri l i ty,  abnormal children in the first 
generation, and long-term genetic effects.  

-Recent surveys (15, 16) of radiologists and pathologlsts (as controls) 

W e  many f ac to r s  a re  involved, a t  least a loss of f e r t i l i t y  of 
However, one of the sur- 

show that the exposed group reported more offspring than the unexposed 
group. 
those occupationally exposed was not demonstrated. 
veys (15) revealed tha t  w h i l e  the  normal offnpring of the unexposed group 
consti tuted 83.23 per cent, t h e  normal offspring of the  exposed group con- 

This difference is not la rge  and should not 
be viewed with alarm. Ths other  survey (16) showed that  the amount of rad- 
i a t ion  received by radiologis ts  under usual conditions does not have my 
very la rge  e f fec t  on f e t a l  and infant  death rates i n  t h e i r  children. 
animal experiments of Lorens showed that mice could l i ve ,  breed, and die 
while exposed constantly t o  1.1 r per day (U). Experiments reported from 
the  University op Rochester (17) indicate  t h a t  t h e  sperm count of dogs vas 
reduced by dal ly  exposures of 0.5 f. Insofar  as long-term genetic effects  
a re  concerned, those who are  competent t o  discuss t h i s  subject are  doing SO 
a t  t h i s  Conference. 
a l imited number of people, the  genetickfactor I s  not considered t o  be the 

-stituted o n l y  80.h2 per aent. 

The 

I n  detennlning the  permissible occwational exposure of 

det 'ennining one. 2' 

A l l  things considered, insofar as the  gonads am concerned, the rec- 
omendation of the International Comnit$ee "that exposure t o  radiation be 
kept a t  the lowest practicable l eve l  i q a l l  cases" ahould be followed. 
Based solely on considerations involvi avoidance of damage t o  the exposed 
indLvidual himself, the  basic permiss iqe  weekly dose i n  the  gonads was set  
a t  3 0 0  mr.  

\ 
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LIFESPAN 

While the  idea of c r i t i c a l  organs i s  c lear ly  a d i rec t  method of a t tack 
on ?,he problem of p e n i s s i b r e  dose, it must  be remembered tha t  a shod- 
ersblg Of tho l ifespan i s  possible without the development Of any Of the 
specific conditions mentioned above. This d f e c t  became apparent when 
la rge  numbers of animals of selected strainswere studied under conditions 
of prolonged daily l ow- lwd  exposure t o  radiations. 
the group of animals was shorter  when numbers of them developed anemia, 
leukemia, or cancer, but there  appeared t o  be mother fac tor  of an Wafi- 
n l t e  character which many have chosen t o  c a l l  premture aging. 
of man, the biological var ia t ion is  so great tha t  it is d i f f i c u l t  ii not 
impossible t o  es tabl ish any a l l  difference in length of life that  might 
ex i s t  between those vfio have been occupationally exposed t o  radiation and 
the rest of the  population. In  the case of animals it has been shown with 
cer ta in ty  insofar  as mhe a r e  concerned that  e x p o m e  t o  dally dose8 of x- 

of slightly greater  than 1 r cause a reduction i n  lifespan (a). 
Boche (17) has shown that the  l ifespan of the rat is  def in i te ly  shortened 
by dai ly  exposures of 0.5 r and probably 0.1 r, the exposures s ta r t ing  a t  
the  time O f  maturity. 
whole-body exposure t he  permissible dose should not exceed 0.05 r per day. 
men this p m d e s  a fac tor  of safety of only 2. 

The average 1Ffe of 

I n  the case 

On the bas i s  of such figures it was fe l t  that fQr 

RECapERY FROM INJURY AND PROPRACTION OF EXPOSURE 

One of the  biologlcal  f a c t s  that makes it d i f f i c u l t  t o  establish per- 
missible doses for long-term exposures i s  t h a t  recoverp f= radiation in- 
jury takes place in cer ta in  instances -en while the  radiation is continu- 
ing. Other changes produced by radiation &re i r revers ib le  and no recovery 
takas  place. There probably are in ju r i e s  t h a t  show a l l  gradations of re- 
sponse between the extremes of a q l e t e  recovery and of no recovery. Enough 
f a c t s  with regard t o  these d i f fe ren t  rates of recovery are not yet known t o  
allow the  projection of the various reactions aver the  l i fe t ime of man. It 
i s  knmn tha t  some of the  acute reactions t o  radiation take Just as long In 
a mouse nhosc! botal  W e  i s  fmm two t o  three  years as in a man whose t o t a l  
l i f e  is about 70 years. 
time f o r  cer ta in  reactions t o  occur in laboratory animals by fac tors  rela- 
t ing  t h e i r  t o t a l  lF fe  t o  man’s t o t a l  l i f e .  

Thus, it is not possible t o  simply multiply the 

P 
:Damaging events i n  the  genes produc;fng genetic change have been shown 

t o  be t o t a l l y  additive; tha t  is, t h e r e v i s  no recovery. The changes causing 
epi la t ion i n  man have been shown t o  have l i t t l e  re la t ion  t o  the protraction 
of a given t o t a l  dose m e r  the  period af a week, but there  i s  mme recovery 
i n  a period aa long a s  a month. 
of the  skin requires about 50 per cen t ;mre  radiation when given on two 
successive days than when given all a t  b e  time. 
produce a glven weight 108s i n  the  mu& t e s t i s  is  the same whether given 
i n  one day or i n  f i v e  days (18). 
50 per cent of a group of mice increases with t h e  Intensi ty  of the  radiation 
and .with the  fract ionat ion of the dose laver days, weeks, or months. Henshaa 
(191, using mice, found that 51.6 r gi+n a t  one session once each week was 

The r$action known 8s the  erythema reaction 

The mount of radiation t o  

The rplount of radiation required t o  Idll 

” 



- 4  a 
f 
e 

These s tudies  have been c i ted  t o  *mphasiz+ the problem of deciding 
whether the  P ? d s s i b l e  dose should be stated a8 a cer ta in  dosp per second, 
Per d n u t e ,  Per  hour, Per week, Per month, per year, o r  per l i f e t h e .  me rm- p e d s s i b l e  dose of radiation t o  the  uholr body i s  stated as  being 
0.3 r per week. If an individual were exposed t o  the maximum mount fo r  50 
weeks of each ycar for the  period from 25 t o  65 years of age, he muld re- 
ceive a t o t a l  of 600 r i n  the for ty  years. 
clay, he would probably d i e  very quickly. 
each year for LO years, what would happen is not known because of lack of 
cxpprience with animals o r  people exposed i n  that way. Thnre i s  experience 
with dal ly  or almost dal ly  exposures of radiologists,  phyaiclsts, and tech- 
nicians. A decision had t o  be made on somewhat arbi t rary grounds as t o  the 
h n g t h  of t i m e  over which a permissible dose could be averaged no matter 
how it was received. 
the  unit of time. From the  point of vim Of occupational exposure it i s  
more convenient t o  monitor exposures each week than each day, and experience 
to date indicates  l i t t l e  difference of biological e f fec t  a t  such low levels  
tietween da i ly  and weekly d is t r ibu t ion  of dose. 
Jielndssible weeny dose a s  "a dose Of IOdzing radiation accumulated in one 

of mch magnitude tha t ,  i n  the  l i g h t  of present knowledge; exposure a t  
tbis weekly rate for an indef in i te  period of time is not expected t o  cause 
a.ppreciable bodily in jury  t o  a person a t  any time in h i s  l l l e t h e .  
week as used here is  any seven consecutive daysu. 
t ion  is the  belief tha t  such a dose could be received 
ndnutss during the  week or spread over the whole seven days. No one has 
sufficient infomation a s  yet  t o  know whether such a dose would still be 
l l pedss ib l e"  Ff it were received In  a small f rac t ion  of a second. 

If subdrcted t o  600 r i n  one 
If exposed to  15 r i n  one day 

The Internat ional  Commission decided on the week a s  

The ~onmcLssion defined the 

One 
Inferred In this defini- 

a matter of a few 

REIATIVE BIOLOGICAL EFFECTIVENESS . 

The Relative Biological Effrctlveness (RBE) of radiations of various 
types and energies is a nccessa~y f ac to r  i n  detennining the p r d s s i b l e  dose 
of radiat ion for other  than x-rays up t o  250 h. The biological effectivc- 
ness of a radiation i s  the  relationship brtween a given biological reaction 
and the dose of radiation required t o  produce it. Since f o r  both man and 
animals t he  e f fec ts  of x-rays up t o  250 kv aro known with greater precision 
than f o r  other types, the  biological effectivsncss of such rays is arbitrar-  
i l y  established a s  the base line. "ha, re la t ive  biological effectiveness of 
a given radiation i s  the  fac tor  tha t  p l a t e s  i t s  biological effectiveness t o  
that  of 250 kv x-rays. 

Since the  biologlcal effectiveness is b m  t o  be related to the den- 

The l i nea r  ion density per unit of 
Various combinations o f  photon or 

s i t y  of  ionizat ion along the  paths ofmythe ionizing par t ic les ,  this charactep 
i s t i c  can be used t o  determine the  RB#. 
path i s  ca l led  the  specific ionizatio*. 
par t ic le  radiations with differ ing endb.gles may have similar specii lc ioniza- 
t ions.  Thus, a very high energy protpn may have the  same specLfic ionization 
a s  a l o w  energy electron. It Is thus$e t te r  t o  r e l a t e  the RBE t o  the specFfic 

I 



I- I I I  

Gk!, 
.I!. 
. I .  

I.. 

, 

~~ 

Da se 

(mr/wcek) Effect Produced Reported by - 
Mayneord 

S i rvr r t  

Boche 

100 Man Questionable s l ight  decrease of mean 

100 Pan Total number of blood abnormalities 

500 Sperm count s l igh t ly  reduced. 

t o t a l  whit9 c e l l  count of group. 

(gmup av.) increased. 

Rat L e u k d a  sduced. 
Man Blood, no significant changes. 
Mice, IAF1 Mean survival t h e ,  no s ignif icant  

Guinea-pig Lymphocyte and p la te le t  counts reduced. 
Mouse Ovarian, mammary, and lung tumors 

Dog Lymphocyte count reduced. 
Rat Mean survival time decreased. 
Man 

dncroass. 

induc od . 

Skin of hand, minimal changes. 

50 " / o  of group aspermic a f t e r  9 months. 

Mouse Mammary cancer induced. 

Mouse, bda Breeding, no effect .  

Mouse Ovarian fo l l i c l e s ,  decreased a f t e r  

Mouse 

18 months. 

Decrease of spermatogonia i n  mitosis. 

Barnett 
Pearlman and 

Sacher 
Loren2 
Larenz 
Lorenz 

Ingram 
Boche 
Parker 

Boche 

Iarenz 

Lorenz and 
Heston 

Lorenz 

EsrhenbreMer 

7700 Mousct Testicular weight decreased. Larenz 1; Ouinea-pig 1 3  7700 Guinea-pig Lung tumors increased i n  number. Loronz 

lSh00 Guinea-pig P la te le t ,  hsterdphil ,  and red c e l l  Lorenz 
'i 
4 counts reduced; 1 I i,, i .,[ 
n 

15LOO Mouse Lymphocyte count reduced. 

15LOO Mouse Mean survival t h e  reduced . 
Lorenz 

Lorenz 

30800 Mouse Leukemia induce&. Larenz 

30800 MOUSE+ S t e r i l i t y  induc&. Lorens and 
Heston 


