
discontinuities, however, can be viewed 
as the result of separate cases of neobio-
genesis. The same may be said of the 
discontinuities in the taxonomic ar
rangement of existing organisms. The 
difficulty of placing viruses, bacteria, 
certain "algae," sponges, and so on, 
in a fitting place in any taxonomic 
scheme based on a monophyletic hypo
thesis may stem from the possibility 
that the discontinuities are real and rep
resent the existence of separate lines of 
descent from independent instances of 
neobiogenesis at different times in the 
history of the earth down to the 
present (25). 
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The NCRP felt that information rela
tive to the question was essentially the 
same as that outlined in National Bu
reau of Standards Handbook 59. How
ever, it appeared desirable to make a 
new and independent examination of 
the problem for the purpose of affirm
ing the views of the NCRP. For this 
purpose, the NCRP established an Ad 
Hoc Committee to examine the ques
tion further. 

At its inception, the National Com
mittee on Radiation Protection and 
Measurements centered its activities pri
marily around the problem of radiation 
hazards associated with industrial and 
medical uses of radiation. During suc
ceeding years, it became increasingly 
apparent that NCRP could not ignore 
its responsibility for making recom
mendations concerning radiation ex
posure of larger population groups. 
Cognizance was taken of this problem 
at various times—for example, in NBS 
Handbook 59 (issued 24 September 
1954), on pages 78 and 79, in the 
paragraphs "Non-occupational Expo
sure of Minors** and "Number of EX-
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posed Individuals" as well as in the 
separate paragraph found at the end 
of the Handbook. On 8 January 1957, 
the preliminary statement released by 
NCRP setting forth its revised philos- 
ophy on the maximum permissible ra- 
diation exposure to man suggested a 
certain limit for average gonadal ex- 
posure of the population. The adden- 
dum to NBS Handbook 59, dated 15 
April 1958, contained additional rec- 
ommendations concerning the maxi- 
mum permissible dose to individuals 
outside controlled areas, and attribut- 
able to normal operations within con- 
trolled areas, for both external radia- 
tion exposure and internally deposited 
radioactive materials. In its statement 
of 23 April 1959, the use of the same 
~naximum permissible dose (MPD) 
was extended to individuals in the pop- 
ulation-at-large. 

The Ad Hoc Committee report, the 
NCRP believes, serves to reaffirm the 
broad policies of the NCRP with regard 
to basic permissible dose criteria, but 
the report is not to be regarded as con- 
taining specific recommendations by 
the NCRP. 

The report takes the line of con- 
servatism. The Ad Hoc Comnlittee felt 
that there was no other choice until 
more and better information is avail- 
able on the effects of low-level chronic 
radiation exposure. Although a con- 
servative and possibly pessimistic as- 
sumption with regard to radiation 
effects has been made, this should not 
carry any implication that either the 
NCRP or the Ad Hoc Committee ac- 
cepts such assun~ptions as established 
facts. These assumptions have been 
adopted in the interests of prudence. 

Upon review of the Ad Hoc Commit- 
tee's report, it was noted that while 
the report suggests a basis for express- 
ing the maximum permissible somatic 
dose for the population, it does not 
contain specific recomn~endations im- 
mediately applicable a s  maximum per- 
missible doses. It also appears likely 
that the n~aximum permissible doses 
that might be derived from the Ad Hoc 
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Committee's report would not be widely 
different from the current recommen- 
dations of the International Commis- 
sion on Radiological Protection even 
though they are expressed in reference 
to another base. This report is, there- 
fore, being referred to NCRP subcom- 
mittee I on "Maximuni Permissible 
Dose Criteria" for further consideration 
and the possible formulation of specific 
values to be recommended as the maxi- 
mum permissible dose. Pending the 
possible formulation and approval of 
such recommendations, the NCRP rec- 
on~mends the use of the current recorn- 
mendations of the ICRP concerning 
permissible doses for the population. 

Report of Ad Hoc Committee 

I. Introduction 

The National Committee on Radia- 
tion Protection, in the past, has rec- 
ommended maximum permissible doses 
of ionizing radiation for occupationally 
exposed persons and other special 
groups. Its recomnlendations regarding 
exposure of the whole population to 
radiation have been primarily con- 
cerned with the genetically significant 
dose. An increasing number of sources 
of man-made radiation, industrial and 
military, make it desirable to consider 
the setting of maximum permissible 
levels of somatic exposure for the gen- 
eral population. This becomes increas- 
ingly important in view of the fact that 
certain radioelements, such as stron- 
tium and iodine, are nonuniformly dis- 
tributed in the body and result in much 
larger doses to specific body tissues than 
to the gonads. This Ad Hoc Committee 
was appointed to examine the problem 
and report to the National Committee 
on Radiation Protection. 

The Ad Hoc Committee has con- 
sidered the basic concepts and premises 
by which maximum permissible levels 
of ionizing radiation for the general 
population might be established and 
how these might be applied to radio- 
strontium and other widespread con- 
taminants. 

11. Dose-Effect Relationship at Low Doses 

Radiation doses to which the general 
population is likely to be exposed in 
peacetime are very low. Furthermore, 
the rate of delivery from most sources 
is slow, so that a small dose is accumu- 
lated over a long period. Yet the exist- 
ing data upon which present protection 

criteria are based are from experi- 
mental animals exposed at higher, and 
frequently from acute, doses. Similarly, 
human data that are available are also 
primarily from higher doses. 

If we understood the exact mecha- 
nism of the interaction of radiation and 
biological tissue, and the subsequent 
chemical, physiological, and morpho- 
logical events leading to the final effects, 
we could extrapolate back to very low 
doses and make confident estimates of 
the extent of human damage to be 
expected from such a dose. Lacking this 
information, we must rely on the char- 
acter of the dose-effect curve at higher 
doses and estimate the effects of changes 
in intensity and spacing of the dose. 

A proportional (linear nonthreshold) 
relation between dose and biological 
effect is usually taken to imply a 
single-event process, especially if this 
is supported by data showing dose rate 
independence. More accurately, the re- 
lationship is log S = -kD (where S is 
the proportion not effected, D is the 
dose, and k is a constant). At low doses, 
this is not distinguishable from a 
straight line. With such a dose-effect 
relationship, linear interpolation be- 
tween the observed values and the 
origin is acceptable when the doses and 
the related effects are too low to be 
measured accurately with our present 
methods. 

If the true relationship is curvilinear 
at low doses, or if there is a threshold 
dose below which no effect is produced, 
a more complex mechanism may be 
inferred and extrapolation to lower 
doses could be grossly misleading. 

The committee concludes that the 
present data are still inruficient to 
establish the character o f  the dose- 
responre curve for somatic effects. Nor 
is there sufficient knowledge of the 
mechanisms to serve as a guide in areas 
where the data are not available. 

In the absence of such information, 
the conlrnittee believes that- iF is pru- 
dent to be conservative and choose a 
premise which, if in error, would be 
likely to overestimate the effect of low 
doses rather than underestimate it. The 
committee decided to adopt as an as- 
sun~ption that a proportional relation- 
ship between dose and effect exists, as 
briefly outlined above. This signifies 
that no threshold exists, and, by infer- 
ence from some of the theoretical con- 
cepts, we will assume further that the 
radiation dose is completely cumulative 
and that the effect is independent of 
the rate at which the radiation is de- 
livered. 



If there is a threshold, there will be 
no effect a t  doses below this threshold 
value. If the true relation is curvilinear 
with a n  accelerating effect as the dose 
increases, such as would occur if the 
biological effect depended on niultiple 
events o r  on a mixture of threshold 
and nonthreshold causes, the propor- 
tional assr~mption overestimates the 
effect at low doses. There is the pos- 
sibility that the curve is concave in the 
opposite direction, but this seems very 
remote. Moreover, data that show a 
dose-rate dependence generally indicate 
that the effect is less with a low rate of 
delivery or with intermittent dosage 
than with the same total delivered in 
a short time. F o r  these reasons, the 
committee believes that the propor- 
tional assumption is a conservative, and 
perhaps a stringent one. 

The Ad Hoc  C o n ~ n ~ i t t e e  emphasizes 
that this conservative assumption was 
adopted not because any definitive con- 
clusions were reached as to the true 
nature of  the dose-effect relationship 
but because the comniittee would pre- 
fer to err  on the side of overcaution 
rather than in the opposite direction. 
With this assumption (nonthreshold 
linear dose-effect relationship), or, for  
that matter, any nonthreshold assump- 
tion, it follows that even the smallest 
dose would involve some risk. This 
means that the exposure should be 
kept as low as feasible and that no 
level of radiation is warranted unless 
the benefits balance or  outweigh the 
assumed risk. 

This also nieans that if a nlaximum 
permissible dose is determined, it will 
necessarily be at  an arbitrary level 
where. in the judgment of those choos- 
ing the level, the risk is acceptable as 
compared to the benefits. Every effort 
should be made to maintain the actual 
iiosc as far  below the permissible level 
as possible 

111. Should the Population Dose 
Differ from that for Occupationally 

Exposed Groups? 

The  committee believes that the 
dosage permitted for  the general popu- 
lation should be substantially less than 
that permitted for occupationally ex- 
posed or  othcr special groups. Some of 
the reasons are: 

1 )  T h e  general population is much 
larger, and if exposed to the same 
dosage there will be the risk of a cor- 
respondingly larger number of indi- 
viduals with injurious effects. 

2) Employment involving occupa- 

tional hazard to exposure is voluntary, 
and the extent and nature of the ex- 
posure can, in principle, be foreseen 
by the individual accepting any risk 
that may be involved. 

3) Industrial workers are relatively 
carefully screened. Generally, those 
least able to  meet any peculiar hazard 
may be channeled into other activities. 

4) In industry there can be specific 
evaluation and control of the hazards 
by radiation monitoring and other 
studies. 

5) Children and embryos may be 
particularly sensitive. These can gen- 
erally be excluded from groups receiv- 
ing the maximum permissible occupa- 
tional dose. 

6) The number of years of exposure 
to radiation for  occ~~pat iona l  reasons 
will be much less than the number of 
years of exposure to environmental 
sources of radiation. 

7) If industrial hazards exist, it is 
obvious that any of these hazards (one 
of which is radiation) should not be 
spread beyond the individuals in that 
particular occupation. If the hazards to 
the outside nonindustrial population 
are not reduced as compared to those 
within the industry, the risk to the total 
population could be unacceptably high 
because of the contributions from all 
the occupational hazards in the society. 

For  these reasons, the committee be- 
lieves that it is appropriate to  set lower 
maximum permissible doses for general 
population groups than for persons ex- 
posed to radiation for occupational rea- 
sons. 

IV. Bases for Establishing a 
Maximum Permissible Dose 

On the basis of the assumption dis- 
cussed in section 11, any realistic rec- 
oninlendations of maxinium permissible 
dose must be reached by balancing 
biological risks against the reasons for  
accepting exposures to radiation. It is 
highly improbable that such a balance 
can be made with accuracy, not only 
because of our  limited knowledge, both 
of benefits and of risks, but also because 
of difficulties in comparing social, 
economic, and other benefits with radia- 
tion risks. Nevertheless, since decisions 
will 'be made, if only by default, it is 
desirable to make the best evaluations 
possible at the present time. 

As a first approach, there are several 
possible scales on which the risks from 
low levels of radiation dose may be 
related to human experience. The com- 
mittee believes that all of these are  

meaningful and has tried to consider 
them in iats deliberations. 

1 ) Relating the popzilutioiz dose to 
the level established for occupationtrlly 
exposed groups. This could be done by 
taking an arbitrary fraction of the oc- 
cupational dose and using this as the 
maxinlun~ pernlissible dose for the gen- 
eral population. 

2) Relating population dose to the 
estiinated efiect.s of radiotior1 (2nd to 
other risks o f  life. The  estimated effects 
of the exposure of the public to low 
doses of radiation can be assessed in 
principle in three ways: ( i )  by their 
estimated absolute incidence; (ii) by 
their estimated incidence relative to the 
spontaneous incidence of the same bio- 
logical effects, e.g. leukemia; and (iii) 
by comparison with the efiects of other 
population risks not associated with ra- 
diation. 

3)  Relating the population dose to 
the natltrtrl hackground radiation level. 
If any risks are associated with natural 
background radiation, they are accepted 
as a nornlal factor of life. Ordinarily no 
effort is made to reduce them, and ordi- 
narily n o  consideration is given to 
differences in background levels in 
determining where one shall reside. 

The  committee recommends. pending 
more precise information, that niaxi- 
nium permissible doses for the general 
population should be related to the 
average natural background level of ra- 
diation. One reason is that this level 
can be deterniined relatively easily and 
is relatively stable in tinie. A more im- 
portant reason is that this is a level 
to which the human population has 
been exposed throughout its history. 
The  further we get from this level, the 
less confidence we have that any effects 
will be similar in kind and quantity to  
those the population has experienced 
from natural background radiation and 
has been able to tolerate in the past. 

V. Recommendations Regarding 
Pern~issible Doses to the Population 

I t  is not the responsibility o f  this A d  
Hoc Comrnittee to recomrnend ~pecific 
levels of maxil?zum perini.s.c.ible do.ce to 
tflr population. It  hopes that as more 
data become available, both as to bcne- 
fits and risks, a maximum permissible 
dose representing a proper balance be- 
tween these can be found. Meanwhile, 
it believes that the maximum permis- 
sible dose of man-made radiation (ex- 
cluding medical and dental sources) 
should not be substantially higher than 
the background level of natural radia- 
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tion without a careful e~~rn ina t ion  of 
the reasons for higher values. For this 
purpose it may be convenient to take 
the background level arbitrarily to be 
100 millirem per year. 

In the practical application of maxi- 
mum permissible levels to the general 
population, it is necessary to consider 
a number of factors, some of which 
are noted in the following discussion. 

It is not feasible at the present time 
to monitor the population dose solely 
by measuring the dose to individuals. 
Moreover, any control measures to be 
effective must be directed at levels of 
radiation and of radioactive materials 
in the environment. Thus, it is con- 
templated that maximum permissible 
levels for such environmental factors 
as food, water, and air will be set for 
certain areas in such a manner that the 
radiation dose to typical persons in 
those areas from all sources (excluding 
natural background, medical, and dental 
sources) will not exceed the appropri- 
ate maximum permissible level. For 
this purpose the committee recommends 
that it should be allowable to average 
doses over a suitably long period of 
tirne, e.g. one year, and over popula- 
tion groups approximating the size of a 
state or major city. Because of vari- 
ability of dose levels with location, it 
is expected that the average dose to the 
total population would be considerably 
less than the maximum permissible 
level. 

Some radioisotopes are distributed 
through the body in such a fashion as 
to give an approximately uniform dis- 
tribution of radiation dose to all of the 
body tissues. However, from certain 
radioisotopes, such as those of stron- 
tium and iodine, radiation doses are 
much higher in some tissues than in 
others. In general, the maximum per- 
missible level should apply to the tissue 
receiving the greatest dose-bone in 
the case of strontium, thyroid for 
iodine. If several sources of radiation 
are involved, the total dose to the tissue 
from all such sources should not exceed 
the maximum permissible level. 

It is recognized that for some radio- 
isotopes, environmental levels may con- 
ceivably result in higher radiation doses 
to children than to adults. Tn such 
cases, permissible levels should apply 
to radiation doses received in the age 
ranges of highest dose, rather than to 
the population group as a whole. 

The committee emphasizes that the 
final criterion in environmental con- 
trol is the level of radiation dose to 

human tissues, and that environmental 
levels are used only as indicators and 
means of control. At the present time 
permissible levels for the environment 
may be derived from pernlissible levels 
of dose to humans only by making 
certain assumptions involving such fac- 
tors as movement of radioisotopes in 
the environment, relationships between 
environmental and dietary concentra- 
tions, and biochemical behavior in the 
body. Recomnlended maximum permis- 
sible concentrations in the environment 
will require revision as new information 
on such factors becomes available, or 
as indicated by actual experience with 
environmental situations. 

Since any maximum permissible level 
based on the considerations discussed 
above is a relative standard designed to 
keep the average radiation dose to the 
population as low as feasible, it follows 
that a level recornrnended for one set 
of  conditions may not he appropriate 
for another. For example, maximum 
permissible concentrations in foods de- 
signed to limit the release of radioactive 
materials into the environment may 
appropriately be much lower than levels 
at which the foods may be considered 
unfit for use; and maximum permissible 
concentrations in air designed to limit 
the release of materials into the environ- 
ment may be much lower than levels 
at which it would be wise to evacuate 
an area in case of accidental release 
of larger quantities of such materials. 

VI. Discnssion 

This committee has not made any 
recommendations regarding medical and 
dental radiation. The reason is that in 
this case the individual exposed to the 
risk and the one receiving the benefit 
are the same. The balancing of the risk 
is largely a medical problem. Further- 
more, there are circumstances when 
going beyond any preassigned maxi- 
mum permissible level may be thor- 
oughly justified. It is axiomatic that 
every reasonable precaution should be 
exercised to keep the radiation dose as 
low as possible. 

The Ad Hoc Committee was not 
asked for comments regarding geneti- 
cally significant radiation. With the 
assumption of an effect proportional to 
the dose, which is the same as is gen- 
erally assumed for genetic effects with 
low doses, some of the genetic and 
somatic considerations become very 
similar. Some sources of radiation, such 
as radioactive cesium, give about the 
same dose to the gonads as to other 

parts of the body. For others, such as 
radiostrontium, the gonad dose is ex- 
ceedingly small in comparison with 
the bone dose. 

The comnlittee would like to note 
that if the National Committee on Ra- 
diation Protection chooses a maximum 
permissible dose of man-made radia- 
tion, exclusive of medical and dental 
sources, in the general vicinity of the 
background level, there will be an order 
of agreement with the recommendations 
of other groups that have studied the 
problem. The previous recommenda- 
tion of the National Academy of 
Sciences Committee and the National 
Committee on Radiation Protection for 
a maximum average-per-capita-dose to 
the gonads of 10 roentgens of man- 
made radiation per 30 years is roughly 
three times the background level, and 
these recommendations include the esti- 
mated contribution from medical and 
dental radiation. We note the maxinlum 
permissible dose of whole-body expo- 
sure for a single individual recom- 
mended for the general population by 
the Tnternational Com~nission on Ra- 
diological Protection and the NCRP, 
although expressed in terms of a frac- 
tion of the permissible occupationaI 
exposure, is approximately five times 
the background. For long-range plan- 
ning purposes, the International Com- 
mission on Radiological Protection has 
suggested a permissible average level 
for the whole population in the general 
vicinity of the background dose (a man- 
made radiation level of I .7 times back- 
ground, if background is taken to be 
100 millirein per year). 

Vn. Summary: Conclusions 

On the basis of the general principles 
outlined previously, and examination 
of some of the problems posed by wide- 
spread man-made contamination by 
various radioelements, the committee 
makes the following recommendations 
for the guidance of those concerned 
with the establishment of tolerable 
somatic levels for widespread radiation: 

1) The committee believes that pres- 
ent evidence is not sufficient to establish 
the dose-response curve for somatic 
effects at low doses. In the absence of 
such information, the committee has 
chosen to make the cautious assunzption 
that there is a proportional relation be- 
tween dose and effect and that the effect 
is independent of dose rate or dose 
fractionation. 

2) On this, or any other nonthreshold 
assumption, it follows that even the 
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smallest dose is associated with some 
risk. Under these circumstances, the 
exposure of the population to any in- 
crease in radiation should not occur 
unless there is reason to expect some 
compensatory benefits. 

3)  Because of our present limited in- 
formation, an accurate estimate of the 
hazard and the benefits of a specific 
level of radiation is not possible. There- 
fore, pending ~ilore precise information, 
we recoininend that the population per- 
missible dose for man-made radiation 
be based on the average natural back- 
ground level. 

Although it is not our responsibility 
to determine the exact level, we believe 
that the population permissible somatic 
dose from man-made radiations, ex- 
cluding medical and dental sources, 
should not be larger than that due to 
natural background radiation, without a 
careful examination of the reasons for, 
and the expected benefits to society 
from a larger dose. 

I t  is expected that, because of fluc- 
tuations in time and location, the popu- 
lation average dose will be consider- 
ably less than the maximum permis- 
sible dose. 

4) For purposes of con~putation, it 

should be permitted to average the 
amounts over a suitably long period of 
time, e.g. one year, and a reasonable 
sized population. 

5 )  For radiation sources, such as ra- 
dioactive strontium and iodine, which 
deliver radiation predominantly to one 
organ or tissue, the maximum permis- 
sible dose should be established for the 
tissue or organ that is expected to re- 
ceive the most radiation. 

6) It is not possible at present to 
monitor the population dose solely by 
measuring the dose to individuals. Fur- 
thermore, any effective control over 
radiation levels must be directed at the 
levels of radiation and radioactive ma- 
terials in the environment. This means 
that maximum permissible levels will 
need to be established for such factors 
as food, wa~ter, and air. The levels 
should be set so that the typical person 
in the area will not receive more than 
the established permissible dose when 
all sources are combined. 

7) It is recognized that setting en- 
vironmental levels involves assumptions 
and conversion factors to translate these 
into human body levels. These factors 
may be expected to change with new 
information, so the environnlental levels 

Cornelius Packard Rhoads, 

Leader in Cancer Research 

In announcing the death of Cor- 
nelius Packard Rhoads, which occurred 
on 1 3  August 1959, the Sloan-Kettering 
Institute described him as "one of the 
principal pioneers in the development 
of treatment of cancer by drugs." This 
was a modest statement indeed. He 
was, in fact, one of the chief architects 
of the modern era of cancer research. 
His attraction to this field was a natural 
one, from his early training in surgery 
and pathology and his later connection 
with the Rockefeller Institute for 
Medical Research. Two appointments 
that Rhoads received in 1940 were de- 
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cisive factors in the shaping of his 
career. At that time he became profes- 
sor of pathology at the Cornell Uni- 
versity Medical College and director of 
the Memorial Center for Cancer and 
Allied Diseases. In 1945 he was ap- 
pointed director of the newly estab- 
lished Sloan-Kettering Institute for 
Cancer Research, a research affiliate of 
Memorial Center. Five years later he 
relinquished the directorship of Memo- 
rial Center to concentrate his energies 
on the research programs of the Sloan- 
Kettering Institute. 

Rhoads' personal contribution to 

may be expected to require continuous 
revision even though the maximum per- 
missible limits to the body are not 
changed. 

8) Recon2nlendations regarding a 
maximum permissible level for medical 
and dental exposures to the patient are 
not given because for somatic effects 
of radiation the possible harm and pro- 
spective benefits occur in the same in- 
dividual in contrast to radiation in- 
volving genetic material. The committee 
urges that continual caution be exer- 
cised to maintain radiation for medical 
and dental purposes at the lowest fea- 
sible level. 

9) Finally, the committee wishes to 
emphasize that under one of the pri- 
mary assumptions made in this report 
(nonthreshold linear dose response), 
the biological effect does not suddenly 
change from harmless to harmful if 
any permissible dose is exceeded. Any 
permissible level which may be chosen 
is essentially arbitrary and every effort 
should be made to keep the radiation 
dosage as far below the permissible 
level as feasible. On the assumption 
noted above, any radiation dose should 
be thought of as being tolerated only 
to obtain compensatory benefits. 

medicine and medical education, and 
particularly to cancer research, was a 
tremendous one. Until his death he con- 
tinued in his appointment as professor 
of pathology in the department of bi- 
ology and growth of the Sloan-Ketter- 
ing Division of Cornell University 
Medical College. As a member of the 
National Research Council he served 
during World War I1 as a member of 
its subcommittee on blood substitutes, 
as a member of its committee on war 
gas casualties, and as chairman of its 
blood procurement service. Later he 
was a member of the Council's com- 
mittee on veterans' medical problems 
and committee on atomic casualties. He 
was a member of the National Research 
Council's advisory committee on chemi- 
cal-biological coordination and a mem- 
ber-at-large of its Division of Medical 
Sciences. 

Rhoads served as chairman of the 
committee on growth of the National 
Research Council-a group which for 
several years provided valuable guid- 
ance and inspiration for the develop- 
ment of modern cancer research. He 
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