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Arguments against Recurring Biogenesis 

On the Origin of Life 

The possibility of recurring biogenesis and the 
abiotic origin of optical activity are considered. 

John Keosian 

The theory of evolution holds that all 
living things are interrelated by com­
mon descent from an original case of 
successful biopoesis (1). A plausible 
explanation of how biopoesis may have 
taken place has been developed over the 
past two or three decades. Somewhat 
modified, this explanation can be 
marshaled in support of the hypothesis 
that neobiogenesis (1) has been a con­
tinuing possibility since life first origi­
nated. The rejection of this possibility 
on the grounds that the conditions 
which established life no longer exist 
is not entirely justified. 

Origin of Organic Compounds 

The most productive hypothesis re­
garding such conditions is that of Opa-
rin (2). The gradual origin of hydro­
carbons and other organic substances, 
including amino acids, from a reducing 
atmosphere of H2, NH3, CH«, H2S, and 
water vapor is convincingly detailed, 
and the subsequent formation of poly­
peptides and polynucleotides of high 
molecular weight, colloidal systems, and 
biochemical pathways ("harmonious 
correlation of separate chemical proc­
esses") leading, eventually, to formation 
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of the first living organisms is logically 
developed in The Origin of Life. Theo­
retical and experimental support for 
this hypothesis is already accumulating 
through the work of Urey (3), Miller 
(4), Fox (5), Abelson (<5), and others. 
The operation of this hypothesis re­
quires atmospheric conditions, levels of 
radiation, and ocean temperature, ste­
rility, and salinity which no longer 
obtain. The origin of life under such 
conditions involving the whole spec­
trum of the evolution of life, starting 
from inorganic substances, probably 
could have occurred in only one stage 
of the earth's history. Repetitive neo­
biogenesis, nonetheless, was possible, 
and still is possible, from the organic 
milieu, enriched in amount and variety 
by living things. 

Oparin's hypothesis calls for the 
gradual evolution of simple, then com­
plex, organic substances at a propi­
tious time in the history of the earth, 
until the waters attained an appreciable 
concentration of a great variety of 
organic compounds, interacting systems, 
and coacervates. Life was then sup­
posed to originate from this organic 
"soup" (7). This reasoning holds as well 
for the continual origin of equally 
primitive, though not necessarily identi­
cal, simple organisms ever since, out of 
the abundant variety of organic sub­
stances ever present since the beginning 
of life. 

The time factor. Several arguments 
are leveled against this view. The time 
factor is one. It will be conceded that 
from an inorganic atmosphere the ori­
gin of organic substances of sufficient 
complexity and concentration to sup­
port the establishment of the first living 
things might have required special con­
ditions and have taken many millions 
of years. The sterility which existed 
before the origin of organisms put no 
premium on time. After the appearance 
of organisms, it is unlikely that most 
organic substances maintained their 
integrity for more than short periods 
of time. But in the presence of a com­
plex organic milieu, on the other hand, 
the time required for the transition from 
highly complex lifeless systems to 
metabolizing replicating systems (of the 
nature of primitive living things) is 
greatly reduced. Given the proper com­
bination of substances and circum­
stances, neobiogenesis actually may take 
only a relatively short time. 

A complexity of organic compounds 
and reacting systems exists today al­
most everywhere. For example, a cell 
undergoing cytolysis releases into its 
environment (which may already be 
rich in organic substances) globules of 
colloidal material, microsomes, com­
pounds in different stages of reaction 
with one another, compounds under­
going sequential reactions still in prog­
ress, and so on. It is conceivable that 
out of such surroundings and under 
specific conditions, a metabolizing sys­
tem can arise which has the attributes 
of life. This is not meant to imply that 
the components released by a disinte­
grating cell may be regrouped to form 
another kind of cell. Rather, this is 
meant to point to the possibility of the 
existence locally, at times, of circum­
stances capable of supporting neobio­
genesis in a manner similar to that pro­
posed for the first instance from the 
original mixture of organic substances. 
Nor is it implied that neobiogenesis, as 
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outlined here, was or is a phenomenon 
of frequent occurrence; rather, it is 
proposed that there is a distinct possi- 
bility that this event has occurred 
throughout biological time and may 
still occur today. The frequency of 
such an occurrence is a matter which 
at present cannot be readily deter- 
mined. 

competition against existing organ- 
isms. Another line of reasoning against 
the occurrence of repetitive neobio- 
genesis concedes, for the sake of argu- 
ment, that it is a possibility but proceeds 
to claim that it would be impossible for 
a primitive living thing thus evolved to 
survive in the face of fierce competition 
from the organisms already present and 
adjusted to the environment. The 
assumption that an organism, simply 
because it is newly arisen, will have no 
adaptive features and will meet insuper- 
able competition in any place and at 
any time is unwarranted and untenable. 
The argument has validity only if it can 
be established that all organisms of 
neobiogenetic origin would meet with 
overpowering competition. This reason- 
ing is based on an exaggeration of the 
concept of the struggle for existence 
and ignores interspecific compatibility 
and aid. As long as it is conceivable 
that a newly arisen organism may be 
compatible or symbiotic with the exist- 
ing organisms in its environment, the 
argument is invalid. In addition, it is 
possible that through neobiogenesis 
subsequent to that of the period when 
living forms first evolved, parasitic or- 
ganisms may be establishect-a situation 
not possible in the first instance. The 
original organisms had to have a 
metabolism independent of the ex- 
istence of other organisms. Since then 
it has been possible for organisms 
which lack various functions (for ex- 
ample, forms without the complete 
metabolism necessary for independent 
existence) to arise and lead a parasitic 
or symbiotic existence. If a unit possess- 
ing an incomplete metabolism should 
arise out of the variety of organic com- 
pounds existing today, it would be des- 
tined to be destroyed in any local en- 
vironment devoid of living things. In 
the presence of cells or organisms 
possessing the requisite complementary 
metabolism, such a neobiogenetically 
evolved form would have a chance of 
survival. Indeed, for such forms, the 
presence of other organisms, instead of 
posing the threat of certain extinction 
through fierce competition, becomes 
the ~ i n e  qua non of their origin and 

survival. Thus, a wider variety of 
simple organisms can originate through 
neobiogenesis today than was the case 
when living forms first evolved; the 
first organisms, perforce, had to be 
of more specific and limited metabolic 
scope. 

Biochemical similarities among all 
organisms. Another line of argument 
against repetitive neobiogenesis points 
to the similarity in the chemistry of 
all organisms. This subject has many 
aspects. For example, all naturally 
occurring amino acids, regardless of 
source, are of the L form, with notably 
few exceptions. It is argued that since 
D and L forms are mutually antago- 
nistic or require different enzymes, the 
first organisms could incorporate one 
or the other, but not both, into their 
metabolisn~. The evidence is interpreted 
as showing that chance favored the L 

form (8). Repeated neobiogenesis, it 
is argued, would establish organisms 
which by chance incorporated the D 

forn~,  and the notable absence of this 
form is taken to mean a lack of success- 
ful instances of neobiogenesis since the 
period when living organisms first 
evolved. 

Another aspect of this argument is 
based on the identity of or great simi- 
larity between organic compounds 
found in widely different forms. The 
same amino acids are found to compose 
the different proteins in widely differ- 
ent species. Similar metalloporphyrins 
are the active components of chloro- 
cruorins, chlorophylls, hemoglobins, 
cytochromes, peroxidases, and cata- 
lases, although these con~pounds may 
have different biochemical roles. A 
wealth of other examples exists. Still 
another argument along the same lines 
is based on the presence of identical 
or very similar biochemical pathways 
in widely different organisms. For 
example, the ornithine-citrulline-ar- 
ginine pathway, the tricarboxylic acid 
cycle, the mechanism for the transfer 
of electrons in the oxidation-reduction 
system, and the activity of nucleic acids 
and "high-energy" triphosphates are 
found in unicellular and multicellular 
organisms, plant and animal. 

The foregoing observations are taken 
to mean that the original instance of 
biopoesis occurred through chance in- 
corporation of specific stereoisomers 
and specific types of organic com- 
pounds. All subsequent organisms, it 
is claimed, arose by descent from the 
original form and thus were conlpelled 
to utilize the same con~pounds. Muta- 

tion, based on the ex~sting substances, 
established an increasing variation in 
con~pounds, pathways. and species, 
which were all interrelated, however, 
through conimon descent. Organisms 
descending from separate forms of neo- 
biogenetic origin, it is argued, would 
be expected to show greater variation, 
some of these forms having been es- 
tablished, by chance, with opposite an- 
tipodes, different organic compounds, 
and different pathways. 

All these observations overlook the 
probability that, some time after the 
first organisms arose, the preponderance 
of biochenlically important, optically 
active, organic substances changed 
from racemic mixtures to the isomers 
characteristic of the first successfully 
established organisms. Whereas the syn- 
thesis of organic substances in the 
absence of living things would usually 
lead to the formation in equal quanti- 
ties of both forms of enantiomorphous 
substances, enzymatic synthesis results 
in the formation of only one of the 
antipodes. As the formation of organic 
con~pounds shifted from abiotic syn- 
thesis to synthesis by living things, there 
occurred a change in over-all synthesis 
froin racemic mixtures to, preponder- 
antly, the biologically selected isomers. 
Gradual degradation of the biological- 
ly rejected antipodes and their conver- 
sion into the biologically accepted ones 
would result in the shift of emphasis 
mentioned. Subsequent instances of 
neobiogenesis would have to occur with- 
in such a milieu, and consequently the 
forms would possess a chemical sinli- 
larity to pre-existing organisms. Too, 
subsequent forms of neobiogenetic ori- 
gin, having as a basis not only existing 
organic molecules but also existing re- 
acting systems-that is biochemical 
pathways - would exhibit common 
metabolic aspects. Such organisms 
would consequently contain many corn- 
pounds, develop biochemical pathways, 
and exhibit reactions characteristic of 
pre-existing organisms. 

Origin of Optical Activity 

Intramolecular displacements and 
conversion of racemates are not the 
property of living things o r  enzyme sys- 
tems only. This problem has been in- 
vestigated by Winstein, Streitweiser, and 
others (9). In the last few years evidence 
has also been adduced for stereospecific 
polymerization in the presence of com- 
plex catalysts (10-17). Ziegler (10) re- 
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ported the formation of polyluers of 
high molecular weight with complex 
catalysts under normal conditions of 
temperature and pressure. These cata- 
lysts consisted of a mixture of TiCll 
and triethyl aluminum in heptane. The 
polymerization of ethylene under these 
conditions takes place rapidly and is 
devoid of short-chain branching. Natta 
and his school expanded these obser- 
vations with intensive investigation 
(12-17) of modifications of the Ziegler 
catalysts. They experimented with com- 
blnations of TiCl? and of TiCII with 
aluminum trialkyls (AIRI) where R 
equals CH? up to ChHli. Stereospecific 
polymerization occurred and was high- 
est with the violet crystalline form of 
TiClj and triethyl aluminum, the 
longer-chain alkyls being less effective 
(14). Other factors which affect stereo- 
specific polymerization are discussed by 
Natta in a later paper (16). Some of 
these polymers, on crystallographic 
analysis, appear to have a helical struc- 
ture and are formed by terminal addi- 
tion of monomers ( 1 2 ) ;  this brings to 
mlnd the end-chain addition of mono- 
nucleotides to deoxyribonucleic acid 
primer (18) and to ribonucleic acid 
( 1 9 ) .  The structure of the catalyst 
complexes was also studied ( 1 5 ) .  It 
was found that the active catalytic ten- 

ters are metallo-organic con~plexes 
which exist in enantiomorphous pairs, 
each member controlling the synthesis 
of the corresponding antipodal poly- 
mer. The result is a mixture of optical- 
ly active antipodes. This resembles 
stereospecific synthesis in living forms 
where each stereoisomer has its corre- 
sponding enzyme and differs from the 
usual abiotic synthesis of stereoisomers, 
in which both antipodes result in equal 
numbers from the same catalyst. In 
the latter case a single mechanism op- 
erates, and chance determines the align- 
ment of an asymnletric center in any 
of its possible positions. It is not pos- 
sible to separate such a process into 
different specific stereoisomeric syn- 
theses. In the former case this is con- 
ceivable, and as Natta points out, 
it would be of "remarkable interest" to 
isolate the asymmetric active centers 
corresponding to only one of the two 
enantiomorphous forms, "since it could 
solve the problem of asymmetric or- 
ganic synthesis in the field of macro- 
molecules" (15). Many important devel- 
opments can be expected from this new 
research field. These considerations 
raise the question whether some reso- 
lution of racemic mixtures could al- 

ready have taken place or optical 
activity could have already occurred 
before the emergence of life, the occur- 
rence of specific antipodes in the first 
organisms thus being not merely left to 
chance. 

Past Controversy 

A brief historical survey may be 
pertinent at this point. Experimental 
evidence at various times has been 
brought in support of, and against, the 
possibility of spontaneous generation. 
Aristotle's (20) belief in spontaneous 
generation dominated scientific thinking 
for many centuries. Outstanding among 
his followers was Needham ( 2 1 )  
who, two thousand years later, defended 
spontaneous generation, whereas his 
contemporary Spallanzani (22) held the 
opposite view. The controversy was 
once again revived one hundred years 
after that by Pouchet (23),  who sup- 
ported the possibility of spontaneous 
generation, and Pasteur (24),  who ap- 
parently closed the issue by disproving 
the contention of his antagonists with 
his brilliant experimentation. Aside 
from the fact that, in general, a nega- 
tive result in an experiment merely 
tells of the failure of that experiment 
but does not necessarily preclude suc- 
cess in further experimentation, all ex- 
periments testing neobiogenesis have 
been of too limited a scope to be 
valid. Contrary to popular belief, Pas- 
teur did not disprove spontaneous gen- 
eration, as an examination of his reports 
will show, but rather, he demonstrated 
the faultiness in design of the experi- 
ments of his predecessors who claimed 
to have shown the occurrence of spon- 
taneous generation. His papers bear 
titles such as "Experiments relative to 
generation said to be spontaneous." His 
central interest was in showing that 
fermentable mixtures would not fer- 
ment if they were not brought into 
contact with the "germs" present in the 
air but would do so on exposure to 
such particles. He  successfully de- 
molished the contention of those who 
claimed to have demonstrated spon- 
taneous generation but did not disprove 
"once and for all" the possibility that 
the most primitive microorganisms orig- 
inated through neobiogenesis. In more 
recent years, with the technological, 
biochemical, and philosophical ad- 
vances that have been made allowing 
deeper penetration into the problem, 
the ever-recurring question once again 

may be raised, but ai a :nore sophisti- 
cated level. 

Proposed Modification of the 
Monophyletic Theory of Evolution 

Repetitive neobiogenesis, as suggested 
above, would establish organisms simi- 
lar in metabolism to known forms. The 
suggestion that repetitive neobiogenesis 
may be expected to establish exotic 
forms of life different from the form of 
life as we know it may have a place 
only in science fiction. It may very well 
be that life as we know it-that is, the 
complex, interdependent metabolic re- 
actions supported in a structure we 
recognize as protoplasm-is the only 
form that matter can eventually take in 
its evolution toward the origin of or- 
ganisms. Indeed, it is possible, even 
though it appears improbable, that life 
can exist only with the specific isomers 
which we find associated with it, and 
that the presence of these isomers was 
not the result of random choice but of 
necessity. 

One may well ask what is gained by 
proposing the repetitive origin, in time, 
of organisms based on a structure and 
metabolism similar to pre-existing or- 
ganisms. The answer, of course, is 
that it does not matter how similar the 
results of neobiogenesis are to pre-exist- 
ing organisms. But the idea that neo- 
biogenesis is possible, and may have 
been taking place ever since life first 
occurred, does matter. Concretely, it 
would appear more plausible to accept 
present-day viruses as units of recent 
and present origin than to suppose that 
they descended through some two bil- 
lion or more years relatively unchanged. 
Throughout time, viruses either evolved 
into higher organisms or were elimi- 
nated in the process of evolution, being 
ever re-established through neobio- 
genesis. The same may be said for bac- 
teria at any period in time, except that 
bacteria probably represent some de- 
gree of evolution from a more primitive 
progenitor. They, too, are destined for 
further evolution or elimination, while 
progenitors, already arisen, continuous- 
ly evolve into the newer bacteria. 

The discontinuities in the paleonto- 
logical evidence are explained away by 
the contention that some forms are not 
subject to fossilization, while many that 
are did not encounter the conditions 
favorable for fossilization, and, finally, 
the conclusion that many discoveries 
have yet to be made. Some of the 
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tliscontinuities, however, can be viewed 
:IS the result of separate cases of neobio- 
genesis. The  sanie may be said of thc 
tliscontinuitics in the taxonomic ar- 
rnngcment of existing organisms. The  
ilificulty of placing viruscs, bacteria, 
certain "algae," sponges, and so on, 
in a fitting place in any taxononlic 
schcnie based on a monophyletic hypo- 
thesis may stem from the possibility 
that the discontinuities are real and rep- 
resent thc existence of separate lines of 
descent froni independent instances of 
neobiogencsis a t  different times in the 
history of the earth clown to the 
prescnt ( 2 . 5 ) .  

1. B i o t ~ o e ~ i ~  is usctl here in the s:llne sense as 
at the 1957 Slosco\\. conference on the 
origin o f  life. to refer to the whole process 
of the evolution of life from inorgitnic be- 
ginnings, wlicrcas treohiojietrr\i.\ is usctl to 
refer to the cstablisliment of primitive or- 
g:!nisnis de r1ol.o from :! complex org:inic 
environment :ilre:idy present from any source. 
The  term '~porrrarre~~rr,s ger~cv<rliort' is as- 
soci;ited with theories proposing the spon- 
t;ineoos origin of higher org;!nisms-llies, 
frogs, rats, and so on-as well as micro- 
organisms from lifeless m:iltcr. Its u5e is 
:!voided in this discussion, except in a histori- 
cal sen\e. 

2. A. 1. 0p:trin. Tllc Oviqir~ of Life (Academic 
Press. New York, cd. 3.  1957). * I-I. C. Lrey, I'roc. iVo11. Acnd. Sci. [I.S. 38, 
351 (1952). 

4. S. L. Sliller. Arrri. N.Y. Acod. Sci. 69. 260 
(1957):  - :ind t l .  C. Urey, Sricr~ce 130, 
245 (1959).  

5. S. W. Fox, A. Vegotsky, K. Harntl:~. P. D. 

Ilo;~gl;~nd. Airrr. N . Y .  Acod. Sci. 69, 328 
(1957): S. \\'. I-t~x and K. ll:!r;cda. .Scie~rce 
12R. 1214 (1958) :  S. \\'. Fox. K. ll:ir;~d;i, 
J .  Keiidrick. preprints. 1nternotion;ll Ocean- 
oar:iphic Congrehs, United N:!tions, New 
York (1959).  

6. 1'. 11. Abelton. Arrrr. N.Y. Acnd. Sci. 69. 
276 (1957): lecti~re before tlie 1nrern:ttional 
0ce;inogr:iphic Congress, United N;~tions, 
New Yorh (Scpt.  1959). 

7. Recently J .  1). Bern:il (prcpri~its ,  1ntcrn;ition- 
:II Oce:~nogr;~pliic Congress. 1959) rcst:~tcd 
his hypothesis th:~t sm:iII org;!~iic molecules 
-;!mino ;icid\. purine\, pyrimidine\, and 
so on-:ippearing in the wrttcrs were con- 
centrated by adsorption on estuarine a~i t l  
terrestrial clays :inti there polymerized into 
molecules of greater molecu1;tr weight. The 
latter were then relei~sed :~nd.  :!long with 
other complex org;~nic co~npountls in the 
environment, intcr;!ctcd to form o protoplank- 
ton. l!ndcr s~icli contlitio~is life co~ild oripi- 
tiate, cvc~itu:!lly. witliout requiring the pres- 
elice of an organic "soup" tlirol~ghout the 
hydrosphere. Ahelson (1ntern:ition;il Oceano- 
gr;~pliic Conpl-ess. 1959) called :~ t tcn l io~i  to 
the random intcractio~i of organic compounds 
in aqueous solution in vitro to form :In un- 
utablc tarlike ni:iss. Morcovcr, tlie presence 
of adsorbents woultl, he rn:~i~it:tined, prevent 
the waters from iittnining i~nything like the 
concentration o f  ;I "soup." 

8. C .  W:ild, in his :irticlc "The origin of optical 
;ictivityM [AIIJI.  N.Y. Acod. Sci. 69. 352 
(IY57)], proposes the view th;it tlie first 
organis~ns incorpor;ited both en:!ntiomorplious 
forms of opticiilly :ictive substances, but that 
the operation of the principle of natural 
selection on a molecular level est:iblished in 
living things the present isomers which "won 
the light" over their :intipodcs. 

9. M. Phillips. J .  A J ~ .  Cl ror~ .  Soc. 44, 1489 
(1923); S. Winstein and H.  J. Lucas, ihid. 
61, 1576 (1939): S. Winstein and E. 
<;runw:ild. ibid. 70. 828 (1948): A. Streit- 
weiser, Jr . ,  Cllcrt~. Re!..\. 56, 675 ff. (1956). 

10. K.  Ziegler. Br~rr~r\foli-Clrem. 33. 193 (1953); 
Belgian p:itents Nos. 533, 362; 534, 792: 534, 
X X X .  

11. F. Eirich and H. hl:irk, J .  Colloid Sci. 11, 
748 (1956).  

12. G .  Natta, J .  Polyr!zer Sci. 20, 95 (1956) 

Soltla tic Ratliation Dose for 

The report of the Ad Hoc Committee of the 
National Committee on Radiation Protection 

and Measurements, 6 May 1959 

At its mccting in November 1958, 
the executive committee of the Na- 
tional Committee on Radiation Pro- 
tection and h4easurcments undertook 
to re-examine the problem of exposure 
of the population to nian-made radia- 
tions froni the point of view of sonlatic 
effects as distinct froni genetic effects. 
This review was undertaken because of  
the widespread public concern over the 
possible effect of radiation from fall- 

out on the population, and becausc of 
thc possibility that there tilight be some 
new, dcfinitive information regarding 
the somatic effects of chronic low-level 
radiation on man. 

The N C R P  was unaware of any new 
basic infor~nation on  sonlatic effects of 
radiation, upon which it could with 
sound reason recommend specific 
changes in permissible exposures for 
individuals o r  for  population groups. 

13. F. D:illu\so. 11. Si:~nesi, R .  Calgagno, Chirtr. 
P ir~rl. tt%fil<rrr) 40. 628 (1958). 

14. G .  Natt;~. P. Pino. G .  hlazzanti, P. Longi, 
Grr::. chirrr. irnl. 88. 219 (1958). 

15. G .  N:ltt;~, J. Irrorji. & Nrrcleor Cherrr. R. 589 
(1958). 

16. - , J. Poll.rrrer Sci. 34, 531 (1959). 
17. F. Dn~iusso, B. Calpapno. D. Siancsi. Chir?r. 

e irr(1. (Milorr) 41. I3 (1959). 
18. A. Kor~iherg.  Proc. Nrrfl. Actrd. Sci. [J.S. 

44. 641 (1958): H(rr~.ey Lecfrlrec Srr.. 53 
(1957-58) ( 1959). p. 83: Re1.s. Morlcrrt 
l'i~.~'.s. 31. 200 ( 1959): 

19. W. S. Vincent. Bkd. Blrll. 117, 388 (1959). 
20. Aristotle. I)e Grtrrrrrtiorre Ar~irr~nli lr~r~.  
21. 'T. Needham. Phil. Trrrr~s. Roy. Soc. L o ~ r d o t ~ ,  

490 (1749).  
22. L. Spall:inzani. "Sappio di osservazioni micro- 

scopiclie concernenti il system:!  dell:^ gen- 
er:irione (lei sig. di Necdliam e HulTon" 
(Modcna, 1765). 

23. F. I'ouclict, "H6tLrogfnie ou  trait6 11c la 
c t~ iCr ;~ t io~i  s ~ o n t : ~ n & e .  h;~si.e sur de iiouvelles 
cxperic~iccs" (1';lris. 1x59): C O I ~ I P ~ .  r1'1111. 47, 
979 (1858): ihid. 48, 148, 546 (1859);  ihid. 
57. 765 ( 1863). 

21. L. P:isteur. Corupt. rr,rrcl. 50, 303. 671, 849 
(1860): ihid. 51, 348 (1860): ibid. 56, 734 
( 1863): Arit!. c l r i t~~.  ef  plrys. 3, 64 (1862). 

25. The \,icws expressed in this article 1i:ive been 
the rcsult o f  much pondering over :I long 
period. They could h:~rdly have conic to 
fruition in niy mind without the many stimu- 
lating discussions on :I wide variety of huh- 
jccts in which I W:IS privileged to  porticipztte. 
Outst:~ntling :imong tlicse were the Icctures 
and seminzirs which arc the fare every sum- 
mer :it the Marine Biologic:il Laboratory. 
Wootls Hole. hl;ist.. and the many conversa- 
tiotis with friends with whom I could con- 
fidently discuss these somewh:~t unorthodox 
ide:~s. I wish to mention especi:tlly Iny col- 
lc;~gues B. P. Sonncnhlick and <;. Panson, 
my rese:irch :issist:!nl Pnilla Ciottdc~iker. ;!nd 
Lionel 1,uttinger o f  the American Cvtinamid 
Co. Their friendly but penetr;iti~ig criticism 
t:ixed tne again and tigain and helped me 
to :I better expl-e\sioii of my thougl~ts. I 
c:lnnot spc;ik for the extent to whicli I h;ive 
convinced those who have he:irtl me. : ~ n d  I 
~tiust  take the responsibility for the ideas 
expressed in this article. 

The NCRP fclt 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 thc purpose of affirm- 
ing the vicws of the NCRP. For  this 
purpose. the N C R P  established an Ad 
Hoc  Committee to examine the ques- 
tion further. 

At its inccption. thc National Coni- 
niittce on Radiation Protcction and 
Measurements ccntcred 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 N C R P  could not ignore 
its responsibility for making rccom- 
mendations concerning radiation ex- 
posure of larger population groups. 
Cognizance was taken of this problem 
at  various times-for exanlple, in NBS 
Handbook 59 (issued 24 September 
1954), on pagcs 78 and 79, in the 
paragraphs "Non-occupational Expo- 
sure of Minors" and "Number of EX- 
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