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Levels of Radiation 
Mtirshull Brucer, M.D., Orrk Ridge, Tenn. 

HE FIRST professional radiation scare OC- T curred in 1905. It was followed by a public ra- 
diation hpteria. This was excusable. The profes- 
sional scientists and physicians who were then 
working with radiation were working with some- 
thing that was largely unknown. Tlie second wave 
of radiation hysteria occurred in about 19% This, 
to a certain extent, was excusable also. We were 
just then beginning to define the ideas of quantity 
and quality of radiation. The professional radiation 
scare that is just now subsiding is not excusable. 
We have had 50 years of radiation experience and 
everything we know about radiation protection was 
already well known to many professional people 
and had been thoroughly discussed in the profes- 
sional literature before World War 11. The current 
wave of public radiation hysteria is less than ex- 
cusable, for it appears to have been manufactured. 
The reason that it could have been manufactured 
is apparently due to the shift away from the idea 
of ”personal safety” to the idea of “maximum per- 
missible safety for personnel.” This is a case of 
letting someone else take care of radiation safety. 
Radiation safety cannot be delegated. 

Before one can speak of the effects of radiation 
on man (biological; sociological, or political), it is 
necessary to establish some perspective on the lev- 
els of radiation to which man can be exposed. Ap- 
parently we are having a great deal of trouble in 
teaching the public that there is a difference be- 
tween big and little. This is not hard to under- 
stand. We are also having a great deal of trouble 
in teaching physicians that there is a difference be- 
tween big and little, and physicians have a long 

-1  history of working with the concept. A large amount 
of almost anything, when introduced into the hu- f man body, is dangerous, but a small amount of 
almost anything, when introduced into the body, 
is not dangerox. A large amount of aspirin given 
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to a small baby can be fatal; a small amount of 
aspirin given to a large man can be innocuous. 
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With some materials the situation is not quite 
so simple. If a man should breathe a large amount 
of ;inesthetic ether, he could be killed. If he 
breathes just exactly the right amount of anesthetic 
ether, it .might do him some good and is very nec- 
essary to life under certain circumstances. It does 
not do a man any harm, but neither does it do him 
any good, to breathe very small amounts of anes- 
thetic ether. If we want to take il 100 per cent safe 
position, we should say that a man should breathe 
no anesthetic ether at all. Still, this would not nec- 
essarily be the 100 per cent safe position, because 
under very speciul circumstances (after severe in- 
juries, for example) just the right amount of anes- 
thesia helps the body to get over the initial biolog- 
ical insult of trauma. 

A very similiir situation exists with radiation. If, 
for the time being, we do not try to make very 
accurate measurements of what we mean by largo 
and small, we can siiy the same thing about radia- 
tion tliat \IT say about iinesthetic agents. A large 
amount of radiation is hurmful, but just the right 
amount of riidiation is sometimes necessary for 
liuman life. The question of whetlicr a sniall amount 
of radiation is necessary or desirable is ilcadcmic, 
altliough intercsting. Tlie fact is that tlicre is illtvays 
a smidl amount of radiation present, and a biolog- 
ical organism cannot get a\vily from radiation any 
more than the earth cin get away from rotating. 

There is another way of looking at the radiation 
problem. For example, if I were to throw any man 
into the middle of the Pacific Ocean, he would 
drown. N o  man can swim the Pacific Ocean; there- 
fore, I might say that water is dangerous because 
it kills people. On the other hand, if I were to 
withhold a glass of water from a inan for a long 
time, he would also die; therefore, I might say that 
water is necessary to life. 

The same thing may be said of radiation. If I 
were to expose a man to the radiiltion from an 
atomic bomb, I could kill him. Therefore, we can 
say that radiation is dangerous. But if I withhold 
a necessary x-ray examination from a sick man, I 
could also kill him. Therefore, we can say that ra- 
diation is necessary for life. Both these statements 
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are true, yet both are fulse because each considers 
only a small part of the problem. 

Measurement of Levels 
Megacurie Levels.-To teach physicians tliat 

there is a "big" and a ''little'' in radiation as well iis 
in every other kind of subject matter, Table 1 con- 
tains data on the levels of radiation. In preparing 
this table I could have used any of the units that 
measure radiation, but I preferred to use the curie. 
It's true that this unit measures the source of radia- 
tion, not the radiation itself, but because people 

TABLE 1.-Levels of Medical Concern 
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buy curies (or millicuries) of radioisotopes, they are 
already educated to some understanding of much 
and little. (Everyone understands much and little 
money.) .We can define B megacurie amount of ra- 
diation-it is a million times greater than the curie. 
This is a disaster level from the viewpoint of most 
physicians, but it is not necesscirily a disaster level. 
Just as people can work in and around tlie Pacific 
Ocean without being drowned, people can work in 
and around megacurie levels of radioisotopes with- 
out being hurt. 

Kilocurie Leoe1s.-\Ve can talk about kilocurie 
amounts of radioisotopes. This is a thousand times 
greater than a curie. It is now routine for physicians 
to work with thousands of curies of radioisotopes, 
commonly called an external-therapy level of radia- 
tion. In 1959 physicians from the United States and 
Canada purchased 353,OOO curies of cobillt-60 to 
use in teletherapy machines. We might say that this 
is not a dangerous amount of radiation because 

and no one has yet been hurt. On the other hand, 
however, this is a dangerous umount of radiation. 
If it were improperly used, people cbiild be hurt 
and hurt seriously with kilocurie amounts of radio- 
isotopes. The methods of handling this amount of 
radiation are just as stringent as thc rules of safety 
that a fisherman uses in fishing the Pacific Ocean. 

Millicurie Levels.-We can go in the other direc- 
tion and take a level of radiation a thousand times 
less than the curie. The millicurie is n unit used in 
internal therapy. The use of radioactive iodine is 
the commonest example; millicuries are used to 
treat hyperthyroidism. The essential method of 
therapy here is to destroy a portion of the thyroid 
gland. Nevertheless, if this is a sufficient amount of 
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people work with teletherapy machines every day 
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radiation to destroy one tissue, then it certilinly can 
be misused to destroy many tissues. 

Microcurie Levels.-We can go down another 
thousand steps and take a milliontl~ of ii curie. This 
is called the microcurie levcl of radiation. It is a 
diagnostic level thilt physicians commonly iise to 
make diagnoses of viirious diseases. The physicinn 
uses this level without trepidation, but he uses it 
with a purpose. 

AIiIZitiiicrocuric Leoels.-\Vhcn the medical sci- 
entist wants to be exceptionally sure t l l i i t  the level 
of radiation he is using in studying disease does 
not make any difference in the body economy, he 
gocs down another thousand stcps and USCS the 
millimicrocurie level, a billionth of ii curie, com- 
monly called the tracer level. Hy definition ;I tracer 
is something that does not affect tlie body; it does 
not change the system that is being studied. 

Aficromicrocuric Lel;cls.-Under special circum- 
stances and with very spcciiil cquipmcnt tlie medi- 
cal scientist mny want to go down ;inothcr fuctor of 
a thousand to tlie micromicrocurie level. This is ex- 
ceedingly low-level ritdiation. It is i~cti~iilly a thou- 
sand-billiontli of a curie. This is below tlie level of 
background radiirtion-tlic level thut is i t l ~ i i y ~  pres- 
ent. No onc as yet has been able to measure a 
micromicrocurie of riidiiitiol1 in tlie hunian body be- 
cause a hundred times more tlian tliis is alreiidy 
present in the body. 

The Prefcrred Instruments 
The range of levels of radiation t l ~ t  \ve are tulk- 

ing about extends ill1 the way from atomic bombs 
to the measurement' of cilrboll-14 in ancient mate- 
rials. The instruments (Tiible 2) that we use deter- 
mine to a large extent what we must do with radia- 
tion, the kind of materiuls that we work witli, and 
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TABLE 2.-The Preferred Instruments 
Aadlatlon Common lMtOprS 
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what we must do to protect ourselves. For example, 
at the megacurie or disaster level, wc use special in: 
struments for measurement, and the radiation pro- 
tection problem (tlie inonitoling that we do to pro- 
tect ourselves) is very special. Many radioactive 
isotopes ;\re present ut  disiister levels of radiation, 
and the problems ue exceedingly complex. 
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At the kilocurie level of radiation we ordinarily 
use an ion chamber for measurement, But this is a 
dangerous level of radiation by one method of 
defining danger and so we use a special kind of ion 

cedures. We must have instantaneous readings, be- 
cause here “instants” are important lengths of time. 

When we go down to the internal therapy level, 
the millicurie yields an insufficient amount of radia- 
tion for the ordinary ion chambers to be used. Here 
we use an electroscope, The electroscope is not the 
only instrument used, but it is preferred because 
it does measure remarkably well at the levels we 
are talking about. The monitoring we do at tliese 
levels does not have to be so “instantaneous” or 
quite so precise; we can therefore use otlier kinds 
of monitoring devices. Even tlie film badge, ordi- 
narily only a legal and adininistrlitive protection, is 
useful in personnel monitoring. 

When we get down to diagnostic levels of radio- 
active isotope use, tlie instrumentation problem 
changes. We once used (and investigators in some 
countries still use) the old Geiger-Muller tube, or, 
rather, new developments in the old Geiger-Muller 
tube idea, Now we are shifting to scintillation crys- 
tals. 

At this point the monitoring problem cliunges 
and we no longer worry about the effects of one 
diagnostic dose on one person. At the diagnostic 
level. instruments of measurement are far more 
sensitive than tlie human body and therefore we 
have a different problem, the problem of protecting 
instruments, not people. If ;in instrument can be 
used to measure diagnostic levels, it ciin be contam- 
inated with these diagnostic levels, and therefore, 
the “health physics” problem becomes much more a 
problem of protecting instruments tliaii i t  is of pro- 
tecting people. 

Tliere is another reason for changing our ideas 
of personnel monitoring at the diagnostic level. 
Very seldom is one diagnostic use made of a riidio- 
isotope; usually many diagnostic tests are done 
on many people. Therefore, a minor mistake can , 
be repeated many times with a build-up of con- ’ 

tamination that codd reach filr beyond the diag- ‘ 

nostic level. The health physics prqblem is not one 
of worrying about “one person” at “one time.” I t  is a 
problem of worrying about tlie continuous use 
with “many persons” over “many times,” so that 
there may be a gradual build-up of contamination 
that is or is not noticeable. 

The use of tracer levels of radioactive isotopes 
is a situation that is changing along with the change 
in diagnostic levels. Along with this change, diag- 
nostic levels of radiation are gradually bccorning 
lower. This is not because it is more d;uiger~us to 
use diagiiostic levels and less dangerous to use 
tracer levels, but because the diagnostic procedure 
is more precise with tracer levels than with diag- 
nostic levcls. 
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chamber, a pocket dosimeter, to monitor our pro- 
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The problem of protecting instruments is a seri- 
ous one. The build-up of contamination with tracer 
levels is not less, but it is less noticeable and it 
affects the instruments less. Therefore, the health 
physics problem of protecting instruments from 
contarnination at tracer levels is easier to cope 
with. The monitoring problem in  the protection 
of people is nonexistent. 

But this whole situation concerning instruments 
and “radiation protection” changes again when we 
get down into the micromicrocurie levels. Just after 
World \Var I1 it became possible to measure, in 
specially equipped laboratories, the amount of 
carbon-14 in ancient materials.. It also became pos- 
sible, with increased technical proficiency, to meas- 
ure tlic nmounts of radium that had been deposited 
in the body 20 and 30 years before. The idea of 
measurement of whole bodies was conceived. It 
also became possible to study tlie problcm of back- 
ground. The itmount of potiissiiim iictivity present 
in the Iiiimiin body is ;in importiint subject in mcdi- 
cinc, biit first of all one ]ins to consider seriously 
the :imount of potassium that is in tlie gliiss that 
mitkcs up tlie pliotomiiltiplicr tube t l ia t  is an esscn- 
tial item in a wliolc-body counter. When we can 
measiirc the amount of riidiation in the human body 
at tlicbsc exceedingly low Icvcls, tlicn we can also 
mcasiirp the ;imount of riidioisotopct dcpositcd in 
the 1)ody from the distant fall-out of atomic bombs. 
Just 15 years ngo the presence of cesium-137 in the 
Iiiimiin body was not a problem. not I)ccaiise it  
didn’t exist, but bccniise there were n o  instriimrnts 
ca?p;ililc of mrasuring it. .A half-ccntirry ago the 
;imount of radiation from the nntur;il potassium 
in thc body wis not ;I scientific prol)lcm, not lie- 
c;iiiw there \v;is no radioiictivc potiissiiiin in the 
body, biit bcciiuse thcrc \vas no m;icliinc~y cap;ible 
of mcasuring it. Tlicrcfore, i t  \viis “not a prolilem” 
by dcfault. It wiis siispectcd by vcry astute scicn- 
tists and even denionstratcd with autoradio~ra~ihy; 
but the suspicion \viis ;I half-century too eiirly. Still. 
it \viis not really too cnriy, 1)ec;iiisc the dcvclopmcnt 
of cxcccdiiigly fine detecting instriinients o\vcs a 
great d ~ l  to the irritating suspicions of iistute 
scientists. 

In ;i sense we can say thiit tlicrc is no licalth 
physics problem iliid thew is no “diingcr” in these 
vcry minute triicer and low-lcvcl I ~ C ~ I S I I ~ C I I I C I ~ ~ S .  In 
nnotlicr sense, howovcr, the IieiIltli pliysics prol)lem 
I i i l ~  Aiiilgcd and ~ O \ V  we must bc worried about 
instriinients. \Vc might cvcn bcgin to think of the 
effects on Iiumun beings of tliesc low lcvcls of r d i -  
ation. This does not make radiation dmgcroiis in 
tlic ortliriary sense tliiit we use the word d;ingcrous. 
I t  docs inc.in that  \VC ciin iiow “suspect” iI1itl “110s- 
t thtc ,”  just iis thc old-tiiiie pliar~n;icologists stis- 
pcctcd and po~tii1;itcd ;ibout minute i i l l l o l l l l t S  of 
herbs, sillt, water, uiid dl tlic otlier ii;ituriilly OC- 
curring materials. The bulk of mcdiriil scicnce is 
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not coiicerned wit11 fillicy wonder drugs; it is con- 
cerned with normal every-day events of living. 

Safety . 
Probably the most important of all the subjects 

that go along with ii knowledge of the levels of 
radiation is the question of siifety. But this, to ii 
large extent, depends upon our definition of safety. 
We are really .interested not in the “maximiim per- 
missible dose,” but in a “safe” dose. 

After a half-century of invcstigution and after 
serious thought on the part of nxiiiy serious scicn- 
tists, we still do not hiow what the word “dose” 
really means. Or rutlier, w e  hnvc so many dcfini- 
tions tliilt in effect there is no definition. NO OW 

can givc “permission” or can witlihold “permission” 
for the very low levels of riidiation, yet at high 
levels we can either produce or not produce radin- 
tion and so someone can give permission. Tlic word 
“maximum” is the hardest of all. A quarter of it 
century ago inedicd scientists \vere interested in 
the “tolemnce” level. I-Iow much could we tolerate 
without being unsafe? Discarding the words “safe” 
and “to1er;ince” may ;illow governments to skirt tlic 
problem, but it does not remove it. 

\Vhat we are still interested in is Iiow much radi- 
ation is “safe,” and there is no all-inclusive answer 
to the general question. It is “safe” for r i  well-edu- 
catcd radiotherapist to usc kilociirics of a radio- 
active isotope in u teletherapy macliinc; it is 
“unsafe” for an untrained cliild to usc tlrc machine. 
It is “safe” for a well-trained internist to use milli- 
curies of radioactive iodine in treating il disc;ise, 
but it is “unsafe” for an untrained physiciiin to use 
radioactive iodine. It is “safe” for ii  we1l-tr;iined 
and sophisticated physicist to use a complcx photo- 
multiplier tube in detecting low levels of radi;ition, 
but it might be “unsafe” for a, physicist untrnined 
in the field of radiation mensiirement to attcmpt to 
interpret the meaning of biickground. 

The Basic Tools 
The tools thiit we use in tlic routine silfety prob- 

lems are already well defined, altlrough thcir dc- 
sign is not static. Thcse tools are c11;inging and, 
fortunately, changing for the better with cnch nd- 
vance in instrumentation. Tlie tools in the field of 
medicine (Table 3) , which probably cncompasses 
the largest range of effort within d l  tlrc lcvcls of 
radiation, to a large extent determine what we 
mean by ”safcty.” The person who is working with 
a .large amount of radiation should use ;in instru- 
ment that tells him instantly how much radiation 
he has received. He must be a sensible person nrid 
he must be a person who has at least a minimum 
of training. For the technician who c;in he trusted, 
the pocket dosimeter is the instrument of clioicc. 
There is, however, another problem: the adminis- 
trativc and legal problem of recording the radia- 
tion persons have received. For this purpose the 
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pocket clumber is used; It is adequate for un- 
trained technicians, but here the definition of 
safety must change. A sensible administrator must 
bc able to guarantee, within reason, that untrained 
technicians are not being unduly exposed. 

Because of the way our laws are written we usu- 
;illy need evidence of exposure. The film badge is 
it kind of legiil protection, but it is not protection 
for the person. It takes time to process a film badge. 
If the danger is actual the monitor nceds to be 
instiintancous; but if thc danger is potenti;il, “watch- 
fulwss” and not “protection” is necdcd. 

A simple definition of the levels of radiation is 
really ;in ovcrsilnplificiitioii. hlillicurics of  some iso- 
topes arc exceedingly dilngcrous, wlicrciis milli- 
curicbs of otlicr isotopes Irnvc little or no radiation 
t1;inger. Various kinds of 1nl)oratory coiinters ;ire 

neccssiiry, not only for monitoring bnt itlso for tire 
study of almost any kind of sciencc i n  wlricli radio- 
isotopes arc used. Fortuniitcly for titi. Irealth 
pliysics ~>rol)lcrns, tlrc protrction of tlicsc 1;il)oratory 
coiintcrs is usii;illy inorc criticul t l t i in  tlic protcction 
of pcrsonncl. Tliis sciisitii3y of tlw 1;iboratory 
countcars is pro1);ibIy the hcst kind of hciilth physics 

. 

TABLE 3.-The Basic Tools 

studying tlic life sciences. The iiivc~stigiition of car- 
bon inonoxidc, for csainplc, is tliingeroiis 1)craiise 
the instrumciitatioiI for detecting and nicasurinf 
c;irl)on monoside is so coinplrx. Tlic i~ivcstigirtioi 
of  r;idioiictivity is siifc’ bcciiiisc! the instrutncnts 
for dctcctiiig ;ind me;isuriiig rildioiictivity iirc SO 

simple. The clieiip, prcvirlcnt, and c;isily miiin- 
tnincd liiboriitory survcy mcters Iriivc~ hdpcd to 
miikc riidiiition ii roiitinc 1iil)Oriito~y p11cw)nie- 
non. I t  is ncccssiiry to be ctcriiidly vigilant with 
1nl)or;itory survey meters. Init this is tlrc price ilnd 
tlrc real mcniiing of  safety. 

Ovcremplinsis on rndiiition Iiitznrtl coidd ciisily 
cause us to curtnil the iisc of rcwwtgc~n rays in incdi- 
cine, in wliich ciise nicdiciiie :is \vc now know it 
would disitppnr. It might c;rtisc‘ tis to curt;iil the 
iise of roentgen rays i s  dentistry. It could c ; u c  us 
to stop radiation tl~eritpy i111d t1i;ignoscs with riidio- 
iictivc isotopes. All thcsc things Iiclp to makc ni td-  
ern medicine truly mtdern. The neglect of tlicse 
things would be even more dilligerous than under- 
cmpliasis of rndiation safety. 
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