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'ew a IRBs are called upon to reti 
wide variety of research subject mat- 
ter. Radiation exposure represents one 
veQ specialized area that IRBs must 
evaluate in approximately 15%' of re- 
search projects at a university with a 
medical school. Although those medf- 
cal centers also have radiatron safety 
and medical radioisotope committees 
that evaluate the radiation risks of re- 
search, the IRE members need some 
add~tional back round in order to cval- 
uate competent. f y the risk-benefit ratio 
of a given research project. 

Tho general public regards the phe- 
nomenon of radiation as a mystery, 
whicli only a few expert6 understand. 
Yet there is still a huge amount even 
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the experts don't b o b .  For example, 
there i s  "expert dissensus" (rather than 
consensus) in our efforts to evolve 
gmdelines for basic radiation protrc- 
tion. Controversy surrounds even the 
most Fundamental concepts upon 
which radiation protection measures 
depend. Is thcre a threshold fur radia- 
tion below which no harmful effect oc- 
curs? We do not know. The National 
Council for Radiation Protection has 
decided to assume that there is no such 
threshold, i'e., that there is po abso- 
lutely safc radiation dose, except zero. 

Yet life on earth is bathed in natu- 
rally occurring radiation. We are con- 
titantly exposed to radiation from vari- 
ous sources in our enbironrnent, in- 
cluding terrestrial radiation, cosmic 
radiation, and radioactive elements 
present in our bodies.' Approximately 
3% of body potassium is in the form of 
potassium 40, which is rachoacti\e. At 
sea level, each individual gcts an aver- 
age radiation dose of npproximatt%ly 
100 rnillirem (rnrem) pdr year. 

One af the major roblems in dis- \ cussing radiation is t e prevalence of 
"radioactfve ignorance." Athough i t  is 
approximately 36 years after Hiro- 
shima and approximately 86 years af- 
ter the discover- of x-radiation by 
Roentgen, most people don't know 
what radiation is. The units of meas- 
uremant-curie, rad, and rem-are 
meaningless terms. This form of igno- 
rance, as has been pointed out in a 
Washington Post editorial, is risky. 
Thus, a major educational effort for 
both lay and professional groups on 
what radiation is all about is definitely 
needed. 

The electromagnetic spectrum en- 
compasses cate ories of radiation of 
varying wave f ungths and energies, 
ranging from cosmic radiations (short- 
est wave length and highest energy) to 
radiowaves (longest wave length and 
lowest energy). Of intermediate wave 
lengths and energies on the elec- 
tromagnetic spectrum, other forms of 
radiation include amma and x-radia- 
tion, ultraviolet ra fl lation, visible light, 
infrared radiation, and microwaves. 
All radiation forms are characterized 
by an exchange of energy upon interac- 
tion with some material, for example, 
body tissues. Gamma radiation and x- 
radiat i~n are of great importance in 
dia nostic medicine. In addition to x- 
an b. gamma radiatiun, in therapeutic 
medicine we are also interested in 
other particulate radiation forms, in- 
cluding alpha and beta radiation. 

Oker the past 50 years, several na- 
tional and intttrna~ional conferences 
haw been held to establish unlfurmity 
in measuring r~d i a t i on .~  The "quantity 
of radiation" has bcrn called "rxpu- 
sure": quantification of radiation en- 
ergy deposition has been called "ab- 
sorbed dose." Absorbed dose refcrs to 
the deposition of energy from thu radi- 
ation source. For purposes of e~aluat- 
ing human exposures, measurements 
of absorbed dose are most r e l o  ant. 
The units of kadiation dose are the rad. 
the radiation absorbed dose unit, and 
the rrrn, the Roentgen equivalent man 
unlt. The Roentgen, the cnriiest unit of 
radiation measurement, represents the 
abso tion of ener y in air. It 1s used 'P i only or' x-rays an gamma rays. The 
rad is more precisely dafrned a5 the ab- 
sorption of 100 er$s of energ) per gram 
of material. The rem is the oamr as the 
rad, except that it takes into account 
the efficidncy of the radiation in pro- 
ducing damage, in addition to the 
amount of energy absorbed in the ma- 
terial. 

For x-raq.8, gamma rays, and bctn 
rays, the efficiency sf radiation in pro- 
ducing damage is appl -o~i~natc ly  the 



same and has a unit value of one. Thus, sources than locations at sea level. La high doses of radiation, for example, 
for x-rays, gamma rays, anal betp parti- Paz, Bolivia, at an altitude of 3,630 me- Hiroshima, aturn-bomb test accidents, 

the rem and rad are equivalant ters, shows 270 mrum per year of back- and other radiation acciclents, mathe- 
are used interchangeably. Alpha ground cosmic radiation level, uhile at matical functions can be fitted to th* 

and neutrons, however, have sea level, exposures are approximately plotted curves of the absorbed dq  
a very different efficiency in producin 30 mrem. per year. versus cancer incidence. Those curve- 
damage (quality factor). which is mucR within the united  state^, cog,ic take the form d linear quadratics, al- 
higher than the unit one of x-rays, diation measured in Florida is approx- thuu~lh Pure quadratics have also been 
gamma rays, or beta rays. The quality fmately 30 rnrem per year; in Denver, applied. Extrapolatin down to low- s factor for neutrons i s  two to ten times the exposures are In the range of 70 d ~ ~ e x p o s u r e s  of 1 to 5 rads from the 
the dama a caused by the same energy mrem per year. Radiation within the high dose data, an estimate of tha 
exchange%om x amma. or beta, and ground massured in Dallas is ap rox- death rate based on 1 of sxposure 

-' e the quality factor or alpha particles is imately 30 mrem per year, whi P e ifi can be calculated. 
a factor of ten to twenty times that of Denver, measurements range up to 130 Whether or not fern of ac- 
x-, amma, or beta rays. The efficiency mrem per year. Radiation from build- tually results in that additional inci- 
of fifferent radiation form. in pmduc- ing matuinls is estimated to be ap- dence of cancer has been docu- 
ing damage, the quality factor, or the pruxilnately 55 to 60 *rum per year. mented definitely. It is  difficult to 
LET (Linear Ener y Tranufer factor) l\fatura] radiation from internal determine nhether 1 rem of radiation 
depends upon the I ensity of iun pairs sources reflecting radioactive ~ d t s  in cancer because biological 
(pairs of free negative electrons and in food, water and air is in the neigh- damage resulting from radiation does 
positive-charged atoms) pmduced borhood of 25 mrem per year. not produce unique diseases. Ionizing 
rom the radiation interaction with radiation produces effects indis- Illedica1 procedures tinguishable from spontaneous disease tissue. *oreWar&' radiation is an additions1 source of radiation en- or those of chemical mutagens or car- which in lightly posun to the eneral ublic. This is es- cinogens. numbers of ion pairs, produces less timated for e \vho e population to 
tissue damage. 

e, P 
average approximately 150 to 70 mrem Radiation effects on the fetus are an- 

The average annual natural back- ,,,, per year. ~j~~ an- other area of concern. Malformation 
ground radiation in the United States nual penetlwlly significant and defects of or ans, particularly in f under the mast favorable environmen- from diagnostic medical studies is csti- tho" organs deve oping at the time of 
tal conditions is approximately SO to mated at 55 mrem per year in the irradiation, have been Identified. Can- 
100 mram per yaar. The sources of this united states. ~~~~~i exams contrit,- cer developing early in childhood has 
radiation are approximately one-third an additional 0.15 mrem par year; been related to radiation exposure in 
from cosmic radiation, one-third from and radiation therapy, averaged "two. The risk is astimated to be about 
terrestrial radiation including radia- over the general popu~ation, cantrib- 25 cases per year of Ieukernia and 29 
tion from potassium-40, uranium-238, ules approx~mately 10 rnrem per year cams per year of solid cancer in or 
and thorium 232, and one-third from , - ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ l  irradiation million children irradiated by 1 rum 
radionuclides present in the body, in- contributes to public exposure and radiation. This rfsk represents approx- 
cluding potassiu~n-40, carbon-14, averages about 1% the radia- imately five to 10 times the apparent 
rubidlurn-87, and tritium. In addition, tion exposures. adult risk. Without doubt the fatus is 
inhaled radfonuclides, for example, Air travel is another of radia- more sensitive than hlly developed hu- 
radon-222 and its daughters, expose tion e# osure t~ the ~t 30,000 mans t~ the effects of radiation, 
the lungs to an additional 100 mrem feet, po 7 a r  flights expose pasengers to Genetic effects from low-level radia- 
per year. Thus, gonadal exposures may 1 mrem per hour, while mid-latitude tion become manifest in subsequent 
be appruxirnatelv 80-100 mrern per flights expose passangers to 0.5 mrem  generation^.^ Thus, enetic effects are 
year, but lung exposures, in some geQ- per hour. probably more dif ! cult to establish 
raphic regionsmay be considerably The risks from low-Ievel radiation (1 than cancer. It is estimated that 1 rern 

gigher because d the inhaled radi- lo 25 rads) include cancer and genetic of radiation results in 25 defective Ail- 
onuclides, 180-200 mrem per year.' problems? Canc;er is a lare of re- dren per million of the next generation. 

Depending upon the location, terms- &ation, typically occurring :,an whare Normally, 100,000 per milIion children 
trial exposures vary considerably. For from ten to twenty-five years a f tar the are born with a genetic defect. 
example, although the avera e best irradiation, except for leukemia, which In order to provide the public with e caau exwsure from terrestria radia- characteristically occurs somewhat some guidelines for radiation protec- 
tion in the United States is appro= earlier, between two to fifteen years af- tion, acknowledgin that some radia- 
imately 30 mrem per year. in Brazil ter the irradiation. This risk of fatal tion exposure may %e unavoidable for 
there are areas where the terrestrial ex- cancer is estimated at one extra death occupational purposes, the National 
posures are estimated to be 500 to 1000 in 10,000 persons irradiated by 1 ram. Council on Radiation Protection has is- 
mrem per yaar, and other areas in Bra- The leukernla risk is estimated at one sued what are called "permissible dose 
zil where the exposures are even extra death in 50,000 persons gatting 1 standards."4 These permissible dose 
highcr, 1600 to 12,000 mrem per ye=. rem. Of 10,000 persons, 1700 will nor- standards have been lowered progres- 
In some regions of India, exposures are mally die .from cancer; thus the sively over the years; the last permis- 
measured at 1380 mrem per year. In cumulative expected death rate plus sible dose standard issued in 19% was 
France, exposures are measured at the imposition from I rom of radiation s rems per year for an occupational 
180-350 mrem per yetar from terrastrial IS 1701 deaths per 10,000 persons. This worker. Five rems in any one Year re- 
sou rce~ .~  estimate of 1 death por 10,000 or psr fers to combtncd whole body occupa- 

Another vari~ble that affects radia- 50,000 from 1 rem of radiation is ar- tional exposure and represents a sug- 
tion exposure is altitude. For example, rived et indirectly, Based on data of ested arrnuak limit. Additional doe 
rcgiunr pt higher altitude get more cancer incidence and death rates in Emiting recommendations are s p a  
background radiation from cosmic populationls that have been exposed to ified for individual areas of the body; 
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fr)r rxamplt-, the skin has a maximtlrn 
permissible dose h i t  of 15 rem in an): 
o m  year; for the hands i t  i s  75 rems i n  
qny one year; the forearms-30 r@ms: 

,r other organs and tissues, it is 15 
;ems. Pregnant women have a max- 
imum permissible dose limit of 0.5 rem 
for the gestation, and for the general 
public it is 0.5 tern yearly. 

In rvahating risk from radiation ex- 
posure, wc should also take into ac- 
count the type of ax osure, i.e., whola 
body versus indivi ual or ans. But, I f  IIOLV can we comprehensib y express 
the risk from radiation for subjects par- 
ticipating in research projects? One of 
several suggested approaches to pre- 
senting the risk to an individual is to 
compare the calculated risk of death 
from radiation with other risk levels 
occurring in more familiar contexts. 
Far example, a one-in-a-million risk of 
death has been attributed tos: 

400 miles by air, 
60 miles by car, 
% of a cigarette, 
lb'a rninutss of rack climbing, 
lh weeks of typical factory work, 
20 minutes of being a man aged 60, 
drinking; half a liter of wine, 
spending one hour in a coma. 

Another way of expressing the risk in 
more familiar contexts would be by 
-omparison to the incidences of death 
per million per year in various occupa- 
tions. For example, in canstruction 
there are 717 deaths per million per 
year; in mining and quarrying there 
are 994 deaths per million per year; in 
agriculture there are 613 deaths per 
million per year.' 

The risk from radiation can also be 
expressad as a comparison with the 
quantities of radiation exposure which 
the subject gets from naturally occur- 
ring sources. That is, the research sub- 
ject could be informed that participa- 
tion in the study will result in a 
radiation exposure that is apprax- 
imately twenty times the natural bcck- 
ground which he or she gets in one 
year. Or, a comparison can be pre- 
santed between the axpowre dose from 
the research and the maximum per- 
missible exposures as su pested by the 
National Council on Ra % iation Protec- 
tion for occupational workers, or hos i- 
tal workers, in a year. For exarnp P e ,  
subjects could ba told that the radia- 
tion exposure from participating in the 
project is approximately 50% of the 
maximum pormissiblo exposure for a 
hospitd worker far a year. 

Another presentation to a subject 
night be the comparison with the dose 
.eceived from common medical x-ray 
procedures. For example, the subjects 
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In some ways research protocols in- regulations the decision about whether 
volving exposure of subjects to radia- any risk was present made a significant 
tion present the same problems far IRB difference to IRBs (because review was 
members as those encountered in other triggered by federal regulations only 
research proposals, Risks must be corn- when risk was present). Current DHHS 
pared with benefits to the subject and regulations, however, make no such 
others; subjects must be reasonably in- distinction. IRB review is called for in 
formed; the usual rights of the subject protocols involving radiation sxposure 
must be protected; and subjects must whether or not subjects are deemed to 
be sele~ted equitably. At a practical be at risk. While certain categories of 
level, howevet, proposals involving research are exempt from review and 
potential radiation risk raise unique, other categories can be given expedhed 
perplexing issues. Radiation exposure review, any research ovarned by 
places directly at risk, in addition to DHHS regulations involv f ng the expo- 
consenting subjects, other human sure of subjects ta radiation, no matter 
beings-bystanders, lab personnel, and how little, certainly does not fall into 
oven future generations. Not only are either of those classes. 
potential effectq not known, but most In assessing risks of harm and com- 
IRE members have very little under- paring them to potential benefits IRBo 
standing of the mechanisms of action face several problems. First, the IRB is 
of radiation and even the basic coo- normally considerin an extremely 
cepts underlying its effects. Because small probability of 1 arms, many of 
the field of radiation itself is politically which, however, if they occur, w i l  be 
and socinlly contr~versfal, IRB mem- very substantial. Moreover, the IRB i s  
bars necessarily find themsalvas par- aften working with what is at best a 
ticfpating in a larger social debate. rough estimate, often based on an ax- 

Risk kaswtnent 

One major problem facin IRBs is 
risk assessment. It can honest "i y be said 
of most research involving radiation 
that there k no conclusive evidence 
that exposures called for in the pro- 
tocol are harmful. Still the overwhelm- 
ing consensus is that some risk, how- 
ever small, remains and must be 
~onsiderad. Under the older DHEW 
-. 

Roben M. Veatch is Profasstjr ~fMedrca1 Ethics at 
the Kennedy Insritute, Geurgatatvn Universtty. 

t r a&t t i on  from exposures in very dif- 
ferent settings at much higher radia- 
tion levels. There is thaoretical dis- 
agreement over the legitimacy of the 
extrapolation. In such a situation sub- 
stantial disagreement over the degree 
of the risk is expected. 

Because of the highly technical na- 
ture of the data, IRBs will probably 
have to rely on the testimony of ex- 
perts, often one or at most two IRE 
members or consultants. Yet even the 
experts differ greatly in deciding what 
the risk level is, whether i t  is legitimate 


