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To: Reverend Doe West
From: J. David Litster /4%4,&-.

Subject: Radiation and Radioactivity

Here is a brief introduction to some of the terms and ideas used to discuss
radioactivity and radiation. which I hope some readers of your report may find
useful.

What is Radiation?

The kind of radiation we are concerned with is called “ionizing radiation”, which
interacts with matter to produce charged ions by separating electrons from the
afoms. The ions can cause cause chemical changes in tissue, such as modifying the
»# DXNA in cells. which may result in long term health consequences. The radiation

must have enough energy to make ions. Radio waves, microwaves, and light are

o forms of electromagnetic radiation which do not have enough energy to produce
jons. X-ravs and gamma-rays are higher energy forms of electromagnetic radiation
which do produce ions.

Commonly. ionizing radiation is produced by the decay of unstable (radioactive)
nucleii. In addition to x-rays and gamma-rays, they can produce beta-rays (high
energy electrons). alpha-particles (high energy helium nucleii), protons, and

‘ neutrons.

How is Radioactivity Measured?

fl

The amount of radioactive material is measured in units of curies, abbreviated Ci.
A curie is enough material to produce 370 billion (3.7 x 10!%) radioactive decays per
second: that is the number produced by one gram of radium. Another unit of
activity is the becquerel, which is one decay per second.

The amount of radiation absorbed by matter can be described by saving how much
energy the matter has absorbed. A common unit is the rad, which means that one
cubic centimeter has absorbed one erg of energy. An erg is a verv small amount of
euncrgy. (it takes about 42 million ergs to increase the temperature of one cubic
centimeter of water by one degree centigrade.) The radiation dose received by an
organ. such as the thyroid gland. is usually expressed in rads’.

NModern writers may use the approved international unit called the gray. One gray equals 100 rads.
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What is the Biological Effect of Radiation?

If we want to compare the biological effect of exposure to different amounts and
kinds of ionizing radiation. we need to know what is called the whole body effective
dose equivalent. That is expressed in terms of a unit called the rem, which stands
for “roentgen equivalent man”2. To calculate the effective dose equivalent. the dose
of radiation to different organs (bone marrow, lungs. thyroid, etc.) is muitiplied by
a factor corresponding to the biological effectiveness of the type of radiation. These
effective doses for all the organs are multiplied by a weighting factor for each organ
and added together. The resulting number, in rems or sieverts, is a measure of the
risk of the radiation. All effective dose equivalents which have the same number of
rems or sieverts are presumed to pose the same risk of harmful effects, no matter
what the source of radiation or what organs received the radiation.

As Dr. James Adelstein explains in his letter of March 24, 1994, high doses of
fadiation (hundreds of rems) can have two kinds of biological effects in humans and
animals. These effects appear shortlyv after exposure to the radiation. and may be
repaired with time. With the studies at the Massachusetts State Schools. we need
be concerned only with low doses of radiation (measured in millirems3) which have,
if any. only delaved effects.

The delayved effects of low doses of radiation are of two kinds: increased incidence of
cancer. and an increase in genetic defects. Dr. Adelstein’s letter gives the current
(conservative) estimates for what these delayved cffects may be. In some cases, such
as exposure of the thyroid to radiation from iodine-131, large scale epidemiological
studies have been made?, and we have a reasonably good idea of the delaved effects
of low doses. Some scholars feel that where iodine-131 is concerned, the effective
dose equivalent overestimates the risk by three times. In other situations. we can .
use the geueral risk factor proposed by the National Council on Radiation
Protection and Measurements. which is that a 1000 millirem exposure carries an
increased risk of 5 additional cancers per 10.000 individuals exposed.

*NModern writers may use the approved international unit ealled the sicrert. One sievert equals 100
rems,

31 millrem is 1/1000 rem. or 1/100000 sievert.
3L.-E. Holm. K.E. Wiklund. G.E. Lundel. N.A. Bermmman. G. Bjelkengren. U.C. Ericsson. E.S. Ced-

erauist, MLE. Lidberg. R.S. Lidberz. HV. Wickhind. and 1.D. Boice. Jr.. “Cancer Risk in Popula-
ton Eximined with; Doses of 370 J. Nat. Caneer fust. 81, 302-3006 (1989).

[
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The whole body effective dose equivalent for some common medical procedures is
shown in the graph below. along side the annual 300 millirem natural background
effective dose equivalent which is received by residents of the Boston area.

Common Madical Procedures
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A PRIMER ON RADIATION £
Radiation Comes from Cosmos, Our Bodies; —

How Much Radiation Is Considered Safe?

Editor's Note: The tablz below compares 1. the rudiarion exposures to the whole body which are
the estabiished Federa! stundard for various aciivities (Note: The firs: Federal standard for
fezuses of pregnant radiation workers went into effect yesterday.); 2. amounts of natural
backgrourd radiarivn; 3. common sources of additionul rediarion: 4. amourts from medical
trecancnt (very high rudiazion 1o a hmited part of the budy); and 5. amounts from diagnostic
research (iow levels from rediocctive racer elements). The source of this informarion ts Francis
Muasse, direcior of the Rudiarion Protecsion Ofice of the Mussachusents Institute of Technology.
Masse is a past president of the IHealth Physics Society and served ir: 1987-89 as chairman of the
National Academy of Sciences panel which reviewed the exposure of soldiers 1o rediation from
amospheric 1esting in the 19405 and 1950s.

ASTRONAUTS: 25,000 MILLIREMS PER SHUTTLE MISSION

The highest recommended limit for radiation exposures is for astronauts-- 25,000 milliRems per
~ Spets Shunle missiox, principally frox cosmic rays. This amount is beyond the average 300+

nilliRems of natural sources of radiatjoz and any medical radiation a person has reccived.

25,00C milliRems par vear was the Federul occupatonal limit duning World War I und until

about 1950 for radiztion workers and soldiers exposed 1o radiation. The occupational limit i
bezaxe 15,000 miiliRems per yeur around 1950, In 1957, the occupational Jinut was jowered 1o

u maxxmem of 5,000 milliRems per year. -/

AVERAGE NATURAL BACKGROUND: 300 MILLIREMS PER YEAR ,
The average exposure ino the Uritad States, from natural sources of radiation (mostly cosmic
radiztion and radon), is 300 milliRems per year at sea level. Rudiation exposure is slightly

highar at higher elevations--thus the exposure in Denver averages 400 milliRems per yeur.

(A milliRem is 171000t of & Rem. According (o McGraw -Hill's Dictionary of Scientific and
Technical Terms, s Rem is a unit of iozizing radiation equal to the amouat that produces the
sams dumage 1o humens as one roeatgen of high-voliage X-rays. The nams is derived fram |
“Rosaigen equivalent man.” Wilkelm Rocntgen discovered jonizing radiation iz 1895 at about
the s22 Grue tha! Pierrs end Music Curie discovered radium.) '

All of these lirits ars for ths emoun! of radiatios exposure in addition to background radiation
and medical radiatioa. '

ADULT: &,000 MILLIREMS PER YEAR

The current Federal occupaticaw! Limit of exposure per vear for an adult (the {imit for a worker
using racdiauon) i “as Jow as reasonably achizvable; however, not to exeeced §,000 milliRems”
above the 300+ mulhRems of natural sources of radiation and any medical rudiation. Radiation
worhers wear hadgeas made of photogruphic film which indicate the exposure 1o radintion.
Readings tvpicaliy ase taken montily. A Federal advisory commitize recoununends that the
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lifezimne cxposure be Limited (0 2 person’s age multiplied by 1,000 millikems (exampie: for 2 63-
yeas-0!d person, 65,000 =illiRexs).

MINOR: 500 MILLIREMS PER YEAR )

The maximum permissible cxposure for a minor under 18 working with radiation is one-tenth the
adul: limit ¢r 0ot to excead SO0 milliRemms per year sbove the 300+ milliRems of naiural sources,
plus medical radistion. This was established in 1957 und reviewed as recently as 199

FETUS: 500 MILLIREMS OR 50 PER MONTH (NEW RULE JAN. 1) .

New federal regulations weat into cffect New Year's Day, establishing for the fist tme an ‘
exposurc limit for the enbryo or fetus of a pregmant women exposed to radiation at work. The
limit for the gestadon period is SO0 milliRems, with 2 recommendation that the exposure of u
fetus be no more than SO milliRerms per month. *

WEJGHT VARIABLES

Like alcohol intoxication levels, levels of exposure to radicactivity (duc to radioaclivity

deoosited in ths body) depend vn a person's weight. A dizgnostic tracer of one micro Curje of

radioastive salsivm 45, given orally, would result in an exposure of 3.7 milliRems for a 100
tnd person, angd hall of that, 1.85 milliRems, for a 200 pound person.

TBERAPEUTIC RADIATION

Therupeutic radiation treatment that is delivered by administering radivactive materia] via the
mouth or by injection usually results in high, very localized doses to a swall partof the body,
which absorbs most of the radioactivity. The radioactivity concentrates and remains in the target
- organ (example: the thyroid) for s Jonger period of time than does the radivactivity that is
disgtributed 1o the rest of the bedy. The radiation exposure for other pants of the body is @

. funstion of the amount of radisactivity per pound and the tme the radioactivity is present in the
tissue.

GEORGL BUSH'S HYPERTHYROID PROBLEM

For example, & hyperthyroid problem such as that experienced by former President George Bush
is nypically trzaied with a radioactive indins drink designead to deliver about 10,000,000 |
niliiRems of radioaciive jodine to the thyroid. It would coincidentally deliver a dose 1o the rest
of the body of about 20,000 milliRems. Anather exuzmple, using a slightly lower dose of ’
radioasuivity, is used for cancerous tumeors. A radiation dose to Kill 4 cancerous tumor often

sends a radiation bezm delivesing 6,000,000 milliRems to the cancervus tissue, but the whole
budy equivalent dose is much less, 8s it was ja the thyroid example cited above.

What is a fethal doce from a single instance of radioactiviry? According to studies made after the
atomac bumb explosions in 1948 at Hiroshima and Nagacaki, half of the peopic died whose entire
badics were exposed ta 450,000 milliRems of radiczctivity from the atomic bomb. All persons
died whose bodias were exposed to 600,000 milliRems of radinactivity.

See Table, Next Page.
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Fedcral Standards, Permissible Levels Of Radiation Exposure to YWhole Body
(1992 aaless noted otherwise)

MilliRems Above Natural Background Levels (Average 300) and Medical Radiation

+25,000 Astronavts, per Space Shunle mission. This also war the annual occupcsional limit
Jor adults from Worid War 11 through 1950.

+15,000 195010 1957 Occupztional imit per year for adults, including radiation workers and
soldiers. Limit changed in 1957 10 45,000 milliRems.

+5,000  (Since 1957) Occupatoral limit per year for adult radiation workers, including
soldiers exposed to rediation. Itis "as fow as reasonably achicvable; however, not to
exceed 5,000 milliRems.” It is recommended that lifetime cumulative exposure is not
to exceed the age multiplied by 1,000 milliRems.

+500 Occupztona! limit per year for a minor under 18 years of age exposed to radiation.
An embryo or 2 fetus of a pregnant worker exposed to radiation (a2 new regulation as
of Jan. 1, 1994) is not 10 excecd more thas 500 cumulated totad milliRems before
birth, and jt is recommended that the expusure ¢f a fetus be limited 10 no more than
gbout +50 milliRems per month.

Sources of Naturally-Occurring Radiation
(Wholc Body Equivalents)

251035 Human body's own radiation dose per year from radioactive elements and minerals in

the body.
3007 Average annual natural background radiation, sea level (includes your own body
’ radiation. cosmic rudiation and radon).
400 The city of Denver's average annual natural background radiation (ahitude 5,000
feat). '

Common Additional Sources of Radiation
(Whole Body Equivaleats) :

+12 Coast-to~coast U.S. round wip flight in airplane at 35,000 feet of altitude.

+10 Ananual incrzase due to daily use of salt substitute (potassium chloride) or eating a
diet heavy in such potassium-rich foods as bananuy and Brazil nuts. Potassjum is an
essential dietary elcment that is present mostly in the muscles. :

+2 Annudd exposure dus to watching four hours of television every day.

Therapeutic Doses of Radiation to A Part of the Body
(Whole Body Equivalents) ' :

+20,000 Therapeutic radioactive iodine treatmeat of thyroid gland. A localized dose delivers
10.000.000 nulliRems to the thyraid, and about 20,000 milliRems to the rest of the
_body. A radistion dose to Kill u cancerous tumor often seads « radiation bsam
deliver:ng 6,000,000 milliR2mns to the cancerous tissue. but the whole body
eguivalent dose is much less, a8 it the thyreid case. -

()
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Doses of Radiaton for Medical’'Diagnosis

o or Rescarch Purposes
) (Whole Body Equivaisnts)

\_ +500 t0

+200 Cardiac stress test.

+24 Exposure of one 70 pound youth iz Federal research at the FernedZ Schoo! by
MIT in the 1940s, using Tave eferzeaty to track iroz absorption while cating
cereal. Thbe research showed iron supplements should not be taken with meals.

+172 Averuge exposurc of 17 youtks, ages 12 to 17, avg. weight 100 1bs., in the ahove
resexch.

+127 Exposure of heuvies: youth, 135 Ibs., in the above research.

+2 10 +7 Exposure recsived by 45 youths. ages 10 to 16, in Federal research in the 19505 by the
Ferzald School, with the assistance of MIT. The study used radicactive calcium 45 to
track calzium abserptien: Onc adult (age 21) reczived a higher dose, resulling in an
exposiee equal to 11 milliRems for the whols body.

+2 Qne Ches: X-ray (the whals body equivident). A typical X-ray expases the chestto ¢
dose equal 10 20 milliRems at the entrance una 1 mulliRem at the exit. Averaging this
exposure over the whole body yields 2 whole body equivalent of about 2 milliRems.

The US. Fond & Drug Administration’s current regulations State,

" The amount of radivactive material to be administered shall be such that the subject receives
the smallest radiation dosc with whick it is practical to perform the study without jeopardizing
the beoefits 10 be obtained by the study. Under no circumstances may the radiation gose to any
adult reseasch subject from a single study, or cumulatively from a numbser of studies conducted

~ witkin one yeas, be gensrally recognized as safe if such deses exceed the following:
Single dose for an adult 3,000 milliRems
“—" Aznualtoral dose 5.000 milliRems -

For arescarch subjcct under 18 years of age at the last birthday, the radiativn dose shall not
cxceed 107 of that set forth gbove.” :

Therzfore, the sizgle exposure limit for 2 child is 300 milliRems (whole body equivalent) and the ~
annual totz] exposure cannot exezed S00 milliRems.

Since 1968, medical researchers at the institution doing the research bave been required to
follow informed ccasent procedures. These procedures regquire the assear (if feasible) of a child 7
years of age or older, and the consent of bath parents if there is any perceived risk invelved in the
tesearch.. For reseerch involving any peresived risk, these also has to be a relationship betwesn
the study and a child's disorder or disease. . :

If there is direct benafit that is likely to accrue from participativn in the study, then a researcher
needs the assent of the child (uge 7 or older) and the consent of at least one of the pareats. In
such direc: benefi( research siwations, the permitied levels of radiation can be cxceeded.
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