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To : Reverend Doe \\‘est 

Froiii: J. David Litster 
Subject: Radiation and Radgactivity 

Here is a brief introduc:ion to some of the terms and ideas used to discuss 
radioactivity and radiation. which I hope soiiie readers of your report may find 
nscful. 

Il‘hat is Radiation? 
Thc kind of radiation we are concerned with is called “ionizing radiation”, which 
interacts with matter to produce charged ions by separating electrons from the 
donis. Tlie ions can cause cause chemical changes in tissue, such as modifying the 
DS.A in cells. which may result in long term hcaltli consequences. The radiation 
I ~ I U S ~  have cnougli energy to make ions. Radio waves, microwaves. and light are 
foniis af electromagnetic radiation which do not have enough e n e r a  to produce 
ions. X-rays and ganima-rays are higher energy forms of electromagnetic radiation 
u-!:kli & produce ions. 

Commonly. ionizing radiation is produced by the decay of unstable (radioactive) 
iiuclcii. In addition to s-rays and ganima-rays, they can produce beta-rays (high 
e n c r p  electrons). alpha-particles (high energy helium nucleii), protons, aiid 
neutrons. 
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How is Radioactivity Measured? 
The amount of radioactive material is mezsured in units of curies, abbreviated Ci. 
X curie is enough material to produce 3iO billion (3.T x 1O’O) radioactive decays per 
second: that is the number produced by one gram of radium. Another unit of 
activity is the becquerel. which is one deca? per second. 

The amount of radiation absorbed by matter can be described by saying how much 
encrgy the matter 113.5 absorbed. X common unit  is the rad. which means that one 
cubic ccntimcter has absorbed one erg of enerp. A n  erg is a very small amount of 
ci;crfi.\’. (ir takm abo11i 42 million ergs t o  incrcasc tlic temperature of onc cubic 
CentiiiictCr of water by one degree centigrade.) Tlie radiation dose rcccivcd by an 
orpill. S U C ~  i ls tllc thyroid gland, is usually csprcsscd i n  rads’. 
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‘!~1<&: 1. \ V I I  tsr>  1;l;iy IIW til(* approved internario:iaT unit callcd the gray. Oiic Fray rclii;ii> 100 rads. I/ 7 
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V'hat is the Biolorical Effect of Radiation? 

Xpril 9, 1994 

If we iva::: to compare the biological efTcct of exposure to difTerent amounts and 
kinds of ionizing radiation. we need to know what is called the whole body effective 
dose equivalent. That is espressed in terms of a uni t  called the rem, which stands 
for "roentgen equivalent man'.2. To calculate the efTecti1.e dose equivalent. the dose 
of radiation to different organs (bone marrow, lungs. thyroid, etc.) is multiplied by 
a factor corresponding to the biological efihctiveness 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 tlie radiation. All effective dose equivalents ~vhicli have the same number of 
reins or sieverts are presumed to pose the same risk of harmful effects. no matter 
what the source of radiation or what organs received thc radiation. 

.As Dr. James .Adelstein esplains in his letter of March 24. 1994, high doses of 
d radiation (hundreds of rems) can have two kinds of biological effects in humans and 
animals. These effects appear shortly after esposure to the radiation. and may be 
repaired with time. IYitli the studies at  the Massachusctts State Schools. we need 
be couceriied only with loc doses of radiation (xiie?sured in millirems3) which have. 
if any. only delayed effects. 

>- m 
The delayed effects of low doses of radiation are of two kinds: increased incidence of 
cancer. and an increase in gcnctic defects. Dr. Adclstcixi's letter gives the current 
(conservative) estiinates for what these dclayed effects may be. In some cases, such 
as exposure of tlic thyroid to radiation from iodine-131, large scale epidemiological 
studies have bccri made', and we haw a reasonably good idea of the delayed effects 
of low doses. Sonic scholars feel that where iodine-131 is concerned, tlie effective 
dose equivalent. overestimates the risk by threc times. In other situations. we can 
use the gciieral risk factor proposcd by the Sational Council on Radiation 
Protection and Measurements. which is that a 1000 millirem exposure carries an 
increased risk of 5 additional cancers pcr 10.000 individuals esposcd. 
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CHEST X-RAY ~ A C K  X-RAY COLON X-RAY BRAIN SCAN 

E ANNUAL NATURAL BkSKGiiOUND PROCEDURE 
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The whole body effective dose equivalcnt for so~iie coii1nion niedical procedures is 
s11on-11 in the graph below. along side the annual 300 millirem natural background 
effective dose equivalent which is received by residents of the Boston area. 
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Common Medical Procedures 
Effetfne Dose Ecuivalen: (millirem) 
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A PRiMER ON RADIATION 

Radiation Comes from Cosmos, Our Bodies; 
How Much Radiation Is Considercd Safe? 

ASTROSXUTS: 25,000 MILLIRE3fS PER SHLTTLE hflSSIoS 
Tit highest recommended limit fo: ;aiixioo rxpasurts is for iltuonadts-- 25,003 m i l l l R : ~  per 
SF&: Shu=ie nirsioz, piiacipdly fro= cosoic rays. This m o u n t  is bcyond the avcrage 300+ 
~ l l i f i c s l s  of ne!urd SOUTCC> of rat5.ntior and a)t rrzdicd radiiatjan a person has reccived. 

A!l of these k i t s  2r:: for th: e n a n :  of radh:ios. cxposurc in addition to background radiation 
as: ~:ti:;s! raiiatioz. 
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I V k  is a 1e:kd docc from a single inssince of radioactiviw? According to studies made aftcr the 
ator i t  bumb rx;Iosioar in l Y 3  at Hiroshima kqd .h;:tga4& half of the pcoplc died whose entire 
1md::s wcrl: exposed IO 450,Ui)O ndliRems of radioxlivrty from tht: atamic bomb. All persons 
d i d  whose boJ i s  we:r e x p o s t j  to 600,003 milliRtms of radioactivity. 

Set Table, h'ert Page. 
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Fedcral Standards, Perniissible'Levels Of Radiation Esposiirt. t o  JI'hole Body 
(1 992 uoiess nored o;hcrrr 1se) 

MilLRems Abovc Xamral Background Levels (Average 300) and Mebc t l  RsArion 
+25,OOO 

+15,13130 

i5.000 

Ast~na~ts. ptr Space Shunlc rmssion. This also WUT the annual occupc:ional Iinrir 
f i r  crduirsfiom Worid Wur II rhrough 1950. 
1950 to 1 9 5  Occpzrirmal limit per year for (uIIAI!.~, intllrdiirrg radiation workers ond 
soLdi:rs. LuTul c h g c d  in 1357 to +S.IKx7 nilliRetns. 
(Since 1957) Occu-,auocsl limit pcr year for adult radiation workers, including 
soidien cxpojed to rcdiation. It is "as low as rcasnnably achicvablc; however. not to 
c x m d  5.W miJIiR:m." It is recorrrmended thar liferim: curnulauve exposure is not 
to a c t e d  &: agc rnc!:iplied by 1.030 miLliRems. 
Occapxioza! limt i)cr ycm for a asinur unde: 18 y e s  of dg: exposed to d i x i o n .  
A0 cab;?'o or a f e w  of a pregnant workcr ex oscd to ndiuion (a new regulation a b  
of Jai. 1. 1994) is nor 10 c x w d  mort t h a  S d curnofzttd total milliRtrn5 kforc  
bnh, an2 it  is rccomxnded that thc t q u s u r t  of 3 f m s  be limired TO no mvrt than 
about +SO ndliRcrls per month. 
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Sources of h'a tu rall y -0 cc u rring Radiation 
(b'holz Body Equivslentsj 
25 to 35 Rcmm bozy's own rzdiarion dose I)er year from rdrlioactive e l e n t n ~ ~  and minerals in 
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the body. 
Averdge mnud naarnl background radiation, sea lcvcl (includes your own body 
radiation. ca.t4mc nrdiation ;L?d radon). 
Tht civ of Denvcr's avcrzgc aunu31 natural background radixion (altiiude 5,030 
feet). 
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Common Additional Sources of Radiation 
(Whole Body .Equiualz.ats) 

I '  
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Coast-twosst U.S. round uip flight in airplane at 35,000 feet of nlritude. 
Annual h c r = w  due to dtily ore of salt subkirurc tmtsssiurn chloride~ or estinr B 
diet hca\y in such potusit&-rich foods as bananiand Brazil nuts. Potassium% an 
essential d i e w  elcffient &at is pre.cent mostly in the muscles. 

+2 h n u d  U;~OSUIT du: to wtchiog four hours of television every day. 

Theraputic Doses of Radiation to A Part of the Body 
('&%ole Body Equ:valcnm) 

+20,*0% Tbcra;xc:ic radioacme iodkc treatnfnr of thyroid g lad .  A Iwdiud dose delivers 
IO.&X.@c! ci!!iRms to th: thyrai5, end about 20,000 rij!!iRcms to thc srst of the 

delivr::!ie 6.000,WO niliiRtrnt to Ihe cancernus tisulc. bur the u h d e  body 
eqmz!:<i doc;. is less, as ii! the thyroid cacc. . 

. bod!.. A r;iji~tion dose to kill u c d n t t r o ~ ~ s  ~UCIO: often scridb h rndixioa b:om 



Doses of Radiation €or Medical'Diagnosis 
or Rexarch Pur?>ox!s m. p h o ~ e  ~ d y  EquiYai:nt\) 
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+2 10 +7 EX~OSLIX received by 45 y o u t k  ages 10 to 16, in F c d d  nsar rh  in the 19.50s by rhc 
Exposure nf h=iluics: youth, 135 lbs., in r.hc abovt research. 

Fer,alc! S:fiwI. wirh t!: ashistsncc olMIT. The smdy uscc! radioactive cakium 45 10 
uatk cdl=luz~ 2 b c ~ f i c r 1 .  Ont adult (agc 21) rz.tivCd a hrghcr dmc, r:suS[ing in an 
exjcscc equd to 11 tnilllRems foi the whole body. 

One Chcs: X-ray ( k c  uba?: body equivalent). A vpical X-ray cupmes the ctiea to il 
doce qual  to 20 mi1liRcrn.c 3t the entrance ma 1 mlliRcni at the exit. Avtrrgiug ths 
exposure wcr the wbolc body yitlds a whole body equivalent of about 2 milliRcmt. 

The US. Fond & Drug Adzinistratioo's cu2Icnt regulations state, 
The mount of redioactivc 1~sttn21 to be adrvnistend shall be such char the mbject rtcei\m 

thc2rn;rlltst radiation Josc with which i; is practical to pcrfcrrm the study without jeopardizing 
zbc bti1t5rs to be ahrdccd by the study. Undtr no circurnsta~cts may the radiation doce to any 

'* adult rrw-cb soh j t3  €?oz a single study, or cumulatively from a nunb:r of amdieh condrt:tcd 
wirl=in one ye=. be gexrdly rttogzired ns ssfe X siich dose, c x c t d  tfir following: 
S21gIc dote for an a5211 . 3,000 milliRems 
h n d r o t a l  dose 5 . W  dl iRcms  
For a mscaxh sEbjctt wC:r 18 ycars of age at the last birthday, Ihe rdatiun dose shdl not 
rxreed 10% of th2t set foe;': esavc." 
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Thertforc, the sicflc cxpscrr limit for a child is 300 ril1iRem.t (whde body aquivdeni) and be / 

a n u a I  btA exposure cannot cxcxd S O  dliRerns. 
Sincc 1968, rncdicz! rrse&-ch:n at the insdtution doinp tlic research have betn rcquired tu 
fullow infowr! C C ~ S C I I  procedures. These procedures require the s e n t  (if feasible) of a child 7 
~ C P J ,  of age or olde:, and thc c m s e ~ ~  of both parents if there is my petccivrd risk involved in the 
research.. For rcsrerch i n v o l ~ i ~ g  any pzrctivcd risk. thcx also has to tx a relationship henvcta 
the study and a cblS's 6isordcr or discasc. 

If thcrt i s  direct hcrrefit that is likely to hCcNe from partkipatiun in the study. then a rcsearchcr 
needs thc a w n r  of the chzld (agc 7 or oldcr) and the consent of at lcaccr one of the parcats. In 
such &:e:: b:nefit rrscarcfr situations. th: pz.miCeC levels of radiaticln car, bc cxceadcd. 
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