
RADIATION 
BAS~CS. 

(A> Understanding Radiation 
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Radiation types by effect 
P 

Radia rion may be ionizing or non-ionizing. 

lonizina I~adiat ion 
i 

Alpha, beta, gsrnrna and x-rzdiation are types of ionizing radiation. Ionizing 
radiation transfers energy io the substances it strikes. This transfer of energy i s  
special because it damages the .molecules within the cell. 

. -. . . 

lonizing radiation breaks apart molecules. The greater the energy transferred, 
the greater the injury. lonizing radiation consists of either waves oi  energy or tiny 
particles. 

lonizing Radiation 
Bre&s Apari Molecule 

- 2 A f t e r  

Examples of ionizing radiation include: 
Radisttion releases from nuclear power plants 

, a  Medical X-ravs 
Naturally ocduring background radiztion 
Ultraviolet radiation from the sun 

Nan-ionizing wdiation energizes or shakes up nolecules, without breaking them 
apart. 

Examples of sourcas of non-ionizing radiation include: 
Power lines 
Televisions 
Radar 
Toasters and other electrical appliances 
Microwaves .. Heat from the sun . . . 
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RADIATION 
BASICS 

Radiation Measurements and' txposures 



- 
I ypically radiation is measursd by its rate of decay and by the 

damage it can do to humans or matter, 

neasuring Rate of Decay: 

A s  an individual radionuclide ages, it disintegrates or 
"decays", losing energy in t h e  form of alpha and beta partic1 
and gamma rays and c h a n g i n g  to a new type of atom. 

Curies and Becquerels'are measures of the. rates of decay o 
radion uclides. 

The rate oi  decay is measured by a geiger counter or anothe 
instrument. 

leasuring Absorbed Energy: 

A rad isthe dose  or amount of radiation absorbed by a. 
material. Rad stands for Radiation Absorbed Dose. . ' '  

easuring Damage: 

Radiation damage is measured in doses. 
- 

I he rern measures the dose (amount) of damage to a humar 
irom radiation. Rem stands for Radiation Equivalent in Man.  
- 
I he rad and rern can be calculated irom the Curie or 
measured with an instrument like a film badge. 



Are rad and rem- related? 
..* 

A rad and a rern are related'depending on the type of radiation 
produced. 

3 

One rad is equal to one rern for gamma and beta radiation. 

One rad is typically equal to 10 to 20 rem for - 
I h i s  is because alpha radiation can damage 
more effectively than beta and  gamma. 

alpha radiation. 
localized tissue : 

Examples of radioactive emissions 

14 Curies from radioactive iodine were  released during the 
accident at Three Mile Island in 1979. 

Haniord Nuclear Complex in Washington, released 730,000 
Curies of iodine7 31 beiween the  years 1944 and 1992. 
- 

1 h e  Sedan Test, in 1962, released 15 million Curies at the  
Nevada ~ e s t  Site (cesiuml37, iodine? 31 ) 

50 million Curies (cesium1 37, iodine1 31 ) were released during 
t h e  accideni at Chernobyl in 1984. 
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Curies, rads and rems 
can be measured as fractions 

1 thousandth of a rem is a millirem or mrem. 

1 millionth of a rem is a microrem or prem.  

1 billionth of a rem is a nanorem or nrem. 

1 trillionth of a rem is a picorern or prem. 

One can measure millirads, picocuries, etc. 
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Radiation Measureme'nts 
, --'. . ..'., 
:. ..; , :. .... . ..2 

U.S. Tei-ms lnternationzl Terms 

C u r i e s  Becquerels ' 

picocurie (pCi)-1 trillionth, 1 0-l2 tera becquerels - 1 trillion, 1012 
nanocurie (nCi)-1 billionth, 10-9 giga becquerels-I. billion, -1 09 
microcurie (pCI)-1 millionth, 1 o - ~  mega becquerels - 1 million, 106 
rnillicurie (mCi)-1 thousandth, 10-3 kilo becquerels - 1 thousand,, 103 
curie (Ci)-1 curie becquerel-1 becquerel .' 

rnillibecquerel-1 thousandth, 10-3 
microbecquerel-1 millionth, 10-6 
nanobecquerel-1 billionth, 10-9 
picobecquerel-~l trillionth, 10-12 ' .  

Rads 
microrads (ur)-1. millionth, 10-8 
millirads (mr) - 1 thousandth, 10-3 
centirads (cr) - 1 hundredth, 
rad (r) - 1 rad 
kildrads - 1 thousand rads, 103 

R e m s  
K:-.z;,microrern - 1 millionth, 10-6 
<.: ....'-! 
~ ' r n i l l i r em - 1 thousandth, 10-3 

rem - 1 rem 
kiiorarn - I thousand, 103 

Grays 
microgray (pGy) - 1 millionth, 10-6 
rnilligray (mGy) - 1 thousandth, ,I 0-3 
centigray (cGy) - 1 hundredth, 10-2. 
gray (Gy) - 1 gray '. . 

kilo gray (kGy) - 1 thousand, 103 

Sieverts 
rnicrosieveri (pSv) - 1 millionth, 10-6 
rnillisievert (rnSv) - 1 thousandth, 10-3 
sieved (Sv) - 1 sievert 
kilosievert (kSv) - 1 thousand, 103 

S'cientiiic Notation 

(1.0 E 12) 1,000,000,000,000 1 trillion 
(1.0 E 9) 1,000,000,000 1 billion 

(1.0 E 6) 1,000,000 1 million 
(1.0 E 3) 1,000 1 thousand 
(1.0 E 0) I one 
(1 .O E -3) 0.00 1 1 thousandth 

(1 .O E -6) 0.000001 1 millionth , 

(1 .O E -9) 0.000000001 1 billionth 

(1 .O E -1 2) 0.000000000001 1 trillionth 

Te ra- 

Giga- 

Mega- 
Kilo- 

Milli- 

Micro- 

Nano- 
e 

Pico- 



CONVERSIONS 

1 rad = 1 rern - . . 
0.1 rad = .1 rem 

0.01 rad = .O1 rern 

0.001 rad = ,001 rern 

(These conversions are for gamma and beta radiation only) 

.1 gray = 100 rads 

0.1 gray = 10 rads 

0101 gray = 1 rad 

0.001 gray = .1 rad 

1 gray = 100 rad = 100 rern = 1 sievert* 

0.1 gray = 10 rad = 10 rern = 100 millisieverts 

0.01 gray = 1 rad = 1 rern = 10 millisieverts 

0.00 1 gray = 0.1 rad = 0.1 rern = 1 millisievert 
(* these equations hold true only for types of gamma and beta radiation. . 

For alpha radiation you must multiply rads (or grays) by 20 to determine rems (or sieverts)) 

1 curie = 37 billion becquerels (37 x 109) 

24.32 curies = 9 terabecqGere1s (9 x 1012) 

243,243,243 curies = 9000 terabecquerels (9 x 1015) 









Chronology of radiation exposure limits 

Radiation s tandards for workers and t h e  general public consistently 
have been lowered over the years. 

Nuclear Workers . 
- - 

1934 30 redyear  lnt'l committee for Radiological Protection (ICRP) 

ICRP 

5 rem/year ICRP 

5 rem/year National Committee for .. Radiological Protection (NCRP) 
- ..-2 r -  

1.5 rem/year United Kingdom 

General Public 

1949 0.3 remiyear 

1953 1.5 redyear 

1 954 1.5 redyear 

proposed United States standard 

. , 
10% occupational limit 

10% occupational limit 

ICRP 

0.5 redyear ICRP 

0.1 redyear ICRP-exceptions allowed to 0.5 redyear 

0.025 redyear Environ'mental Prot,ection Agency (EPA) 

Radon (Mininu) 

1940 106 WLM 

12 WLM 

4 WLM 

4.8 WLM 

average exposure 

Federal Radiation Council (FRC) 

Mine Safety and Health A'dministration (MSHA) 

ICRP (union requested 0.7 WLM) 

1 WLM = Working Level Month, which is approximately 100 picocuries per  liter of air per 
month as measured in mines 
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What are the typical pathways - 

of radiation contamination? s 

Direct radiation of the-:whole body . \. Till, / I  -- ,, , , *, -/,./ d'd 

/--n -- p- n 
from gamma-emitting radionuclides . , 

-- 
..\ \ \ \\ - ' . . - 

in a cloud of passing over a . .- 

population (e.g., cesium1 37) 

In halation of radioactive substances 
from a passing cloud and. from . 

radionuclides re-suspended after 
1 /////. /'/'//,>/ 

deposition on t h e  ground --- 7 -// - - 
\ l---'~~ (e.g., lodinel 31) .-/ - 
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Radionuclide organ distribution 

Because of their  chemical form, 
radioactive forms of these:elemenis "seek" these  organs 

Elements ' Oraans 

Radium, Strontium,Yttriurn, ~rornethium, B o n e  
Barium, Thorium, Phosphorous, 
Calcium, Plutonium 
Ruthenium, Polonium, Uranium, Irridium . %  Kidneys 
Polonium, Zinc, Cesium, Cerium Liver 
Any radionuclide inhaled' and'any insoluble Lungs and GI Tract 
radionuclide (not readily dissolved), 
e.g. Zirconium . 

Potassium, Cesium Muscle 
Zinc Ovaries 
Zinc Prostate 
Polonium, Irridium, Cesium Spleen 
Iodine Thyroid - 
1 ritium, Carbon, Chromium, Sulfur, Uniform 
Cobalt (all forms), Cesium, Potassium, 
Zirconium 



Half-lives of common radionuclides 

Radionuclide 

.5 5 
$--&I 

Co balt-60 

Tritium (H3) 

Half-Life 

3.8 days 
. . 

8.05 days  

24 days 

1 ,600 yea r s  

5.27 years 

12.3 years 

28.1 years 

30 years 

.- Americium-241.. .. -. ' 432 years 

24,400 years 

21 3,000 years 

704,000,000 years (7.04 x 108) 



As uranium-238 decays', it turns into other elements that are also 
radioactive. These elements are called "daughters of uranium." 

start Radionuclide Half-life Radioactive Emissions 
Uranium-238 4.5 billion years alpha 
Thorium-234 24.1 days beta, gamma 
Protactinium-234 6.75 hours beta, gamema 
Uranium-234 247,000 years alpha, gamma 
Thorium-230 77,000 years alpha, gamma 
Radium-226 1,600 years alpha, gamma 
Radon-222 3.8 days alpha, gamma 
Polonium-21 8 3 minutes alpha, beta 
Lead-21 4 27 minutes beta, gamma ' 

Bismuth-21 4 19.7 minutes beta, gamma 
Polonium-21 4 164 microseconds alpha, gamma 
Lead-21 0 21 years beta, gamma, alpha 
Bismuth-21 0 5 days alpha, beta . 

Polonium-21 0 138.5 days alpha 
eTd Lead-206 stable 

* Thid list represents the primary decay pr~duct s .  , .  

I 



Direct extefnal radiation 
of t h e  whole body by gamma rays or 

-7 

beta particles emitted from radionuclides 
deposited on the  ground (e.g., 
~ e s i u m l 3 7 ,  or other gamma emitters) 

Whole bodv exposure 
Exposure by external radiation 
can expose the  whole 'ody or 
part of it. However, for gamma 
or neutron radiation, w e  can 
assume that  t he  whole body 
receives approximately t h e  
same dose. 
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internal 
their "ta 

Internal Exposure by Ingestion 
rzdionuclides with milk, water, meat, fruit, and vegetables ' 

(e.g., uranium, and other alpha emitters) 

exposures: Radionuclides inside t h e  body irradiate mainly, 
rget" organ which varies from radionuclide to radionuclide. 

I ' I  1 1  I 

Major radio-sensitive bodv oraans Other radio-sensitive orqans 
gonads diaestive tract kidneys pharynx 
breasts thyroid bladder liver 
red bone marrow lung 'brain biliary tracj . ,  . . 

bone surfaces panc,reas nervous system 
skin" ' ,  salivary glands 

! .  . . 1 .  

(Source; B E ~ R  V - size pcge 5:) 
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