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Radiation is a natural part of our environment, When our planet was formed. radiation was 
present-and radiation surrounds it still. Natural radiation showers down from the distant reaches of 
the cosmos and continuously radiates from the rocks, soil, and water on the Earth itself. 

During the fast century, mankind has discovered radiation, how to use it, and how to Control it. 
As a result, some manmade radiation has been added to the natural amounts present in Our 
environment. 

Sources of Radfaflon Many materials-both natural and 
manmade-that we come into 

contact with in our everyday lives 
are radioactive. These materials 

are composed of atoms that 
-. release energetic particles or 

waves OS they change into 
more stable forms. These 
particles and woves are 
referred to as radiafion. 
and their emission as 
radioactivity. 

As the chart on the left 
shows, most environmental 

radiation (82% is from nature 
sources. By fcr ihe Icrgest 

source is radon, an ododess. 
COiOiiess gas given s? by ndiurc 

radium in the Earth’s crust. While 
radon has always been present in the 

CJ-p*L 
environment. its signMcance is better 

m$.lJ.N- 
understood today. Manmade radiation- 

mostly from medical uses and consumer 
products-adds about eighteen percent to our 

tot01 exposure. 

TYPESOFI~N~ZING~~DIATI~N 
-.. --Radiation that has enough energy-to clllurb the electrical balance in the qtqms of substar)ces it 

, passes through is called ion&&g radio&n. There are three basic forms of ionting radiaiioii:-. 

Alpha Beta Gamma 
Beta particles are much 

smaller and faster moving 
than alpha particles. Beta 
particles pass throu 
and can travel in t R 

h paper 
e air for 

about lOfeet. Howeventhey 
‘can be stopped by thin 
shielding such as a sheet of 
aluminum foil. 

Gamma radiation ls a type 
of electromagnetic wove 3x2 
travels at the speed of light. 
It takes a thick shield of steel. 
lead,orconcretetostopgamma 
rays. X rays and cosmic rays Ore 
similar to aamma radiation. 
X rays 0% produced by 
manmade devices; cosmic rays 
reach Earth from outer space. 
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Units of Measure 
Radiation can be measuced in a variety of ways. 

Typically, units of measure show either .1) the total 
amount of radloacWity present In a substance, or 
2) the level of radiation being given off. 

The radloacWH-y of a substance ls measured In 
terms of the riumber of transformations (changes into 
moie stable forms) per kit of time. The curie ls the 
bandard unit for thii measurement and is based an 
the amount of radioactivity contained in 1 gram of 
radium. Numericalty. 1 curie is equal to 37 billion 
transformations per second. The amounts of 
radioactivity that people normally work with are in 
the millicun’e (one-thousandth of a curie) or 
microcurie (one-millionth of a curie) range. Levels of 
radioactivtty in the environment are In the picocurie, 
or pCl (one-trillionth of a curie) range. 

Levels of radiation are measured in various units. 
The level of gamma rcdiation In the air is measured by 
the rcenfgen. This Is c relatively large uni?, so , 
measurements are often calculated in milliroentgem. 
Radlatlon absorbed by humans Is measured in eliher 
rad or rem. The rem Is the most descrlptiie because 
lt measures the ablliiy of the specific type of 
rodlatlon to do damage to blologlcal tbue. Again, 
typical measurements will often be in the millirem 
(mrem). or onethousandth of a rem. range. 
In the intemationol scientific communtty. absorbed 
dose ond blolcglcal exposure are expressed in grays 
and seiverfs. 1 gray (Gy) equals 103 rod. 1 seivert (Sv) 
equals 103 rem. On the average. Americans 
receive about 3&l mrem of radiation a year. Most 
of this (97%) Is from haturol radiation and medical 
exposure. Spectfic examples of common sources of 
radiation are shown in the chart below. 

Cosmic Radialion RADIATION IN THE 
Cosmic radiation is hlghenergy gommo rad- 
lotion mat orfghotes h outer spoc~ and nna: ENVIRONMENT 
thrwgh our 0tmospher.x 
sea Level.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 mrm/yeor 
rn7rm~Illrnrntr.ra*~IG)YI~ 
AHonto. Geofglo (11150 feet) 
. . . . . . . .._.......................................... 31 mrem/year 

Denver. Colciodo (5.3X feet) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 mrem/year 
Mmy2opolLh. Minnesota (815 feet) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 mrem/year 

SoIt Lake CW, Utah (4,4!X f-7) 

ccmumerGQods 
Clgorettertwo Pocks/day 
@olonlum-2 IO) . . . . . . . . . . . . . . . . . . . . . . . B.mO mrem/yeor 
COIO: Televlslon . . . . . . . . . . . . . . . . . . . . . . . cl mrem/yeor 
Gos Lontern Mantle 
(thorhrm-232) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 mrsm/yeor 
HIghway Cmstruclion . . . . . . . . . . . . . . . . . . 4 mrem/year 
AIrplane Trove1 at 39.030 feet 
(Cosmic) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5, mrem/how 
Nakrol Gas Hoofing ond CooMn~ 
(radon-2221 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 mremlyeor 
Phosphate Fetirbers . . . . . . . . . . . . . . . . . . . . . . 4 mremlyeor 

. . . . . . . . . . . . . . . . . . . . . . . . . . 46 mrem/veor 

Terrestrial Radiation 

Because the ra&actMty of 
IrdMdual samples varies, the 
numben ghren hefe are 
approximate 0T represent an 
average. lhsy are shown to 
provide a peqxaflve for 
concentrations and levels of 
radlooctivtty rather ihan dose. 

Nofuml Rcdhxcttvlly In Florida FWxphafe 
FwT!hws (In pCl/grom) 

Terreahiol sources ore natwoliy radioactive 
elements in me soil and water such 0s lua- Food .%~orp~’ 
nium. radium. and thorium. Average levels of 
me93 elements ore 1 pCl/grom 0r soa. 

Food ccnmbvtes an avetoge of 20 
mremlveor. mostiy from potosslwnd( 

United SIotes (overage) . . . . . . . . . . . 26 mremlyear carbon-14. hydrogew3. rodwn-226. 
Denver. Cdorodo . . . . . . . . . . . . . . . . . . . . . 63 mremlyeor and Thorh~m-232. 
Nle Delta. Egypt . . . . . . . . . . . . . . . . . . . . . . 3% mrem/yeor Beer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3Fo pcl/lltec 

Paris. France 550 mremlyear TarI watw . . . . . . . . . . . . . . . . . . . . . . . . . 29 pUn!:er . . . . . . . . . . . . . . . . . . . . . . . . . 
Coast of Kerala. lndlo . . . . . 4a3 mremlyeor Milk . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . I.403 pa/ater 

McAipe. Br0.d Salad Oil........................ 4.Fco jzCJ/ater . . . . . . . . . . . . . . . . . . . . . . 2.558 mrsm/year PorcehIkl aentursr 
Pocos De Coldos. B&l . . . . . . 7.mO mrem/year 

wlllskey *......................... 1 .ml pu/nter 

Buildings 
&&I Nuts‘...... . . . . . . . . . . . . . . . . . . . . . . . . 14 QCqg 
eunancu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 pcvg 

Many bullding mattiob. espedoW gmnlte. Rxr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.14 &cl/g 
contain noturoUy rodloacnve &ments. Pecnuts & Peal-u? cutter ..r&12 pc!/g 
U.S. Copltol Building . ..““........... 85 mrem/yeor re0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.40 pu/g 
Bose of Statue of Uberiy . . . . . . . . 325 mrsm/yeor 
Grand Cenhol 5iaiIon . . . . . . . . . . . 525 mrem/yeor Medica Treaiwznt 
me v0ncon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bal mrem/year mee~~~tlrommedcoldagnosl! 
Radon miy uidaly occordlng to me reoulrec 

xocedue. me equpment and nlm 
Radon levelf In bulldlngr “0i-j. depending on &ed for x rays. and me sklll of me 
geogroptdc k0n0n. horn 0.1 to 200 pcl/lner. xmotor. 
Average hdoor Rodm Level . . . . . . . 1.5 pclnlter theft X Roy . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 mram 
Occupononal WONlnQ Lknn . . . . . 103.0 pcl/liter )Wal X Ray.Each . . . . . . . . . . . . . 1M mrem 

Wronltun) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5% mremlyeor 
bdldw”hescmt Clock 
@rometMun-147) . . . . . . . . .._........ cl mrem/yeor 
Smoke Detector 
:omedckim-241) . . . . . . . . . . . . . . . . . . . 0.01 mremfyear 

International Nuclear W?upans Test 
Ec$ui from pre-1980 atmosphenc 

:Mmge for 0 U.S. ctttzsm) . .._.. 1 mremlyaor 

a i?mytsz. G*a- 
I I 21.0 3310 

1 56.0 1 6.0 

1 48.0 1 13.0 

I 1.3 I 0.3 
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The curie is a standard measure for the intensity of radioactivity contained in a 

sample’of radioactive material. It was named after French scientists Marie and Pierre 
Curie for their landmark research into the nature of radioaotivity. 

The basis,for the curte is the radioactivity of one gram of radium. Radium decays at 
a rate of about 2.2 trillion disintegrations (2.2X1O12) per minute. A picocurie is one 
trillionth of a curie. Thus, a picocurte represents 2.2 disintegrations per minute. 

To put the relative size of one trillionth into perspectiie, consider that if the Earth 
were reduced to one trillionth of its diameter, the ‘pica earth’ would be smaller in 
diameter than a speck of dust. In fact, it would be six times smaller than the thickness 
of a human hair. 

The difference between the curie and the picocurte is so vast that other metric units 
are used between them. These are as follows: 

:. 
1 

Millicurie = 1,ooo (one fhousmcffh) of a curie 
1 

MicrocurIe = l,OOO,MJO (one millionfh) of a curie 
1 

Nanocurfe = 1,000,000,000 (one billionftt) of a curie 
1 

Picocurk = 1,WO,KXl,OOO,f3YO (one trllllonth) of a curie 

The following chart shotis the relative differences between the units and gives 
analogies in dollars. It also gives examples of where these various amounts of 

. radioactivity could typically be found. The number of disintegrations per minute has 
been rounded off for the chart. 

DISINTEGRATTONS DOLLAR EXAMPLES OF 
RADIOACTTVIV SWvlBOL PER MINUTE 

1 Curie Ci 

1 Millicurie mCi 

1 Micracurie PCi 

1 Nonocurie nCi 

2~10’~ or 2Trillion 2 limes the Annual 
-Federal. Budget 

Nuclear Medicine 
Generator .- ‘- 

!&lT’or 2 Bllion C& of a New Interstate Amount Used for a Brain 
Highway from Atlanta to or Liver Scan 
San Francisco 

2x1@ or 2 Million All-Star Baseboll Player’s Amount Used in lhyrok 
Salary Tests 

2xlVor2lhousand Annual Home Energy Consumer Products 

1 Picacurie pCi 2 

costs 
Cost of a Hamburger and BackgroundEnvironmental 
Coke Levels 

Chart provided byW.L Beck. Bechtel Nattonal. Inc. . . 
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