


There are two main 

units of measure for 

ionizing radiation.  

Exposure is a quantity 

of radiation that can be 

measured directly by 

collecting electrical 

charge in air 

(Roentgen).  Absorbed 

Dose is the amount of 

energy absorbed by an 

object per unit mass 

(Gray or rad).  The 

units "Sievert" and 

"rem" are frequently 

used and are simply 

absorbed dose 

modified to account for 

different types of 

radiation (e.g., 

protons, neutrons) that 

are more ionizing.



These various units 

become simple when 

dealing with diagnostic 

x-rays because they are 

all essentially 

equivalent!

The conversions 

between Grays and 

rads and between 

Sieverts and rems is 

also simple, only 

requiring the ability to 

multiply or divide by 

100!



X-rays are just a more 

energetic part of the 

electromagnetic 

spectrum.  They are a 

natural part of our 

environment.



We live in a sea of 

radiation, with many 

natural sources 

constantly bombarding 

us in our everyday 

lives.  Background 

radiation comes from 

three main sources 

and can vary widely 

depending on such 

factors as locale,  

elevation, what kind of 

building we live in and 

even our diet.



Many areas of the 

USA and the world 

have higher terrestrial 

radiation due to 

naturally occuring 

radioactive materials in 

the soil and rocks.



This map 

demonstrates the wide 

range of terrestrial 

radiation exposures 

across the USA.



We are constantly 

bombarded with 

cosmic radiation, 

radiation literally hitting 

earth that emanates 

from  space.  Most of 

this radiation is 

absorbed by earth's 

atmosphere.  Higher 

elevations have less 

protective atmosphere 

and thereby 

experience higher 

levels of cosmic 

background radiation.  

Denver, for example, 

has roughly twice the 

cosmic background 

radiation levels than 

areas at sea level.



Naturally occuring 

radioactivity can be 

found in almost 

everything we eat and 

drink.



Radon gas is common 

in many soils and the 

amount can be widely 

varying depending on 

location.  Thus, radon 

exposure can add 

significantly to a 

person's total 

background radiation 

dose or be rather 

minor.  Although high 

levels of radon gas 

has been shown to 

cause an increase in 

lung cancer in uranium 

miners,  no compelling 

evidence exists for its 

carcinogenic abilities 

at lower levels, such 

as those found in most 

home dwellings.  

Based on the uranium 

miner data, the EPA 

has set very 

conservative action 

levels for radon levels.



This map illustrated 

how variable radon 

levels are across the 

USA.  Many parts of 

Colorado are in the 

highest radon 

concentration areas.



X-rays are created in x-

ray tubes by slamming 

high energy electrons 

into a dense target 

material.  The 

electrons interact with 

atomic nuclei in the 

target and give up 

energy in the form of x-

radiation. The german 

word "bremsstrahlung" 

that describes this 

interaction means 

literally "braking 

radiation."



This diagram depicts a 

cross-sectional view of 

an x-ray tube, showing 

the main components 

that contribute to x-ray 

production.



Image formation and 

contrast depends on 

two main interactions 

between x-rays and 

tissue, as described 

here.



Image formation 

depends on differential 

absorption of x-rays as 

they traverse tissues, 

with only the x-rays 

that reach the detector 

contributing to the 

image.  Scattered 

radiation tends to 

degrade image quality 

and is the dominant 

source of staff 

exposure.



The energy of the 

electrons as they hit 

the x-ray tube target 

determines the 

maximum energy of 

the resultant x-ray 

beam.  This is called 

the kilovoltage or kVp 

of the beam. Higher 

energy x-rays are 

more likely to 

penetrate the patient 

and reach the 

detector, thereby 

reducing dose to the 

patient.  However, 

imaging with higher 

kVp beams can also 

reduce image contrast.



A significant difference 

in image contrast is 

demonstrated between 

these two images.  

The image on the right 

was formed using a 

much higher energy 

(kVp) x-ray beam as 

was used for the 

image on the left.



Another effect of 

increasing kVp is that 

more x-rays are 

produced.



One can also increase 

the quantity of x-rays 

produced by 

increasing the number 

of electrons hitting the 

target.  This is called 

milliamperage or mA.



In summary, naturally occuring radiation is all around us.  Many factors can change each individual's dose from 

background sources of radiation.  Natural sources are no different than x-rays produced by medical x-ray tubes.  

Operator controlled factors such as kVp and mA can affect image quality and thereby must be used properly to 

optimize imaging.
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