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2 

A.R.R.T. 

ÅRadiation Protection 

 

ï45 questions (22.5% of exam) 

ÅBiological Aspects of Radiation   10 

ÅMinimizing Patient Exposure  15 

ÅPersonnel Protection     11 

ÅRadiation Exposure & Monitoring    9 

3 

Objective 

ÅTo obtain optimum diagnostic information or 

therapeutic effects with minimum exposure of 

the patient. 

4 

Technologistôs Responsibility 

ÅRecognize your duty to protect. 

ïThe patient 

ïThe public 

ïHealth professionals  

 

ÅUtilize all mechanisms to reduce dose to the 
patient without compromising image quality. 

 

 

5 

First Triad of Radiation 

Protection 

ÅJustification with net 

benefit 

 

ÅDose Limits 

 

ÅOptimization (ALARA) 

6 

Second Triad of Radiation 

Protection 

Åaka ñCardinal Principlesò 

 
Å Time:  Exposure is directly proportional to time. 

 

Å Distance:  Exposure is inversely proportional to the distance 
  squared. 

 

Å Shielding:  Exposure is reduced by the placement of barriers 
  between the source and the exposed individual. 
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7 

Classification of Radiation 

ÅCorpuscular 

 

ÅElectromagnetic 

8 

Corpuscular Radiation 

Åaka  Particulate 

 

ÅAny subatomic particle in 

motion. 

 

ÅTypes 

ïAlpha 

ïBeta 

ïNeutrons 

ïHigh Speed Electrons  

9 

Electromagnetic Radiation 

ÅAn electric and magnetic 

field, perpendicular to 

each other, but traveling 

through space in the 

same direction. 

 

ÅTypes 

ïX-rays  

ïGamma radiation 

Carlton & Adler, 2006 

10 

Electromagnetic Radiation 

Å Energy (photon)/ No mass 

 

Å Travel at the speed of light 

 

Å Highly penetrating 

 

Å Ionizing  

 (x and gamma) 

 

 

11 

Electromagnetic Radiation 

ÅIn general, x-rays have: 

 

ïHigh energy 

 

ïHigh frequency 

 

ïShort Wavelength 

12 

Sources of Radiation Exposure 

ÅEnvironmental (Background) 

ïCosmic  

ïTerrestrial 

ïInternal 

 

ÅArtificial (Man-made) 

ïMedical (Diagnostic and Therapeutic) 

ïNuclear Industry 

ïConsumer Products 
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13 

Sources of Radiation Exposure 

1987 

 

14 

Annual Dose U.S. Population 

1987 

ÅEnvironmental Radiation:   295 mRem* 

ÅArtificial Radiation:       65 mRem 

 

ÅTotal:     360 mRem 

 

 * 198 mRem from Radon gas 

15 

Sources of Radiation Exposure 

2009 

NCRP Report 160, 2009 

Annual Dose U.S. Population 

2009 

ÅEnvironmental Radiation:   310 mRem* 

ÅArtificial Radiation:     310 mRem 

 

ÅTotal:     620 mRem 

 

  

       NCRP Report 160, 2009 

16 

17 

Interactions of Radiation with 

Matter 

ÅCoherent Scattering 

ïUnmodified, Classical, Thomson, Rayleigh 

 

ÅPhotoelectric Effect  

ïTrue absorption 

 

ÅCompton Effect 

ïModified Scattering 

 

18 

Coherent Scattering 

ÅOccurs at low energy 

levels (< 30 kVp) 

 

ÅPhoton- intermediate 

shell electron interaction 

 

ÅNon-ionizing process 

 

 Carlton & Adler, 2006 
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19 

Photoelectric Effect 

ÅPhoton-inner shell 

electron interaction 

 

ÅProbability depends on: 

ïñZò of absorber 

ïPhoton energy 

ïMass density of 

absorber 

Carlton & Adler, 2006 

 

20 

Compton Effect 

Å Photon-outer shell interaction 

 

Å Scattering with partial 

absorption 

 

Å Probability depends on: 

ïPhoton energy 

ïMass density 

Carlton & Adler, 2006 

 

21 

Prevalent Photon Interactions 

Carlton & Adler, 2006 

 

22 

Radiation Quantities and Units 

ÅExposure (X):    Roentgen  (C/kg) 

 

ÅAbsorbed Dose (D):   Rad   (Gray) 

 

ÅEquivalent Dose (EqD):   Rem         (Sievert) 

 

ÅEffective Dose (EfD):  Rem  (Sievert) 

23 

Exposure 

ÅUnit: Roentgen (C/kg) 

 

ÅMeasures ionizations 

produced in air 

 

ÅApplicable to x and 

gamma radiation at 

energies < 3 MeV 

24 

Exposure 

Å1 R =2.58 x 10-4 C/kg 

 

ÅUsed in the calibration of 

x-ray equipment  
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Absorbed Dose 

ÅUnit: Rad (Gray) 

 

ÅMeasures energy 

deposition in matter 

 

ÅApplicable to all types of 

radiation 

26 

Equivalent Dose 

ÅUnit: Rem (Sievert) 

 

ÅUnit of  biological effects 

 

ÅDE = D x WR  

 (absorbed dose x radiation 

weighting  factor) 

27 

Equivalent Dose 

ÅRadiation Weighting (Quality) Factors 

 

ïX-ray, Beta, Gamma   1 

ïNeutrons < 10 keV   5 

ïNeutrons > 100 keV ï 2Mev  20 

ïAlpha particles    20 

28 

Effective Dose 

ÅUnit: Rem (Sievert) 

 

ÅUnit of  biological effects 

 

ÅDE = D x WR x WT 

  D: absorbed dose  

  WR: radiation weighting  factor  

  WT: tissue weighting factor 

 

29 

Effective Dose Limits 

NCRP Report # 116 

 

Åa.k.a. Dose Limits. 

 

ÅBased on the lifetime risk of somatic or 

genetic injury. 

 

30 

Annual Occupational Exposure 

 

ÅEffective Dose Limits 

(stochastic effects): 5 rem 

 

ÅCumulative Effective 

Dose (CED): 

  

 1 rem x age (years) 

 

 

 

 

ÅEffective Dose Limits 

(non-stochastic effects) : 

 

ïLens of eye: 15 rem 

ïAll others:    50 rem 
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31 

Annual Educational and Training 

Exposure 

 

ÅEffective dose:     0.1 rem 

 

ÅDE Limit (skin, hands, & feet):   5.0 rem 

 

ÅDE Limit (lens of eye):   1.5 rem 

32 

Embryo-fetus Exposure 

 

ÅMonthly Equivalent  

 Dose Limit:   

 

ï0.05 rem/month 

 

ï0.50 rem/gestation 

33 

Public Exposures 

ÅContinuous/ frequent exposure   0.1 rem 

 

ÅInfrequent exposure    0.5 rem 

 

ÅTissues and organs 

ïLens of eye     1.5 rem 

ïLocalized skin, hands, and feet  5.0 rem 

34 

Dosimeters 

ÅFilm Badge 

 

ÅPocket Dosimeters 

 

ÅTLD 

 

ÅOSL Dosimeters 

35 

Film Badge 

Three parts: 
ïlightweight plastic film 

holder 

 

ïmetal filters 

 

ïfilm packet 

36 

Structure 

 

ÅDeep (penetrating) or 

shallow (non-penetrating) 

 

ÅDetermines direction of 

radiation received 
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37 

Advantages/Disadvantages 

ÅAdvantages 
ïConstitutes a permanent, 

legal record of personnel 
exposure 

 

ïEconomical 

 

ïDistinguish all types of low 
level radiation and their 
energies. 

 

ÅDisadvantages 

ïTemperature and humidity 

extremes cause fogging  

 

ïRadiation exposure cannot 

be determined on the day 

of occurrence.  

 

ïHas a limited range of 

sensitivity. 

38 

Pocket Dosimeter 

 

39 

Structure 

ÅResembles a fountain pen 

 

ÅContains a thimble ionization chamber 

 

ÅTwo types 

ïThe self-reading type  

ïThe non-reading type 

40 

Function 

Å Contains two electrodes, one 

positive (the central electrode) 

and one negative (the outer 

electrode) 

 
Å The quantity of charge  

determines the position of the 

shadow along the scale 

41 

Advantages/Disadvantages 

Å Advantages 

ïImmediate readout for 

radiation workers 

 

ïCompact, easy to carry, 

and easy to use 

 

ïAccurate and sensitive, 

great for procedures that 

are relatively short in 

duration 

 

 

Å Disadvantages 

ïExpensive 

 

ï If not read every day, could 

give an inaccurate reading 

 

ïDischarge if subjected to 

mechanical shock 

 

ïNo permanent legal record 

of exposure 

 

42 

 

Thermoluminescent dosimeter 

(TLD) 

 


