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Objectives 

To introduce the radiation-related quantities 

To understand how to use proper quantities for 

radiation measurement and dose assessment 

To provide the information of the relevant references 
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Background 



Prefixes and Notation 

 Prefixes 

 k (kilo)=103, M (mega)=106, G (giga)=109,  

    T (tera)=1012, P (peta)=1015, E (exa)=1018 

 m (mili)=10-3, μ (micro)=10-6, n (nano)=10-9,  

    p (pico)=10-12, f (femto)=10-15, a (atto)=10-18 

 

Decimal and Scientific Notation of Numbers 

 1,000,000=106=1.0E+06 

 37,000,000,000=3.7× 1010=3.7E+10 

 0.00000157=1.57× 10-6=1.57E-06 



What is Radiation Measurement? 

 Radiation Measurement: Technique for detecting the 

intensity and characteristics of ionizing radiation, such as 

alpha, beta, gamma-ray and neutron, for the purpose of 

measurement 

 

 Use interactions of ionizing radiation with matter (e.g. ion 

pairs or trapped electrons from ionization)  



What is Dose Assessment? 

 Dose Assessment: to assess radiation dose from external 

and internal exposure to ionizing radiation 

 

 Various dosimetry methods are applicable for dose 

assessment. 

 Physical dosimetry 

 Biological dosimetry 

 Clinical dosimetry   



Nuclear and Radiological Emergencies 

 In NRE, rapid radiation measurement and individual dose 

assessment are required to make a decision for protective 

actions of public. 

 

 Prompt implementation of protective actions and other 

response actions needs to be performed on the basis of 

monitoring results. 



Relevant Data 

 Type of Radionuclide 

 Activity 

 Energy 

 Radiation Dose 

 Dose Rate 



Type of Radionuclide 

 Nuclear Power Plants (NPPs) or Nuclear Facilities: 

 

 Industrial Radiography or Thickness/Density Gage: 

 

 Diagnostics/Therapeutics and Radiotherapy in Hospitals: 

 

 Consumer Products:  

 



Activity 
 Activity: the number of disintegrations or transformations 

occurring in the radioactive material in a given period of 

time 

 Unit: Bq (SI unit), Ci (Old unit) 

 
1 Ci = 3.7 x 1010 Bq 

  

1 Ci = ?? GBq 

1 mCi = ?? MBq 

1 μCi = ?? kBq 



Half Life 
 Half Life: the time required for the given activity to decrease 

by one half (50%) of its initial activity by a decay process 

 

 Examples 

 Am-241: 432 years 

 Cs-137: ?? years 

 I-131: ?? days 

 



Energy 
 Radiation energies are typically measured in units of “eV”. 

 

 

 

 Examples: 


137Cs: 662 keV gamma-rays 


60Co: 1.17 and 1.33 MeV gamma-rays  


14C: 156 keV beta particles 


241Am: 5.44 and 5.49 MeV alpha particles 

 

 

1 eV = 1.6 x 10-19 J 



Radiation Dose 
 Radiation dose means amount of radiation energy received 

by person or instrument. 

 

 Dose Quantities 

 Physical quantities 

 Operational quantities: Measurable 

 Protection quantities: Not Measurable 

 

 



Radiation Dose 

 



Dose Rate 
 Radiation dose divided by the unit time 

 Unit: Gy/h or Sv/h 

 0.1 Sv/h received for 5 hours ⇒ ?? mSv 

 

 

 Typical natural background dose rate = 0.1-0.2 μSv/h 

 Natural background dose rate after raining = 0.3-0.4 μSv/h 

 Criteria for skin contamination = 1 μSv/h (OIL4*) 

 



Quantities for Radiation 
Measurement 



Count-Rate 

 Counting number recorded by the detector over counting 

time 

 Unit: cps or cpm 

 1 cps = 60 cpm 



Counting Efficiency 
When we convert the counting-rate into activity, we need to 

apply the counting efficiency. 

 Observed counting-rate is always much less than the activity 

of the radioactive material.  

Source  
(Activity: Bq)  

Radiation  
Detector 

 
(Count-rate: cps) 



Counting Efficiency 
 Typical counting efficiencies for Pancake GM probe: 


14C: 5% 


32P: 30% 


90Sr/90Y: 20% 


239Pu: 15% 



Activity 
 

 

 

 Background must be subtracted from the measured count-

rate of the sample 

 Unit: Bq or Ci 

 1 Bq = 1 dps (disintegration per second) 

 1 dps = 60 dpm 



Activity Calculation 
 Background count-rate = 61 cpm 

Observed count-rate = 3,670 cpm 

 Counting efficiency = 30% 

 Active area of probe = 15 cm2 

 

Derive surface contamination level! 



Energy 
 Gamma Energy Spectrum (by HPGe detector) 



Fluence 
 Energy Fluence: A measure of the energy density of a 

radiation field (Unit= J/cm2 or eV/cm2 ) 

 

 

 

 Particle Fluence: A measure of the density of particles in a 

radiation field (Unit= #/cm2) 



Operational Dose Quantities 



Operational Dose Quantities 

 



Operational Dose Quantities 
 Ambient Dose Equivalent, H*(d)  

 

 Directional Dose Equivalent, H’(d,Ω) 

 

 Personal Dose Equivalent, Hp(d) 

 

 d: depth in the human body or the ICRU sphere (Unit: mm) 

 Ω: specific direction on the radius of the ICRU sphere (Unit: ˚) 



Operational Dose Quantities 
 Ambient dose equivalent and personal dose equivalent 



Doses for Area Monitoring 
Ambient dose equivalent, H*(d): dose equivalent 

produced by the corresponding expanded and aligned field 

in the ICRU sphere at a depth d 

 

Directional dose equivalent, H’(d,Ω): dose equivalent 

produced by the corresponding expanded field in the ICRU 

sphere at a depth d, in a specified direction Ω 



Radiation Field 

Expanded and aligned field  

for H*(d) 

Expanded field  

for H’(d,Ω) 



Doses for Individual Monitoring 
 Personal dose equivalent, Hp(d): dose equivalent in soft 

tissue below a specified point on the body at an appropriate 

depth d 

 Hp(10): Personal dose equivalent for strongly 

penetrating radiation (a.k.a. Deep dose) 

 Hp(0.07): Personal dose equivalent to skin or extremities  

(a.k.a. Shallow dose equivalent) 

 Hp(3): Personal dose equivalent to the lens of the eye 



Use of Operational Quantity 
 Summary of Use of Operational Dose Quantities 



Protection Dose Quantities 



Protection Dose Quantities 

 



Absorbed Dose, D 
One of the fundamental dosimetry quantities  

Mean energy imparted to matter of mass by ionizing 

radiation 

 

 

 

 

 

 SI unit = J/kg, Special unit = Gy (gray) 



Organ Absorbed Dose, DT,R 

Mean absorbed dose in a specified organ or tissue T due to 

radiation of type R 

 

 

 

 

 

 Unit: J/kg or Gy 



Organ Equivalent Dose 
 To evaluate risk of stochastic effects developing due to 

exposure of an organ or a tissue T 

 Sum of the product of radiation weighting factor and organ 

absorbed dose over all types of radiations 

 

 

 

 

 Unit = Sv (Sievert) 



Radiation Weighting Factors 
 Based on an evaluation of the RBE (Relative Biological 

Effectiveness) of the different radiations 

 

 

 



Effective Dose 
 To take account of the different relative radiosensitivities of 

the various organs and tissues in the human body 

 Sum of products of tissue weighting factor and equivalent 

dose 

 

 

Only can be calculated 

Not directly measurable  

 Unit = Sv (Sievert) 



Tissue Weighting Factors 
 Based on detriment-adjusted nominal risk coefficients for 

stochastic effects 

 



Effective Dose 
 Sex-averaging for Effective Dose  

 



Effective Dose 
 Sex-averaged effective dose for the reference person 

(ICRP 103)  

 

 

 

 

  Used the reference male and female 

phantoms (ICRP 110)  



Dose Quantities 

 



RBE-Weighted Absorbed Dose 
 To evaluate a risk of developing severe deterministic effects 

due to exposure of a particular organ or tissue T 

 Product of RBE and organ absorbed dose 

 

 

 Unit = Gy-Eq (Gray-Equivalent) 



Application of Dosimetric Quantities 





Conceptual Doses 
 Projected dose: the dose that would be expected to be 

received if planned protective actions were not taken. 

Received dose: the dose that has been received in a 

response to a nuclear or radiological emergency  

 
Projected dose 

Basis to implement 

urgent protective 

actions (e.g. evacuation) 

Received dose 

Basis to implement 

medical actions (e.g. 

medical treatment/ 

follow up) 



Generic Criteria 
 Urgent protective actions and other response actions are 

expected to be taken under any circumstances in a nuclear 

or radiological emergency based on the below generic 

criteria. 



Summary 



Key Things to Take Home 

 Concept of radiation-related quantities 

 Activity, Counting efficiency, Counting-rate, Energy, etc. 

 

 Dosimetric quantities are composed of physical, 

operational and protection quantities. 

 Operational quantities for area/individual monitoring 

 Effective dose ⇒ for radiation protection 

 Equivalent dose ⇒ for stochastic effect 

 RBE-weighted absorbed dose ⇒ for deterministic 

effect 



To Get More Information 

IAEA GSR Part 7 (2015) and GSG-2 (2011) 

IAEA EPR Report Series 



Thank you for your attention. 


