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Objectives

1. Understanding different radiation quantities and units 

commonly use in radiation protection practices 

2. Understanding how to calculate individual dose, effective 

dose, equivalent dose, collective dose

3. Understand the concept of calculating external and internal 

doses from major pathways resulting from an accident at a 

nuclear facility. 



Radioactive Material, Radioactivity and 
Radiation

Radiation

10

A material emitting 

radiation

The emitting 

property

Radionuclides emits radiations during 

radioactive decay

An unstable nucleus spontaneously 

decomposes to form a different nucleus, 

giving off radiation in the form of particles or 

high energy rays.

Unit to show the strength of radioactivity: becquerel (Bq)

Unit to show the degree of radiation effect: sievert (Sv)



RADIOACTIVE  DECAY

The number of atoms which decays between the time (𝑡) and time (𝑡 + 𝑑𝑡), 𝑑𝑁(𝑡) , is given by 

− 𝜆𝑁 𝑡 𝑑𝑡, where λ is decay constant
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The activity, is measured in Becquerels [Bq] 1 Bq = 1 decay per second [dps] 



Effective Half Life
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Effective half life (Te) : the actual half life in the body

Physical half life (Tp): the half life by radioactive decay

Biological half life (Tb): the half life by metabolism 

and excretion

Relation Between Half-life (𝑻𝟏/𝟐) And Decay Constant (λ)

𝑻𝟏/𝟐 =
𝟎, 𝟔𝟗𝟑

𝝀

Half Life (𝑻𝟏/𝟐) Decay Constant (λ)

134Cs 2.1 y 1.07 x 10-8  s-1

137Cs 30.1 y 7.31 x 10-10  s-1

131I 8 d 1x10-6 s-1
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Question-1

Calculate the elasped time that radioactivity of 134Cs decreases to 
𝟏

𝟏𝟎
 



Radiation Doses, Units of Radiation
Correlation Between DT, HT, HE

D =  
𝒅𝑬

𝒅𝒎





Radionuclides of Interest in Case of a 
Nuclear Accident

Type of facility Radionuclides

Nuclear reactor 

facilities

131I, 90Sr, 134Cs, 137Cs radioactive rare gas (133Xe, 85Kr, etc) 

Reprocessing 

facilities

90Sr, 137Cs, 106Ru,, 239Pu, 240Pu, 239Pu, 240Pu, 238Pu, 241Pu, 241Am, 
85Kr

Fuel fabrication 

facilities

235U, 238U, 233U 

Radioactive waste

facilities

3H, 14C, 60Co, 59Ni, 63Ni, 90Sr, 94Nb, 99Tc, 129I, 

 137Cs,  gross alpha



Exposure Pathways

• External exposure from radionuclides 

deposited on the ground (ground shine)

• External exposure from radionuclides in 

the radioactive cloud (cloud shine)

• Internal exposure from inhalation of 

radionuclides in the radioactive cloud 

(inhalation)

• Internal exposure from ingestion of 

radionuclides in food and water 

(ingestion)

Following the NPP accident, humans 

were exposed to radioactive material 

by several pathways . The major 

exposure pathways were:

UNSCEAR, 2013 report



The following input 

parameters for dose 

assessment cover the 

following 

➢ Source Term (RN, release rate, fate and transport)

➢ Concentration of RN in environmental sampel

➢ Consumption rates, breath rate

➢ Meteorological data

➢ Population distribution data

➢ Locally produced food

Total effective dose can be 

calculated by taking into 

account all dominant routes 

by which individuals were 

exposed in an accident

ET = Eext +  Einh + Eing

ET  =  Total effective dose
Eext =   Effective dose from external radiation

Einh =  Committed effective dose from inhalation

Eing = Committed effective dose from ingestion

Where direct means of assessing doses is available, principally the use of personal monitoring 

dosimeters for external exposure, this should be used. However in many cases such means may 

not be available or there may be a time delay in attaining the data.

Tecdoc 1162 “Dose Assessment Overview”



Dose Assessment Process

• Stage 1 : The source of the exposure should be 

Characterised

• Stage 2 : environmental concentrations at various 

locations are obtained by measurements, by 

modelling the dispersion, deposition, and 

transport of radionuclides

• Stage 3 : combination of concentrations of 

radionuclides in environmental media with habit 

data and other information defined by exposure 

scenarios. 

• Stage 4 : application of dose coefficients and 

related quantities

• Stage 5 : Summation of the contributions from 

internal and external exposure results in a total 

annual dose

ICRP Pub 101



Assessing of Dose Rate (D) and the Effective Dose
From Ground Contamination (1/4)

Estimate effective dose from deposition for the period of concern, 

Based on comprehensive radionuclide concentration on ground :

𝐸𝑒𝑥𝑡 =  ෍

𝑖=1

𝑛

ҧ𝐶 𝑔, 𝑖 .
𝐶𝐹4, 𝑖

Where :

Eext : Effective dose from deposition for the period of concern

Cg,i : Average deposition (ground) concentration of radionuclide i [kBq/m2]

CF4,i : Conversion factor→Table E.3; effective dose per unit deposition for radionuclide i; 

  includes external dose and committed dose from inhalation due to resuspension 

  resulting from remaining on contaminated ground for the period of concern.

n : Number of radionuclide IAEA Tecdoc 1162 



Based on ambient dose rate:

Where :

ሶ𝐻𝑔 : Ambient dose rate at 1 m above ground level from ground contamination [mSv/h]

CF3,i : Conversion factor→Table E.3 ; ambient dose rate at 1 m above ground level per unit  of 

  deposition for radionuclide i

 : Representative deposition (ground) concentration of radionuclide i [kBq/m2]

Assessing of Dose Rate (D) and the Effective Dose
From Ground Contamination (2/4)



Based on marker radionuclide concentration levels :

Where :

 

 : Concentration of marker radionuclide j in deposition samples [kBq/m2]

 : Representative deposition (ground) concentration of marker radionuclide j [kBq/m2]

 : Representative deposition (ground) concentration of radionuclide i [kBq/m2]

Assessing of Dose Rate (D) and the Effective Dose
From Ground Contamination (3/4)



Adjust effective dose from deposition by taking into account shielding and partial 

occupancy, use the following equation :

Where :

 : Effective dose from deposition for the period of concern assuming 

  shielding and partial occupancy[mSv]

SF : Shielding factor from measurement during occupancy or from table E4

OF : Occupancy fraction

= Eext . [SF.OF + (1-OF)]

Assessing of Dose Rate (D) and the Effective Dose
From Ground Contamination (4/4)



Table E.3. Conversion Factors 

For Exposure to Ground 

Contamination

Table E.4. Shielding Factors 

For Surface Deposition



Question 2 :

In a nuclear accident, a source of Cs137 was released into the environment and deposited on 

the ground surface. It is known that the contamination on the ground surface is 30 Bq cm-2. 

Emergency Workers using PPE are estimated to be at the contaminated location for 2 hours.

If it is known that the conversion factor for the rate of exposure from radionuclide deposition 

in the soil for Cs137 is 2.1 x 10-6 [(mSv/hour)/(kBq/m2)].

Estimated dose received by Emergency Workers while in the area?



Assessing Radionuclide Concentration in the Air (1/2)

Committed Effective Dose from Inhalation :

𝐸𝑖𝑛ℎ =  ෍

𝑖=1

𝑛

ҧ𝐶𝑎, 𝑖 .
𝐶𝐹2, 𝑖 .

𝑇𝑒

Where 
ҧ𝐶𝑎, 𝑖 

: Average concentration of radionuclide i in air [kBq/m3]

𝐶𝐹2, 𝑖 : Conversion factor for radionuclide i from table E.6

𝐸𝑖𝑛ℎ : Committed effective dose from inhalation [mSv]

Te : Time of exposure to plume [h]

Committed Equivalent Dose to the Thyroid :

𝐻𝑡ℎ𝑦 =  ෍

𝑖=1

𝑛

ҧ𝐶𝑎, 𝑖 .
𝐶𝐹1, 𝑖 .

𝑇𝑒

𝐻𝑡ℎ𝑦 : Committed equivalent dose to the thyroid [mSv]

𝐶𝐹1, 𝑖 : Thyroid conversion factor for radionuclide I from table E.7



Table E.7. Committed 

Equivalent Dose to The Thyroid 

One Hour’s Inhalation of 

Contaminated Air

Table E.6. Committed Effective 

Dose From One Hour’s 

Inhalation of Contaminated 

Air- For an Adult



Estimate concentration of radionuclide i in air by using following equation :

Where :

Ca,i : Concentration of radionuclide i in air [kBq/m3]

𝑄𝑖 : Release rate of radionuclide i [kBq/s]

ത𝑢 : Average wind speed [m/s]

DFm : Dilution factor, see table E8

Release Rates From a Fire

𝑄𝑖 =
𝐴𝑖 . 𝐹𝑅𝐹𝑖

𝑇𝑟

Ai : Activity of radionuclide i avalable in fire [kBq]

FRFi : Fire release fraction for radionuclide i from table E11 if form compound is unknown

   or Table E.12 if the compound form is known

Tr : Release duration [s]

Ca,i = 
𝑄𝑖 .𝐷𝐹𝑚

ഥ𝑢

𝐹𝑅𝐹 =
𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 [𝑘𝐵𝑞]

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖𝑛𝑣𝑜𝑙𝑣𝑒𝑑 𝑖𝑛 𝑓𝑖𝑟𝑒 [𝑘𝐵𝑞]

Assessing Radionuclide Concentration in the Air (2/2)



Table E.11. Fire Release Fraction (FRF) 

by Radionuclide

Table E.12. Fire Release Fraction (FRF) by Compound Form



Assessing Committed Effective Dose from Ingestion

Committed Effective dose from consumption of food or soil can calculate by using the equation 

below :

𝐸𝑖𝑛𝑔 = ෍

𝑖=1

𝑛

𝐶 𝑓, 𝑖 .
𝑈𝑓 . 𝐷𝐼𝑓

, 𝑖 . 𝐶𝐹5, 𝑖

Where :

Eing : Committed effective dose from ingestion [mSv]

Cf,i : Concentration of radionuclide i in food f after processing or  in soil [kBq/kg]

Uf : The mass of food f consumed by the population of interest per day

CF5,i : Conversion factor from table E.13 [mSv/kBq], committed effective dose from ingestion 

  per unit intake of radionuclide i 

DIf,i : Days of intake [d], the period food is assumed to be consumed;



Table E.13. Committed Effective Dose 

From Ingestion per Unit Intake of 

Radionuclide – Ingestion Dose 

Conversion Factors for an Adult



Committed Effective Dose from Air Immersion

• To assess effective dose from external exposure to γ- emitting radionuclides in a radioactive 

plume.

𝐸𝑒𝑥𝑡 = 𝑇𝑒 ෍

𝑖

ҧ𝐶𝑎, 𝑖 .
𝐶𝐹9, 𝑖

Eext : Effective dose from external exposure due to immersion in contaminated air [mSv] 

ҧ𝐶𝑎, 𝑖 : Average concentration of radionuclide i in air [kBq/m3]

CF9,i : Conversion factor for radionuclide i from Table E.14 [(mSv/h)/(kBq/m3)]

Te : Exposure duration [h]



Table E.14. Conversion Factors for External γ Exposure Due to Immersion in 

Contaminated Air



SUMMARY

Etot = 𝑬𝒊
𝒅𝒆𝒑

 + 𝑬𝒊
𝒄𝒍+ 𝑬𝒊

𝒊𝒏𝒉 + 𝑬𝒊
𝒊𝒏𝒈

Total Dose

𝐼𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝐼𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛

Cloudshine / Air Immersion𝐺𝑟𝑜𝑢𝑛𝑑 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛
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Thank You
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