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Units of radiation 

1. Unit of radiation e×posure: 

Roentgen (R) :  

The only unit used to a measure the e×posure to ×-ray or gamma 

radiation.  

Units of radiation absorbed dose (D): 

a. (Rad):  

It's the amount of any type of radiation (not only × or Ɣ) which 

transfer (0.01J) to a (kg) of any e×posed mater. It’s a biological unit 

used to describe the quantity of radiation received by a patient.  

                                      1 rad = 0.01 Gy = 0.01 J/kg   

b.Gray:  

    The radiation dose e×pressed as [absorbed energy/mass of tissue]:                  

1Gy = 1J/Kg = 100Rad 

 

3. Units of equivalent dose (H):  

a.Rem:   

Equal doses of different ionizing radiation provide the same 

amount of energy in a given absorber but they may not have the same 

biological effect on the human body. In view of this the Rem 

(Roentgen equivalent man) is defined by: 

HT,R= DT,R × wR 

Dose in rems= Dose in rads × R.B.E. 

(R.B.E.): relative biological effectiveness. Some e×perimental values 

of R.B.E. named by quality factors (QF) are used to estimate the 

radiation risk on the human.   
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QF Radiation type 
1 Gamma ray 
1 ×-ray 
3 Thermal neutrons 

10 Fast neutrons, protons, and 
20 Heavy ions 

 

 

b. Sievert (Sv):  

It’s the unit of radiation absorption in (SI). 

                   1Sv =1Gy = 100 rads =100 rem = 1J/kg 

 

E×ample: calculate the equivalent dose for a person accidentally 

inhales some radioactive dust. The absorbed dose to the respiratory 

tract is 50mGy from alpha particles, 30mGy from beta radiation, and 

20mGy from gamma rays. 

Answer:  

          The total absorbed dose = 50 + 30 + 20 = 100mGy,  

 The equivalent dose = 50×20) + (30×1) + (20×1) = 1050mSv 

 

 

Effective Dose (E): 

It's introduced due to the fact that organs and tissues have different 

sensitivities to radiation; it's measured by (Sv), and e×pressed by: 

 E =Σ(HT,R ×w T) 

 (wT):   weighting factors  
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Tissue Weighting Factors (wT ) 
Gonads 0.20 

Bone marrow 0.12 
Colon 0.12 
Lung 0.12 

Stomach 0.12 
Bladder 0.05 
Breast 0.05 
Liver 0.05 

Esophagus 0.05 
Thyroid 0.05 

Skin 0.01 
Bone surface 0.01 
Remainder 0.05 
Total Body  1 

 

 

E×ample: As shown in Table, an effective dose of 10mSv to the bone 

marrow has 12 times the risk of stochastic effect than the same dose 

to the skin (0.12 vs. 0.01). 
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The following table shows radiation quantities: 

 Quantity Old Units New Units  definition year 

1 E×posure 
(×) 

(R) 
Roentgen 

 Charge /mass of air 
1 R = 2.58 × 10-4 C/kg 

1928 

 
 
2 

Absorbed 
dose 
(D) 

(rad ) 
Radiation 
absorbed 

dose 

 Energy of radiation R  
absorbed / mass of tissue T  
1 Gy = 1 joule/kg  
1 Gy = 100 rads   

 
1950 

 (Gy) 
gray 

 
1974 

3 Activity 
(A) 

(ci) curie   1953 
 (Bq) 

Becquerel 
 1974 

 
 
4 

Equivalent 
dose 
(H) 

(rem) 
Roentgen 
equivalent 

man 

 Sum of dose to Tissue from 
different  radiation types × 
radiation weighting factor 
(wR) 

H = Σ D wR  

 
 
1971 

  (Sv) 
Sievert 

 
1977 

 
 
5 

Effective 
Dose 
(E) 

(rem) 
 

 Sum of equivalent doses to 
organs and tissues 
e×posed × appropriate 
tissue weighting factor(wT)  

E = Σ H wT 

1971 

 (Sv) 1977 

           

 

Example: Suppose a person who weighs 65kg mistakenly swallows a 

radioactive source and the source is not removed from the stomach for one 

hour let's suppose the source emits. 

 

decays/mints energy of radiation 

alphas (5.7×105) 3.7Mev 

betas (1.2×106) 0.7Mev 

gammas(8×104) 2.8Mev 
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a. Calculate the total dose. 
 

  [5.7×105 (3.7Mev)+5.7×105(0.7Mev) + 8×104(2.8Mev)]×60min/hr ×1.6×10-3J/1Mev = 
                                                                 65kg 
 

= 4.69×10-7 J/kg = 4.69×10-7 Gray. 
 
 

b. Calculate the effective use the total dose RBE factor. 
 
[5.7×105(3.7)×15+5.7×105(0.7×1) +8×104(2.8)×1]×60min/hr×1.6×10-3J/1Mev = 
                                                                 65kg 
 

= 4.83× 10-6 Sv = 4.83× 10-4 rem =0.483 mrem 
 


