
39

2.3
U

nits of R
adiationEquivalent dose (Sv: sievert)

indicates effects on individual human 
organs and tissues

Effective dose (Sv: sievert)
indicates effects on the whole body by 
combining effects on individual organs 
and tissues

Concepts of Doses: Physical Quantities, Protection
Quantities and Operational Quantities

Physical quantities: directly measurable

≒

Units of Radiation

Radiation intensity (Bq: becquerels)
Number of nuclei that decay per second

Radiation fluence (s‐1m‐2: fluence)
Number of particles incident on a unit area

Absorbed dose (Gy: grays)
Energy absorbed per 1 kg of substances

Irradiation dose (for X‐rays and γ‐rays) (C/㎏)
Energy imparted to 1 kg of air

Doses indicating the effects of exposure on humans: not directly measurable
Defined based 
on physical 
quantity

Protection quantities

Ambient dose equivalent (Sv: sievert)
Directional dose equivalent (Sv: sievert)
Approximate value for protection 
quantity used in environmental 
monitoring

Personal dose equivalent (Sv: sievert)
Approximate value for protection quantity 
used in personal monitoring

Operational quantities

To control radiation effects on the human body, it is necessary to take into account the 
effects of exposure on multiple parts of the body and the effects of previous exposures. 
The equivalent dose and the effective dose were invented for that purpose.

The equivalent dose is obtained by weighting effects on individual organs and tissues 
according to the types of radiation.

The effective dose is obtained by converting the effects on individual tissues to a value 
for the whole body. It is not the simple average of equivalent doses for individual organs 
but the result of weighting according to differences in sensitivity to radiation among organs.

A factor for weighting radiation effects on individual organs is called the tissue weighting 
factor.

Thus, protection quantities are calculated based on doses for organs and tissues in the 
human body. They are therefore different from physical quantities such as the radiation 
intensity (unit: becquerel) and absorbed dose (unit: gray) and cannot be measured directly 
with instruments. To indicate effects on the human body, operational quantities are defined.

Some survey meters use sieverts in their readings. They do not directly measure a 
protection quantity but show approximate values defined based on measured physical 
quantities, i.e., operational quantities. Operational quantities include the ambient dose 
equivalent used in environment monitoring and the personal dose equivalent used in 
personal monitoring.
(p.40 of Vol. 1, "Dose Equivalents: Measurable Operational Quantities for Deriving Effective 
Doses").

To provide conservative (on the safe side) estimates of protection quantities, operational 
quantities are defined to assume slightly larger numerical values than the values of 
protection quantities in most cases.
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