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Reminder
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D Absorbed dose

H Equivalent dose

E Effective dose

wR Radiation weighting factor

wT Organ/tissue weighting factor (expression of the 
associated radiological risk)

H = �WR
R

. DR  

E = �WT
T

. HT  



Course goals

• Explain the methods of personal dosimetry.

• Calculate doses delivered in an intake situation

• Design dosimetric monitoring for a given situation
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Outline

I. Role of personal monitoring in radiation protection

II. Personal monitoring of external exposure

1. Monitored quantities

2. Measurement techniques

III. Personal monitoring for external contamination

IV. Personal monitoring for internal contamination

1. Models for incorporation and dose evaluation

2. Dose evaluation linked to an intake
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Role of personal monitoring in radiation 
protection

Personal monitoring:
Used for determining an accumulated dose for an individual.

Radiological Protection Ordinance:
https://www.admin.ch/opc/en/classified-compilation/20163016/index.html

6Ensure that the individual dose remains below the limits



Role of personal monitoring in radiation 
protection
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Role of personal monitoring in radiation 
protection

8

Theory Practice

Protection quantities:
E, Effective dose

HT, Equivalent dose to the organ
Operational quantities

Not measurable Measurable



Role of personal monitoring in radiation 
protection
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Personal dosimetry

Effective dose monitoring (E) Personal deep dose : Hp(10) Hp

Skin dose or hands dose 
monitoring (HT)

Personal surface dose : Hp(0.07) Hs
Dose equivalent to the extremities : HExt

Personal dosimetry

Effective dose monitoring (E) Committed effective dose : E50

Internal exposure

E50 = Sum of effective doses received over the 50 years which follow an intake

External exposure



Role of personal monitoring in radiation 
protection

Total effective dose : 

E = Eexternal + Einternal

As a first approximation :

Eexternal = Hp(10)

Einternal = E50

Total equivalent dose to the skin :
Hskin

As a first approximation :

Hskin = Hp(0.07)
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Personal monitoring of external exposure



Personal monitoring of external exposure

Monitored quantities:

• Personal deep dose, Hp(10) ou Hp

Dose equivalent at 10 mm depth in soft tissue (at the thorax)

• Personal surface dose, Hp(0.07) ou Hs

Dose equivalent at 0.07 mm depth in soft tissue (at the thorax)

• Dose equivalent to the extremities, Hext

Dose equivalent at 0.07 mm depth in soft tissue (hands, feet)
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Personal monitoring of external exposure

Measurement techniques:

Passive individual / badge dosemeter

• Hp(10) and Hp(0.07)

• β, γ and X-ray radiation

• Monthly measurement (immediate reading of the 
dosemeter is possible)
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Personal monitoring of external exposure

Measurement techniques:

Passive individual / badge dosemeter
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• 1 dosimètre : Worn under the 
apron

OR
• 2 dosimètres : Worn over and 

under the apron
Hp = Hp.under + a⋅Hp.over

Hs = Hs.under + Hs.over
• With :

• a = 0.1 if the apron does not 
protect the thyroid gland

• a= 0.05 if the apron protects 
the thyroid gland

In the medical field



Measurement techniques:

Ring dosemeter (passive)

• Hp(0.07)

• When dose equivalent to the extremities may exceed 25 mSv/year

• Must be worn at the location where the highest dose is expected
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Non-dominant Dominant

Recommended
position

Personal monitoring of external exposure



Personal monitoring of external exposure

Measurement techniques:

Working principle of passive dosemeters
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Personal monitoring of external exposure

Measurement techniques:

Active individual dosemeter

• Hp(10) (Hp(0.07), neutrons ...)

• Direct-read instrument

• Configurable thresholds

• Configurable alarms

• Currently, electronic dosimeters are used only in high dose 
rate situations
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Personal monitoring of external exposure

Measurement techniques:

Active individual dosemeter
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+ -

High precision (semiconductor) Absence of national or international standards

Low detection limit (applicable for low dose exposures) Lack of dosimeter for extremities

Visual and audible alarms, dose and dose rate function Difficulty in measuring surface dose

Direct reading (active radiation protection, training, less
work for individual monitoring service)

High price

Easy transfer of dosimetric informations to a data base
(facilitates and speeds up data processing)

Underestimation of dose at high dose rates and in
pulsed fields (issue in medicine and accident
situations)

Good acceptability by users (more confidence in dose
value)

Reticence of monitoring bodies toward new
dosimeters (dosemeter and doses can be
manipulated)



Regulation in Switzerland:

Directive L-06-01
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Personal monitoring of external exposure
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If Hp(10) < Ethreshold As a first approximation : Hp(10) = Eexternal = E

If Hp(10) > Ethreshold Investigations are required

Personal monitoring of external exposure
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Personal monitoring for external contamination
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Contamination monitor
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Personal monitoring for external contamination



If the measurement is positive:

• Indication of contamination

• Measured values not (directly) usable for dose or dose rate 
calculation
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Personal monitoring for external contamination
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Personal monitoring for internal contamination



Personal monitoring for internal contamination

Internal exposure
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Personal dosimetry

Effective dose monitoring (E)
Committed effective dose 

E50

E50 = Sum of effective doses received over the 50 years which follow an intake



Personal monitoring for internal contamination

Irradiation of organs:

γ: Irradiation of the
specific organ and all
other organs

α et β: Irradiation of the
specific organ
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Personal monitoring for internal contamination

Calculating the dose to an organ

30

Definition Unit

s Source organ -

t Target organ -

i Type of radiation -

S (s→t)i

Specific effective energy :
Dose in the target organ t, produced by type i radiation , 
when decay occurs in the source organ s

Sv.Bq-1.s-1

Us
Number of decays which occur in the source organ s per 
unit of activity incorporated during a period of 50 years

s

hT Dose-activity factor linked to the decay in organ s Sv.Bq-1

hT = Us.� S(s → t)i
i

= Us. S(s → t) 



Personal monitoring for internal contamination

Calculating the dose to an organ

This formula takes only one source organ into account.

The contribution of all source organs must then be summed up:

This formula takes only one target organ into account.

To take into account all the target organs, wT is used:
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hT = Us.�S(s → t)i
i

= Us. S(s → t) 

e = �wT
T

hT = �wT
T

�Us
s

. S(s → t) 

hT = �Us
s

. S(s → t) 

Sv.Bq-1



Personal monitoring for internal contamination

Calculating the dose to an organ

And so for an inhalation situation:

The dose can be deduced knowing e and the incorporated
activity I (Bq).

For an inhalation situation, the committed effective dose is :
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e = �wT
T

hT = �wT
T

�Us
s

. S(s → t) 

einh = �wT
T

�Us,inh
s

. S(s → t) 

E50inh = Iinh . einh  

Sv

Sv.Bq-1



Personal monitoring for internal contamination

Calculating the dose to an organ

In an intake situation, the committed effective dose depends on many factors:
• The quantity of incorporated radionuclide;
• The type and energy of the emitted radiation;
• The (effective) half-life of the radionuclide;
• The intake mode (inhalation, ingestion, contamination from a wound),
• The metabolism of the incorporated substance.
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E50inh = Iinh .�WT
T

�USinh
S

S(s → t) = Iinh . einh  

E50inh = Iinh . einh  



Personal monitoring for internal contamination

Compartmental model
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Retention

Decay

To estimate the number of
decays in each organ, it is
mandatory to know the where
and when (localisation of the
contaminant at all time)



Personal monitoring for internal contamination

Compartmental model
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• System divided into sub-systems
(compartments).

• Continuous transfer of substances
between the sub-systems.

• Flux from one compartment to
another.



Personal monitoring for internal contamination

Compartmental model
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Special models developed by the ICRP

Exhalation sweat

faeces

External 
contamination

urine

lung skin
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liver kidneysga
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Extracellular fluids (blood, lymph)



Personal monitoring for internal contamination

Compartmental model

• Linear system of ODE:

• Retention function m(t):
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Personal monitoring for internal contamination

Dose determination for internal exposure
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Personal dosimetry

Effective dose monitoring (E)
Committed effective dose 

E50

E50inh = Iinh .�WT
T

�USinh
S

S(s → t) = Iinh . einh  

E50ing = Iing .�WT
T

�USing
S

S(s → t) = Iing . eing  



Personal monitoring for internal contamination
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Inhaled activity

Dose factors

Ingested activity

E50 = Iinh . einh

E50 = Iing . eing

Radiological Protection Ordinance:
https://www.admin.ch/opc/en/classified-compilation/20163016/201806050000/814.501.pdf



Personal monitoring for internal contamination

Goal of personal dosimetry:

Measure I to determine E50

Measurement techniques for internal contamination
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Type of radiation Method

Penetrating (γ, β+) In-vivo
Measuring the radiation emitted by the 

body / organ

Weakly penetrating (α, β-) In-vitro
Measuring the contamination in body 

waste (urine, feces)



Personal monitoring for internal contamination

Measuring procedure
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Measurement Characteristics

Screening/sorting 
measurement

• Qualitative measurement (yes/no)

• Done by the operator himself

• Simple, quick, cheap

Incorporation measurement

• Only when the sorting measurement  threshold 
has been exceed

• Quantitative measurement by an approved 
dosimetry service

• E50 calculated



Personal monitoring for internal contamination

Ordinance on personal dosimetry
https://www.admin.ch/opc/fr/classified-compilation/20163018/index.html
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Personal monitoring for internal contamination

Measurement intervals

Measurement intervals are defined in the Ordinance on
dosimetry.

Measurement intervals will depend on the effective half-life of
the radioelement and a limit of a detectable quantity (dose rate
or activity) guaranteeing the required dose limit.

If the time of the intake is unknown, we consider that it occurred
in the interval between 2 screening measurements.
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Personal monitoring for internal contamination
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No further measurement
E50 = 0

Incorporation 
measurement
E50 = I • einh

> threshold?
yes

no

Sorting measurement



Personal monitoring for internal contamination
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Threshold

E50 = 0E50 = 0

t1 t2 t4

Screening

Incorporation measurement

E50 = x mSv

t3

E50 = 0

Measurements

I 

t5

Time

Activity
Screening Screening Screening Screening



Personal monitoring for internal contamination

Calculating committed effective dose E50
• M(t): activity in the organ or waste sample at time t

• m(t): fraction of the incorporated activity (I) located in the organ or waste
sample at time t → tabulated values in the literature
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m
(t)

Temps [jour]
1 10 100 1000 10000

1.0E-08

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E-00

Thyroïde
Urine

Retention of Iodine-125 in the thyroid after inhalation



Personal monitoring for internal contamination

Calculating committed effective dose E50

For routine monitoring, when we consider that the intake
occurred in the middle of interval T:
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I =  
M(t)
m(t) E50 = I . einh =

M(t)
m(t) . einh  

E50 = M(t).
einh

m �𝑇𝑇2�
 

E50 = M(t).
einh

m(t) 



Personal monitoring for internal contamination

Ordinance on dosimetry

48
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If E50 < Ethreshold As a first approximation : E50 = Einternal = E

If E50 > Ethreshold Investigations are required

Personal monitoring of internal exposure
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