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Part I: What is new in internal dosimetry ? 
 

Internal doses caused by incorporation of radionuclides cannot be measured. Therefore for internal 
dose assessment biokinetic and dosimetric models are needed. Since a long time the biokinetic and 
dosimetric models of ICRP are the bases of internal dose assessment used in many international and 
national regulations. 

Around 1980 ICRP in its Publication 30 gave biokinetic and dosimetric models for workers as well 
as Annual Limits on Intake and Derived Air Concentrations (ICRP 1979, 1980, 1981, 1988a). 
Based on these models ICRP Publication 54 (ICRP, 1988b) gave values of retention and excretion 
functions and a formalism to assess doses in routine monitoring. 

At 1989 ICRP started to recommended age-dependent models for members of the public (ICRP 
1989, 1993, 1995a, 1995b) using new tissue weighting factors (ICRP, 1991) and the new Human 
Respiratory Tract Model (HRTM) (ICRP, 1994a) 

Based on the new HRTM, new systemic models and the new tissue weighting factors dose 
coefficients for workers were given in ICRP Publication 68 (ICRP, 1994b) and a revision of ICRP 
Publication 54 was given in Publication 78 (ICRP, 1997). 

The present dose coefficients of ICRP for workers (ICRP 1994b) and members of the public (ICRP, 
1996) are the same given in the IAEA Basic Safety Standards (IAEA, 1996) and the EC directive 
(European Commission, 1996). 

This presentation will give an overview on new model developments by ICRP after the Publications 
noted above:  

 

The series of age-dependent doses for members of the public was continued by biokinetic and 
dosimetric models for the embryo and foetus due to activity intake by the mother (ICRP, 2001) and 
for the infant via consumption of mother’s milk after activity intake by the mother (ICRP, 2004). In 
both Publications dose coefficients for the embryo and foetus as well as the infant were given for 
various intake scenarios by the mother. 

The present model development work of ICRP is a revision of Publications 30, 54, 68 and 78 based 
on the new Human Alimentary Tract Model (HATM) of ICRP (ICRP, 2006), a revision of 
absorption parameters for the human respiratory tract model (ICRP, 1994a), new systemic models 
as well as new dosimetric parameters derived with new Voxel models for the reference male and 
female adult. 
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Models for embryo and foetus 
In its Publication 88 (ICRP, 2001) ICRP published biokinetic and dosimetric models for the 
offspring due to activity intake by the mother as well as dose coefficients. For the first 8 weeks of 
pregnancy the dose rate to the embryo (which during this period has a mass of less than 10 g) is 
considered to be the equivalent dose rate to the mother’s uterus. For the rest of pregnancy organ 
dose rates to the foetus are calculated due to irradiation from maternal activity as well as from 
activity that has crossed the placenta into the foetus and has accumulated in foetal tissues. At birth 
there may still activity present in the infant which is used to calculate the committed effective dose 
equivalent until the age of 70 years. 

For the dosimetric parameters mathematical phantoms of the female adult as well as for pregnant 
women at the end of the 3 trimesters of pregnancy developed by Stabin et al. (1995) were used (see 
Fig. 1). In these models the change of size and forms of organs is considered. It includes a very easy 
model of the placenta and the foetus with skeletal and soft tissues. These do not look very realistic 
but are considered to be sufficient for radiological protection purposes. Moreover mathematical 
phantoms for the foetus including several source and target tissues at the end of week 8, 10, 15, 20, 
25, 35 and 38 weeks after conception were developed (Eckerman et al. 2001).  

Fig. 1 Mathematical model of the pregnant female at the end of the  
6th month of pregnancy (Stabin et al., 1995) 

 

For the foetal biokinetics a very easy generic model has been developed for which only 2 
parameters are needed: the activity concentration ratio in foetus and (systemic activity in) mother, 
CF/CM, as well as in placenta and mother, CPl/CM. For some elements these values are different for 
intakes before and during pregnancy. In some cases it is also assumed that the CF/CM value is 
increasing during pregnancy. With the CF/CM values which cover a range between 0.01 and 10 (for 
phosphorus for intakes during pregnancy) the retention function within the foetus can be derived. 
The activity distribution within the foetus is considered to be similar to that within the infant, i.e. 
the same activity distribution is assumed with the exception of source regions within the infant with 
a very low activity uptake. 

For a few elements, however, more specific biokinetic models could be developed: The alkaline 
earth model based on Fell et al. (2001). Activity which is transferred into foetal blood from 
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maternal blood is distributed to foetal skeleton and soft tissues and recycled into maternal blood. 
Within the foetal skeleton the compartments bone surface, exchangeable bone volume and non-
exchangeable bone volume are used. There is a recycling back from all compartments with the 
exception of the non-exchangeable bone volume compartment where the activity is taken to be 
retained during the whole pregnancy.  

 

 

Fig. 2 Biokinetic model for iodine (ICRP, 2001) 

 

The biokinetic model for iodine is shown in Fig. 2. This model is based on Berkovski et al. (1999). 
For foetal dosimetry activity uptake in maternal organs other than the thyroid also are important due 
to their ability to irradiate the embryo and foetus. Therefore in the maternal part of the biokinetic 
model also gastric secretory cells, ovaries and kidneys are considered even if these compartments 
would not be relevant for the calculation of the effective dose to the mother. Transfer to the foetus 
occurs via the placenta and the amniotic fluids. The biokinetics within the foetus are very similar to 
the biokinetic models of ICRP Publication 30 and 56: There is a recycling from blood to thyroid, 
other tissues, and blood again. 

With these biokinetic and dosimetric models dose coefficients have been calculated for various 
acute and chronic intake scenarios of the mother before and during pregnancy. A very large dataset 
including many AMADs, integration times and intake scenarios has also been published on a CD-
ROM (ICRP, 2002). 

 

Dose to the infant via breast milk due to activity intake by the mother 
The last ICRP Publication of the series of publications dealing with doses to members of the public, 
Publication 95 (ICRP, 2004), recommends models and gives dose coefficients for ingestion of 
mothers' milk by infants after activity intake by the mother. 
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In the biokinetic models the transfer to breast and breast milk was considered as an explicit 
excretion pathway from the blood. To account for transfer of activity to the breast from material 
deposited within the mother an additional blood compartment was introduced in the non-recycling 
models between the source tissue compartments and the compartments of the excretion pathways. 
The transfer rates from blood to breast in most cases were derived from information on daily 
ingestion of elements, an f1 value representing the fraction absorbed to blood from the 
gastrointestinal tract, and on the elemental concentration in breast milk. 

For the calculation of dose coefficients (dose to the infant due to unit activity intake by the mother) 
it was assumed that milk consumption by the infant increases linearly over the first week of life to 
800 ml/d and continues at this rate up to 6 months (26 weeks) after birth. The dose coefficients for 
the 3-month-old infant were used for all intakes during the 6 months of weaning. 

An Annex of ICRP Publication 95 also examines the external dose to infants by contact with its 
mother who has incorporated radionuclides. This pathway can give significant contributions to the 
infant's dose in some cases. In the case of inhalation of insoluble γ-emitters by the mother, for 
example, the external dose to the infant may even exceed its internal dose 

 

The new ICRP Human Alimentary Tract Model 
Until now the gastrointestinal tract model of ICRP Publication 30 (ICRP, 1979) which goes back to 
the 60ies and is based on Eve (1966) has been used. In its Publication 99 (ICRP, 2006) ICRP has 
developed a new Human Alimentary Tract Model (HATM), see Fig. 3. 

Fig. 3 Human Alimentary Tract Model (ICRP, 2006) 
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In contrast to the old model it starts with the oral cavity and pharynx followed by the oesophagus. 
Especially the oesophagus is important because a tissue weighting factor has been assigned to it 
(ICRP, 1991). For the oesophagus there is a fast and a “slow” component. This compartment was 
necessary because there were information about some residual activity after swallowing. But even 
this slow compartment has a very short transit time of only 30-45 seconds. 

In the new model the colon is subdivided into 3 compartments: the right, the left colon, and the 
rectosigmoid. The transfer rates through the tract are age- and gender-specific. Moreover some 
transfer rates also depend on the form of the ingested material: There are different parameters for 
solid and fluid materials as well as intermediate values for total diet.  

In this model absorption to blood can occur from all sites of the tract (with the exception of the 
oesophagus). Moreover the absorption process is not in general considered to be instantaneously but 
may be ivolved with retention in the stomach or gut walls (which is especially dose-relevant for 
short-ranged radiation) with the possibility of subsequent recycling into the contents. The total 
fraction of ingested material or material entering the alimentary tract from the respiratory tract 
which is absorbed to systemic circulation is called fA. 

Secretion from the systemic circulation is provided via secretory organs like the salivary glands, 
gastric secretory cells, liver and pancreas into different sites of the tract. Unfortunately no gall 
bladder model has been developed in this Publication. The latest ICRP model for the gall bladder 
which receives the highest organ dose for some radiopharmaceuticals is a non-first-order model in 
Publication 53 (ICRP, 1987). 

The target tissues within the tract are radiation sensitive cells which are located in a depth of more 
than 100 µm within the walls. Therefore α-particles emitted from the contents of the tract cannot 
reach these cells and the dose from α-emitters within the contents is 0 according to this new model. 

 

Absorption parameters for the Human Respiratory Tract Model 
For the forthcoming revision of ICRP Publication 30 information concerning absorption parameters 
for various compounds has been collected. There will be many compounds for which absorption 
parameters different to those of the default absorption Types F, M, and S will be recommended. 
Due to the present draft for uranium, for example, there are 8 different sets of absorption parameters 
for different compounds additional to the 3 default Types. 

During that work it was observed that the definition of the absorption Types F and S seems to be 
too extreme. A slightly slower absorption for Type F and a slightly faster absorption for Type S 
seem to be more appropriate. Therefore there will be discussions to change the default values. There 
will also be discussions if it is more appropriate to assume different respiratory tract kinetics for 
daughter nuclides compared to those for their parent nuclide. 

 

New systemic biokinetic models 
For the revision of systemic models there is the tendency to develop recycling models. There will 
be a new generic model for lanthanides with a structure similar to the alkaline earth model (ICRP, 
1993). But also for tritiated water (considering an additional long-term component with a biological 
half-time of 350 d) and CO2, for example, in present drafts recycling models are recommended. 
Also for caesium at present a new recycling model with numerous compartments is recommended 
at present (see Fig. 4) which is based on Leggett et al. (2003). This model also includes the entero-
hepatic circulation and so it is able to model the effects of Prussian Blue. For the short-lived 
daughter nuclide 137mBa of 137Cs even an own biokinetic is recommended. 
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Fig. 4 Biokinetic model for caesium of a present ICRP draft 

 

Moreover gender-specific parameters are recommended in the new models if those are known. A 
reason for this is also that due to present ICRP drafts gender-averaged tissue doses coefficients are 
used for the calculation of the (gender-independent) effective dose coefficient. 

 

Dosimetric parameters based on Voxel models 
Not only new biokinetic models are developed for the revision of ICRP Publication 30 but also 
dosimetric models. For the calculation of absorbed fractions (and SEE values) the mathematical 
phantoms will be replaced by more realistic Voxel phantoms. Voxel phantoms are based on CT 
images of individual bodies. These are segmented, i.e. each voxel is attributed to any organ. For the 
construction of a Voxel reference man and reference female Voxel phantoms of bodies similar to 
the height and mass of the reference persons are changed to adjust the organs to the mass of the 
organs of the reference individuals.  

In bone dosimetry it is discussed to re-define the target tissue bone surfaces which were a layer of 
10 µm on the surfaces of trabecular and cortical bone by the spongiosa, a layer of 50 µm on the 
surfaces of trabecular bone. For this it is planned to calculate absorbed fractions for non-penetrating 
radiation on the basis of micro-CT images of the spongiosa. Due to this approach there would be no 
target tissue within cortical bone.  
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Presentation of bioassay data 
It is planned that in the revision of ICRP Publication 30/54/68/78 no retention and excretion 
function will be given but “dose per unit content” values which are a combination of 
retention/excretion function values and dose coefficient. With these values the effective dose can be 
calculated directly from the measurement value of body or excretion measurements without the 
calculation of the intake if a special intake pattern and an intake time are assumed.  

An advantage of this method is that it is impossible to use retention/excretion functions and dose 
coefficients which are derived with different biokinetic models which would give wrong results. 
Another advantage is that when plotting these dose per unit content values it easily can be seen that 
for some times after intake the dose is nearly independent of the AMAD and/or the absorption 
Type. 

 

 

PART II: What is new in monitoring workers for radionuclide intakes ? 
 
Besides the described developments in the dosimetry of incorporated radionuclides there are various 
efforts to improve the monitoring of workers for potential or real intakes of radionuclides. The 
disillusioning experience with numerous intercomparison projects identified substantial differences 
between national regulations, concepts, applied programmes and methods, and dose assessment 
procedures. Measured activities were not comparable because of severe differences between 
measuring frequencies and methods, but also results of case studies for dose assessments revealed 
differences of orders of magnitudes. Besides the general common interest in reliable monitoring 
results, at least the cross-border activities of workers (e. g. nuclear power plant services) require 
consistent approaches and comparable results. 

Initiatives to improve the situation are 

o the guidelines published by the International Atomic Energy Agency IAEA (2004), giving 
guidance for the assessment of occupational exposures due to intakes of radionuclides, 

o research projects funded by the European Commission:  
- the objective of OMINEX was the improvement of monitoring programmes, taking into  
  account the uncertainties of biokinetic models and data, 
- the programme IDEA tried to improve measuring techniques and  
- IDEAS derives rules for the evaluation of measured activity values in terms of exposures. 

o standardization projects by the International Standardization Organization ISO: 
- ISO (2001) published a standard defining the requirements for bioassay laboratories, which will  
  soon be followed by a second part giving the rationale behind these rules, 
- presently the final version (ISO 2005) of a standard is circulating among the ISO member states  
  which gives guidance on the design of monitoring programmes, and  
- the draft of another standard will be presented this summer, standardizing the  
  methods to assess exposures on the basis of measured activities (in vivo or in vitro). 

The ISO standards presently under development try to integrate all these developments and efforts 
as far as their results were available. Therefore, the following discussion of various aspects of 
monitoring is based on the ISO 2005 draft standard.  
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Purpose and essential elements of a monitoring programme 
In the course of employment, individuals may work with radioactive materials that, under certain 
circumstances, could be taken into the body. Radiation protection programmes therefore may 
require means for the assessment of exposures and activity of material that has entered the body.  

The purpose of monitoring in general is to verify and document that each worker is protected 
adequately against risks from radionuclide intakes and the protection complies with legal 
requirements. Therefore, it forms part of the overall radiation protection programme, which starts 
with an assessment to identify work situations in which there is a risk of internal contamination of 
workers, and to quantify the likely intake of radioactive material and the resulting committed 
effective dose received. Decisions about the need for monitoring and the design of the monitoring 
programme should be made in the light of such a risk assessment.  

According to their different purposes and goals, one has to distinguish routine monitoring, special 
monitoring, confirmatory monitoring and task-related monitoring. All these can be performed for 
an individual worker (individual monitoring) or they can relate to measurements made in the 
working environment (workplace monitoring).  

Routine monitoring is performed to quantify normal exposures, i.e. where there is no evidence to 
indicate that acute intakes have occurred; or where chronic exposures cannot be ruled out. Such a 
programme of regular measurements makes it possible to exclude intakes and doses exceeding a 
certain predefined level. This level should be well below legally relevant limits; selection of the 
level should take into account uncertainties, for example in activity measurement and dose 
assessment. If a high value is chosen, intakes representing considerable fractions of dose limits 
could be overlooked, whilst a low value may cause the expenditure of unnecessary efforts at low 
exposures. The basis for routine monitoring programmes is the assumption that working conditions 
and thus incorporation risks remain reasonably constant.  

Special monitoring is performed to quantify significant exposures following actual or suspected 
abnormal events. Therefore in comparison to routine monitoring the time of intake is usually much 
better known and additional information may be available, which helps to reduce the uncertainty of 
assessment. The purposes of dose assessment in such cases include: to assist in decisions about 
countermeasures (e.g. decorporation therapy), compliance with legal regulations and aiding 
decisions for the improvement of conditions at the workplace. In most cases, special monitoring is 
performed individually. In cases where there is reason to suspect that exposure limits could be 
exceeded, it may be appropriate to extend the measurements in order to derive individual retention 
and excretion parameters. 

Confirmatory monitoring may be required to check the assumptions underlying the procedures 
previously selected. It may consist of workplace or individual monitoring, e.g. as occasional 
measurements to investigate the potential accumulation of activity in the body. 

Task-related monitoring applies to a specific operation. The purpose and the dose criteria for 
carrying out task-related monitoring are identical to those for routine monitoring.  

Individual monitoring gives information needed to assess the exposure of a single worker by 
measuring individual body activities, excretion rates or activity inhaled (using personal air 
samplers).  

Workplace monitoring provides exposure assessments for a group of workers assuming identical 
working conditions i.e. incorporation risks as well as all factors influencing the resulting doses. It is 
mainly used in cases where individual monitoring is not appropriate and it may also be needed in 
those cases where individual monitoring is not sufficiently sensitive. In some cases results of 
workplace monitoring are needed to support individual dose assessments (e.g. air monitoring may 
provide information on the time of an incorporation event). 
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Basic aspects for the design of a monitoring programme 
The exposure in a certain body region (e. g. in an organ, here called “target”) resulting from 
radioactive decays in any part of the body (here called “source”) is the product of  

- the dose to the source tissue per single disintegration in the source, the so-called specific 
effective energy SEE 

- and the number of disintegrations in the source during the time period of interest. 

The first factor reflects the physical aspects i. e. the emission and the transport of radiation energy 
within the body. It therefore depends on the emission characteristics of the radionuclide (type of 
radiation, energy), as well as the structure and absorption characteristics of the body tissues. The 
calculation of the SEE requires the modelling of the human body and makes use of Monte-Carlo-
techniques to simulate the stochastic processes of radiation transport. SEE-values are available for 
standardized anthropomorphic phantoms, based on CT- or NMR-pictures for various ages and both 
genders. 

The second factor is, per definition, the time integral of the activity in the source region of the body; 
it depends on the physical halflife of the radionuclide, but also reflects the so called biokinetics of 
the incorporated material, this means its distribution and time dependent retention in the body. So, it 
depends on the chemical characteristics of the compound incorporated, on age and health status of 
the individual. Models describing the retention and also the excretion of numerous radionuclide 
compounds were developed and published by the International Commission on Radiological 
Protection ICRP.  

For numerous radionuclides and their compounds, the so called dose coefficients are available 
giving the dose to the tissues of interest as well as the effective dose per unit of intake (in Sv/Bq). 
The most important sources of such coefficients are the data compilations of the ICRP. 

As the variability of the second factor generally exceeds considerably that of the SEE, the dosimetry 
for an individual worker mainly requires the following information 

- incorporated radionuclide, 

- amount of activity incorporated, 

- chemical compound 

- route of intake (inhalation, ingestion, wound, skin) 

- in the case of inhalation: aerodynamic diameter (AMAD). 

On the basis of this information, the exposure is calculated as the product of the activity 
incorporated and the appropriate dose coefficient taken from literature, assuming that the worker is 
adequately described by the reference models.  

Only if the exposure approaches or even exceeds legal limits, it is necessary to investigate and take 
into account more individual parameters, such as the individual distribution of the material in the 
body, retention functions and excretion rates. 

In the context of monitoring, important information is not directly available: the amount of activity 
incorporated. Retrospectively, it must be derived from measurement results such as body or organ 
burdens, or excretion rates. In general, such measurements are interpreted with the same biokinetic 
models as used for the calculation of the dose coefficients. But this requires the knowledge of 
another important parameter, i. e. the time between the intake and the measurement. This time is in 
many cases (especially in the case of routine monitoring) not reliably known; therefore assumptions 
are required, which may lead to additional uncertainties.  



10 

 

The need for a monitoring programme 
The criteria for the necessity of such a monitoring programme or for the selection of methods and 
frequencies of monitoring usually depend upon: legislation; the purpose of the radiation protection 
programme; the probabilities of potential radionuclide intakes; and the characteristics of the 
materials handled. Factors determining the need for a monitoring programme are the magnitude of 
likely exposures (without taking into account the protective effect of respiratory protective 
equipment) and the need to recognise incorporation events should they occur.  

The first step is an analysis of each work process identifying radionuclides and compounds handled, 
probability of releases, duration of potential exposures, aerodynamic characteristics (AMAD), and 
other factors influencing the potential exposure of workers. 

For this determination of probabilities of potential radionuclide intakes results of earlier monitoring 
measures can be used, such as measurements of airborne activities or individual measurements. If 
there is no better information available, the following rule of thumb gives an order of magnitude for 
potential intakes:  

Likely annual intake = 10-4 * mean activity handled daily * working days per year 

When handling extraordinarily volatile material a factor of 10-3 should be applied, extra protection 
measures can be taken into account reducing it by a factor of 10. 

The next step is the calculation of the likely exposures on the basis of standard dose coefficients for 
the materials identified. On the basis of the resulting likely annual exposures the workers are 
classified according to Figure 5 into the groups “insignificant”, “low” and “high” 

For workers classified as “insignificant”, there is no need for a routine monitoring programme, only 
if there are significant changes of work processes or information questioning the assumptions of the 
exposure assessment the need for a monitoring shall be reconsidered. 

Workers classified as “low” shall be monitored allowing the quantification of their annual 
exposures; but the monitoring is not necessarily based on individual measurements. Collective 
measurements, measurements of airborne activities by means of fixed monitors or simple 
procedures such as nose blow samples may be regarded as sufficient.  

For workers classified as “high” must be monitored individually, allowing a reliable estimation of 
the annual exposure and ensuring that the need for protective actions is recognised in time. 

The process of exposure assessment and especially the underlying assumptions shall be verified 
regularly and whenever significant changes of the work processes could influence the incorporation 
risk of workers (confirmatory monitoring). 
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Fig. 5: Identification of likely exposures and classification of workers 

 

Routine workplace monitoring 
Workplace monitoring includes collective monitoring (i.e. individual monitoring of selected 
workers representing groups of workers), and measurements of airborne activity and surface 
contamination in the workplace. Surface contamination is not directly related to individual exposure 
but may indicate increased incorporation probablities.  

Continuous monitoring of airborne radioactive material is important, because inhalation is generally 
the main exposure pathway for workers. The main objectives of monitoring airborne activity are: 

- to help to assess the internal exposure of workers through inhalation; 

- to rapidly detect abnormal or deteriorating conditions, thereby making it possible to take the 
appropriate protective action, for example, the use of respiratory protective equipment; and 

- to provide information for setting up individual monitoring programmes for workers. 

 

The establishment of an air-monitoring system in order to detect and assess collective or individual 
exposure requires knowledge of the conditions at the workplace and the materials handled there. 
The design of the system needs to be tailored to the level of incorporation risk. The results of air-
monitoring, can be used to estimate the intake of a radioactive substance by workers but reliance on 
measurement of airborne activities alone may lead to errors in exposure estimates. This is true when 
sources of air contamination are localised or change position over time, often because of worker 
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action or movement. Workplace air-monitoring results may be considered as representative 
provided 

- they reliably do not underestimate the intakes as measured by in vivo or in vitro individual 
measurements; and 

- they are confirmed by a confirmatory monitoring programme, involving the use of individual 
air-sampling devices or the use of individual excretion measurements;  

 

The measurement of nose blow activity is another way to detect the inhalation of α-emitting 
particles; a positive result from such a measurement can be used as an indicator for further 
individual investigations for all the workers in the group. Such a measurement can also be useful for 
reducing the uncertainty in the time of an intake for dose assessment. 

 

Individual routine monitoring 

The methods to be applied for monitoring workers depend primarily on the kind of radionuclides 
potentially incorporated and on their biokinetics. γ-emitters in most cases will be monitored by 
measuring body burdens directly. Monitoring intakes of β- and α-emitters individually generally 
requires excretion analyses; the limited sensitivity of the available methods makes it often necessary 
to measure airborne activity concentrations.  

Routine monitoring is established to quantify normal exposures, i.e. where there is no evidence to 
indicate that acute intakes have occurred; or where chronic exposures cannot be ruled out. 
Measurements in a routine monitoring programme are made at pre-determined times and are not 
related to any known intake events. Decisions therefore have to be made in advance concerning 
methods, frequencies, and the underlying biokinetic models.  

The following general requirements shall be observed when specifying a routine monitoring 
programme:  

- the consequences resulting from an unknown time interval between intake and measurement 
shall be limited so that  
- on average over many monitoring intervals intakes are not underestimated, and 
- the maximum underestimate on a single intake does not exceed a factor of three; and 

- the detection of all exposures that may exceed 1mSv/a shall be ensured.  

 

The measurement frequency required for a routine monitoring programme depends on the retention 
and excretion of the radionuclide, the sensitivity of the available measurement techniques and the 
uncertainty that is acceptable when estimating intake and committed effective dose:  

For in vivo measurements 

e(50) * DL / R(ΔT) * 365 /ΔT < 1 mSv/a 

For in vitro measurements 

e(50) * DL / E(ΔT) * 365 /ΔT < 1 mSv/a 

 

with  e(50)  = dose coefficient,  
DL  = detection limit,  
R(t)  = retention function at time t since incorporation,  
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E(t) = excretion rate at time t since incorporation, 
ΔT  = time interval for routine monitoring. 

 

The maximum potential underestimation shall not exceed a factor of three; assuming that a single 
intake occurred in the middle of the monitoring interval this requirement means: 

 

R(ΔT/2) / R(ΔT) < 3 

E(ΔT/2) / E(ΔT) < 3 

 

The maximum overestimation is in nearly all cases greater than the maximum underestimation. The 
constraint on the maximum underestimation of a single intake allows a considerable overestimation. 
Therefore it is generally recommended, to define a similar constraint on the overestimation. 

 

The objectives of a monitoring programme and the way it is to be organised shall be documented 
including the basis for interpreting the results. The monitoring programme shall be reviewed by 
means of confirmatory monitoring after any major modifications have been made to the installation, 
to operations, or to the regulatory requirements. 

Other elements of importance for the design of a monitoring programme are 

- the definition of maximum tolerated deviations from the predefined frequencies of 
measurements, 

-  clear rules for collecting samples of urine or faeces (recommended:  24 hours sampling 
periods for urine, 3 days for faeces) 

-  regulations to avoid contaminations (as well for in vitro as for in vivo measurements) 

-  the definition of action levels for protective actions.  

 

Reference levels 
Reference levels are the values of quantities above which a particular action or decision shall be 
taken. The purpose of setting these levels is so that unnecessary, non-productive work can be 
avoided and resources can be used where they are most needed. Reference levels include the 
recording level, above which a result has to be recorded, lower values being ignored; and the 
investigation level, above which the exposure estimates have to be confirmed by additional 
investigations and the causes or implications of the exposure have to be examined (see Table 1). 

The recording level shall be set at a value corresponding to an annual dose no higher than 1 mSv of 
the annual dose limit, the investigation level at a value corresponding to an annual dose no higher 
than 6 mSv of the annual dose limit.  
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Table 1: Reference levels for monitoring internal exposures 
Level Meaning 

Recording level The recording level is the level at or above which monitoring 
results have to be recorded. It shall be set at a value 
corresponding to an annual dose no higher than 1 mSv. Results 
falling below this level may be shown as “below recording 
level”.  

Investigation level The investigation level is the level at or above which 
investigation has to be made into the uncertainty associated 
with the measurements in order to refine the monitoring result. 
It shall be set at a value corresponding to an annual dose no 
higher than 6 mSv.  

 

Quality assurance 

The continued effectiveness of any monitoring programme relies on those in charge implementing 
its various components, including the adoption of an effective quality assurance programme based 
on ISO 17025 (1999) and ISO 12790-1 (2001). 

The nature and extent of a QA programme should be appropriate to the number of workers 
monitored, and the magnitude and probability of exposures expected in the workplaces to be 
covered by the monitoring programme. Quality assurance includes quality control, which involves 
all those actions by which the adequacy of equipment, instruments and procedures of the 
laboratories are assessed against established requirements.  

The QA programme should ensure that relevant assumptions (e. g. radionuclide, AMAD, chemical 
compounds) on which the individual monitoring programme and subsequent evaluations are based, 
are verified by adequate measurements (confirmatory monitoring).  

Reviews or audits shall be conducted when one of the following conditions prevails: 

- Following the implementation of a new monitoring programme or substantial programme 
element. 

- When significant changes are made to parts of the monitoring programme, such as significant 
reorganisation or procedural revision. 

- To verify implementation of previously identified corrective actions. 

 

In addition, laboratories performing in vivo or in vitro measurements and/or assessments for 
internal dosimetry should participate in national or international intercomparison exercises. 
Intercomparisons allow participants to compare the results of measurements or dose assessments 
made under clearly defined conditions with reference values and with the results of other 
laboratories. The benefits that may be derived from participation include: 

- Measurements on phantoms or samples containing known quantities of radionuclides enable 
participants to determine the accuracy of their procedures. 

- Intercomparisons with unknown quantities of radionuclides in real biological samples or in 
humans enable the participants to compare their results with those obtained by other laboratories 
or techniques. 

- Intercomparisons of the results of interpretation of monitoring data from case studies are useful 
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in improving the reliability of the results and they facilitate the harmonisation of methods 
nationally and internationally. 

 

Dose assessment 
A working group of ISO is currently formulating a standard defining the procedure how to assess 
exposures on the basis of (in vitro or in vivo) monitoring results. It is not the objective of this 
project to standardize scientific methods required for the interpretation of individual data e. g. in 
litigation cases. It main characteristics will be a stepwise procedure thus balancing the efforts 
required with the relevance of the individual case. For the majority of routine cases, the dose 
assessment will make use of reference data tabulated in the standard, ensuring a simple and 
conservative estimate. Only for cases where the results of this first step indicate that a significant 
intake may have occurred more sophisticated methods will be proposed, which then will be beyond 
the scope of standardization. 
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