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1 INTRODUCTION
Intake of non-sealed radioactive material (incorporation) results in people’s internal exposure
to radioactivity. The basic requirements for incorporation monitoring provided by Part 1 of
ÖNORM S 5220 are intended to contain internal exposures within the limits set forth in
EC-Regulation 96/29/Euratom. In particular, it enables the user to determine the internal
exposure contribution to the effective dose and to prove at any time that dose limits for
equivalent and effective dose have not been exceeded and conditions at the work place have
not changed unexpectedly.
The ÖNORM discussed in this paper can be used by the competent authorities as a basis for
their determination of the permissibility of the work with non-sealed radioactive material in a
certain work place. Based on the ÖNORM, they can ensure standardized physical radiation
protection after incorporation of radionuclides and the calculation of the resulting equivalent
and effective doses according to consistent criteria. In  the case where the work with non-
sealed radioactive material has previously been permitted, the competent authorities can re-
evaluate the necessity, the frequency, and the optimal method for incorporation monitoring. 
Two different kinds of laboratories are envisioned in this standards series to perform the
necessary measurements.

2 DETERMINATION OF THE NECESSITY OF INCORPORATION
MONITORING

2.1 Routine Monitoring – General Aspects
A routine monitoring program for workers is necessary if in the course of their work routine
they handle non-sealed radioactive material of an amount such that it cannot be assured that
an effective dose of 1 mSv per year due to incorporated radionuclides will not be exceeded.
The definition of the routine work encompasses the workers’ complete working environment,
including the possibility of their actions in several different loboratories or in different work
areas. The reference value of 1 mSv per year is taken from EC-Regulation 96/19/Euratom
where it sets the maximum permissible annual effective dose, D, for members of the general
public.
In order to determine the necessity of routine incorporation monitoring, an incorporation
index, Ip,i, is to be calculated for every radionuclide, i, and every person, p. This incorporation



index is the quotient of a work-specific weighting factor, fB, multiplied by the annual
cumulated individual activities handled, AAB,p,i, and a reference value, AR,i:
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The work-specific weighting factors for the most common handling procedures are given in
Table 1.

Table 1: Work-specific Weighting Factors, fB

Work-specific Weighting Factor, fB

Handling Procedure Handling Solely Under a
Fume Hood Other

Dry Procedures or Complex Wet Procedures 0,01 1
Regular Chemical Procedures and Simple

Wet Procedures 0,001 0,1

Work Primarily in the Patients’ Quarters in
Nuclear Medicine - 0,01

On-site Transport - 0,001
Handling of 99mTc-Generators (Elution) 0,0001 0,0001

Storage - 0,0001

The annual cumulated individual activity handled for a given radionuclide, AAB,p,i,consists of
all activities of that radionuclide that are being handled by a person in the course of a year.
To calculate the incorporation index, Ip,I, determination of the reference value for a certain
radionuclide, AR,I, is necessary. The reference value is obtained by calculating the quotient of
the maximum permissible annual effective dose, D, for a member of the general public of 1
mSv, and the maximum of the dose conversion coefficients, Ki, of the three lung absorption
classes (F, M, S) and the dose coefficient for ingestion multiplied by the estimated
incorporation risk factor, f, of 5 x 10-5. The dose conversion coefficients are taken from
Tables c.1 and c.2 in EC-Regulation 96/29/Euratom. Due to their volatility, the increased
incorporation risk for iodine nuclides is accounted for by the larger value for their incorpo-
ration risk factor of 1 x 10-3. The reference value for a certain radionuclide is given by:
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To facilitate the general acceptance and use of ÖNORM S 5220, the reference values for the
most commonly used radionuclides are tabulated in the standard, together with their
monitoring frequencies and methods.
As this table cannot include all possible radionuclides, Part 1 also gives detailed instructions
on the determination of the reference value, the monitoring method, and the monitoring
frequency.
Table 2 shows an excerpt from ÖNORM S 5220 Part 1, the table listing the reference values
and the monitoring methods and frequencies for the most commonly used radionuclides.



2.2 Procedure to Determine the Necessity of Routine Monitoring
2.2.1 Determination of the Annual Total Activity Handled and the Annual Cumulated

Individual Activity Handled
Before a license for the work with non-sealed radioactive material is granted by the competent
authorities, the applicant has to provide the annual total activity handled for every
radionuclide. For that, the initial estimates have to be based on conservative assumptions.
Every worker’s expected annual cumulated individual activity handled is also to be estimated
for every radionuclide. This is to be done by examination of the specific working environment
and the specific working procedures for the workers. It should be noted that the annual
cumulated individual activities handled may exceed the annual total activities handled.
If radionuclide generators in nuclear medicine are examined, only the daughter nuclides in the
mother-daughter system need to be considered.
In the case of an existing license for the work with non-sealed radioactive material, the
determination of the annual total activities handled and the annual cumulated individual
activities handled has to be re-examined when significant deviations from the previously
reported annual cumulated individual activities handled or from the routine working
procedures are to be expected.

2.2.2 Determination of the Necessity of Routine Monitoring
The following procedure to determine the necessity of routine monitoring is to be used: 

1. Workers who routinely handle non-sealed radioactive material need to be subjected to
routine monitoring if the sum of the incorporation indices of all radionuclides is > 1.
Radionuclides can be neglected in the determination if the sum of their incorporation
indices in increasing order of the index values does not exceed 1.

2. If handling of the non-sealed radioactive material is done in successive procedural
steps, then the largest incorporation index of all steps is to be used for determination
of the necessity of routine monitoring. Activity decreases due to the physical half life
of the radionuclides can be considered in that estimate. 

2.3 Monitoring Due to Exceptional Circumstances
Monitoring due to exceptional circumstances is to be implemented in the case of unexpected
events during which an incorporation of radionuclides resulting in a committed effective dose
> 1 mSv cannot be excluded. These unexpected events can occur in the course of the handling
of non-sealed radioactive material (e.g., release of activity in an incident, contaminated
wounds, etc.) which is otherwise subject to routine monitoring, or while handling radioactive
material which is not subject to a monitoring program.



Table 2: Radionuclides, Reference Values, Monitoring Methods and Intervals (Excerpt)
AL = Measurement of the Activity Concentration in Exhaled Air,
GK = Whole-body Counting,
LG = Lung Counting,
RL = Measurement of the Activity Concentration in Ambient Air,
S = Measurement of the Activity Concentration in Feces,
SD = Thyroid Counting,
U = Measurement of the Activity Concentration in Urine

Radionuclide Reference Value
(MBq)

Monitoring Method Monitoring Interval
(Days)

Iodine
I-123 4,76E+03 RL or SD continuously or 3
I-124 7,69E+01 RL continuously
I-125 5,67E+01 U or SD 120
I-129 9,08E+00 U or SD 180
I-131 4,54E+01 SD or U 30 or 14
I-132 3,45E+03 RL or SD continuously or 3
I-133 2,32E+02 RL or SD continuously or 7
Cesium
Cs-134 1,05E+03 U or  GK 180
Cs-136 6,67E+03 U or GK 30
Cs-137 1,54E+03 U or GK 180
Barium
Ba-133 1,11E+04 GK 180
Ba –140 8,00E+03 GK 30
Lanthanum
La-138 1,11E+02 GK 180
La-140 1,00E+04 GK 7
Cerium
Ce-139 1,11E+04 GK 180
Ce-141 5,56E+03 GK 60
Ce-144 4,08E+02 GK 180
Promethium
Pm-147 4,26E+03 U or S 180 or 90
Samarium
Sm-147 2,25E+00 U 180
Sm-153 2,70E+04 RL or GK continuously or 14
Dysprosium
Dy-165 1,82E+05 RL continuously



2.4 Initial and Final Measurements
Measurements to detect incorporated radionuclides are also necessary at the end of the routine
professional handling of non-sealed radioactive material which until then has been subject to
routine monitoring. Under certain circumstances, initial measurements at the employment of
new workers might prove sensible, e.g., for workers changing jobs.

3 MONITORING OF INCORPORATED RADIONUCLIDES
3.1 Laboratories
The measurement of incorporated radioactive material is to be done by nationally accredited
laboratories or laboratories designated by the competent authorities. These laboratories have
to fulfill the criteria specified in ÖNORM S 5220 Part 2. Official and company laboratories
are to be distinguished. Official laboratories have to be able to conduct measurements and to
calculate the committed effective dose (the determination of the committed effective dose is
described in detail in ÖNORM S 5220 Part 3.) Company laboratories are expected to be able
to conduct measurements for all radionuclides handled in the company. Their tasks and goals
are necessarily different than those for official laboratories; their equipment, their calibration,
their measurement procedures, and the calculation of the committed effective dose they
provide are to be verified periodically by an official laboratory. In the case of a measurement
result > 1 mSv at a company laboratory, an official laboratory is to be contacted to conduct
the further investigation and provide the calculation of the committed effective dose.

3.2 Monitoring Procedures
Direct, or in-vivo monitoring procedures are measurements of the radionuclide activity in the
whole body, or in certain organs or tissues. Excretion, or bio-essay measurements and
measurements of the activity concentration in ambient or in exhaled air are classified as
indirect monitoring procedures.
Routine monitoring procedures for a certain radionuclide are suggested in this ÖNORM (see
Table 2, Column 3). 

3.2.1 Activity Measurement by Whole-body or Organ Counting
Activity measurements by whole-body or organ counting can be obtained if the incorporated
radioactive material possesses a sufficiently large photon emission signature.
Organ counting is of special importance in the case of lung or thyroid counters when the
radionuclide distribution in the body is sufficiently well known to allow a reasonable
interpretation of the measurement results. This is of technical interest if the activity is
predominantly stored in one organ or tissue and can be measured there directly.

3.2.2 Activity Measurement in Excretion
These measurements are to be considered for radionuclides which do not possess a
sufficiently large photon emission signature, in particular alpha and beta emitters and electron
capture nuclides.
The measurements are to be conducted on 24-hour urine or faeces which preferably are to be
collected after a regular work day in routine monitoring. In exceptional cases, urine samples
which were collected over a time period of less than 24 hours can be accepted if the exact
collection period is reported.



During sample collection, precautionary procedures have to be in place to avoid exterior
contamination of the sample containers.
Only sample containers provided by the laboratories are to be used for sample collection.

3.2.3 Measurement of the Activity Concentration in Ambient Air
These measurements can be conducted by stationary or personal air samplers.
Stationary air samplers are to be positioned close to the actual work areas, such that the
sampled air is representative for the working conditions. For the use of personal air samplers
the fact that their sampling rate is smaller than the inhalation rate has to be accounted for.

3.2.4 Measurement of the Activity Concentration in Exhaled Air
Under certain circumstances (certain Thoriumnuclides, etc.) determination of the incorporated
activity can be conducted by the measurement of the activity concentration in exhaled air.

3.3 Monitoring Frequency
The maximum permissible interval between two successive incorporation measurements can
be extracted from Table 2, Column 4. After final termination of the handling of the non-sealed
radioactive material, at least one additional incorporation measurement is to be conducted.
However, repeated or additional measurements may be necessary.
If several different radionuclides are being handled by one person, all monitoring frequencies
as shown in Table 2, Column 4 have to be met by the routine monitoring program. In decay
chains where equilibrium with the daughter nuclides is reached, the monitoring frequency
depends on the specifics of the mother nuclide. 
If non-sealed radioactive material is handled during a certain period of time only (e.g., for
2 consecutive months in a year), then the monitoring intervals during that time are to be taken
from Table 2, Column 4. After termination of the work, one final measurement is to be
conducted. If the monitoring interval is longer than the limited time period of the work, one
measurement after termination of the work is sufficient.
Monitoring due to exceptional circumstances has to be conducted immediately after the
specific incident. In some cases, repeated measurements can be ordered by the laboratory to
allow for a more precise calculation of the committed effective dose.
The exact time of an incorporation measurement is defined as the time of the physical
measurement for whole-body or organ counting procedures and as the time of collection of
the sample for excretion measurements.
For radionuclides with physical half lives < 3 h, continuous measurements of the activity
concentration in ambient air are necessary. The measurement results have to be recorded and
stored with a recording frequency < 3 physical half lives.

3.2 Data Necessary to Calculate Committed Effective Dose
Reliable calculation of the committed effective dose, or the committed equivalent dose in an
organ or tissue requires knowledge of the circumstances surrounding the incorporation. The
radiation safety officer in cooperation with the monitoring laboratory shall therefore, as far as
possible, routinely collect and store the following information: working procedures with
increased incorporation risks and their time schedules, the relevant incorporation pathways,
physical and chemical properties of the incorporated radioactive material, and biokinetic data.



These data are to be recorded and stored, such that they can be handed to the monitoring
laboratory at its request.

4 SPOT CHECK MEASUREMENTS
Exposed workers handling non-sealed radioactive material with a physical half life < 3 days
who are not monitored by a routine monitoring program according to Section 3 shall be
monitored for at least the first year of their practice by the following monitoring procedure:
After at least 2 days of handling the non-sealed radioactive material, the workers shall provide
a urine sample (spot urine). This sample is to be analyzed by appropriate nuclide specific
methods. The radiation safety officer is to be informed of any measurement result exceeding
the limit of detection. He shall interpret these results and provide them to the competent
authorities at their next audit.

5 RECORDS
The execution of the monitoring program and the results shall be recorded by the radiation
safety officer. He shall report to the competent authorities the continuity and rigor of the
incorporation monitoring program.
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