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Abstract This report contains the contribution from Ris0 National Laboratory to the
European project: ''Intercomparison of In Vivo Monitoring Systems in Europe'. The
whole-body counter at Ris0 and the measurement on a phantom used as an intercali-
bration object in the project is described. In four case studies, prepared by the project
co-ordinator, intakes of radionuclides and resulting doses are calculated. These cal-
culations are based on informations on the radioactive materials taken into the body,
routes of intake and on body contents of radionuclides from simulated single or mul-
tiple whole-body measurements. The answer from Ris0 National Laboratory to two
questionnaires - one on the whole-body counting facility and calibration methods and
one on the legal requirements in the country - is listed.
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1 Introduction

The amount of activity taken into the body is of crucial importance in the calculation of committed organ

and effective dose from an intake of a radionuclide.

The determination of the total amount of radionuclides in the body directly by measurement

(whole- body counting) supplemented with informations on the time since the intake, the route of intake

and the physical and chemical nature of the radioactive material is a method to estimate an intake.

Whole-body counting complements the other methods used to determine internal contamination

namely excretion measurements based on urine/faecal samples and calculation of intake based on con-

centration of radionuclides in the air.

To intercompare some of the whole-body counters in Europe, the project: 'Intercomparison of In

Vivo Monitoring Systems In Europe' was initiated in 1995. The project was sponsored by DG XI in the

European Union and co-ordinated by Michael Thieme from Bundesamt fur Strahlenschutz in Munich.

Laboratories from all the countries in the European Union and from the Czech Republic, Hungary, and

Schwitzerland participated in the project.

The project was divided into four parts:

• To answer a questionnaire concerning technical details about the whole-body counting facility at the

institutions.

• To determine the contents of radionuclides in a phantom provided by the European Union.

• To calculate doses for four case studies, where whole-body measurements were simulated.

• To answer a questionnaire concerning regulatory aspects regarding whole-body measurements and

dose calculations of internal doses.

Except for the mean values of the calculated intakes and doses in the case studies, no results from the

other participants are available from this report.

2 Technical questionnaire

The questionnaire was intended to bring forward the similarities and the differences between the installa-

tions and the use of the whole-body counters at the participating institutions. In this report the answers

from Ris0 National Laboratory are listed together with the questions in italic.
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1. What is the routine application for your WBC?

About 20 persons from Ris0 are counted three to four times a year. Some of the persons are not

working at the nuclear installations. These measurements are not a part of the official internal dc-

simetry programme, which is based on urine samples.

2. What material is used for shielding? (geometry? active shielding)

The whole-body counter is situated two floors below ground level and shielded with 30 cm of pre-

war steel (static shielding). The steel shielding has an inner lining of cadmium.

3. Please give other information on the measurement room (e.g. ventilation rate, entrance system)

The counting room is circular with a diameter of about two meters. The entrance is through a maze.

The room is ventilated with outside air through a particle filter and a carbon filter. The air is heated

before entering the counting room.

4. What geometry do you use (chair, stretch, ....)?

Chair geometry.

5. Which type and how many detectors do you/can you use?

One Tennelec High Purity Ge-detector (52% efficiency) (or one 121 Nal-detector).

6. What do you use in terms of electronics and software to acquire and analyse the spectrum?

A Canberra amplifier and a Canberra 35 Multi Channel Analyser. The spectrum is then transferred

to a PC and analysed with software from Canberra (S100 and SPECTRAN (based on SAMPO)).

7. How do you calibrate ? When was this done last? How do you control the quality and long term

stability?

The efficiency calibration for radionuclides distributed evenly in the body is done with a 25 1 trunk

with the dimensions 32 cm * 37 cm * 20 cm containing l52Eu. This was last done July 1993.

The efficiency calibration for I31I was done with a 100 ml glass tube containing 131I. The class tube

was situated at the supposed position of the thyroid in a water phantom. This was done February

1995.

We have not done any recalibration yet. The stability is merely checked by the stability of the ^K

content in persons being measured.
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The energy calibration is performed every day of measurement.

A correct placement of detector and chair is guided by dots and lines and the detector positioning

arrangement.

8. How do you take the background into account (empty chamber or which kind of phantom, etc.) ?

Empty chamber.

9. How long does a routine measurement take (your measurement time)?

One hour.

10. Please give information on the normal measurement procedure: e.g. must people take a shower,

change clothes etc.

Persons working at the nuclear installations are asked to take a shower and to change from working

clothes to private clothes.

11. Please give the efficiency for the Cs-137 line at 661.6 keV, and the Co-60 line at 1332.5 keV

l37Cs:(661.6keV):e = 1.9-10^

60Co: (13325keV):e = 13l(T*Co: (1332.5keV):e = 1.3-l(T* «

12. How do you calculate/define your detection limits?

An amount of activity is defined to be detected if the calculated amount is equal to or greater than

four times the standard deviation.

The standard deviation is based on the counting errors on the actual measurement and the back-

ground measurement.

13. How do you calculate your error margins?

For routine measurements the standard deviation is calculated solely from the counting errors on the

actual measurement and the background measurement. In a case where a better estimation of the er-

ror is needed a more rigorous treatment would be performed. This would involve repeated measure-

ments and a evaluation of errors on the different quantities used to calculate the amount of activity.
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3 Measurement on the phantom

3.1 The whole body counter
The counting room is a shielded facility with 30 cm thick walls of old navy steel, surrounded by

concrete and situated two levels below ground level. The counting room is cylindrical with a diame-

ter of 2.5 m and a height of 2 m. The room is ventilated through a particle filter and a charcoal fil-

ter.

The detector is a pure germanium detector with an efficiency of 52% and a resolution of 2.0

keV. The detector is suspended in a frame construction and can be positioned over the person to be

measured. The person is placed in a chair made of plastic foam in the middle of the room.

3.2 Efficiency calibration of the detector
The detector was efficiency calibrated with a solution of 152Eu in a trunk. The trunk contains 25

litre and has the dimensions 32 cm * 37 cm * 20 cm. Following the decay of l52Eu, y-rays with en-

ergies ranging from 121 keV to 1460 keV are emitted. An equation relating efficiency, e, and y-

energy, E, of the form:

log(e) = a, +a2 log(£) log(£)2 +a4 log(£)3 +a5 log(£)4

152was fitted to the measured efficiencies at 152Eu's y-energies. Figure 1 shows the efficiency as a

function of energy.
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Figure 1. Efficiency as a function of energy for the detector for a 25 I trunk with an I52Eu-
solution in the chair geometry at Ris0's whole-body counter.
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3.3 The phantom
The phantom is manufactured at the Research and Technical Centre "Protection" in St. Petersburg

in Russia. The phantom consists of polyethylene bricks with a mass of 1 kg or 0.5 kg. In each

brick 2 cylinders containing radionuclides can be placed. The phantom used simulated a person

with a body weight of 70 kg, and with the unknown activity homogeneously distributed in the body.

3.4 Measurement on the phantom
The measurement of the phantom was intended to simulate a routine measurement at the institu-

tion. On the basis of this measurement the radionuclides in the phantom and their amounts should

be determined. At Ris0 National Laboratory the measuring time is 1 hour, and a background

measurement of 1 hour is taken with an empty chair. Figure 2 shows the measuring geometry with

the phantom.

Figure 2. The phantom in the whole-body counter at Ris0. The detector is seen above the phan-
tom.
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In figure 3 the spectrum from the measurement is shown. The lines are labelled with the name of

the identified radionuclides. The lines labelled "Radon" are due to background activity of radon-

daughter products in the room.
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Figure 3. The spectrum of the phantom and the background. Measuring time is 1 hour.

The activities of the found radionuclides were calculated with the programme-package

SPECTRAN-AT, version 4.2a developed by Canberra. In table 1 the amounts of the detected radi-

onuclides are shown.

Table 1. Radionuclides and the amounts found in the phantom.

Activity

605 Bq± 48 Bq

1680 Bq± 74 Bq

893 Bq± 50 Bq

Radionuclide
57 Co
60 Co
137 Cs
40 K 3210 Bq ± 347 Bq

In figure 4 the measured activity of the found nuclides is compared to the actual activity given by

Elisabeth Hunt at Bundesamt fiir Strahlenschutz in Munich. The error bars is solely representing
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the uncertainty (counting statistics) of the measured activities, as the stated activities were given

without uncertainties.
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Figure 4. Measured activities divided by the stated activities for the four nuclides found in the
phantom.

As seen in the figure, all the activities measured at Ris0 is lower than the given activities.

4 The four case studies

The case studies were intended to collect information about the uniformity of procedures used for the

interpretation of whole-body measurements.

The four examples mainly differ in the information available, so it was an important aspect to see,

which way missing knowledge was substituted by appropriate assumptions by the different laboratories,

and if a common procedure could be established.

For each of the four cases the following questions should be answered:

1. Assumed date of intake

2. Total intake calculated

3. Effective dose equivalent, organ dose

4. Method of calculation (including reference to regulations, data bases, possible deviations from

standard procedures, etc.)

Table 2 gives the four case studies
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Table 2. The four case studies.

Nuclide

Compound

AMAD(|im)

Body mass

Date of intake

Routine monitoring,

if yes, date of preced-

ing measurement

Route of intake

Acute/chronic intake

Dates and results of

measurements

(whole-body activities,

no correction for physi-

cal decay)

Case 1
I37Cs

ion

10

50 kg

Jan, 1st

no

inhalation

acute

Jan, 10th:

30kBq

Case 2

"to

oxide

unknown

unknown

unknown

yes

Jan, 1st

unknown

unknown

March, 30th:

30kBq

Case 3
131i

ion

unknown

unknown

unknown

yes

Jan, 1st

inhalation

chronic

March, 30th:

l k B q

Case 4
13.j

ion

-

unknown

unknown

ingestion

repeatedly,

beginning Jan, 1st

March, 1st: 1 kBq
March, 10th: 2 kBq
March, 15th: 1.9 kBq
March, 20th 1.2 kBq
April, 1st: 0.9 kBq
April, 10th: 1.3 kBq

4.1 Answer to the four case studies
As whole-body monitoring at Ris0 is not used for routine monitoring and as intakes of radionuclides,

except for tritium, are very low, no routine procedures for dose assessments based on whole-body moni-

toring exist. A given case of internal contamination will thus be dealt with as a special case. For body

contents where preliminary calculations give low dose estimates, only a simple investigation will take

place. Possible large doses will prompt a comprehensive investigation to specify the parameters used in a

calculation including the uncertainties in order to obtain the best estimate of the dose and the uncertainty

of that estimate. Although standard procedures are not established the following rules will apply:
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1. Doses (committed effective doses and committed equivalent organ doses) will be calculated

using ICRP's metabolic models and data.

2. For very large doses a "worst case" and a "best dose estimate" calculation will also be made.

3. The "official dose" that will enter the dose record will be the "best dose estimate". The official

dose will be committed effective dose and where doses to single organs are significant also the

committed equivalent doses to these organs.

4. The doses will be reported to the radiation protection authorities together with a description of

the calculation procedure.

For the four cases we have used the programme LUDEP 1.1 from NRPB to calculate the intakes, the

committed effective doses, and the committed equivalent organ doses. In all the cases it is assumed that

the subject is a standard (ICRP) worker, and that the given body contents are without any uncertainties.

Case 1

Date of intake:

Date of measurement:

Nuclide:

Compound:

Route of intake:

AMAD:

1 January

10 January

137Cs

ion

inhalation

10 urn

The nuclide is evenly distributed in the body, so only the committed effective dose is given. As all impor-

tant parameters are known only one calculation is made, even though a person of 50 kg body weight is

not exactly a "standard worker".

An intake of 1000 Bq 137Cs gives a body content of 365 Bq 137Cs after 9 days. This means that the intake

the 1st of January was 82 kBq 137Cs. This will give a committed effective dose of 0.50 mSv.

Assumed date of intake: 1 January

Total intake calculated: 82 kBq 137Cs

Effective dose: 0.50 mSv
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Case 2

Date of intake:

Date of measurement:

Previous date of measurement:

Nuclide:

Compound:

Route of intake:

AMAD:

unknown

30 March

1 January

wCo

oxide

unknown

unknown

As a standard procedure we would assume that the intake was acute and took place in the middle of the

period between the two latest measurements, that the route of intake was inhalation, and that the AMAD

of the particles was 5 urn.

Assumed date of intake: 13 February

Total intake calculated: 620kBq60Co

Effective dose: 10 mS v

To see the variation in effective dose for different dates of intake, different routes of intake, different

sizes of the particles, etc. 9 different cases were calculated, and as seen most of the calculated effective

doses are about 10 mSv.

a) An acute inhaled intake the 1st of January, AMAD = 5 \im.

An acute inhaled intake of 756 kBq ^Co the 1st of January would give a body content of 30 kBq

^Co the 30th of March. This intake would give an effective dose of 12.6 mSv

b) An acute inhaled intake the 13th of February, AMAD = 5 \xm.

An acute inhaled intake of 620 kBq ^Co the 13th of February would give a body content of 30 kBq

^Co the 30th of March. This intake would give an effective dose of 10.3 mSv
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c) An acute inhaled intake the 29th of March, AMAD = 5 \xm.

An acute inhaled intake of 82 kBq "'Co the 29th of March would give a body content of 30 kBq fflCo

the 30th of March. This intake would give an effective dose of 1.4 mSv

d) An acute inhaled intake the 1st of January, AMAD = 1 u/n.

An inhaled intake of 400 kBq ̂ Co 1st of January would give a body content of 30 kBq ^Co the 30th

of March. This intake would give an effective dose of 11.5 mSv

e) An acute inhaled intake the 13th of February, AMAD = 1 u/n.

An inhaled intake of 333 kBq ^Co 13th of February would give a body content of 30 kBq " t o the

30th of March. This intake would give an effective dose of 9.6 mSv

f) A chronic inhaled intake, AMAD = 5 \xm.

A chronic inhaled intake of 5722 Bq/day " t o would give a body content of 30 kBq ^Co the 30th of

March. This intake (if stopped 30th of March) would give an effective dose of 8.5 mSv

g) An acute ingested intake the 1st of January.

An acute ingested intake of 801 kBq ^Co the 1st of January would give a body content of 30 kBq

^Co the 30th of March. This intake would give an effective dose of 5.7 mSv

h) An acute ingested intake the 13th of February.

An acute ingested intake of 640 kBq " t o the 13th of February would give a body content of 30 kBq

^Co the 30th of March. This intake would give an effective dose of 4.6 mSv

i) An chronic ingested intake.

A chronic ingested intake of 4700 Bq/day " t o would give a body content of 30 kBq ^Co the 30th of

March. This intake (if stopped 30th of March) would give an effective dose of 3.0 mSv

Ris0-R-95O(EN) 15



Case 3

Date of intake:

Date of measurement:

Previous date of measurement:

Nuclide:

Compound:

Route of intake:

AMAD:

unknown

30 March

1 January
.3.j

ion

inhalation, chronic

unknown

In this case a nuclide with a short half-life compared to the possible intake period is inhaled. Normally

we would make great effort to try to determine the exact period of the intake. Here we will assume that

the intake was a continuous constant intake over the whole period from 1 st of January to 30th of March,

and that the particles had an AMAD of 5 urn.

Assumed date of intake: Chronic from 1 st of January to 30th of March

Intake calculated: 509 Bq/day 131I

Equivalent dose to the thyroid: 10 mSv

Effective dose: 0.7 mSv

The effect in effective dose of an intake far from the measuring date versus a continuous intake up to the

measuring date is demonstrated in a calculation, also the effect of different AMAD-values is demon-

strated. As seen determination of the period in which the intake took place is very important for the dose

estimate.

a) An chronic inhaled intake from 1st of January to 30th of March, AMAD = 1 \im.

A chronic inhaled intake of 710 Bq/day 13II from the 1st of January to the 30th of March would give

a body content of 1000 Bq 131I the 30th of March. This intake would give an effective dose of 0.7

mSv

b) An chronic inhaled intake from 1st of January to 10th of January, AMAD = 5 \un.

A chronic inhaled intake of 2898550 Bq/day I3II from the 1st of January to the 10th of January

would give a body content of 1000 Bq I3II the 30th of March. This intake would give an effective

dose of 420 mSv
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Case 4

Date of intake: unknown

Dates of measurements: 1 March, 10 March, 15 March, 20 March, 1 April, 10 April

NucUde: 13II

Compound: ion

Route of intake: ingestion, repeatedly beginning Jan 1 st

We were not quite sure what was meant by "repeatedly, beginning Jan 1st". Normally we would make an

investigation to try to determine the exact dates of the intakes. We assumed that the series of measure-

ments made after the 1st of March are representative of the intakes prior to the 1st of March. We made

two calculations.

In a) we assumed that the intake between the 1st of January and the 1st of March was chronic and

took place over the whole period. We also assumed chronic intakes between the measuring dates.

In b) we assumed an intake of 1500 Bq I3II every 7th day from 1st of January to 19th of February

and then calculated an intake the 26th of February necessary to make a body content of 1 kBq 1st of

March. Then we assumed intakes on the 5th of March, 12th of March, 17th of March, 25th of March,

and 5th of April.

The two methods gave approximately the same result.

Calculation a)

Measurement 1st of March

A chronic intake of 246 Bq/day between the 1 st of January and the 1 st of March would give a body content of 1000 Bq 1 st of March

Measurement 10th of March

246 Bq/day 1 January - 1 March would give a body content of 449 Bq 1 Oth of March

A chronic intake of 588 Bq/day between the 1st of March and the 10th of March would give a body content of 1551 Bq 10th of March

Ris0-R-95O(EN) 17



Measurement 15th ofMarch

246 Bq/day 1 January - 1 March would give a body content of 293 Bq lSth of March

588 Bq/day 1 March-10 March would give a body content of 806 Bq 15th ofMarch

A chronic intake of 523 Bq/day between the 10th ofMarch and the 15th of March would give a body content of 801 Bq 15th ofMarch

Measurement 20th ofMarch

246 Bq/day 1 January - 1 March would give a body content of 190 Bq 20th ofMarch

588 Bq/day I March -10 March would give a body content of 538 Bq 20th of March

523 Bq/day 10 March - 15 March would give a body content of 457 Bq 20th of March

A chronic intake of 5.5 Bq/day between the 15th of March and the 20th of March would give a body content of 15 Bq 20th of March

Measurement 1st of April

246 Bq/day 1 January - I March would give a body content of 65 Bq 1 st of April

588 Bq/day I March -10 March would give a body content of 196 Bq 1st of April

523 Bq/day 10 March- 15 March would give a body content of 174 Bq 1st of April

5.5 Bq/day 15 March - 20 March would give a body content of 3 Bq I st of April

A chronic intake of 176 Bq/day between the 20th ofMarch and the 1st of April would give a body content of 462 Bq 1st of April

Measurement 10th of April

246 Bq/day 1 January - 1 March would give a body content of 29 Bq 10th of April

588 Bq/day 1 March -10 March would give a body content of 88 Bq 10th of April

523 Bq/day 10 March - 15 March would give a body content of 84 Bq 10th of April

5.5 Bq/day 15 March - 20 March would give a body content of 1 Bq 10th of April

176 Bq/day 20 March - I April would give a body content of 208 Bq 1 Oth of April

A chronic intake of 393 Bq/day between the 1st of April and the I Oth of April would give a body content of 890 Bq 10th of April

Assumed dates of intake: Chronic from 1st of January to 1st of March, and chronic be-

tween the measuring periods

Total intake calculated: 28098 Bq 131I

Equivalent dose to the thyroid: 12 mSv

Effective dose: 0.6 mSv
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Calculation b)

Date of intake

1 January

8 January

15 January

22 January

29 January

5 February

12 February

19 February

26 February

5 March

12 March

17 March

25 March

5 April

Intake

[Bq]

1500

1500

1500

1500

1500

1500

1500

1500

2000

7226

2270

0

2451

4240

Contribution to body content

[Bq]

1 March

3.1

5.9

11.1

21.0

39.1

72.4

131

232

484

10 March

1.4

2.6

4.9

9.3

17.6

32.8

60.8

111

244

1497

15 March

0.9

1.6

3.1

5.9

11.1

21.0

39.1

72.4

162

1034

551

20 March

0.5

1.0

2.0

3.7

7.1

13.4

25.1

46.8

105

689

380

0

1 April

0.2

0.3

0.7

1.2

2.4

4.5

8.5

16.0

36.6

246

142

0

443

10 April

0.1

0.2

0.3

0.5

1.0

2.0

3.7

7.1

16.2

111

64.8

0

215

890

Assumed dates of intake:

Total intake calculated:

Equivalent dose to the thyroid:

Effective dose:

1 January, 8 January, 15 January, 22 January, 29 January, 5 Feb-

ruary, 12 February, 19 February, 26 February, 5 March, 12

March, 17 March, 25 March, 5 April

30187 Bq I31I

13mSv

0.7 mSv
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4.2 Results for the case studies from all the laboratories
It was not possible to give a definite answer for the case studies, but for each of the cases, the ar-

ithmetric and geometric means of the activity content and the dose estimates are calculated together

with the standard deviations of all intake estimates. The results are shown in table 3 together with

the results from Ris0.

Table 3. Summary of the case study.

Casel

Case 2

Case 3

Case 4

Intake
Effective dose

Intake
Effective dose
Organ dose

Intake
Effective dose
Organ dose

Intake
Effective dose
Organ dose

Results
from Ris0

82kBq

0.50 mSv

620 kBq

lOmSv

--

45 kBq

0.7 mSv

lOmSv

30 kBq

0.6 mSv

13mSv

Arithmetric
mean

44.42 kBq

0.51 mSv

218.89 kBq

9.09 mSv

63.68 mSv

37.27 kBq

0.35 mSv

11.61 mSv

42.45 kBq

0.63 mSv

17.27 mSv

Geometric
mean

42.54 kBq

0.49 mSv

211.12 kBq

2.87 mSv

59.06 mSv

36.00 kBq

0.31 mSv

10.59 mSv

37.33 kBq

0.48 mSv

14.09 mSv

Standard
deviation

14.73 kBq

0.13mSv

74.05 kBq

2.44 mSv

17.22 mSv

9.47 kBq

0.13 mSv

4.76 mSv

25.36 kBq

0.38 mSv

9.41 mSv

As seen from the table, the dose estimates calculated at Ris0 corresponds well with the mean val-

ues calculated from the results from the other laboratories.

5 Questionnaire on legal requirements

A survey on the regulations regarding incorporation monitoring (both in vivo and in vitro) in the

various European countries was included in the intercomparison.

This survey was in form of a questionnaire, and the participating institutions in a country

were asked to give only one answer to the questions. In Denmark, the National Institute of Radia-

tion Hygiene (NIRH) answered the questionnaire for the two participating institutions, namely the

Danish University Hospital and Ris0 National Laboratory. Again the questions are given in italic,

and the answers in normal.
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1. Do legal provisions/regulations (laws, ordinances, guidelines, recommendations, etc.) exist
for the monitoring of internal radiation exposure? If so, please quote or add copy.

Order no. 485 of 18 November 1985 on the use of unsealed radioactive sources in hospitals,
laboratories etc.
Order no 838 of 10 December 1986 on dose limits for ionising radiation.

Order no. 821 of 7 December 1990 on dose monitoring of workers etc. exposed to ionising ra-
diation.

2. Do provisions (etc.) regulate in which cases incorporation monitoring (in vivo and/or in vi-
tro) is required?

a) on workplaces - above which activity?
b) in radiation incidents/accidents?
c)for which occupations?

The individual licenses for use etc. of radioactive sources stipulates, where relevant, when in-
corporation monitoring must be performed.

Radiation accidents/incidents are treated on a case by case basis.

For Ris0 National Laboratory the 'Condition for Operation' contains requirements for incorpo-
ration monitoring of specific groups of personnel.

3. Are there provisions stipulating/defining the required monitoring procedures and practical
implementation for certain radionuclides?

No.

4. Are there defined monitoring periods for the individual radionuclides?

This is specified in the individual licenses.

5. Is internal dose calculation required within the framework of continuous monitoring of in-
corporation ?

if so, do provisions exist to guarantee a standardised method of calculation?
please specify briefly the procedure

No.

6. Is a central dose/radiation protection register available, requiring the reporting of the regis-
tered monitored data

Yes, for external doses only. At present it does not record internal doses, but plans for the es-
tablishment of this facility exist.
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7. Do provisions/guidelines exist on the organisation and responsibility with regard to the
monitoring of incorporation?

Every individual license is given to a named qualified person. This person is also responsible
for any incorporation monitoring.

8. Who* is the responsible person* for incorporation monitoring in your business!

No answer.

9. Who* keeps the files with the results of incorporation monitoring and how long are they
kept?

The National Institute of Radiation Hygiene receives the reported results of incorporation
monitoring and keeps them in individual files. The records of the external doses are kept for 30
years.

10. Are there official (government) authorities which are responsible for incorporation monitor-
ing?

National Institute of Radiation Hygiene.

11. Does your business have free choice (in principal) of an incorporation measuring site?

Yes, but NIRH must approve the institution doing the measurements.

12. Do binding requirements exist concerning the quality of measuring results?

In connection with the approval mentioned in the answer to question 11, NIRH will evaluate
the quality assurance programme of the institution.

13. In which manner and by which person * is the quality assurance of the incorporation measur-
ing sites performed? Is it compulsory to announce results of a quality assurance programme
to official authorities?

Se answer to question 12.

*meant: is the position in management
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