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There were a total of 1779 valid safety licences granted for the use of radiation in Finland in late 2000.
Additionally, there were 2038 responsible parties for dental X-ray diagnostics (licence-free). The Safety
Licence Register of the Radiation and Nuclear Safety Authority (STUK) listed 13 754 radiation devices
and 270 radionuclide laboratories.

In 2000, STUK carried out 360 inspections of licensed practices and 53 inspections of licence-free dental
X-ray practices. Repairs were ordered in 92 cases and recommended in 65 cases.

The import of radioactive substances amounted to 175 836 GBq and the export to 74 420 GBq. Short-
lived radionuclides produced in Finland amounted to 55 527 GBq. The STUK interim storage for
radioactive wastes received 37 batches of low-level wastes with a total mass of 1.9 tonnes.

In 2000, a total of 10 846 workers were individually monitored for radiation exposure at 1171 work-
places. Of these workers, 27% received doses exceeding the recording level; no worker, however,
received a dose exceeding the annual dose limit for the effective dose. The total dose recorded in the
Dose Register of STUK was 6.5 Sv.

According to Decree of the Ministry of Social Affairs and Health, STUK issued reference levels for the
most common diagnostic X-ray and nuclear medicine procedures. The mean doses in typical diagnostic
X-ray procedures based on phantom measurements were below the reference levels issued by the
Community, the IAEA and STUK. In radiotherapy, accuracy of the therapeutic doses underlying good
therapeutic results has remained within acceptance limits, and no excessive doses jeopardizing the
safety of therapy have occurred.

In the regulatory control of natural radiation, radon concentration measurements were performed in
the workplaces of 59 employers, and radon inspections were performed in 4 underground mines and
1 excavation site. Additionally, the activity of 29 water samples was measured.

In the field of non-ionizing radiation, research activities mainly concerned the dosimetry of RF fields
and pulsed magnetic fields.

In 2000, a total of 13 abnormal occurrences were investigated by STUK. Six of these were related to the
use of radiation in industry, 1 to the medical use of radiation, 2 to the use of non-ionizing radiation, 2 to
the nationwide radiation monitoring network and 2 to consumer goods.
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1 GENERAL

The use of radiation denotes the use of radiation
equipment and radioactive substances in medi-
cine, industry, research and teaching, as well as
the import, export and production of and trade in
radiation equipment and radioactive substances.
Radiation practices signify, in addition to the use
of radiation, any operations or circumstances in
which a person’s exposure to natural radiation
causes or may cause a health hazard.

Under the provisions of the Radiation Act (592/
1991), STUK – the Radiation and Nuclear Safety
Authority – is the regulatory body for the use of
radiation and other radiation practices in Finland.
Regulatory control of the use of non-ionizing radia-
tion is also covered by STUK unless specifically
delegated to other authorities.

This report presents some events that occurred
in 2000 concerning the use of ionizing and non-

ionizing radiation, other radiation practices and
their regulatory control. The report also presents
annual statistics gathered by the Department of
Radiation Practices Regulation (STO) and infor-
mation on the metrological activities and regula-
tive work of STO. Abnormal occurrences involving
radiation are described as separate examples with
the aim of avoiding such events in the future.

Appendix 1 contains the relevant list of current
legislation governing radiation practices in Fin-
land and Appendix 2 the most important regula-
tions, decisions, directives and recommendations
concerning radiation safety in the Community. Ap-
pendix 3 gives the training organizations that, in
accordance with section 18 of the Radiation Act,
have received STUK authorization to carry out
qualification interviews for radiation safety offic-
ers and for other radiation users.
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2 USE OF IONIZING RADIATION

2.1 Safety Licences and Radiation
Sources

Under the provisions of the Radiation Act, the use
of radiation is subject to a safety licence. Safety
licences are granted by STUK upon application.
There were 1779 valid licences in late 2000. STO
maintains a Register of granted safety licences
and the radiation sources included in the licences.
Table I shows the number of safety licences and
the number of practices in each specific category
of use for which the licences are granted.

In addition, there were 2038 dental X-ray prac-
tices that are licence-free but made notifiable to
STUK. Under STUK decision No. 202/310/99, den-
tal X-ray practices no longer require safety li-
cences if the following requirements are met:
1) the X-ray equipment must be equipped with

a CE marking according to the Medical Devices
Act (1505/1994) and the Medical Device Direc-
tive (93/42/EEC)

2) on-site radiation shielding complies with the
requirements set in ST Guide 3.1

3) a dentist or physician is responsible for the X-
ray equipment and its safe use.

Whenever the use of dental X-ray equipment
does not comply with the above requirements,
a safety licence is required. Fulfilment of these
provisions is checked in conjunction with the reg-
istering of the equipment notified to STUK.

Tables II–IV give more detailed information on
the radiation equipment, radiation sources and
radionuclide laboratories included in the Safety
Licence Register. The Register listed 13 754 radia-
tion devices and 270 radionuclide laboratories.
Compared with 1999, the number of devices was
about the same, but there was a decrease of 3% in
the number of laboratories. There were 6781
radiation devices for the medical use of radiation,
the majority of which were X-ray devices. Veteri-
nary X-ray equipment in use totalled 204. The
majority of the 6973 radiation devices in use in
industry, research, teaching and education were
industrial devices containing sealed sources.
Small sources with activities under exemption lev-
els (such as calibration sources employed in labo-
ratories) and radiation sources in the warehouses
of importers were not individually registered.
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Table I. Number of safety licences and practices by specific categories of use, late 2000.

Gategory Number of safety
licences

Number of
practices

Medical use of radiation 741

• X-ray diagnostics 471
• dental X-ray diagnostics 10*)

• veterinary X-ray diagnostics 184
• use of unsealed sources 66
• use of sealed sources 16
• radiotherapy 12
• other 15

Use of radiation in industry, research, teaching
and education; trade in and installation and
maintenance of radiation sources

1038

• use of sealed sources (other than gamma
radiography)

619

• use of unsealed sources 134
• import, export and trade 155
• installation, testing and maintenance 135
• use of X-rays (other than radiography) 168
• X-ray radiography 85
• gamma radiography 9
• production of radioactive substances 5
• other 14

Safety licences, total 1779

*) Licences primarily granted for use other than dental X-ray practices.
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Table II. Number of radiation devices and radionuclide laboratories: medical and veterinary use of radia-
tion, late 2000.

Equipment/laboratories Number

X-ray diagnostic equipment ∗) 1593

X-ray tubes 1922
1) in conventional X-ray diagnostics 1014
2) for particular purposes**) 908

• mammography (screening excluded) 102
• screening mammography 91
• computed tomography (CT) 70
• angiography (DSA excluded) 21
• digital subtraction angiography (DSA) 83
• bone densitometers 47

Dental X-ray equipment 4877
• intraoral X-ray units 4226
• panoramic X-ray units 651

Radiotherapy equipment 73
• linear accelerators 25
• Co-60 radiotherapy equipment 1
• afterloading equipment 8
• X-ray therapy equipment or radiographic equiment 17
• radiotherapy simulators 9
• other 13

Equipment with radioactive sources 34
• blood irradiation equipment 7
• bone densitometers 1
• calibration sources and other equipment 26

Veterinary X-ray equipment 204

Radionuclide laboratories 100
• type B laboratories 21
• type C laboratories 72
• other 7

*)
One unit of X-ray diagnostic equipment consists of a high-voltage generator, one or more X-ray tubes and one
or more examination stands.

**)
Not all particular purposes are mentioned. Therefore, the total number of X-ray tubes given for particular
purposes may not be the same as the sum of the tubes in those particular purposes that are mentioned here.
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Table III. Number of radiation devices and radionuclide laboratories: industry, research and education,
late 2000.

Equipment/laboratories Number

Equipment containing radioactive substances 6207
• limit switches 2515
• density gauges 1034
• level gauges 915
• surface weight meters 622
• weight scales 479
• fluorescence analysers 138
• moisture and density gauges 117
• thickness gauges 58
• radiography equipment 21
• others 308

X-ray equipment and accelerators 766
• radiography equipment 349
• diffraction and fluorescence analysers 162
• fluoroscopic equipment 144
• other analysers 44
• others 67

Radionuclide laboratories 170
• type A laboratories 3
• type B laboratories 25
• type C laboratories 119
• others 23
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Table IV. Radionuclides most commonly used in sealed sources; number and total activities of sources,
late 2000.

Radionuclide Number of radiation
sources

Total activity*)

(GBq)

Activity < 400 GBq

Cs-137 3735 11 010
Co-60 1486 1590
Kr-85 407 5120
Am-241 (gamma sources) 323 2530
Pm-147 154 3440
Fe-55 151 439
Am-241 (Am/Be neutron sources) 98 1300
Sr-90 69 211
Cd-109 45 31
Cm-244 30 129

Activity 400–400 000 GBq

Cs-137 23 655 000
Ir-192 20 55 800
Co-60 11 309 000**)

H-3 1 3700
Tm-170 1 1850
Pu-238 (Pu/Be neutron source) 1 888

Activity > 400 000 GBq

Co-60 1 38 000 000**)

    *)
Sum of the nominal activities reported upon being taken into use. For short-lived radionuclides
(e.g. Ir-192 and Tm-170), the extant total activities can be significantly less than nominal activities.

  
**)

Activity on 31 December 2000.

1 GBq = 1 gigabecquerel = 109 Bq
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2.2 Inspections of the Use of
Radiation

With inspections at places where radiation is used,
STUK oversees that legal regulations and the pro-
visions given in safety licences are observed and
that radiation practices are in every aspect car-
ried out in a safe and acceptable way.

In the inspections, the inspectors ensure that
the radiation equipment and the operations in
which radiation is used meet the requirements
placed upon them, that arrangements for radia-
tion shielding, quality assurance and safety are
adequate, maximum values or action levels given
are not exceeded and that monitoring for radia-
tion exposure and health surveillance of exposed
workers are carried out according to relevant
guides. Additionally, the inspectors ensure that
radioactive materials and wastes are properly
handled and that the users of radiation have been
given adequate instructions for the use of radia-
tion sources and in case of accidents. The results

of every inspection are presented in a written
document.

Radiation sources and their use are usually in-
spected for the first time when radiation practice
is initiated. After the start-up inspection, periodic
inspections are carried out at intervals of 1–5
years, depending on the practice.

In 2000, STUK performed 360 inspections of
licensed practices and 53 inspections of licence-
free dental X-ray practices. The numbers of in-
spections classified according to the type of in-
spection are given in Table V. The numbers of
inspections of licensed practices classified accord-
ing to the type of practice are given in Table VI.

During the inspections, 92 repairs were
ordered and 65 repairs were recommended. No
equipment was prohibited from use, but the use of
1 dental X-ray device was limited. Remarks
(repair orders and recommendations) and their
numbers are given in Table VII. No remarks were
given in 260 inspections.

Table V. Inspections of the use of radiation in 2000.

Number of inspectionsType of inspection

Licensed practices Dental X-ray practices

Start-up inspection 126 1

Periodic inspection 219 16

Reinspection 10 0

Other inspection or measurement 5 36

Total 360 53
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Table VI. Inspections of licenced practices in 2000.

Table VII. Remarks given in inspections and their numbers.

Type of practice Number of inspections

Medical use of radiation
• X-ray diagnostics

• dental X-ray diagnostics

• veterinary X-ray diagnostics

• use of unsealed sources

• use of sealed sources
• radiotherapy

• other

199
9

17
15
1

32
0

Use of radiation in industry, research and teaching; trade in
and installation and maintenance of radiation sources
• use of sealed sources (other than gamma radiography)
• use of unsealed sources

• import, export and trade

• installation, testing and maintenance
• use of X-rays (other than radiography)

• X-ray and gamma radiography

• production of radioactive substances

• other

65

6
0
0
5

11
0
0

Total 360

Number of remarksSubject of remark

Licensed practices Dental X-ray
practices

Remarks concerning licence, registaration or
organization
• licence or registration 11 5

• radiation safety officer or dentist 3 0

• instructions for use or safety 2 0

• individual monitoring and health surveillance 1 0

• other 1 1

Remarks concerning radiation equipment or
practice
• function of equipment and its shielding

arrangements
22 20

• handling of radioactive substances and wastes 3 0

• premises 4 0

• quality assurance 24 0

• safety arrangements 13 0

• auxiliary equipment and actions 16 8

• patient doses 6 0

• other 14 4

Total 120 38
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2.3 Import, Production and Export
of Radioactive Substances

For regulatory purposes, STUK annually requires
information on the trade in radioactive substances
from manufacturers and importers involved.
Based on Council Regulation (Euratom) No. 1493/
93, STUK receives information on radioactive sub-
stances imported into Finland from within the
Community directly from the consignors*) . Tables
VIII–X give information on the amounts of radio-
nuclides imported, produced and exported in 2000.

The total activity of imported radioactive sub-
stances in 2000 was 175 836 GBq (Table VIII).
Large sources (activities more than 4000 GBq)
were not imported into Finland in 2000. Radio-
active substances are mainly imported into Fin-
land from within the Community (about 90%
according to an enquiry in 1999).

The number of imported smoke detectors and
ionization detectors used in fire detection systems
containing 241Am was 1 082 000. The total activity
of the detectors was 33 GBq.

Short-lived radioactive substances (unsealed
sources) produced in Finland in 2000 amounted to
55 527 GBq (Table IX). This represented an
increase of about 6% compared with the previous
year.

The total activity of exported substances was
74 420 GBq (Table X). The exported items com-
prised consumer goods containing tritium, ana-
lysers with sealed sources, radiopharmaceuticals
and decommissioned radiation sources (for return
to manufacturers).

Radioactive substances delivered through Fin-
land to other countries are not included in the
import and export statistics. For example, radio-
pharmaceuticals to the Baltic countries are trans-
ported through Finland.

*) In the Community, the term “shipment of radioactive sub-
stances” is used to denote import and export of radioactive
substances between the Member States. In this chapter the
terms “import” and “export” are used irrespective of the
country of departure or destination.
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Table VIII. Imported radioactive substances in 2000.

Radionuclide Activity (GBq)

Unsealed
sources

Sealed
sources

Total

H-3 271 59 870 60 141
Ir-192 4 56 988 56 992
Mo-99 41 463 -*) 41 463
I-131 7150 - 7150
Sm-153 3015 - 3015
Ho-166 1394 - 1394
Kr-85 - 1265 1265
Pm-147 - 1045 1045
Tc-99m 750 - 750
I-125 602 - 602
Cs-137 - 345 345
Fe-55 22 255 277
I-123 251 - 251
Tl-201 220 - 220
P-32 208 - 208
Xe-127 176 - 176
W-188 109 - 109
S-35 99 - 99
Cd-109 - 66 66
Xe-133 65 - 65
Am-241 - 57 57
Co-60 - 36 36
In-111 30 - 30
Others, total**) 45 35 80

Total import 55 874 119 962 175 836

*) “-” means there was no import.
**) Nuclides: Ba-133, C-14, Ca-45, Cf-252, Cm-244, Co-57, Cr-51, Cu-64, Eu-152, Fe-59,Ga-67, Gd-153, Ge-68,

I-129, Na-22, Ni-63, P-33, Po-210, Ra-226, Rb-86, Re-186, Se-75, Sr-85, Sr-89, Sr-90 and Y-90.
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Table IX. Production of radioactive substances (unsealed sources) in 2000.

Radionuclide Activity
(GBq)

O-15 40 500
C-11 8770
F-18 5508
Br-82 733
Na-24 10
La-140 4
Au-198 2
Others, total*) < 1

Total production 55 527

*)
E.g. nuclides: Ar-41 and Cd-109.

Table X. Export of radioactive substances in 2000.

Radionuclide Activity
(GBq)

H-3 56 023
Ir-192 9096
Mo-99 6372
I-131 1160
Kr-85 705
Pm-147 224
Fe-55 211
Sm-153 142
Xe-127 93
Cs-137 92
Cd-109 56
Ho-166 55
Y-90 54
I-123 50
W-188 47
Others, total*) 40

Total export 74 420

*)
Nuclides: Am-241, C-14, Cm-244, Cu-64, Eu-152, Ga-67, I-125, I-129, In-111, Ni-63, Sr-90 and Tl-201.
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2.4 Radioactive Wastes

STUK maintains a national storage facility for the
safekeeping of solid, low-level radioactive wastes.
The facility is located in conjunction with the
intermediate- and low-level nuclear waste reposi-
tory of the Olkiluoto Nuclear Power Plant owned
by Teollisuuden Voima Oy. The facility is a sepa-
rate part of the Olkiluoto repository, reconstructed
for low-activity wastes and rented to STUK. The
facility was taken into use in spring 1997. By late
2000, a total of 142 waste parcels with a total
mass of 40.6 tonnes were transported to the facil-
ity. The activities or the mass of the most remark-
able wastes in the facility are given in Table XI.

Before the wastes are taken to the Olkiluoto

facility, they are transported to an interim storage
unit situated in the STUK premises at Roihupelto,
Helsinki. According to radiation regulations, the
user of the radiation source is responsible for the
transport and, in general, for ensuring that the
radioactive waste produced is rendered harmless
through the implementation of proper safety pro-
cedures. Transport of wastes is carried out accord-
ing to the regulations given for the transport of
dangerous materials (regulations according to the
ADR agreement).

In 2000, the STUK interim storage received 37
batches of low-level wastes consisting of a total of
70 parcels. The total mass of the parcels was 1.92
tonnes. Table XII gives the activities or the mass
of the wastes received by STUK in 2000.

Table XI. The most remarkable low-level radioactive wastes in the Olkiluoto facility (December 2000).

Radionuclide Activity (GBq) or mass

H-3 21 150

Co-60 277

Kr-85 765

Sr-90 146

Cs-137 1453

Ra-226 229

U-238 164 kg

Pu-238 1405

Am-241 618
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Table XII. Low-level radioactive wastes received by STUK in 2000.

Radionuclide Activity (GBq) or mass

H-3 7.4

Co-60 11.0

Ni-63 0.5

Kr-85 111

Sr-90 3.6

Cs-137 57.0

Pm-147 5.1

Ra-226 0.01

U-238 70.0 kg

Am-241 19.3

Cf-252 0.02

2.5 X-ray Diagnostics

During inspections of X-ray diagnostics performed
by STUK in 2000, no serious shortcomings in safe-
ty arrangements were found and no notifications
of emergency situations were made. In general,
the level of safety in X-ray diagnostics can be con-
sidered rather good, although patient doses still
exhibit considerable (as much as 10-fold) variation
in level from place to place. This variation can
usually be reduced without jeopardizing the pur-
pose of the medical procedure involved. The
reduction calls for procedures carried out with
increased awareness of safety and optimization of
diagnostic methods.

As a result of the recommendations given, the
highest patient doses have become substantially
lower in nearly all cases studied. In CT tomogra-
phy it is not possible, for technical reasons, to
diminish patient doses in some cases without
noticeably deteriorating the image quality.

STUK found no cases of unjustified use in X-
ray diagnostics in 2000.

Reference levels for X-ray diagnostics

In 2000, STUK issued reference levels in its letter
No. 596/310/00 covering examinations in X-ray
diagnostics and nuclear medicine. This was done
to fulfil the provisions of the Decree on the Medi-
cal Use of Radiation (423/2000), issued by the Min-
istry of Social Affairs and Health. Table XIII gives
the reference levels of STUK for some common X-
ray examinations and the corresponding reference
levels given in the report of the EC expert group
in 1996*) . A reference level means a dose that is
not supposed to be exceeded when a standard
patient (about 70 kg) is examined. If the dose in
some case is higher than the reference level, then
it should be determined if the dose is too high and
if it could be diminished without deteriorating the
result of the examination.

Inspections of fluoroscopic units

A total of 18 fluoroscopic units (3% of all units)
were inspected in 2000. The air kerma rate and
the quality of the fluoroscopic image of all the
units were satisfactory according to the grading
scale set in ST Guide 3.3. The results for 1996–
2000 are shown in Table XIV.

*) European Guidelines on Quality Criteria for Diagnostic
Radiographic Images, EUR 16260 EN, European Commis-
sion, June 1996.
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Table XIII. Reference levels for some common X-ray examinations.

Reference level (mGy) *)Projection

STUK EC

Thorax PA 0.2 0.3

Thorax LAT 1 1,5

Lumbar spine AP 8 10

Lumbar spine LAT 25 30

Lumbar spine LSJ (LV-S1) 35 40

Pelvis AP 8 10

Urography (per image) 8 10

Abdomen AP (standing) 8 -

Breast **) CC, MLO, LAT 10 10

Skull PA 5 5

Skull LAT 3 3

Paranasal sinuses, semi-axial 5 -

Intraoral, upper molar 5 -

*)
Reference level means the absorbed dose on the skin (Entrance Surface Dose, ESD).

**)
A grid in use.

Table XIV. Air kerma rate and image quality of fluoroscopic units, 1996–2000.

Image qualityYear Number of
inspected
units

Air kerma rate,
(µGy·s-1)

Mean (range)

Contrast sensitivity,
(mm Al)
Mean (range)

Spatial resolution,
(line pairs·mm-1)
Mean (range)

1996 22 0.43 (0.16–0.76) *) *)

1997 18 0.39 (0.15–0.66) 0.24 (0.20–0.40) 1.25 (0.70–1.80)

1998 28 0.34 (0.08–0.70) 0.30 (0.20–0.60) 1.23 (< 0.60–2.20)

1999 14 0.44 (0.11–1.60) 0.27 (0.20–0.40) 1.16 (< 0.70–1.60)

2000 18 0.31 (0.13–0.63) 0.23 (0.20–0.30) 1.30 (0.90–1.80)

Requirement in ST Guide 3.3 < 0.8 < 0.6 < 0.7

*) 1996 results for image quality have not been gathered.
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Figure 1. Dose distribution of dental X-ray measurements, 2000.

Regulatory control of dental X-ray units

As part of the regulatory control of dental X-ray
units, test packages are posted to dental X-ray
users every 3–5 years. Through measurement of
returned packages, information is obtained among
other things on radiation doses in praxis. More
information on the measurements is given in the
Radiation Practices Annual Report 1995 (STUK-
B-STO 33).

In 2000, measurements of molar X-ray doses
were taken in 839 dental X-ray units. The doses
correspond to the entrance dose on the surface of
the cheek when a molar tooth is X-rayed. Figure 1
shows the distribution of the measured doses; the
mean dose was 4.2 mGy and the range of doses
0.7–19.5 mGy. The reference value recommended

by the IAEA (International Atomic Energy Agen-
cy)*)  for the limit of a dental X-ray dose is 7 mGy
(reference value for the Entrance Surface Dose).
The corresponding reference level given by STUK
is 5 mGy (see Table XIII). A total of 12% of the X-
ray units measured in 2000 exceeded the value of
7 mGy and 27% exceeded the reference level of
5 mGy. A dose of 5 mGy in dental X-rays is equiva-
lent to an effective dose of about 7 �Sv.

During 1995–2000, the dose-area-products
of  131 dental panoramic X-ray units were meas-
ured. Figure 2 shows the distribution of the meas-
ured dose-area-products; the mean dose was
96 mGy·cm2 and the range of doses 34–
254 mGy·cm2. The reference level given by STUK
for the dose-area-product is 120 mGy·cm2; 15% of
the units measured exceeded this value.

*) International Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Radiation Sources.
Safety Series No. 115, Schedule III, p. 279, International
Atomic Energy Agency (IAEA), Vienna 1996.
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Figure 2. Dose-area-product distribution of dental panoramic X-ray measurements, 1995–2000.

Patient dose and image quality studies

In its inspections during recent years, STUK has
studied patient doses and image qualities in com-
mon X-ray examinations. In these studies a phan-
tom and the technique adopted by the particular
user were utilized to measure the ESDs and some
parameters of the image quality. In 2000, meas-
urements were taken for lumbar spine AP and
chest PA projections in 20% of X-ray wards.

Table XV gives the ESDs measured in the in-
spections during 1995–2000. The Table also shows
the reference values given by the EC expert group
(see section on Reference levels for X-ray diagnos-
tics, page 17) and the reference levels given by
STUK. The mean doses are lower than the STUK
reference levels for these examinations. Figures 3

and 4 give the dose distributions of the measure-
ments in 2000.

The EC expert group has also given recommen-
dations for X-ray image quality. These recommen-
dations, however, are for clinical X-ray images.
There are no international reference values for
technical image quality. The national status of
technical image quality can be estimated by com-
paring the results of image quality measurements
conducted in various years.

Table XVI gives the results of image quality
measurements for 1995–2000. The measurements
were performed with the phantoms and measur-
ing methods given in ST Guide 3.5. No essential
differences can be seen on the basis of these
results.
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Table XV. Radiation doses on the surface of the phantom in lumbar spine and chest X-ray, 1995–2000.

Table XVI. Image quality in lumbar spine and chest X-ray, 1995–2000.

Dose*) (mGy)

Mean (range)

Year

Lumbar spine AP Chest PA

1995 6.0 (2.4–13) 0.19 (0.04–0.52)

1996 6.0 (2.3–16) 0.14 (0.06–0.36)

1997 4.7 (1.1–12) 0.12 (0.03–0.30)

1998 6.0 (0.4–26) 0.12 (0.03–0.47)

1999 5.4 (1.1–11) 0.13 (0.03–0.33)

2000 5.9 (0.7–23) 0.13 (0.04–0.44)

EC reference value**) 10 0.3

STUK reference level 8 0.2

*) Dose on the surface of the phantom (Entrance Surface Dose).
 **)

Normal-sized, 70-kg patient.

Year Optical density (OD)

Mean (range)

Contrast (OD)

Mean (range)

Spatial resolution
(line pairs·mm-1)

Mean (range)

Lumbar spine AP Chest PA Lumbar spine AP Chest PA Lumbar spine AP Chest PA

1995 1.30 (0.59–2.25) 1.66 (0.74–2.4) 0.21 (0.09–0.35) 0.30 (0.20–0.40) 2.1 (1.4–2.8) 3.7 (3.1–5.0)

1996 1.24 (0.67–2.16) 1.53 (0.72–2.35) 0.21 (0.11–0.29) 0.33 (0.24–0.49) 2.0 (1.2–2.8) 3.9 (2.6–5.0)

1997 1.23 (0.67–1.83) 1.43 (0.63–2.21) 0.24 (0.12–0.40) 0.32 (0.20–0.47) 2.2 (1.2–4.0) 3.8 (2.0–5.0)

1998 1.31 (0.52–2.27) 1.60 (0.43–2.39) 0.22 (0.06–0.50) 0.31 (0.10–0.52) 2.2 (1.0–4.3) 3.9 (2.2–5.0)

1999 1.26 (0.66–1.97) 1.64 (1.06–2.33) 0.25 (0.06–0.47) 0.30 (0.13–0.54) 2.0 (0.8–3.1) 3.7 (1.4–5.0)

2000 1.22 (0.58–1.88) 1.67 (0.60–2.26) 0.22 (0.08–0.39) 0.30 (0.08–0.52) 2.2 (0.9–4.3) 3.9 (1.8–5.0)
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Figure 3. Dose distribution of chest X-ray measurements, 2000.

Figure 4. Dose distribution in lumbar spine X-ray measurements, 2000.
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2.6 Nuclear Medicine

Reference levels for nuclear medicine
examinations

In its letter on the reference levels for X-ray diag-
nostics and nuclear medicine (see section on Ref-
erence levels for X-ray diagnostics, page 17) STUK
issued reference levels for 17 nuclear medicine
examinations. The fraction of activity adminis-
tered to adults that should be administered to chil-
dren was given as a function of the weight of the
child. In addition, minimum activities to be
administered to children for some radiopharma-
ceuticals were also given.

A reference level for a nuclear medicine exami-
nation means a level of activity, defined in
advance,  that is not expected to be exceeded for
a standard-sized patient in a standard procedure
when good and normal practice is applied. Refer-
ence levels are not meant to be applied to limit the
radiation exposure of an individual patient. The
use of higher activities is justified only for medical
reasons. If the activity administered to a patient
in a particular examination is remarkably lower
than the reference level, it should be ascertained
that the requested diagnostic information is
obtained. The use of reference levels is a new
instrument for optimization.

The diagnostic information from a nuclear
medicine examination varies with the amount of
administered activity. There is a threshold of
administered activity below which no useful infor-
mation can be expected. Above this threshold, the
diagnostic information increases steeply with
increasing activity, until the optimum activity is
reached. Once the optimum activity is reached,
a further increase in the administered activity will
only increase the dose to the patient, but not the
value of the diagnostic information.

The aim is to use activities that are as near the
optimum as possible. In practice, the amount of
administered activity is mainly based on local
experience and tradition, and therefore there are
considerable differences in activities used in dif-
ferent laboratories in the same nuclear medicine
examination. Table XVII shows the mean activity
administered in some nuclear medicine examina-
tions in Finland in 1997 weighted with the num-
ber of examinations and the range of reported
mean activities used in different laboratories*) . To
begin with, the aim of using reference levels is to
eliminate the highest activities administered.
When experience in the use of reference levels has
been obtained, new reference levels can be given,
if necessary. At first, reference levels were given
for such nuclear medicine examinations the num-
ber of which is large and which, therefore, cause
a high collective effective dose or for such exami-
nations that result in a high dose to an individual
patient. When determining the first national ref-
erence levels, the results of the survey made by
STUK concerning the use of radiopharmaceuticals
in 1997 in Finland were used.

As an example, the mean activities used in
lung perfusion imaging in different laboratories
with 99mTc-MAA (macroaggregated albumin la-
belled with 99mTc) are shown in Table XVIII. It can
be seen that the mean activity administered in
lung perfusion imaging in 1997 varies from 50 to
222 MBq. The chosen reference level in Finland is
150 MBq. Thus, in about 10% of lung perfusion
imaging examinations performed in 1997 the
activity administered was higher than the given
reference level.

In Table XIX, some reference levels for nuclear
medicine examinations in Finland have been com-
pared to the reference levels given by the NRPB
(National Radiological Protection Board)**)  in the
United Kingdom and to the maximum usual activ-
ities given by the IAEA (see footnote on page 19).

*) H. Korpela, Use of radiopharmaceuticals in Finland in 1997,
STUK-B-STO 38, Radiation and Nuclear Safety Authority,
Helsinki 1999.

**) Notes on Guidance on the Clinical Administration of Radio-
pharmaceuticals and Use of Sealed Radioactive Sources. Na-
tional Radiological Protection Board (NRPB), 1998.
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Table XVII. Mean administered activity (weighted with the number of examinations) in some nuclear
medicine examinations in different laboratories in Finland in 1997 and range of the mean administered
activities.

Examination Radionuclide/
Radiopharmaceutical used

Mean ad-
ministered
activity

(MBq)

Range

(MBq)

Bone imaging Tc-99m/phosphates and phos-
phonates

595 100–740

Bone imaging, SPECT Tc-99m/phosphates and phos-
phonates

727 500–740

Renal imaging Tc-99m/DTPA 166 74–370

Brain perfusion, SPECT Tc-99m/HMPAO 733 600–900

Thyroid imaging Tc-99m/pertechnetate 122 74–185

Table XVIII. Mean administered activities in lung perfusion imaging (99mTc-MAA) in different labora-
tories in 1997 and the number of laboratories and examinations. The reference level is 150 MBq.

Mean administered activity
(MBq)

Number of laboratories Number of examinations

50 1 137

60 1 916

74 1 406

75 3 708

80 2 322

100 2 408

110 3 450

111 5 836

120 1 293

148 2 341

150 3 544

185 3 235

222 1 390
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Table XIX. Reference levels for nuclear medicine examinations in Finland and reference levels given by
the NRPB and maximum usual activities recommended by the IAEA for the same examinations.

Examination Radio-
nuclide

Radio-
pharmaceu-
tical

Reference
level in
Finland

(MBq)

Reference
level of
NRPB 

(MBq)

Maximum
usual activ-
ity (IAEA)

(MBq)

Bone imaging Tc-99m phosphates 600 600 600

Infection imaging Tc-99m leukocytes 300 200 400

Lung perfusion imaging Tc-99m MAA 150 100 100

Tc-99m MAG3 150 100 100Renal imaging

Tc-99m DTPA 300 300 350

Tl-201 chloride 100 80 100Myocardial perfusion, SPECT

Tc-99m MIBI 1000*) 1000*) -

Brain perfusion, SPECT Tc-99m HMPAO 740 500 500

Tc-99m pertechne-
tate

150 80 200Thyroid imaging

I-123 iodide 20 20 20

Thyroid metastases I-131 iodide 400 400 400

Parathyroid imaging Tc-99m MIBI 740 900 -

*)
Total activity administered in a single day.

2.7 Radiotherapy

General

In radiotherapy, the aim is to eradicate a local
tumour with minimum damage to the surround-
ing healthy tissue. For this aim to be achieved, the
prescribed radiation dose must be delivered to the
target volume as precisely as possible. According
to international recommendations, e.g. given by
the ICRU (International Commission on Radia-
tion Units and Measurements), the uncertainty of
the dose to the patient should not exceed 5% on
the average. Regulatory activities to ensure prop-
er implementation of the principles of justification
and optimization at hospitals thus concentrate on
those factors that affect the accuracy (i.e. correct
value and targeting) of the dose to the patient.

To ensure the high accuracy of the dose to the
patient, quality assurance (QA) programmes are
required in radiotherapy departments. The Decree

on the Medical Use of Radiation, issued by the
Ministry of Social Affairs and Health in 2000,
assigns a number of new responsibilities to the
users. Implementation of these requirements at
radiotherapy clinics requires that attention be
directed to the quality management of the entire
radiotherapy process, in addition to the technical
QA programmes. In practice, this is equivalent to
establishing a quality system in accordance with
international quality standards. In the regulatory
control of radiotherapy, therefore, attention is also
focused on the development of comprehensive
quality systems for radiotherapy.

Inspections

The functioning and results of QA programmes
are regularly evaluated by STUK inspections. In
2000, all departments had implemented and were
running the QA programmes in accordance with
STUK requirements. A detailed quality-control
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programme approved by STUK has been set up
for each radiotherapy equipment that has been in
use for at least 1 year.

In 2000, a total of 36 devices were inspected in
radiotherapy departments, 5 of which were for the
acceptance of new equipment. Based on the in-
spections and related measurements of radiation
protection, it can be concluded that the radiation
safety of personnel and patients has remained
good. Furthermore, the results of the inspections
and comparative measurements of the character-
istics of radiotherapy equipment (treatment equip-
ment and simulators) indicate that the procedures
applied and the characteristics of equipment af-
fecting patient dose accuracy have, in general, met
established requirements. Four remarks on the
shortcomings in radiation safety arrangements,
radiotherapy equipment or quality-control meth-
ods were recorded. In the comparative dose meas-
urements in electron beams, the acceptable level
(2%) was exceeded in 2 electron beams. In the
inspections of 13 treatment-planning systems, no
deviation of greater than 5% between the meas-
ured and calculated doses was observed. Based on
findings of the accuracy of dose delivery, imple-
mentation of the principles of justification and
optimization in radiotherapy can be considered
good.

Development of quality systems

The national guide on how to establish a quality
system for radiotherapy, prepared by a group of
radiotherapy experts convened by STUK, was
finalized on the basis of comments from radio-
therapy departments and published. In the guide,
the basic principles of quality systems are intro-
duced, with practical advice and examples of how
to implement a system. The guide is based on the
recommendations of the ESTRO (European Soci-
ety for Therapeutic Radiology and Oncology) and,
accordingly, on the ISO 9000 series of quality
standards but tailored to the needs of radiothe-
rapy.

The plans of the radiotherapy departments for
establishing and implementing quality systems
were evaluated with the help of an enquiry sent to

the heads of the departments. A summary of the
replies to the enquiry was sent for information to
the Ministry of Social Affairs and Health.

The radiotherapy departments consider it
essential to establish quality systems, and the cur-
rent motivation for their implementation is good.
Development of a quality system has been initiat-
ed in all radiotherapy departments, while there is
wide variation in the progress of the work. Only
one department has completed the quality system,
as part of the quality system of the central hospi-
tal and the healthcare district, and this system
has also been certified by the Finnish Standards
Association (SFS). In 3 other departments, the
quality system is estimated to be completed dur-
ing the next 2 years, while the other 5 depart-
ments are just beginning this task. In most
departments, development has been independent
with no direct link to development of the quality
system in the relevant hospital or healthcare dis-
trict. The main problem in development has
become one of personnel resources, which have
not been available in the overloaded departments
without extra funding. Another problem has been
the arrangement of necessary training for quality
matters: on the one hand, this is due to the costs
of training, and on the other to the difficulties in
finding suitable expert training.

Research

STUK is currently participating in a research
project “A Code of Practice for Dosimetry of Boron
Neutron-Capture Therapy (BNCT) in Europe”,
partly financed by the Community. The aim of the
project is to create and publish European meas-
urement recommendations for harmonizing the
dosimetry of BNCT. In the project, STUK´s
responsibilities are mainly to establish a metro-
logically acceptable method of BNCT dose meas-
urements and to be responsible for preparation of
the recommendations for publication. The project
has continued with the planning of a test and com-
parison programme for the methods of measure-
ment, for which STUK acquired a microdosimetric
device. The European recommendations are
scheduled to be completed by late 2002.
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Training and cooperation with national
counterparts

In 2000, STUK organized the following meetings
and training sessions related to the regulatory
control of radiotherapy:
• The annual meeting with radiotherapy physi-

cists in Naantali. The main topics were imple-
mentation of Community Directives into Fin-
nish legislation, the quality systems for radio-
therapy and the education and training of
radiotherapy physicists. In addition, STUK’s
research projects related to the regulatory
control of radiotherapy were discussed.

• A special meeting on basic dosimetry in radio-
therapy was organized on 25–26 October 2000
in Tampere, in collaboration with the Tampere
University Hospital. The main topics were
measurements for calibration and quality con-
trol of radiotherapy equipment. The partici-
pants were mainly assistant physicists who are
practising for a radiotherapy physicist profes-
sion.

International cooperation

STUK is participating in work of the ICRU Report
Committee, which aims at preparing recommen-
dations for the dosimetry of beta rays in radio-
therapy applications. Handling of the draft report
prepared by the Committee was continued by
acquiring comments from outside experts. The
draft report has been estimated to be completed in
2001. Furthermore, a representative of STUK
participates in the work of WG 1 of SC 62C of the
IEC (International Electrotechnical Commission),
dealing with the standardization of radiotherapy
equipment.

A representative of STUK participates in the
ESTRO Physics Committee and in a working
group established by the ESTRO and funded by
the Community for development of comparative
measurements in radiotherapy. Almost all radio-
therapy departments in Finland participated in
these ESTRO comparative measurements; the
results will be analyzed in 2001.

In 2000, the STUK experts visited the Esto-

nian Cancer Centre in Tallinn to aid in the cali-
bration of brachytherapy equipment and partici-
pated as experts invited by the IAEA for the evalu-
ation of radiotherapy departments in Lithuania.

2.8 Individual Monitoring

General

The Radiation Act stipulates that the undertaking
shall arrange monitoring of radiation exposure to
exposed workers. Monitoring must be individual
for category A workers. For practical reasons,
monitoring in category B has often been arranged
as individual monitoring as well. Category A
includes such radiation work in which the annual
effective dose is or may be higher than 6 mSv or
the annual equivalent dose to the lens of the eye,
the skin and hands or feet is or may be higher
than 3/10 of the dose limits stipulated for these
tissues or organs. Category B includes all other
radiation work.

In accordance with section 34 of the Radiation
Act (Amendment 1142/1998), STUK maintains
a Dose Register of exposure to ionizing radiation
of workers engaged in radiation work. The expo-
sure data of individually monitored workers is reg-
istered in the Dose Register. The data to be regis-
tered is obtained from nuclear power plants and
the Personal Dosimetry Service of STUK. Addi-
tionally, data is registered from Radiological Moni-
toring Documents of persons who have been work-
ing abroad and from reports of the Swedish Dose
Register.

Individual doses caused by external radiation
are measured with personal dosemeters. Results
are reported in terms of the quantities deep dose
Hp(10) and surface dose Hp(0.07), which are
approximations of the effective dose and the
equivalent dose to the skin. If the deep dose or
surface dose is high the conditions leading to the
exposure are determined and the effective dose or
the equivalent dose to the skin will be estimated.
The minimum registered dose (recording level) for
the deep dose for nuclear power plant workers is
0.1 mSv/month and for other workers either
0.1 mSv/month or 0.3 mSv/3 months depending on
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the monitoring period. Respectively, the recording
level for the surface dose is 2 mSv/month or
6 mSv/3 months.

Individual doses caused by internal radiation
are determined from samples of excreta or whole-
body activity measurements. The effective dose of
the worker is calculated from the measured activ-
ity and registered in the Dose Register.

Workers going to the Member States of the
Community to work in Category A radiation work
need a Radiation Passbook. A Radiological Moni-
toring Document (extract from the Dose Register)
given by STUK together with a Certificate sup-
plied by the medical practitioner responsible for
the medical surveillance of the worker constitute
the Radiation Passbook. The Radiological Moni-
toring Document is presented to the foreign
undertaking, who enters in it the data on the
duration of the radiation work, exposure to radia-
tion during the work and the results of the work-
er’s medical surveillance, if any. After the radia-
tion work abroad has ended, the Document is
returned to STUK which enters in the Dose Regis-
ter the data recorded in the Document.

Individual monitoring in 2000

In 2000, individual monitoring covered 10 846
workers. About 46% of the employment relation-
ships of the workers belong to category A and 41%
to category B. Category has not been reported in
13% of the relationships.

Table XX presents the number of workers in
various occupational categories. The number of
workplaces having individual monitoring was
1171. The number of workers whose doses exceed-
ed the recording level was 2976 (27%). The sum of
the doses (total dose) recorded in the Dose Regis-

ter was 6.5 Sv, of which nuclear power plant work-
ers (Finnish workers in Finnish and foreign nu-
clear power plants and foreign workers in Finnish
nuclear power plants) accounted for 4.4 Sv (68%)
(Table XXI). Table XXII presents the number of
monitored workers in 2000 in selected occupation-
al groups and the total and mean doses in these
groups.

The total dose of the workers in Finnish nu-
clear power plants was 4.0 Sv. The dose of outside
workers (workers of contractors) was 3.3 Sv and
that of power company operatives 0.7 Sv. The
number of power plant own workers being moni-
tored was 869, of whom 474 received doses exceed-
ing the recording level. The number of outside
workers being monitored was about 1960, of whom
about 1310 received doses exceeding the recording
level. The number of nuclear power plant workers
who were exposed to internal radiation and whose
doses exceeded the recording level (0.1 mSv)
was 9. The sum of the internal doses was 1.2 mSv.

In 2000, no worker received a dose exceeding
50 mSv, the annual dose limit on the effective
dose. In the period of 1996–2000, no worker re-
ceived a dose exceeding 100 mSv, the dose limit for
a 5-year period.

The highest deep dose measured in 2000 was
46 mSv. This dose was measured from dosemeters
of a radiologist working in a hospital. The annual
dose limit of the effective dose, however, was not
exceeded, due to appropriate protective measures.
The highest effective dose during the 5-year peri-
od of 1996–2000 was 93 mSv. The person in ques-
tion was engaged in cleaning in a nuclear power
plant.

In 2000, STUK issued 58 Radiological Monitor-
ing Documents from the Dose Register.
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Table XX. Number of monitored workers in various occupational categories by specific dose ranges in
2000.

Table XXI. Total doses received in various occupational categories in 2000.

Dose range
(mSv)

Occupational category and number of workers

Healthcare Veterinary Industry Research Nuclear
energy

All*)

 < 0.3 4820 256 889 1218 1390**) 8480

 0.3– < 0.5 162 10 33 8 237 432

 0.5– < 5.0 424 21 105 24 1016 1566

 5.0– < 10.0 38 5 4 3 195 246

 10.0– < 20.0 29 0 1 2 77 111

 ≥ 20.0 11 0 0 0 0 11

Total 5484 292 1032 1255 2915 10 846

*) Since some workers were involved in more than one category, the number given in this column is not
necessarily the same as the sum of the numbers in other columns in the same row.

 **)
1050 workers received less than 0.1 mSv.

Occupational category Total dose (Sv)

Healthcare 1.74

Veterinary 0.07

Industry 0.22

Research 0.10

Nuclear energy 4.40

Total 6.53
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Table XXII. Data on some occupational groups in 2000.

Group Number of
monitored
workers

Total dose
(Sv)

Mean dose
(mSv)

Highest
dose
(mSv)

Workers
whose doses
exceed
recording
level*)

All monitored
workers

Radiologists 594 0.61 2.4 1.0 46.2

Interventional radiologists 25 0.18 8.0 7.4 41,7

Cardiologists 114 0.44 4.9 3.9 24.4

Surgeons 222 0.05 1.6 0.2 13.5

X-ray assistants 2475 0.20 0.7 0.1 6.0

Industrial radiographers 380 0.11 0.8 0.3 4.8

Researchers 941 0.04 1.5 0.0 8.6

Nuclear power plant
workers

• mechanical work 758 1,25 2.2 1.7 17.1

• material testing 233 0.49 2.5 2.1 14.8

• operational personnel 218 0.13 1.0 0.6 4.6

• cleaning 215 0.55 3.6 2.5 18.0

• insulation work 96 0.49 5.8 5.1 18.4

• radiation protection 75 0.24 3.5 3.5 14.2

    *)
The recording level for nuclear power plant workers was 0.1 mSv/month and for other workers either 0.3 mSv/3 months 
or 0.1 mSv/month depending on the monitoring period.

Individual monitoring during 10-year period
in 1991–2000

Individual doses have been monitored and regis-
tered for over 30 years. The main purpose of cen-
tralized regulative control carried out by STUK is
to ensure the safety of  workers and workplaces.

Tables XXIII-XXIV present summaries of the
numbers and doses of monitored workers in vari-
ous occupational categories during 1991–2000*).
The category of nuclear energy includes workers
at Finnish nuclear power plants.

*) The data presented in Tables XXIII-XXIV and XXV can dif-
fer slightly from that reported earlier, because some data
were reported in the Dose Register after publication of the
Annual Reports. Radiation work codes have also been com-
pleted and verified, when necessary.
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Table XXIII. Number of monitored workers in various occupational categories during 1991–2000.

Category and number of workersYear

Healthcare Veterinary Industry Research Nuclear
energy

All

1991 6155 165 1124 1340 2147*) 10 824

1992 5970 199 1076 1433 3377 11 901

1993 5556 217 1010 1398 2902 10 957

1994 5384 233 1080 1457 3062 11 093

1995 5381 294 1188 1470 2555 10 775

1996 5523 271 1209 1516 3306 11 675

1997 5594 272 1234 1499 3138 11 673

1998 5542 293 1201 1409 3346 11 650

1999 5425 278 1125 1378 2403 10 502

2000 5484 292 1032 1255 2826 10 757

*) Only the number of workers whose doses have exceeded the recording level. Since 1992, data of nuclear
power plant workers whose doses have been smaller than the recording level have also been recorded in the
Dose Register.

Table XXIV. Total doses of monitored workers in various occupational categories during 1991–2000.

Category and total dose (Sv)Year

Heathcare Veterinary Industry Research Nuclear
energy

All

1991 1.16 0.07 0.13 0.21 3.08 4.65

1992 1.23 0.05 0.14 0.24 5.69 7.35

1993 1.35 0.05 0.18 0.21 3.79 5.58

1994 1.82 0.05 0.17 0.20 4.74 6.98

1995 2.02 0.06 0.18 0.14 2.24 4.64

1996 2.08 0.07 0.18 0.14 4.32 6.79

1997 2.08 0.05 0.23 0.11 2.81 5.28

1998 2.17 0.07 0.22 0.10 4.14 6.70

1999 1.71 0.04 0.15 0.07 2.30 4.27

2000 1.74 0.07 0.22 0.10 3.99 6.12

Total 17.36 0.58 1.80 1.52 37.10 58.36
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Changes in individual monitoring

Changes in individual monitoring over the last 10
years are as follows:
• In early 1992, the new dose limits entered into

force, and regulatory control of occupational
exposure to natural radiation was initiated.
The changes were due to a wide reform in
radiation legislation, in which the new recom-
mendations of the ICRP (International Com-
mission on Radiological Protection) were
effected.

• In 1993, the Personal Dosimetry Service of
STUK began switching from the use of film
dosemeters to thermoluminescent dosemeters.
Old film dosemeters were definitively laid
aside during 1995. As the result of the change,
the accuracy of  individual dosimetry was im-
proved.

• Since early 1996, dosemeters have been cali-
brated in terms of the quantities deep dose
Hp(10) and surface dose Hp(0.07) recommended
by the ICRP (more precisely, personal dose
equivalents at depths of 10 mm and 0.07 mm in
tissue). These quantities yield better approxi-
mations of the effective dose and the dose
equivalent to the skin than previous quantities
of measurement. Previously, film dosemeters
were calibrated in terms of the quantity dose
equivalent. Doses corresponding to the effec-
tive dose and the dose equivalent to the skin
were called the whole-body dose and the skin
dose. The skin dose meant the dose equivalent
from low-energy X-rays and beta radiation on
the surface of the skin.

• In 1995, a Radiation Passbook was introduced
when Finland joined the Community. This mat-
ter was enacted in the Amendment of the
Radiation Decree (1598/1994), which is based
on the Council Directive on the operational pro-
tection of outside workers exposed to the risk
of ionizing radiation during their activities in
controlled areas (90/641/Euratom).

• In 1998, the data systems of the Dose Register
were revised. Concurrently, a separate data

system independent from the Dose Register
was created in the Personal Dosimetry Service.
The recording level was changed to be depend-
ent on the measurement period (e.g. 0.1 mSv/
month or 0.3 mSv/3 months for the quantity
deep dose).

• In 1999, the category of radiation work was
first recorded in the Dose Register. Categoriza-
tion was enacted in the Amendment of the
Radiation Act (1142/1998) and the Amendment
of the Radiation Decree (1143/1998). These
Amendments resulted from the Council Direc-
tive in 1996 on the radiation protection of work-
ers and the general public (96/29/Euratom).
The measurement periods of individual moni-
toring were changed to 4 weeks in Category A
and 12 weeks in Category B. The measurement
period in nuclear power plants is 1 month, irre-
spective of the category.

• In 2000, the Personal Dosimetry Service of
STUK was accredited in accordance with
requirements of the standards SFS-EN 45001
and ISO/IEC Guide 25. The accreditation was
granted by the FINAS (Finnish Accreditation
Service).

Risk of cancer

According to ICRP*) estimation, the theoretical
risk of a fatal cancer caused by radiation for adult
workers is 4% per 1 Sv of effective dose. The risk
is double if all cancers (including nonfatal) are
also included.

The effective dose stands for the total health
detriment when human organs and tissues are
subject to radiation exposure. In radiation work,
the effective dose of a worker can be estimated
from the deep dose measured by an individual
dosemeter. In practice, the deep dose gives a good
approximation of the worker’s effective dose.
Exceptions to this are X-ray examinations in
which the doses of the medical staff are measured
by dosemeters worn above lead aprons, giving
good protection to the body. Consequently, the
deep doses of workers exposed to X-rays in health-

*) 1990 Recommendations of the International Commission on
Radiological Protection. ICRP Publication 60. International
Commission on Radiological Protection (ICRP), 1991.



S T U K - B - ST O 44

33

care and veterinary use of radiation are 10–60
times higher than their effective doses.

Table XXV presents a summary of the occupa-
tional radiation exposures of the individually
monitored workers in 1991–2000 and an estima-
tion of the number of radiation-induced fatal can-
cers (see footnote on page 30). In healthcare, work-
ers exposed to X-rays are separated from other
workers because their doses, as mentioned above,
are not good approximations of the effective doses.
The sum of the effective doses of workers exposed

to X-rays in healthcare and veterinary use is esti-
mated by dividing the sum of the deep doses by 30.

During the last 10 years, about 27 000 workers
have been individually monitored. The estimate of
the sum of their effective doses is 42.6 Sv. Theo-
retically, this exposure counts for about 2 fatal
cancers. These cancers cannot be distinguished
from cancers caused by other reasons. Annually,
about 20% of all deaths in Finland are caused by
cancer.

Table XXV. Number of fatal cancers in various occupational categories during 1991–2000, estimated
from the sum of the effective doses of individually monitored workers.

Occupational category Number of
workers

Sum of effective
doses

(Sv)

Theoretical num-
ber of fatal can-
cers

Healthcare

• workers exposed to X-rays 8466 0.52 0.021

• others 2082 1.65 0.066

Veterinary

• workers exposed to X-rays 589 0.02 0.001

• others 19 0.01 0.000

Industry 2376 1.80 0.072

Research 3966 1.52 0.061

Nuclear energy 9418 37.10 1.484

Total 26 916 42.62 1.705
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3 USE OF NON-IONIZING RADIATION

3.1  Regulatory Activities

The Decree on the Regulation of Non-Ionizing Ra-
diation (1306/1993) forms the basis for the regula-
tion of equipment emitting non-ionizing radiation
and the use of such equipment. According to this
Decree, it is the responsibility of STUK to assess
the safety of various appliances that emit non-
ionizing radiation and that may expose the gener-
al public in particular but also certain occupation-
al groups to high intensities of non-ionizing radia-
tion. Examples of such appliances include sun-
beds, high-energy lasers used in public entertain-
ment, high-frequency heaters, microwave dryers
and mobile phone base stations.

In 1998, STUK proposed that the Ministry of
Social Affairs and Health renew the Order on the
Upper Limits of Exposure to Non-Ionizing Radia-
tion. Further action regarding this Order was per-
formed in 2000, because the Ministry of Commerce
and Industry and the power transmission com-
panies were not satisfied with the proposal.
According to the Council Recommendation (1999/
519/EC), the proposal was rewritten to be more
like a guide. The Council Recommendation con-
cerns limitation of exposure of the general public
to electromagnetic fields.

In 2000, the number of inspections and radia-
tion measurements performed for regulatory pur-
poses was 14 for equipment emitting UV radiation
and 3 for equipment emitting electromagnetic ra-
diation. Market control for sunbeds was intensi-
fied by the inspection of 20 sunbeds. In addition, 7
statements were given.

In 2000, STUK investigated 2 abnormal occur-
rences in the use of non-ionizing radiation. One
was associated with the use of sunbeds and the
other with UV phototherapy. In both cases skin

defects had been caused by excessive doses of UV
radiation (see section 7).

3.2  Research Activities

Development of systems for the irradiation
of animals and cell cultures

The objective of the CEMFEC project, partly
financed by the Community, is to develop for the
University of Kuopio an in vivo exposure device
for rats, operated at 900 MHz, in which a large
number of test animals can be exposed at the same
time so that each animal can move freely in its
cage and the whole-body SAR of the animals is
accurately known. As an outcome of the study,
exposure chambers (9 in all) will be constructed of
2 round plates with diameters of 1.5 m and sepa-
rated from each other by a distance of about
15 cm. During 2000, planning of the equipment
was completed. The prototype is under construc-
tion, and other necessary equipment has been pro-
vided; however, the project has been delayed about
6 months because it proved to be much more diffi-
cult than expected.

In the COST bis project financed by TEKES
(National Technology Agency), a new type of cell
exposure chamber, operated at 900 MHz, was com-
pleted and delivered to the University of Kuopio.
The chamber is mounted horizontally outside an
incubator. With the aid of effective temperature
control it is possible to regulate the temperature
of cells, despite the presence of microwave absorp-
tion, to be as close as possible to the preset tem-
perature (37 oC). The SAR level of cell cultures in
the chamber was measured. The performance of
the chamber was as anticipated.
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New antennas and measurement methods
for 3rd-generation cellular systems

In the NAMS project (financed by TEKES), the
goal of STUK is to develop the accuracy of SAR
tests of mobile phones. During 2000, the following
results were obtained in the project:
• calibration equipment for SAR probes operat-

ing at 20–450 MHz was planned
• SAR calibrations were expanded to include fre-

quencies of 2.0 and 2.45 GHz
• in 2 interlaboratory comparisons it was found

that the SAR testing equipment developed by
STUK measures the SAR very precisely in
a planar phantom, but results with large errors
are obtained in a phantom simulating the ana-
tomical shape of the head.

The study of EMC and safety of multimedia
communication terminals

In the ASTE project ordered by the ESA (Euro-
pean Space Agency), radiation safety and radia-
tion safety tests of satellite multimedia antennas
are studied. During 2000, a literature review was
performed on safety standards of frequencies over
10 GHz, and research was initiated based on
another literature review on biological effects of
microwave radiation in this frequency range.
A scanning system for the measurement probe
was planned for power density tests at 10 GHz,
and for permitivity measurements the optimal
composition (ethanol-water mixture) of the solu-
tion needed for the  SAR test phantom was found.

Other research work

• The article dealing with broadband and pulsed
magnetic fields was corrected according to the
comments received from the reviewers. The
article was published in the journal Health
Physics.

• STUK helped the University of Kuopio to con-
duct a study concerning the occupational safety
aspects of antitheft alarm systems.

• STUK helped the Tampere Regional Institute
of Occupational Health to study the exposure

to broadband magnetic fields that appear in
the metal industry.

• The manuscript for the study (carried out in
cooperation with municipal health authorities)
on the use of sunbeds was completed. The
results of the study will be published in the
STUK  A  Reports Series.

• The report of magnetic examinations and their
safety in medicine was published in the report
series of the National Agency for Medicines.

3.3  Other Activities

Information and education

Some public circles showed increasing concern, es-
pecially about the health risks of the electromag-
netic fields in mobile phones and their base sta-
tions. In 2000, STUK experts advised on these
health risks by phone and internet. The press,
radio and TV were given several interviews on the
subject. Three articles were written in daily news-
papers and the ALARA magazine.

A service was initiated on the STUK website in
which the UV index from the previous day to the
observation time can be seen during the period
from May to September. The index is based on the
precisely determined irradiance of UV radiation
measured on the roof of the STUK premises in
Roihupelto.

Also in 2000:
• STUK published a guide for microwave dryers

in the series STUK Bulletins. The guide con-
tains the safety requirements for the use of
microwave dryers.

• Experts from STUK participated in a Commu-
nity workshop in which safety questions of
magnetic fields caused by antitheft alarm sys-
tems and similar equipment were addressed.
Preparation of a document was begun for guid-
ance of the Community and its Member States
in these matters.

• STUK arranged 2 training courses concerning
the health effects of UV radiation and one
course concerning the effects of electromagnet-
ic fields.
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International cooperation

In 2000, a representative of STUK participated in
the following international cooperative meetings
and measurement campaigns:
• A meeting of the standing committee SC 3 of

the ICNIRP (International Commission on
Non-Ionizing Radiation Protection) in San An-
tonio, where the opinion of the ICNIRP con-
cerning broadband and pulsed magnetic fields
was prepared in its final form. This opinion
was based on the proposal made earlier by
STUK.

• Comparison of radiometers to detect solar UV
radiation arranged by the Nordic Ozone Work-
ing Group. The results of STUK were well
within the estimated uncertainties compared
with the average results.

• The meeting of the Nordic Ozone Working
Group in Copenhagen.

• The EU Thematic Network meeting in Borås
dealing with UV radiation measurements.

• An international workshop on the UV index in
Munich.

• A meeting of the working group WG 16 of the
IEC committee TC 61 in Hamburg, where the
standard IEC 335-2-27 dealing with the radia-
tion safety of sunbeds was renewed.

• Meetings of the committee SCC 28 and its sub-
committees SC 3 and SC 4 of the American
standardization organization IEEE in Munich.

• The annual meeting of the Bioelectromagnetics
Society (BEMS) in Munich.

Other

A plan was made for the National Agency for
Medicines to determine the changeability of lamps
used in UV therapy equipment and sunbeds.
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4 NATURAL RADIATION

In accordance with section 45 of the Radiation Act,
whoever uses earth, rock or other raw materials
existing in nature for industrial purposes is
required to investigate the radiation exposure
caused by this practice if it is found, or if there is
reason to suspect, that the practice constitutes
a radiation practice. The same applies to an em-
ployer if it is discovered or if there is reason to
suspect that the radiation exposure originating
from natural radiation and occurring in the
employer´s working facilities or other workplace
causes or is liable to cause a health hazard.

4.1  Radon

Radon in workplaces

Indoor radon is the most significant source of
exposure to natural radiation in workplaces.
STUK monitors radon in mines, excavation sites
and other underground workplaces, as well as in
other workplaces where high radon concentrations
occur. The action level for radon in workplaces
with regular working hours is 400 Bq·m-3.

In 2000, radon concentrations were measured
in the premises of 59 employers. In addition, check
measurements were made in 22 workplaces in
which previous measurements indicated that the
action level may have been exceeded. In late 2000,
the monitoring register of STUK contained 71
enterprises that had been ordered to reduce the
radon concentrations or to measure the actual con-
centrations during working hours by using an
instrument that monitors radon concentrations
continuously. The concentrations during working

hours were measured in 35 workplaces (in the
premises of 13 enterprises) in which long-term
measurements had shown the concentrations to
exceed the action level. Orders to reduce the con-
centrations were given to 10 of the workplaces. In
8 workplaces further investigations are needed,
while in 17 workplaces no further measures were
necessary because measurements showed that the
concentrations during working hours were below
the action level.

A total of 4 underground mines and one under-
ground excavation site were inspected for the
presence of radon. The radon concentrations were
less than 400 Bq·m-3 in all cases except for the
Mullikkoräme mine. The reason for the high con-
centrations observed is the intense flow of radon-
rich water from the bedrock into the mine. The
concentrations in different working areas ranged
from 1000 to 2000 Bq·m-3. The mine was closed in
summer 2000.

Approval of radon-measuring instruments

Instruments and methods used for determining
radon exposures of workers must be approved by
STUK. An instrument can only be approved if it is
properly calibrated. The organizations (enterprise,
community, institute or corresponding) whose
instruments have been approved for determining
the radon exposures of workers and who have val-
id calibrations for their instruments are presented
in Table XXVI. The Table also shows the dates by
which the instruments must be recalibrated if the
approvals are to remain valid.
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Table XXVI. Organizations whose instruments have been approved for determining radon exposures of
workers.

Organization Instrument Calibration
valid until

Notes

Gammadata Mätteknik i
Uppsala AB/Gammadata
Finland Oy, Helsinki

Alpha track detector 1 Jul 2001 A detector with which long-time
averages of radon concentrations
can be determined. The detector is
not suitable for registering vari-
ations in radon concentrations over
time.
The detector is also approved for
radon measurements in homes.

City of Äänekoski Radon-Box 10 31 Aug 2001 An instrument with which short-
time averages (7 days) of  radon
concentrations can be determined.
The instrument is not suitable for
registering variations in radon
concentrations over time.

• Tampere Polytechnic

• Municipality of Janakkala
• Kymenlaakso Polytechnic
• Rovaniemi Polytechnic
• City of Lahti
• Turku Polytechnic

• Pylon AB-5 and
Alpha Guard

• Ionization chamber
• Pylon AB-5
• Pylon AB-5
• Pylon AB-5
• Pylon AB-5

• 27 Jul 2002
31 Dec 2002

• 31 Dec 2000
• 13 Apr 2001
• 31 Dec 2001
• 4 Apr 2002
• 20 Jun 2001

Continuously monitoring instru-
ments with which variations in
radon concentrations over time can
be registered. The instruments are
suitable for measuring radon con-
centrations during working hours.

4.2 Other Sources of Natural
Radiation

For regulatory purposes, STUK measured the
activities of a total of 28 samples of peat ash. The
results did not lead to any further measures con-
cerning the handling or mounding of the ash.

STUK monitors the radioactivity of drinking
water in accordance with ST Guide 12.3. The
Guide is applicable to waterworks that provide
water for more than 50 persons or for more than
10 households. In 2000, inspection protocols were
drawn up regarding the radioactivity of 29 differ-
ent water samples. In 4 cases, the responsible par-

ties were requested to reduce the activity concen-
trations in the water. In most of these cases, the
action level for radioactivity was exceeded due to
radon. Measures for reducing the concentrations
were requested to be taken within one year.

The Institute for Mineral Technology of the
Technical Research Centre of Finland (VTT) in
Outokumpu was inspected for assessing occupa-
tional exposures related to experimental enrich-
ment of ore from Gabon that contained natural
uranium and thorium. Exposures of the workers
were so low that no special measures were needed
to restrict them.
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5 METROLOGY

In accordance with section 23 of the Radiation Act
(Amendment 1334/1994), STUK shall maintain
metrological standards for ensuring the reliability
of radiation measurements. Radiation in this case
means both ionizing and non-ionizing radiation.
The aim of metrology activities is to ensure ad-
equate accuracy and international comparability
of radiation measurements. The national stand-
ards are traceable to the definitions of measure-
ment quantities either directly or through inter-
nationally accepted standards.

5.1  Ionizing Radiation

Standards, traceability and measurement
uncertainties

The standards used by STUK for measuring ioniz-
ing radiation are ionization chambers or radiation
sources. Mostly, they are secondary standards cali-
brated against primary standards by BIPM (Inter-
national Bureau of Weights and Measures) or the
national standards laboratories in the UK or Ger-
many (NPL or PTB, respectively). The traceability
chains of the standards for ionizing radiation are
shown in Figure 5. National standards are main-
tained for air kerma, absorbed dose, dose equiva-
lent, reference air kerma rate (for brachytherapy)
and surface activity. The measuring uncertainties
(expanded uncertainty with a coverage factor of 2)
for these quantities are: air kerma 1–3%, absorbed
dose 3–5%, dose equivalent 2–10%, reference air
kerma rate 2–3% and surface activity about 10%.

For the maintenance of standards and calibrat-
ion of instruments, the following equipment and
radiation sources are available at STUK:
• Gamma irradiation devices: 60Co and 137Cs

gamma sources (different activities)
• X-ray equipment: 160-kV and 320-kV units
• Beta-ray secondary standard: 147Pm, 204Tl and

90Sr/90Y beta sources
• Neutron secondary standard: Am/Be neutron

sources
• Wide-area alpha and beta sources: 90Sr/90Y, 36Cl

and 14C beta sources, 241Am alpha source.

Maintenance of standards

In 2000, the national standards for ionizing radia-
tion were maintained as before. In regular qual-
ity-control measurements (constancy tests), no
deviation higher than the acceptance level was
observed. In the annual dose measurement audit
at the therapy level organized by the IAEA and
using TLD, deviations of the STUK results from
the IAEA reference value were less than 1% and
did not exceed the acceptance level of the IAEA
(3.5%). Table XXVII shows the summary of STUK
results in the IAEA dose audits for 1990–2000.

Documentation of the quality manual for the
standard dosimetry activities of STUK was
improved, aiming at accreditation of the most rou-
tine calibration services in 2001.
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Table XXVII. Deviations of the STUK results from the IAEA reference value. TLD dose audits at the
therapy level in 1990–2000.

Deviation (%)Year

TLD dose audit,
60Co gamma beam

TLD dose audit,
high-energy X-ray beam

1990 − 0.2

1991 − 0.4

1992 − 0.2 − 0.5 (18 MV)

1993 − 0.0 + 0.9 (15 MV)

1994 + 1.4 + 3.2 (10 MV)

1995 + 0.2 − 1.7 (6 MV)

1996 − 1.7 − 0.7 (18 MV)

1997 − 0.5

1998 + 0.8 − 0.2 (6 MV)

1999 + 0.6 + 0.3 (4 MV)

+ 0.3 (15 MV)

+ 0.4 (18 MV)

+ 1.2 (25 MV)

2000 - 0.1 − 1.1 (4 MV)
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Calibration and testing of ionizing radiation
meters

A total of 145 ionizing radiation meters were cali-
brated or tested. About half of the calibrations and
tests were ordered by customers other than
STUK. A total of 65 batches of individual dose-
meters and 46 batches of other samples were irra-
diated. A total of 65 calibration certificates, 13 in-
spection certificates for civil defence dosemeters,
23 irradiation certificates and 8 test reports were
issued.

Development of standards and calibration
equipment

A new computer program was prepared and used
for the calculation of air kerma rates of the multi-
source irradiator (Revolver) used in protection lev-
el calibrations. A new calibration method, based
on the use of the monitor chamber and a constant
calibration distance, was introduced for the cali-
bration of dosemeters in diagnostic radiology. For
the calibration of brachytherapy sources, a new
method based on using a well-type chamber was
introduced on a trial basis. The electric installa-
tions of the 2nd measuring carriage were started.

National and international cooperation

With regard to ionizing radiation quantities,
STUK is a member of the international network of
Secondary Standard Dosimetry Laboratories
(SSDLs) jointly sponsored by the IAEA and the
WHO (World Health Organization). STUK partici-
pates in the annual dose measurement audits of
the network (see section on Maintenance of stand-
ards, page 39). In 2000, a representative of STUK
served as the contact person for ionizing radiation
and radioactivity for EUROMET (European Col-
laboration on Measurement Standards). In addi-
tion, a representative of STUK participates as
a member in the National Board for Metrology and
in the Eurolab-Finland Organization.

A representative of STUK participates in an
ICRU Report Committee which prepares ICRU
recommendations on patient dosimetry for diag-

nostic radiology, and in WG 3 of IEC Committee
SC 62C dealing with the standardizaton of radia-
tion-measuring instruments. Furthermore, a rep-
resentative of STUK serves as the Finnish contact
person for IEC Committee SC 62C and ISO Com-
mittee TC 85. Comments for a total of 15 draft
standards were given in 2000.

In 2000, a STUK expert visited Minsk in Be-
larus by invitation of the IAEA for evaluation of
the quality system of the local SSDL laboratory.
Invited by the Swedish accreditation body
(SWEDAC), a STUK expert also visited the cali-
bration laboratory of the Swedish Radiation Pro-
tection Institute (SSI) to participate in the exter-
nal audit of the laboratory.

The Radiation Metrology Laboratory of STUK
has been responsible for practical exercises in
training courses organized by STUK for customs
officers. In 2000, 3 such courses were organized, 2
of them for customs officers in the Baltic countries
and 1 for Finnish customs officers.

5.2 Non-Ionizing Radiation

STUK maintains measurement standards for non-
ionizing radiation necessary for its regulatory role.
National-level standards are maintained for spec-
tral UV irradiance as well as for intense electric
and magnetic fields in the frequency ranges of
greatest importance for safety.

The standards for the spectral UV irradiance
(1-kW quartz-halogen lamps) were traced in 1995
to the primary standard of the National Standards
Laboratory of the United States (NIST) directly
and to the primary standard of PTB in 1995 via an
accredited laboratory (the lamp supplier) and also
in 1998 to the primary standard of the Metrology
Research Institute of the HUT (Helsinki Univer-
sity of Technology) (Figure 6). The latter cali-
bration was checked in 1999.

In 2000, STUK participated in a study concern-
ing improvement in the accuracy of solar UV
measurements. This study is part of a wide-rang-
ing Community project coordinated by the NPL
and belonging to an SMT programme (standards,
measurements and tests). The goal of the STUK
sub-project is to develop, in cooperation with the
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Figure 6. Traceability chains of the STUK standards for UV radiation.

Black
body

Thermal
detector

Realization of 
Measurement Unit

Primary
Standards

NIST PTB

Gigahertz-Optik

Secondary
Standards
of STUK

Working Standard
of STUK

Other Measurement
Standards

1 kW quartz-
halogen lamps

1 kW quartz-
halogen lamp
F– 434

1 kW quartz-
halogen lamp
BN–9101–165

1 kW quartz-
halogen lamps

Calibration

Keithley 182 digital voltmeter and
a 0.01  precision resistor (current)
calibrated by the Technical Research
Centre of Finland

Ω

Filter
radiometer

Cryogenic
absolute
radiometer

HUT

Metrology Research Institute of the HUT, a field
calibrator (a transfer standard) for spectroradio-
meters monitoring the Sun and based on quartz-
halogen lamps. This calibrator will be stabilized
with semiconductor detectors and calibrated
against a cryogenic absolute radiometer using the
filter radiometers of the HUT as transfer stand-
ards. In 2000, the first prototype of the calibrator
was devised and constructed. Laboratory and field
tests showed that the performance of the cali-
brator was as planned.

For intense electric and magnetic fields, pre-
cise calibration chains do not exist because there
are no sufficiently precise transfer standards.
STUK employs calibration equipment of its own
design (TEM chambers and calibrated antennas

in a radio anechoic chamber). The accuracy of the
equipment was compared with the national stand-
ards of Germany, the Netherlands, Sweden and
the UK (PTB, VSL, SP, NPL, respectively) in 1992.
The traceability chains of the standards for elec-
tric and magnetic fields are presented in Figure 7.

In 2000, STUK calibrated 18 meters for UV
measurements and 13 meters for measurement of
electromagnetic fields. In addition, 1 safety evalu-
ation was made.

In 2000, STUK participated in a comparison
organized by the EUROMET for the calibration of
low-frequency magnetic fields. Deviation of the
STUK result from the reference value was within
the evaluated uncertainty.



44

S T U K - B - ST O 4 4

F
ig

u
re

 7
. T

ra
ce

ab
il

it
y 

ch
ai

n
s 

of
 t

h
e 

S
T

U
K

 s
ta

n
d

ar
d

s 
fo

r 
el

ec
tr

ic
 a

n
d

 m
ag

n
et

ic
 f

ie
ld

s.

T
he

rm
om

et
er

ca
lib

ra
te

d 
by

 th
e

C
en

tr
e 

fo
r 

M
et

ro
lo

gy
an

d 
A

cc
re

di
ta

tio
n

N
et

w
or

k 
an

al
yz

er
H

P
 8

75
2C

 c
al

ib
ra

te
d

by
 H

ew
le

tt 
P

ac
ka

rd

H
P

 4
35

A
/8

48
1A

 R
F

 P
ow

er
m

et
er

 c
al

ib
ra

te
d 

by
 T

el
e-

E
ng

in
ee

rin
g 

(R
F

 P
ow

er
)

W
av

eg
ui

de
 fi

lle
d

w
ith

 ti
ss

ue
 e

qu
iv

al
en

t
m

at
er

ia
l 9

00
 M

H
z

Lo
op

 a
nt

en
na

,
di

am
et

er
 1

0 
cm

T
E

M
 c

el
l

1–
30

0 
M

H
z

A
ir-

fil
le

d
w

av
eg

ui
de

90
0 

M
H

z

C
al

ib
ra

te
d

an
te

nn
as

2.
45

 a
nd

 9
 G

H
z

H
el

m
ho

ltz
 c

oi
l

H
or

n 
an

te
nn

a

S
pe

ci
fic

 A
bs

or
pt

io
n 

R
at

e
M

ag
ne

tic
 fi

el
d

(5
0 

H
z–

1 
M

H
z)

R
ad

io
fr

eq
ue

nc
y 

el
ec

tr
ic

 a
nd

 m
ag

ne
tic

 fi
el

d

C
al

ib
ra

tio
n

P
rim

ar
y 

S
ta

nd
ar

ds
an

d 
R

ea
liz

at
io

n
of

 M
ea

su
re

m
en

t
U

ni
t

S
ec

on
da

ry
S

ta
nd

ar
ds

O
th

er
M

ea
su

re
m

en
t

S
ta

nd
ar

ds



S T U K - B - ST O 44

45

6 REGULATIONS

6.1 Radiation Act, Radiation
Decree and ST Guides

Provisions concerning the use of ionizing radia-
tion and other radiation practices were stipulated
in the Radiation Act (592/1991) and the Radiation
Decree (1512/1991) and in regulations issued by
virtue of these. Adherence to the Radiation Act
and the regulations issued by virtue of it is con-
trolled by STUK, which also issues instructions on
the medical uses of radiation under supervision of
the Ministry of Social Affairs and Health. Radia-
tion practices and their safety are also subject to
the Community legislation and international
agreements concerning radiation safety signed by
Finland.

The Radiation Act and the Radiation Decree
were last amended in 1998 when the Amendment
to the Radiation Act (1142/1998) and the Amend-
ment to the Radiation Decree (1143/1998) were
passed. In addition, the Ministry of Social Affairs
and Health in 2000 issued a Decree on the Medi-
cal Use of Radiation (423/2000). STUK participat-
ed in the preparation of all these regulations.

In accordance with section 70 of the Radiation
Act, STUK issues general instructions on how to
attain the level of safety defined in the Act. These
instructions are given in ST Guides which particu-
larize the provisions given in radiation legislation
and account for Community legislation and inter-
national recommendations. Examples of good
manufacturing practice related to the safety of
radiation practices and guidance on safe working
procedures are given in informative STUK Bul-
letins.

ST Guides are evaluated and renewed accord-
ing to international development so that the safe-
ty requirements given in the Guides are always

up-to-date. The contents of a particular Guide and
the conditions for keeping it in force are checked
when 5 years at most have elapsed after enforce-
ment of the Guide. If there is no need to change
the contents, the Guide can be in force for 10 years
at most.

ST Guides are prepared in STUK by working
groups whose members can, when necessary, also
include outside persons. Internal comments from
STUK experts are obtained to every draft guide
and drafts are also sent for comments to outside
experts and interest groups. When necessary, the
opinion of the Advisory Committee on Radiation
Safety can also be requested.

Before enforcement, the Commission will be
notified of an ST Guide in case it contains require-
ments following from the implementation of
Directives, or in case earlier such requirements
are changed. According to the Decision of the
Council of State (802/1999), the Ministry of Trade
and Industry will also be notified of a Guide before
its enforcement, in case it contains such technical
requirements on products that may have implica-
tions for foreign trade. The Ministry notifies the
Commission and the World Trade Organization
(WTO) of the Guide.

If there is no need to notify the Commission,
information exchange systems of the Community
or the WTO of the Draft Guide, the Guide will be
enforced by the Director General of STUK. If the
Commission, the Community and the WTO have
been notified of the Draft, then there will be
a waiting period (stand still) of 3 months during
which the Guide may not be printed. During this
time, the Commission and the Members States of
the Community or the WTO can give their com-
ments on the Draft. After this, the comments are
incorporated and the Guide will be enforced.
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In 2000, 4 new ST Guides were published:
• ST 5.4 Trade in Radiation Sources (in Finnish)
• ST 7.1 Monitoring of Radiation Exposure
• ST 7.4 Registration of Radiation Doses
• ST 12.1 Radiation Safety in Practices Causing

Exposure to Natural Radiation (in Finnish).

6.2 Provisions of the Community

Community provisions concerning radiation prac-
tices have been laid down by article 30 of the Trea-
ty establishing the European Atomic Energy Com-
munity (EURATOM). Council Regulations are
binding in their entirety and are directly appli-
cable in all Member States. The provisions given
in the Directives, however, shall be implemented
into national legislation. STUK is the competent
authority related to the radiation Directives (BSS
and MED) of the Euratom Treaty .

Council Regulation (Euratom) No 1493/93 per-
tains to shipments of radioactive substances
between Member States. Pursuant to this Regula-
tion, STUK, as the competent authority, sends
a declaration to the consignor of a sealed source or
radioactive waste in another Member State stat-
ing that the consignee in Finland fulfils the
national provisions implementing the BSS Direc-
tive. In addition, STUK receives and processes
declarations quarterly sent by consignors concern-
ing all shipments of sealed sources or radioactive
waste to Finland.

Community provisions concerning the radia-
tion safety of workers and the general public are
covered by Directive 96/29/Euratom (BSS) whose
provisions on medical exposures have been sup-
plemented by Directive 97/43/Euratom (MED).
The provisions of these 2 Directives have been
implemented into Finnish legislation by Amend-
ments to the Radiation Act and the Radiation
Decree and by Decree of the Ministry of Social
Affairs and Health, all mentioned in section 6.1.
ST Guides 7.1, 7.4 and 12.1 published in 2000
included the last set of provisions implementing
the BSS Directive. The tasks assigned to STUK by
Decree of the Ministry of Social Affairs and Health
related to the implementation of the MED Direc-
tive are still under preparation.

Training programmes for exposed workers,
approved medical practitioners, other medical
practitioners, dentists, assistants and qualified
experts are communicated to the Commission
(Commission Recommendation 91/444/Euratom).
ST Guides concerning the radiation safety train-
ing of exposed workers and definition of the con-
tents of radiation safety training for various work-
er groups in the radiation user´s organization are
under preparation (Article 33 of the Euratom
Treaty).

Community provisions concerning products are
given in Directives laid down by the Treaty estab-
lishing the European Economic Community (EC).
The essential safety provisions of medical devices
– also radiation appliances – have been laid down
in the Medical Devices Directive 93/42/EEC. This
Directive has been implemented into Finnish leg-
islation by the Medical Devices Act and Decree
(1505/1994 and 1506/1994). Regulatory control of
the safety, manufacturing and marketing of medi-
cal devices is the responsibility of the National
Agency for Medicines.

Contribution to the preparation of
Community provisions

STUK contributes to the preparation of Commu-
nity provisions and international recommenda-
tions by participating in working groups prepar-
ing these provisions and recommendations. On the
Community level, work in the so-called article 31
Expert Group (and its subgroups) is of special
importance. Together with the Commission, the
Group prepares proposals to the Council for Com-
munity provisions concerning radiation practices.
A representative of STUK also participates, as
necessary and on request, as a representative of
Finland in work of the Atomic Questions Group of
the Council (reading by state officials) whenever
questions concerning radiation safety and espe-
cially new related provisions are on the agenda.
As appropriate, STUK also participates in meet-
ings of the IAEA, preparing recommendations for
radiation practices and regulatory control.
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Standardization work related to Community
provisions

A common Community practice is that the accept-
ability of products is indicated by CE-marking.
Fulfilment of the essential provisions of a Direc-
tive is indicated, in practice, by demonstrating
that a product fills the provisions of the harmo-
nized standards (EN standards) related to this
Directive. A list of harmonized standards is pub-
lished in the Official Journal of the European
Communities. Concerning radiation appliances,
the harmonized standards are the CENELEC (Eu-
ropean Committee for Electrotechnical Stand-
ardization) standards that are, in practice, pre-
pared by the IEC.

Regulatory control performed by STUK con-
cerns radiation safety in the use of appliances.
STUK cannot issue provisions concerning the fab-
rication, construction and functioning of an appli-
ance. Since it has been interpreted that more
stringent safety requirements cannot be required
during the use of an appliance than when accept-
ing the appliance on the market, the IEC stand-
ards essentially also set constraints on safety
requirements for use. STUK participates in the
IEC and the CENELEC standardization work by
participating in the working groups, giving com-
ments to the draft standards and by stating its
position to the Finnish voting behaviour when the
standards are accepted.
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7 ABNORMAL OCCURRENCES

In accordance with section 17 of the Radiation
Decree, STUK shall be notified of any abnormal
occurrences connected with the use of radiation
that are substantially detrimental to safety at the
location where the radiation is used or in its envi-
rons. In addition, STUK shall be notified of any
radiation source that has disappeared, been stol-
en, lost or otherwise ceased to be in the possession
of the licence holder. Notification to STUK shall
also be made of any abnormal observation or data
with an essential bearing on the radiation safety
of workers or the environment.

In 2000, no serious accidents occurred involv-
ing radiation in Finland, nor any incidents that
could possibly have led to radiation accidents.
However, STUK investigated 13 incidents that

were or were suspected to be abnormal in the use
of radiation. Six of these incidents were related to
the use of radiation in industry, 1 to the medical
use of radiation, 2 to the use of non-ionizing radia-
tion, 2 to the nationwide radiation monitoring net-
work and 2 to consumer goods.

Table XXVIII is a summary of the abnormal
incidents investigated in 2000. The Table also
summarizes the causes and consequences of the
incidents and the measures taken. In describing
and publishing these case histories, STUK wishes
to inform the users of radiation of the potential
hazards in the use of radiation, as well as of the
appropriate preventive measures for precluding
such cases in the future.
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APPENDIX 1

Legislation governing radiation practices in Finland

Statute Statute no.

Radiation Safety

Radiation Act 592/1991

• Amendment 1102/1992

• Amendment 1334/1994

• Amendment 594/1995

• Amendment 490/1997

• Amendment 1142/1998

Decree on the Enforcement of the Amendment to the Radiation Act 1597/1994

Radiation Decree 1512/1991

• Amendment 1598/1994

• Amendment 1143/1998

Ministry of Social Affairs and Health Decree on the Medical Use of Radiation 423/2000

Decree on the Regulation of Non-Ionizing Radiation 1306/1993

Ministry of Social Affairs and Health Order on the Upper Limits of Exposure to
Non-Ionizing Radiation

1474/1991

Ministry of Social Affairs and Health Order on the Upper Limits for Radon
Concentration in Places of Residence

944/1992

Regulatory Organization

Act on the Radiation and Nuclear Safety Authority (STUK) 1069/1983

• Amendment 1106/1987

Decree on the Radiation and Nuclear Safety Authority (STUK) 618/1997

Charges

Ministry of Social Affairs and Health Order on the Liability to and the Basis of
Charges for Services Rendered by the Radiation and Nuclear Safety Authority
(STUK)

580/1993

Transportation

Legislation for transportation of dangerous materials also covers transportation
of radioactive substances
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APPENDIX 2

Regulations, Decisions, Directives and Recommendations concerning
radiation safety in the Community

Council Directive 90/641/Euratom of 4 December 1990 on the operational protection of outside workers
exposed to the risk of ionizing radiation during their activities in controlled areas

Commission Recommendation of 26 July 1991 on the application of the third and fourth paragraphs of
Article 33 of the Euratom Treaty (91/444/Euratom)

Council Directive 92/3/Euratom of 3 February 1992 on the supervision and control of shipments of
radioactive waste between Member States and into and out of the Community

Council Regulation (Euratom) No 1493/93 of 8 June 1993 on shipments of radioactive substances
between Member States

93/552/Euratom: Commission Decision of 1 October 1993 establishing the standard document for the
supervision and control of shipments of radioactive waste referred to in Council Directive 92/3/Euratom

Council Directive 96/29/Euratom of 13 May 1996 laying down basic safety standards for the protection of
the health of workers and the general public against the dangers arising from ionizing radiation

Council Directive 97/43/Euratom of 30 June 1997 on health protection of individuals against the dangers
of ionizing radiation in relation to medical exposure, and repealing Directive 84/466/Euratom

Council Recommendation of 12 July 1999 on the limitation of exposure of the general public to
electromagnetic fields (0 Hz–300 GHz) (1999/519/EC)



S T U K - B - ST O 44

57

APPENDIX 3
Training organizations authorized to carry out qualification interviews for
radiation safety officers and for other users of radiation, as of 1 February 2001.
Date of
approval

Organization Qualification in radiation safety

Medical use of radiation

20 Dec 1991 Stadia, Helsinki Polytechnic, Health Care and
Social Service

Responsible Operator

21 Jan 1992 Stadia, Helsinki Polytechnic, Health Care and
Social Service

Dental X-ray, Responsible Operator

5 May 1997 University of Helsinki, Faculty of Veterinary
Medicine

Veterinary X-ray

29 Feb 1996 University of Helsinki, Physics Department General Use of Radiation

15 Apr 1993 University of Helsinki,
Department of Diagnostic Radiology

X-ray Diagnostics and Use of Radioactive Substances
(Specialty in Radiology, examination)

10 Apr 1992 ARCADA, Nyland Swedish Polytechnic,
School of Health Care

Dental X-ray, Responsible Operator

20 Dec 1991 Northern Savo Polytechnic,
School of Health Care

Responsible Operator

1 Jun 1992 Northern Savo Polytechnic,
School of Health Care

Dental X-ray, Responsible Operator

10 May 1993 University of Kuopio,
Department of Clinical Radiology

X-ray Diagnostics and Use of Radioactive Substances
(Specialty in Radiology, examination)

6 Oct 1992 University of Kuopio,
Training and Development Centre

Use of Radiation (excluding General Use)

20 Dec 1991 Oulu Polytechnic, School of Health Care Responsible Operator

25 Nov 1994 Oulu Polytechnic, School of Health Care Dental X-ray, Responsible Operator

25 Apr 1997 Oulu Polytechnic, School of Health Care Surgical X-ray, Responsible Operator

20 Dec 1991 University of Oulu, Faculty of Medicine X-ray Diagnostics and Use of Radioactive Substances

27 May 1993 University of Oulu, Faculty of Medicine X-ray Diagnostics and Use of Radioactive Substances
(Specialty in Radiology, examination)

20 Dec 1991 Educational and Training Board
in Medical Physics

General Use of Radiation

3 Mar 1992 Board of Qualification for Hospital
Chemists

Use of Radioactive Substances

29 Feb 1996 Tampere Technical University,
Ragnar Granit Institute

General Use of Radiation

20 Dec 1991 Pirkanmaa Polytechnic, Health Care and Social
Services

Responsible Operator

17 Aug 1993 University of Tampere, Faculty of Medicine X-ray Diagnostics and Use of Radioactive Substances
(Specialty in Radiology, examination)

20 Dec 1991 Turku Polytechnic, Health Care and Social
Service

Responsible Operator

3 Aug 1992 Turku Polytechnic, Health Care and Social
Service

Dental X-ray, Responsible Operator

26 Jan 1994 University of Turku, Faculty of Medicine X-ray Diagnostics and Use of Radioactive Substances

8 Jun 1993 University of Turku, Faculty of Medicine X-ray Diagnostics and Use of Radioactive Substances
(Specialty in Radiology, examination)

20 Dec 1991 Vaasa Swedish Polytechnic, School of Health
Care

Responsible Operator
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APPENDIX 3 (CONTINUES)

Date of
approval

Organization Qualification in radiation safety

Use of radiation in industry, research, teaching and education; trade in and maintenance of radiation sources

20 Dec 1991 AEL, Centre for Technical Training, NDT
Technics

Industrial Radiography (Responsible Operator)

6 Apr 1993 Stadia, Helsinki Polytechnic Trade in Radiation Sources, Maintenance of Radiation
Sources

3 Apr 1992 University of Helsinki,
Department of Physics

General Use of Radiation, Use of Unsealed Sources,
Use of X-ray (excluding Industrial Radiography),
Use of Radiation in Educational Demonstrations,
Trade in Radiation Sources

26 Jan 1994 University of Helsinki,
Lahti Research and Continuing Education
Centre, Palmenia

General Use of Radiation, Trade in Radiation Sources

8 Apr 1992 University of Helsinki, Faculty of Forestry and
Agriculture, Instrument Centre

Use of Sealed and Unsealed Sources

3 Apr 1992 University of Helsinki,
Department of Radiochemistry

Use of Sealed and Unsealed Sources

26 Aug 1992 Jyväskylä Polytechnic Industrial Radiography, Use of Sealed and Unsealed
Sources, Trade in Radiation Sources, Maintenance of
Radiation Sources

31 Jan 1995 University of Jyväskylä,
Department of Physics

Trade in Radiation Sources, Use of Radiation Sources
in Industry, Research, Teaching and Education

6 Oct 1992 University of Kuopio,
Training and Development Centre

Use of Radiation (excluding General Use), Trade in
Radiation Sources, Maintenance of Radiation Sources

12 Mar 1992 Lappeenranta University of Technology General Use of Radiation, Use of X-ray, Use of Sealead
and Unsealed Sources

4 Aug 1994 University of Oulu,
Department of Physics

Trade in Radiation Sources, Use of Radiation Sources
in Industry, Research, Teaching and Education

4 May 1992 University of Oulu, Department of
Biochemistry

Use of Sealed and Unsealed Sources

15 May 1992 Northern Savo Nursing Care District Trade in Radiation Sources, Maintenance of Radiation
Sources

21 Jan 1992 POHTO, Institute for Management and
Technological Training

Use of X-ray and Sealed Sources (excluding Industrial
Radiography)

18 May 1992 Satakunta Polytechnic Use of X-ray, Industrial Radiography, Use of Sealed
Sources, Trade in Radiation Sources

21 Jan 1992 SPEK, Finnish National Rescue Association Installation and Maintenance of Fire Detection Devices

14 Feb 1992 Tampere Polytechnic Use of X-ray and Sealed Sources (excluding Industrial
Radiography)

3 Aug 1992 Turku Polytechnic General Use of Radiation, Industrial Radiography,
Use of X-ray, Use of Sealed Sources, Trade in Radiation
Sources, Maintenance of Radiation Sources

3 Aug 1992 University of Turku, Department of Physics General Use of Radiation, Industrial Radiography,
Use of X-ray, Use of Sealed Sources, Trade in Radiation
Sources
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