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SUMMARY

At the end of 1996, there were 1,762 valid safety licences in Finland for the use of radiation. In
addition, there were 2,052 responsible parties for dental x-ray diagnostics. The registry of the Finn-
ish Centre for Radiation and Nuclear Safety listed 13,360 radiation sources and 313 radionuclide
laboratories. The import of radioactive substances amounted to 1.14 • 1016 Bq and export to
7.78-10 Bq. A total of 4.02 10 Bq of short-lived radionuclides were produced in Finland.

There were 11,842 workers monitored for radiation exposure at 1,352 work sites. Of these em-
ployees, 27% received an annual dose exceeding the recording level. The total dose recorded in the
dose registry (sum of individual dosimeter readings) was 7.96 manSv in 1996, with nuclear power
plant workers accounting for 69% of this total.

The annual dosimeter reading of ten medical doctors (radiologists, interventional radiologists and
cardiologists) and eight nuclear power plant employees was equal to or in excess of 20 mSv. Effec-
tive doses, however, did not exceed the dose limit of 50 mSv established for one-year monitoring
periods.

The sum of dosimeter readings (depth dose) on the lead-rubber apron of one interventional radio-
logist was 242 mSv. It was verified that the annual dose limit for the lens of the eye, 150 mSv, had
been exceeded in this case. This high dose was caused by the fact that the radiologist had carried out
multiple examinations where unusually high exposure to radiation was an unavoidable part of the
task.

Report was made of 12 incidents of anomalies in the use of radiation. None of these proved to have
caused significant radiation exposure to the radiation source operators. Five of these cases occurred
in radiotherapy, three in use of a radiation source in industry, three in transport of radiation sources
and one in use of solarium appliances. Radiation-contaminated material was found in 17 shipments
of scrap.
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1 GENERAL

The use of radiation denotes the use of radiation
equipment in medicine, industry, research and
teaching, as well as the import, export, produc-
tion of and trade in radiation equipment and
radioactive substances. Radiation practice signi-
fies, in addition to the use of radiation, any
activity or condition in which the exposure of
man to natural radiation sources causes or may
cause health problems.

The use of radiation and other radiation prac-
tices are, under the provisions of the Radiation
Act (592/91), supervised by the Finnish Centre
for Radiation and Nuclear Safety (STUK).
Furthermore, the use of non-ionising radiation
falls under the same supervision, whenever not
specifically delegated to other authorities.

This report introduces the 1996 statistics and
events, as to the use of both ionising and non-
ionising radiation, as well as other radiation prac-
tice. Incidents involving radiation are described

as separate examples, with the aim of avoiding
such events in future.

In 1996 the European Commission issued the
main directive on radiation safety: Council Direc-
tive no 96/29/Euratom to secure the fundamen-
tal norms of workers' and people's health from
the risks of ionising radiation. This directive
replaces the old directive with its changes con-
cerning the same topics. The members of the
European Commission have to enact their laws,
regulations and administrative directions before
13 May 2000.

Appendix 1 is the relevant list of current laws
and regulations in Finland, Appendix 2 the Regu-
lations, Decisions and Directives concerning
Radiation Safety of the European Communities,
and Appendix 3 the ST and SS Guides of the
Finnish Centre for Radiation and Nuclear
Safety.
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SAFETY LICENCES
AND RADIATION SOURCES
M. Asikainen, O. Pukkila, J. Tikkinen

Under the provisions of the Radiation Act, the
use of radiation is subject to a safety licence.
There were 1,762 valid licences at the end of
1996. In addition, there were 2,052 dental
practices exempted from the safety licence but
included in compulsory notification. The use of
a dental x-ray no longer necessitates a safety
licence under STUK decision 77/310/92. How-
ever, the following provisions are to be met: 1)
on site radiation shielding is in concordance with
ST Guide 3.6; 2) the use of the equipment is
directed by the dentist or medical doctor respon-
sible for use; 3) the x-ray device fulfils the
requirements given in SS Guide 3.1. Whenever
the use of dental x-ray equipment does not com-
ply with the provisions above, a safety licence is
then required. The fulfilment of these provisions
is checked in conjunction with the registration
of the equipment.

Table / gives the safety licences and the figures
for each specific category of use. The registry
listed 13,360 radiation sources, an increase of
2% over 1995, and 313 radionuclide laboratories,
an increase of four.

The 6,911 radiation sources in medical use of
radiation primarily constituted x-ray equipment.
Veterinary x-ray equipment in use tallied 187.
Of the 6,262 radiation sources in use in industry,
research and education, the majority were sealed
sources in industrial installations. Low-activity
radiation sources, such as calibration sources
employed in laboratories, and radiation sources
in importers' warehousing were not registered
individually. Tables // - IV give more detailed
information on the radiation sources included in
the registry.
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Table I. Safety licences by specific category of use, end of 1996.

Medical use

• x-ray diagnostics
• dental x-ray diagnostics
• veterinary x-ray diagnostics
• use of unsealed sources
• use of sealed sources
• radiotherapy
• other

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

• use of sealed sources
• use of unsealed sources
• import, export, trade and transport
• installation, testing and maintenance
• use of x-ray (other than radiography)
• x-ray radiography
• gamma radiography
• production of radioactive substances
• other

Safety licences, total

Number of
practices

472
14"

171
88
12
12
11

584
152
151
137
152
89
12
4
8

Safety licences

755

1,007

1,762

* Licence granted primarily for other uses than dental x-rays.
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Table II. Numbers of units of radiation equipment and radionuclide laboratories; medical and
veterinary use of radiation, end of 1996.

Medical x-ray diagnostic equipment'

X-ray tubes
(other than in dental use)

Classification by use
• mammography (screening excluded)
• screening mammography
• computed tomography (CT)
• chest photofluorography
• angiography (excluding DSA)
• digital subtraction angiography (DSA)
• bone densitometers
• fluoroscopy with:

image intensifier television chain
flat image intensifier
fluorescent screen

• lung imaging via large image intensifier
( 0 57 cm)

Dental x-ray equipment, total
• panoramic x-ray units

Radiotherapy equipment, total
• linear accelerators
• cobalt-60 radiotherapy equipment
• afterloading equipment
• x-ray therapy equipment or radiographic

equiment
• radiotherapy simulators
• other

Other equipment, total
• blood irradiation equipment
• bone densitometers
• cyclotrons

Veterinary x-ray equipment

Radionuclide laboratories, total
• B-type laboratories
• C-type laboratories
• other

105
89
64

3
42
44
17

503
10
8
3

2,051

4,777
598

71
24

1
10
17

10
9

12
5
6
1

187

126
22
90
14

*
One unit of x-ray diagnostic equipment is calculated as consisting of a high voltage generator, one or more x-ray
tubes and one or more examination stands. There were a total of 1,603 generators in use, of which 496 were utilized
for fluoroscopy.

• •
Number of x-ray tubes for particular purposes.
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Table III. Numbers of radiation equipment and radionuclide laboratories in industry, research and
education, end of 1996.

Equipment containing radioactive substances, total
• limit switches
• density gauges
• level gauges
• surface weight meters
• weight scales
• moisture and density gauges
• fluorescence analysers
• thickness gauges
• radiography equipment
• other

X-ray equipment and accelerators, total
• radiography equipment
• diffraction and fluorescence analysers
• fluoroscopic equipment
• other analysers
• other

Radionuclide laboratories, total
• A-type laboratories
• B-type laboratories
• C-type laboratories
• other

5,537
2,316

971
793
522
417
104
98
61
26

229

725
368
143
115
46
53

187
3

27
122
35
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Table IV. Most commonly used radionuclides in sealed sources, number of sources, and total activ-
ity, end of 1996.

Radionuclide

Activity < 400 GBq

Cs-137
Co-60
Kr-85
Am-241
Fe-55
Am-Be
Pm-147
Sr-90
Cd-109
Cm-244

Activity 400...400,000 GBq

Cs-137
Ir-192
Co-60
H-3
Tm-170
Pu-Be

Activity > 400,000 GBq

Co-60

Radiation sources
(no)

3,324
1,281

386
292
124
108
99
81
41
36

23
17
9
1
1
1

3

Total activity*
(GBq)

10,112
2,113
5,204
2,368

351
1,336
1,401

230
23

142

456,600
65,040

407,300
3,700
1,850

888

30,909,000"

Nominal activity reported upon being taken into use. For short-lived radionuclides (e.g. Ir-192 and
Co-60) extant total activity can be significantly less than nominal activity.
Radioactive decay has been taken into consideration in presenting the activity/ of the sources.

lGBq=10'Bq

lTBq=1012Bq

G = giga
T = tera

10
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IMPORT, PRODUCTION AND EXPORT OF
RADIOACTIVE SUBSTANCES
M. Asikainen, J. Tikkinen

For supervisory purposes, information on the
trade in radioactive substances was requested
from the manufacturers and importers involved.
On the basis of Council Regulation (1493/93/
Euratom), STUK receives information directly
from the consignor on radioactive substances
imported into Finland from within the European
Union. Tables V - VII give information on the
amounts of radionuclides imported, produced,
and exported in 1996.

The total activity of imported radioactive sub-
stances was 1.14 • 1016 Bq. The activity of the
largest imported radiation source, replenishment
loading of Co-60 isotope for a sterilisation plant,
was 1.13 • 1016 Bq. The total activity of imported
radioactive substances was 75% less than during
the previous year.

Short-lived radioactive substances (unsealed
sources) produced in Finland amounted to
4.0 • 1013 Bq. This represented an increase of
c. 6% to the previous year.

The total activity of exported radioactive sub-
stances was 7.8 • 1013 Bq. The exported items
comprised consumer goods containing tritium,

analysers with sealed sources, radiopharmaceu-
ticals, and decommissioned radiation sources (for
return to manufacturer). The total activity of
exported radioactive substances was almost
three-fold compared with the previous year.

The Finnish Customs measures the radioactivity
of freight shipments at the border stations. In
addition, those businesses which deal in the
import of metal scrap measure the radioactivity
of the scrap they use and sell. On the basis of
these measurements, 17 notifications of abnor-
mal radiation were made to STUK. Following
subsequent measurements or a STUK investiga-
tion, the shipments of scrap or the radioactive
portions were usually returned to the supplier in
the country of origin. One radiation source was
placed in the national storage for low-activity
radioactive waste, because the origin of the scrap
detained at the Kotka harbour (see the previous
annual report STUK-B-STO 33) was decontami-
nated. The portions containing luminous paint
(Ra-226) were packed for transport and stored
in the customs area until the licence for return-
ing the scrap to the shipper had been granted.

11
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Table V. Import of radioactive substances, 1996.

Nuclide

Sources of radioactivity
< 4,000 GBq

Ir-192
Mo-99
H-3
1-131
Kr-85
Sm-153
Pm-147
Xe-127
Cs-137
1-125
P-32
Co-60
Fe-55
Xe-133
1-123
Tl-201
Am-241
S-35
Cm-244
Others"

Total import

Individual sources of
radioactivity > 4,000 GBq

Co-60
Cs-137

Activity (GBq)

Unsealed Sealed Total

*

38,300
44

4,600

935

321

101
193

18
122
119
92

73

89

45,007

54,200

8,950

1,230

873

222
112

191
167

83

69
99

66,196

11,282,000
4,440

54,200
38,300

8,994
4,600
1,230

935
873
321
222
213
193
191
185
122
119
92
83
73
69

188

111,203

"-" No import
" Nuclides: Ac-227, Ba-133, Br-82, C-14, Ca-45, Cd-109, Ce-141, Cf-252, Cl-36, Co-57, Cr-51, Cs-134,

Eu-152, Fe-59, Ga-67, Ge-68, Ho-166,1-129, In-Ill, Na-22, Nb-95, Ni-63, P-33, Po-210, Ra-226,
Rb-86, Re-186, Ru-106, Se-75, Sr-85, Sr-89, Sr-90, W-188 and Y-90

12
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Table VI. Production of radioactive substances (unsealed sources), 1996.

Nuclide

O-15
C-11
F-18
Dy-165
Br-82
Ar-41
La-140
other, total*

Total production

Activity
(GBq)

21,800
9,400
5,630
1,890
1,380

50
22

9

40,181

' Nuclides: e.g. Au-198, Co-60, Na-24

Table VII. Export of radioactive substances, 1996.

Nuclide

Cs-137
Co-60
H-3
Ir-192
1-131
Mo-99
Kr-85
Y-90
Xe-127
Sm-153
Fe-55
Cm-244
Cd-109
Am-241
Pm-147
other, total*

Total export

* Nuclides: C-14, Co-57, Eu-152, Fe-55,1-123,1-125,1-129, In-Ill,

Activity
(GBq)

27,769
22,200
11,771
8,200
2,900
2,900
1,160

255
223
208
116
28
27
17
10
22

77,806

Nb-95, Ni-63, Sr-82 and Sr-90

13



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-B-STO 35

RADIOACTIVE WASTE
M. Asikainen

STUK maintains a national storage facility for
low-activity radioactive waste. It is used for the
safekeeping of users' low-activity waste until
final disposal is carried out. The transport of
waste to this interim storage is the responsibility
of the radiation user, who is responsible under
the terms of radiation regulations for ensuring
that the radioactive waste produced is rendered
harmless through the implementation of proper
safety procedures. International regulations (in
accordance with the European Agreement con-
cerning the International Carriage of Dangerous
Goods by Road, ADR) are upheld in the trans-
port of dangerous materials.

In 1996 the low-activity storage received 18 ship-
ments (a total of 22 packages). At the end of

1996, this storage amounted to approx. 30 m\
with a total activity of 31 TBq, 86% of which
was tritium. Long-lived alpha radionuclides
(Am-241, Pu-238 and Ra-226) accounted for
7.4% of the total, i.e. 2.3 TBq.

The Ministry of Social Affairs and Health and
Teollisuuden Voima Oy (TVO) signed a contract
concerning the final disposal of low-activity
radioactive wastes in the intermediate and low-
level nuclear waste repository situated in the
Olkiluoto power plant area and owned by TVO.
The wastes originate from medical, industrial and
research use of radiation and they have been
stored until now in an old ammunition cellar in
the bedrock in the Santahamina military area.

14
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5 MONITORING OF RADIATION EXPOSURE
H. Hyvonen

STUK maintains a dose registry containing the
relevant information for dose assessment of
workers exposed to ionising radiation. The reg-
istry is provided for under Section 34 of the
Radiation Act. Registered data is collected from
dose measurements performed by STUK and
from reports made by nuclear power plants to
STUK. The methods of measurements are
described in detail in the annual report Radia-
tion Practices 1995 (STUK-B-STO 33).

The monitoring of radiation covers 11,842 work-
ers (table VIII) and 1,352 work sites in all. The
number of workers exceeding the recording level
was 3,154. The sum of registered doses (total
dose) was 7.96 manSv, of which the share of
nuclear power plants was 5.48 manSv (69%)
(table IX). Table X presents the number of work-
ers, as well as their total and mean doses, by
selected occupational category in 1.1.1996 -
31.12.1996.

The total dose from Finnish nuclear power plants
was 4.31 manSv. Of this total, 3.43 manSv was
registered for outside workers (contractor's work-
ers) and 0.88 manSv for the power companies'
own workers. The number of the nuclear power
plants' own workers was 924, of whom 517 had
a dose exceeding the recording level. The number
of outside workers was about 2,500, of whom
about 1,500 had a dose exceeding the recording
level. The number of workers who had an inter-

nal dose exceeding the recording level (0.1 mSv)
was 12 and their collective effective dose was
0.0016 manSv.

The external doses recorded are dosimeter read-
ings (Hp(10)) yielding a conservative estimate
of the effective dose. When the measured dose is
high, an investigation of the situation is made
and the effective dose is evaluated more precise-
ly. In 1996 no workers had an effective dose in
excess of the annual limit of 50 mSv.

The highest personal annual dose measured in
1996 was 242 mSv. This was measured from the
outside of the lead apron of an interventional
radiologist in a hospital. The dose limit of 50 mSv
was not exceeded because of the appropriate pro-
tection used. The dose to the lens of the eye was
evaluated to be 260 mSv, which exceeds the
annual dose limit 150 mSv. The reason for the
high dose was the exacting radiological pro-
cedures carried out on patients, in which expo-
sure was not successfully prevented in spite of
the intensive protection. When taking the doses
of previous years into account, the total dose of
the lens of the eye of this radiologist still remains
considerably under the limit for cataracts.

The greatest effective doses during the period
1992 - 1996 were 89 mSv and 85 mSv. These
persons had worked mainly in Swedish nuclear
power plants.

15
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Table VIII. Number of workers included under specific dose ranges (dosimeter readings) per occu-
pational category 1996.

Dose range

(mSv)

<0,3
0.3...< 0.5

0.5...< 5.0

5.0...< 10.0

10.0...< 20.0

>20.0

Total

Health care

4,658

247

529

52

21

10

5,517

Veterinary

216

23

29

1

1

-

270

Number of workers

Industry

1,076

54

74

5

1

-

1,210

Research

1,436

20

39

4

3

-

1,502

Nuclear
energy"

1,862

262

1,004

233

124

8

3,493

1,425 persons received less than 0.1 mSv.
As some workers were involved in more than one category, the figures given under the
column are not necessary equivalent to the sum for that row.

All"

9,124

596

1,655

297

152

18

11,842

"All"

Table IX. Total doses by dose range per occupational category, calculated from registered dosimeter
readings. The recording level was 0.1 mSv/month and 0.3 mSv/3 month for nuclear power workers
and others, respectively, 1996.

Dose range

(mSv)

<0.3

0.3...<0.5

0.5...< 5.0

5.0...< 10.0

10.0...< 20.0

>20.0

Total

Health care

•

0.080

0.870

0.352

0.299

0.495

2.096

Veterinary

-

0.008

0.041

0.007

0.010

-

0.066

Sum of doses

Industry

-

0.017

0.109

0.041

0.011

-

0.178

(manSv)

Research

-

0.007

0.060

0.030

0.040

-

0.137

"-" No doses registered
As some workers were involved in more than one category, the figures given
the "All" column are not necessarily equivalent to the sum for that row.

Nuclear
energy

0.071

0.099

1.768

1.694

1.668

0.184

5.484

under

All"

0.071

0.207

2.820

2.134

2.051

0.679

7.962

16
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Table X. Number of workers, as well as their total and mean doses, by selected occupation, 1996.
Evaluation based on registered doses.

Radiologist

Interventional
radiologist

Cardiologist

Surgeon

X-ray assistant

Industrial
radiographer

Researcher

Nuclear power plant
worker

• mechanical work
• insulation work
• operational

personnel

Number of*
workers

531

23

75

204

2,424

423

1,103

943
396
284

Dose
total

(Sv)

0.761

0.415

0.341

0.026

0.246

0.079

0,039

1.650
0.618
0.176

Mean

Exceeding"
recording

level
(mSv)

2.8

21.8

5.3

1.1

0.9

0.8

1.3

3.2
3.0
1.4

All

(mSv)

1.4

18.0

4.6

0.1

0.1

0.2

0.03

1.8
1.6
0.6

Highest

(mSv)

34.1

242.3

34.0

7.9

4.9

3.6

8.2

28.0
16.9
14.9

Included in monitoring.
The recording level for the nuclear power sector was 0.1 mSv/month and in other categories it was
0.3 mSv/3 month.

17
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6 QUALIFICATIONS OF OPERATING
PERSONNEL
O. Pukkila

The training organisations which in accordance fication interviews for radiation safety offic-
with Section 18 of the Radiation Act have re- ers and for other radiation users are listed in
ceived STUK authorisation to carry out quali- table XI.

18
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Table XI. Training organisations which are authorised to conduct qualification interviews for
radiation safety officers or for other users of radiation, as of 1 February 1997.

Date of
approval

Organisation

Medical use of radiation

1991.12.20

1992.01.21

1996.02.29

1993.04.15

1992.04.10

1991.12.20

1992.06.01

1993.05.10

1992.10.06

1991.12.20

1994.11.25

1991.12.20

1993.05.27

1991.12.20

1992.03.03

1996.02.29

1991.12.20

1993.08.17

1991.12.20

1992.08.03

1994.01.26

1993.06.08

1991.12.20

Helsinki IV Institute of Health Care

Helsinki IV Institute of Health Care

University of Helsinki, Physics Department

University of Helsinki,
Department of Diagnostic Radiology

Helsinki Swedich Institute of Nursing

Kuopio Institute of Health Care

Kuopio Institute of Health Care

University of Kuopio,
Department of Diagnostic Radiology

University of Kuopio,
Training and Development Centre

Oulu Institute of Health Care

Oulu Institute of Health Care

University of Oulu,
Faculty of Medicine

University of Oulu,
Faculty of Medicine

Educational and Training Board
in Medical Physics

Board of Qualification for Hospital
Chemists

Tampere Technical University,
Ragnar Granit Institute

Tampere Institute of Health Care

University of Tampere,
Faculty of Medicine

Turku Institute of Health Care

Turku Institute of Health Care

University of Turku,
Faculty of Medicine

University of Turku,
Faculty of Medicine

Vaasa Swedish Institute of Health Care

Qualification in
(Radiation Safety)

Responsible Operator

Dental X-ray, Responsible Operator

General Use of Radiation

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

Dental X-ray, Responsible Operator

Responsible Operator

Dental X-ray, Responsible Operator

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

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

Responsible Operator

Dental X-ray, Responsible Operator

X-ray Diagnostics and Use of Radioactive
Substances

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

General Use of Radiation

Use of Radioactive Substances

General Use of Radiation

Responsible Operator

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

Responsible Operator

Dental X-ray, Responsible Operator

X-ray Diagnostics and Use of Radioactive
Substances

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

Responsible Operator
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Date of
approval

Use of radiation

1991.12.20

1993.04.06

1992.04.03

1994.01.26

1992.04.08

1992.04.03

1992.08.26

1995.01.31

1992.05.11

1992.10.06

1992.03.12

1994.08.04

1992.05.04

1992.05.15

1992.01.21

1992.05.18

1992.01.21

1992.02.14

1992.08.03

1992.08.03

Organisation

in industry, research, teaching and education; trade

Institute for the Development of Occupational
Skills, Metal-Working and Mechanical Department

Helsinki Institute of Technology

University of Helsinki,
Department of Physics

University of Helsinki,
Lahti Research and Continuing Education Centre

University of Helsinki, Faculty of Forestry and
Agriculture, Instrument Centre

University of Helsinki,
Department of Radiochemistry

Jyva'skyla Technical Institute

University of Jyvaskyla,
Department of Physics

Kuopio Technical Institute

University of Kuopio,
Training and Development Centre

Lappeenranta University of Technology

University of Oulu,
Department of Biophysics

University of Oulu, Department of Biochemistry

Northern Savo Nursing Care District

Northern Finland Industrial Institute

Pori Technical Institute

Central Organisation of Finnish Rescue Services

Tampere Technical Institute

Turku Technical Institute and Polytechnic

University of Turku, Department of Physics

Qualification in
(Radiation Safety)

n and maintenance of radiation sources

Industrial Radiography (Responsible Operator)

Trade in Radiation Sources, Maintenance of
Radiation Sources

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

General Use of Radiation, Trade in Radiation
Sources

Use of Sealed and Unsealed Sources

Use of Sealed and Unsealed Sources

Industrial Radiography, Use of Sealed and
Unsealed Sources, Trade in Radiation Sources,
Maintenance of Radiation Sources

Trade in Radiation Sources, Use of Radiation
Sources in Industry, Research and Instruction

General Use of Radiation, Use of X-ray, Use of
Sealed and Unsealed Sources, Trade in Radiation
Sources, Maintenance of Radiation Sources

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

General Use of Radiation, Use of X-ray, Use of
Sealead and Unsealed Sources

Trade in Radiation Sources, Use of Radiation
Sources in Industry, Research and Instruction

Use of Sealed and Unsealed Sources

Trade in Radiation Sources, Maintenance of
Radiation Sources

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

Use of X-ray, Industrial Radiography, Use of
Sealed Sources, Trade in Radiation Sources

Installation and Maintenance of Fire Detection
Devices

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

General Use of Radiation, Industrial Radiography,
Use of X-ray, Use of Sealed Sources, Trade in
Radiation Sources, Maintenance of Radiation
Sources

General Use of Radiation, Industrial Radiography,
Use of X-ray, Use of Sealed Sources, Trade in
Radiation Sources
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7 MEDICAL USE OF RADIATION
M. Asikainen, H. Jarvinen, O. Pukkila

7.1 Diagnostic Examinations

In Finland, radiation safety is on a high level as
regards the use of radiation. The mean patient
dose fulfils European guidelines for a diagnosis
of a standard-sized patient. Diagnostic patient
radiation exposure nevertheless exhibits consid-
erable variation from place to place, sometimes
even tenfold differences. This variance can be
reduced without interfering with the purpose of
the medical procedure involved. In order to
achieve this goal, it is necessary to comply with
ALARA principles regarding the emphasis on
increased safety awareness in diagnostic pro-
cedures, the optimisation of diagnostic methods
and quality assurance at the radiation use site.

There were no cases of unjustified medical use
of radiation.

X-ray examinations

The number of x-ray examinations has been cal-
culated to be about 3.4 million in Finland in 1995.
Of the total number of examinations, approxi-
mately 12% are examinations of children*.

In the inspections made by STUK the effect of
obligatory quality assurance on the patient doses
and image quality in usual x-ray examinations
was surveyed. In the survey a phantom and the
technique adopted by the particular user were
utilised to measure entrance surface exposure.
Measurements were made for lumbar spine AP
and chest PA projection in about 5% of the x-ray
wards. The EC expert group report" presents the
exposure reference values (entrance skin expo-

sure including backscatter) for usual x-ray exami-
nation of a normal-sized patient.

Table XII gives the entrance exposures in the pri-
mary beam on the surface of a phantom meas-
ured in inspections made in 1995 and 1996. In
the same table there are the EC reference values
and the results of inspections made in Finland at
the end of the eighties and at the beginning of
the nineties'". According to the table the mean
doses for 1995 and 1996 are noticeably lower
than the doses at the turn of the eighties and nine-
ties. The dose variability has also become much
smaller. This progress in patient safety may be
regarded partly as a consequence of the statu-
tory obligation of quality assurance for x-ray
users and partly as a result of putting the optimis-
ation principle into practice. The result shows
the general direction but is affected by factors of
uncertainty (small sample, the objects of inspec-
tions were not the same).

The recommendations for image quality given
by the EC expert group concern clinical x-ray
images. There are no international reference
values for technical image quality. The national
state of technical image quality can be estimated
by comparing the results of measurements con-
ducted in annual inspections made with phan-
toms and the measuring methods stated in ST-
guide 3.5. Table XIII gives the results for 1995
and 1996. No essential differences can be seen
on the basis of these results. The results of im-
age quality in 1995 and 1996 cannot be com-
pared with the measurements made at the turn of
the eighties and nineties because during those
years the phantoms were different.

EC recommendations for x-ray examinations for chil-
dren. Questionnaire on number of examinations in Fin-
land, Minna Heikkila, University Hospital in Oulu, Finn-
ish Centre for Radiation and Nuclear Safety, Seminar on
Quality Assurance 20 - 22 March 1997.

European Guidelines on Quality Criteria for Diagnos-
tic Radiographic Images, EUR 16260, European Com-
mission, June 1996.
Patient dose and image quality in five standard X-ray
examinations. R. Havukainen, M. Pirinen, Med.Phys.
20(3), May/June 1993.
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Table XII. Radiation doses in lumbar spine and chest x-ray, 1988 -1996.

Year

1988 - 1991

1995

1996

EC reference value"

Mean dose*

(mGy)

lumbar spine/AP

8.4

6.0

6.0

10

chest/PA

0.27

0.19

0.14

0.3

Dose range

(mGy)

lumbar spine/AP

2.9 - 28

2.4 -13

2.3 - 16

chest/PA

0.04 - 0.84

0.04 - 0.52

0.06 - 0.36

Radiation dose on the surface of a phantom. Due to use of a different phantom, the results for 1995
and 1996 have been adjusted to correspond to results for 1988 - 1991.
Normal-sized, 70 kg patient.

Table XIII. Image quality in lumbar spine and chest x-ray, 1995 -1996.

Year

1995

1996

Optical density (OD)

mean (range)

lumbar spine/AP

1.30(0.59-2.25)

1.24(0.67-2.16)

chest/PA

1.66(0.74-2.4)

1.53(0.72-2.35)

Contrast (OD)

mean (range)

lumbar spine/AP

0.21 (0.09 - 0.35)

0.21(0.11-0.29)

chest/PA

0.30(0.20-0.40)

0.33 (0.24 - 0.49)

Spatial resolution
(line pairs/mm)

mean (range)

lumbar spine/AP

2.1(1.4-2.8)

2.0(1.2-2.8)

chest/PA

3.7 (3.1 - 5.0)

3.9 (2.6 - 5.0)
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In 1996 for all inspected fluoroscopic units (22,
c. 5% of all units), the automatic dose rate con-
trol (mean 0.43 jiGy/s, range 0.16 - 0.76 \iGy/s)
fulfilled the requirement (< 0.8 uGy/s) set in ST-
guide 3.4. The quality of the fluoroscopic image
was in all cases satisfactory according to the grad-
ing scale set in the above-mentioned guide, and
90% of the inspected units were classified as
good as concerns image quality.

The radiation safety of dental x-ray practice and
the effectiveness of the supervision are described
by the distributions presented in table XIV. The
table shows that the progress begun some years
ago has been continuing.

Nuclear medicine examinations

The use of radiopharmaceuticals in Finland in
1994 was presented in the report STUK-B-STO
34 (in Finnish). The patient doses resulting from
the nuclear medicine examinations are estimat-
ed to be essentially unchanged.

7.2 Radiotherapy

In radiotherapy the aim is to eradicate the local
tumour with minimum damage to the surround-
ing healthy tissues. For this aim to be achieved,
the prescribed radiation dose has to be delivered
to the target volume as precisely as possible.
According to international recommendations
(e.g. given by the ICRU*), the uncertainty in the
dose to the patient should not exceed 5% on the
average. The supervising activities for the prop-
er implementation of the principles of justifica-
tion and optimisation at hospitals are, therefore,
concentrated on the factors which affect the accu-
racy (correct value and targeting) of the dose to
the patient.

ICRU = International Commission on Radiation Units
and Measurements

Table XIV. Radiation doses on skin when x-raying molars, 1990 -1996.

Radiation dose

(mGy)

1...7

> 10...15

>15

IAEA reference value 7 mGy

Dental x-ray units 1990 -1995

(units)

2,666

423

268

120

(%)

77

12

8

3

Dental

(units)

812

63

20

6

, which is equivalent to an effective dose of about ]

x-ray units 1996

(%)

90

7

2

1

OuSv.

** 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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To ensure due consideration of the justification
and optimisation principles, Quality Assurance
programmes are required in the radiotherapy
departments. The functioning and results of the
programmes are evaluated regularly through
STUK inspections. All departments have imple-
mented and were running the QA programmes
in accordance with STUK requirements. A de-
tailed Quality Control programme approved by
STUK had been set up for each radiotherapy unit
which had been used for at least a year.

A total of 23 inspections were carried out at the
radiotherapy departments. Based on the inspec-
tions and the related measurements for radiation
protection, it can be concluded that the radiation
safety of staff, patients and the public has re-
mained good. Further, the results of inspections
and comparative measurements of the character-
istics of radiotherapy equipment (treatment
equipment and simulators) indicated that the pro-
cedures applied and the characteristics of equip-
ment affecting patient dose accuracy have gen-
erally met the pre-set requirements. A total of 11
remarks on various shortcomings of radiation
safety arrangements, radiotherapy equipment or
quality control methods were recorded. Some of
the shortcomings were of minor importance, but
some of them could have resulted in serious
errors without repair or due attention. The accept-
able level (± 1 - 2%) for the comparative dose
measurements was exceeded in four cases, the
maximum difference being 4%. The reasons for
the discrepancies were resolved on site immedi-
ately during the inspections, and the hospital
undertook the necessary remedial actions. On the

basis of the findings on the accuracy of dose
delivery, the implementation of the principles of
justification and the optimisation principles in
radiotherapy can be considered to be good.

Two long-lasting projects which aim to improve
the accuracy and optimisation in radiotherapy and
which have been co-ordinated by STUK in col-
laboration with radiotherapy physicists and radio-
therapists were essentially completed during
1996. One was the Nordic recommendation (by
the NACP) on the concepts of dose delivery in
radiotherapy, the other the preparation of a na-
tional vocabulary on radiotherapy physics.

At the Otaniemi research reactor, a so-called
boron neutron capture therapy has been under
development. STUK participates in EU-funded
research to develop methods of dosimetric meas-
urements for this new treatment modality. As
a part of this research project, STUK will devel-
op methods which can be used to verify the cor-
rectness and accuracy of the local methods of
dose determination.

Special attention was paid to the reporting to
STUK of abnormal incidents in radiotherapy.
The topic was discussed at the annual meeting
with the hospital physicists, and the drafting
of a reporting guide was started in collabora-
tion with hospital physicists. Due to the spe-
cial attention, more reports on abnormal inci-
dents were received than usual (see Chapter
11). With one exception, the incidents did not
result in significant further actions.

24



STUK-B-STO 35
FINNISH CENTRE FOR RADIATION

AND NUCLEAR SAFETY

8 NATURAL RADIATION
M. Annanmaki

Under the terms of the Radiation Act, the person
or organisation responsible is obliged to investi-
gate any exposure to natural radiation whenever
such arises, or whenever there are grounds for
suspecting such work should be classified as
radiation practice. The working conditions of
employees exposed to natural radiation are to be
placed under monitoring whenever the exposure
to radiation is sufficient for the job to be classi-
fied as radiation work. Principles of monitoring
and radon mitigation methods are described in
more detail in the report from 1995 (STUK-
B-STO 33).

8.1 Radon at Work Sites

The most remarkable source of exposure to radia-
tion at work sites is from radon. Monitoring
includes mines, excavations, underground sites
as well as other working environments where the
air contains significant amounts of radon.

Since 1992 about 7,000 radon measurements
were performed at work sites using the so-called
track etch method. A portion of these measure-
ments were second measurements carried out on
the basis of initial measurements. Altogether 738
work sites were issued injunctions to begin meas-
ures aimed at the reduction of radon concentra-
tion. At 467 work sites radiation safety require-
ments were observed to be fulfilled either by
mitigation, by measuring radon concentration
during work hours or by performing other types
of remeasurement. The mean decrease in radon
concentration at work places targeted for miti-
gation was about 1,500 Bq • m~3. The number of
such work places is about 150.

During the past two years the workforce used
for monitoring radon at work places was smaller
than in the previous years. In 1995,67 firms were
issued injunctions to begin measures aimed at

reducing of radon concentration. The correspond-
ing number in 1996 was 35.

In 1996 inspections were carried out at eight
mines, excavation sites or underground construc-
tion sites where further construction was taking
place following excavation. Table XV presents
the results of the measurements.

One underground storage room had such a high
radon concentration that the employer was
ordered to monitor the personal dose of the em-
ployee working at the site. However, a detailed
investigation showed that the mean radon con-
centration to which the employee was exposed
during work hours was less than 400 Bq • m3.

In 1996 the radon concentration in underground
stations of the Helsinki subway were measured
in each season. The measurements were carried
out using a continuously measuring instrument.
Table XVI presents the results of measurements.

Since 1975 radon measurements in underground
spaces of the subway have been carried out dur-
ing all the excavation and construction phases
and regularly four times a year since 1982, when
regular train traffic was started.

In underground stations the mean radon concen-
tration has been less than 400 Bq • m3. The high-
est radon concentrations have been measured in
the Kamppi and Ruoholahti stations. The radon
concentrations remained the same up to 1992.
After that year the radon concentration in the
Kamppi and Rautatientori stations increased
slightly.

There is a seasonal and diurnal variation in radon
concentration. Generally, the radon concentra-
tion in the stations has its peak value during sum-
mer time and its lowest value is registered in
winter.
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Table XV. Radon exposure measured at underground work sites, 1996.

Sites (no.)

Estimated no. of workers

Radon concentration
(Bq • m3)

<100

> 100...400

> 400... 1,000

Average radon concentration
(Bq • m"3)'

Mines

4

120

7

21

6

230

Excavation
sites

3

30

7

5

120

Construction at on
excavation site

1

10

2

2

110

The average radon concentration is the mean radon concentration of each work site weighted by
the number of workers.

Table XVL The results of radon measurements in Helsinki's underground subway stations in 1996.

Site of measurement

Sb'rnainen

Hakaniemi

Kaisaniemi

Rautatientori

Kamppi

Ruoholahti

February

-

-

80

40

320

240

Radon

May

80

-

60

110

370

310

concentration

August

-

100

230

220

490

520

(Bq-m3)

November

-

-

30

20

240

100

Mean

100

100

360

290
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8.2 Building Materials and
Other Raw Materials

In 1996, radioactivity was measured in 16 sam-
ples. These were stone-material and peat ash. The
activity indexes exceeded one for the two stone-
material samples intended for building materi-
als. An investigation of the dose due to these
materials if they were to be used for residential
construction was undertaken. The peat ash sam-
ples were follow-up samples for checking the
restrictions laid down earlier by STUK, which
were intended to measure the amount of radio-
active nuclides in the peat ash.

The materials intended to be used for residential
construction (concrete, tile, light concrete) sel-
dom contain such amounts of radioactivity that
the use of the material need be restricted.

The radiation safety of the old mining area in
Korsnas was evaluated by radioactivity measure-
ments and by assessing the present-day use of
the area. The mining wastes contain elevated
amounts of uranium and thorium. In the mining
area there is also a hip of enriched material con-
taining rare earth metals.The hip contains radio-
activity in even higher amounts than the waste
area. The safety requirements laid down for the
area are fulfilled but the need for rehabilitation
of the area depends on its future use.

8.3 Drinking Water

In 1996, STUK issued 42 statements on drink-
ing water radioactivity. In about one-third of
these, the activity index was greater than one. In
these cases, it was recommended that a reduc-
tion be made in the radionuclide concentration
of the water, or that through nuclide-specific
analysis it be demonstrated that the concentra-
tions were within permissible limits. In most
cases, an activity index in excess of one was due
to a large radon concentration in the water. How-

ever, the removal of radon is not an adequate pre-
vention measure in all cases. This means that
other radionuclides also have to be removed.

Roughly estimated, our country has about 800
waterworks with more than 200 users of water
and about 800 waterworks with between 50 - 200
users. About 100 of the waterworks use surface
water as raw water. Of all the water produced by
the waterworks, about 50% comes from the sur-
face water.

Between 1992 - 1996 STUK measured 233
water samples from waterworks. Some of the
samples were from the wells not yet in use. In
43 cases (18%) the value of the activity index
(ref. ST-guide 12.3) exceeded one. In three cases
nuclide specific analysis or other investigation
showed that the use of water needed no restric-
tion. In 14 cases reduction of radioactivity has
been performed or is about to be performed and
the rest of the cases are under investigation. Pos-
sible prevention measures are, e.g. removal of
radon by aeration or connection to the commu-
nal pipeline.

Most of the water distributed by the Finnish
waterworks fulfils the safety requirement pre-
sented in ST-guide 12.3. However, measurements
made up to now show that we have more water-
works than were previously estimated, in which
the safety requirement is not fulfilled: about
100 - 200 waterworks.

In addition to waterworks, the water used in the
manufacture of beverages and foods is monitored,
as is the water of water supply groups and
schools, hospitals, garrisons and other institutions
that use their own well.

STUK is participating in a research project fund-
ed by the European Union which aims to inves-
tigate methods of removing radioactivity from
water and to test the removal methods that are
commercially available.
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8.4 Metrology of Radon

The aim of the metrology is to ensure that the
measurements needed in the monitoring of natu-
ral radioactivity and the monitors used in Fin-
land have a high accuracy and that the results
are internationally comparable.

There is no existing primary standard for cali-
brating the equipment used to measure radon
concentrations. By participating in intercom-
parative measurements, it is possible to ascer-
tain the level of calibration of the measuring
equipment used in the monitoring work with ref-
erence to the international level. The objective is
that the measurement uncertainty of the radon
concentrations is at its maximum ± 5% (1 stand-
ard deviation).

The metrology standards used are commercially
available solid and liquid Ra-226 sources that can
be sealed off in vessels having a known volume.
The calibration is performed as a comparative
measurement in which the reading of the meas-
uring equipment to be calibrated is compared
with the result given by STUK's measuring
equipment.

In 1996 the radon measuring equipment used to
monitor radon at work sites was compared with
the measuring equipment of Sweden's radiation
safety institute (SSI). Measurements were made
for two different radon concentrations: about
400 Bq • nr3 and about 1,700 Bq • nr3. The results
obtained with both continuous measuring equip-
ment and equipment indicating the instanta-
neous concentration differed from the concen-
trations determined with SSI's corresponding
methods by less than 5%. In addition, the results
of STUK's instantaneous measurements were
compared with the results shown by SSI's con-

tinuous measuring equipment on the basis of two
different concentrations. In the first of these the
results of the comparison measurements differed
from each other by less than 1%, and in the
second by more than 30%. The considerable
difference of the second comparison measure-
ment was probably due to differences in the meth-
ods of measurement or to an error that may have
occurred in the sample-taking.

In an internal comparison carried out by STUK,
two continuous radon measurement devices used
for making measurements of radon at work sites
were compared with three continuous radon
measurement devices used for measurements of
radon in houses. The measurements were made
at two different radon concentrations: about
500 Bq • nr3 and about 8,000 Bq • nr3. The results
of the radon measurement equipment used at
work sites differed from the average result of the
radon measurement equipment for housing units
in three cases by less than 3% and in one case by
about 6%.

If a measurement device for radon concentrations
or a method of measurement is to be used for
determining the exposure of employees, appli-
cation must be made to the STUK for approval
of the measurement device or method of meas-
urement. To gain approval, the measuring equip-
ment must be properly calibrated. Table XVII
shows the organisations whose methods of meas-
urement or measuring equipment have been
approved for the determination of the radon expo-
sure of employees. At the end of 1996 there were
17 approved measurement devices or methods
of measurement that were in use in Finland.
A radon measuring device must be calibrated at
intervals of at least two years. The table also gives
the date by which the next calibration of the
measuring equipment must be made.
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Table XVII. Approved measuring equipment and methods of measurement for the determination of
radon exposure.

Continuous measuring equipment which has been approved for the determination of radon exposure and
can be used to register the variations in radon concentrations over time. The measuring equipment is also
suitable for studies of radon concentration during employment.

Date of
approval

1992.05.19
1992.10.09
1993.02.12
1993.02.12
1993.09.13
1994.11.08

Calibration
validity

1998.09.19
1997.01.25
1998.02.12
1997.01.25
1997.09.13
1998.12.31

Organisation

Tampere Polytechnic
Finnish Defence Forces' Research Centre
City of Lahti
Lappeenranta Technical College
Turku Technical College and Polytechnic
Municipality of Janakkala

Device or method

Pylon AB-5
Atmos 12
Pylon AB-5
Pylon AB-5
Pylon AB-5
Ionisation chamber

Equipment and methods that have been approved for the determination of radon exposure and are used to
measure the average concentration. The equipment is not suitable for studies of radon concentrations during
employment.

1994.03.21
1995.02.07
1995.02.07
1995.02.17
1995.10.10
1995.11.16
1995.11.30
1996.01.10
1996.01.10
1996.01.10
1996.08.12

1999.01.10
1997.01.31
1997.01.31
1997.02.02
1997.06.09
1997.11.07
1997.08.14
1997.12.28
1997.12.28
1997.12.28
1997.12.29

Kata-Electronics Oy
Municipality of Valtimo
Municipality of Mantsala
Lapinlahti Central Rescue Service Department
Kemira Fibres Oy
Vocational Adult Education Centre
Municipality of Liperi
City of Tammisaari
Kurikka Central Rescue Service Department
Hame occupational safety district
Rovaniemi rural commune, fire department

Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10
Radon-Box 10

29



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-B-STO 35

9 NON-IONISING RADIATION
K. Jokela

Equipment causing non-ionising radiation and its
use was monitored in accordance with the rel-
evant statute (1306/93). In monitoring the use
of solariums, STUK was notified of a case in
which two people had burnt their skin when vis-
iting the solarium of a swimming hall. When the
case was investigated, it was observed that exces-
sively strong replacement fluorescent tubes had
been installed in the solariums. In addition, the
user's instructions for the equipment were defi-
cient.

The priorities in research activities involving non-
ionising radiation were the development of meas-
urement technology required to determine the
magnitude of the radiation exposure as well as
exposure measurements, particularly in respect
of UV radiation, microwave radiation and vari-
ous electrical and magnetic fields. The research
projects included precision measurements of
solar UV radiation, an assessment of the skin can-
cer risk due to changes in solar UV radiation,
the measurement of microwave radiation caused
by mobile phones, the measurement of high fre-
quency currents induced in the body and the
determination of the dosing of UV therapy equip-
ment. Fuller discussions of the results of the
research work have been published elsewhere.
In brief, the purpose and result of the most im-
portant investigations were as follows:

Solar UV radiation

The six-year research project that is part of the
Academy of Finland's SILMU programme was
seen to completion. The study involved assess-
ments of the population's exposure to solar UV
radiation, the skin cancer risk due to exposure
and the making of improvements in the preci-
sion and traceability of UV measurements. As
a result of the project, a secondary standard for
spectral UV irradiation was established at STUK

(1 kW halogen lamps, see Chapter 10:
rology").

'Met-

In 1993 and 1996 STUK participated in the cali-
bration comparison of solar UV radiation meas-
urements that was carried out as a joint Nordic
project onTenerife. STUK's measurement results
did not show uncommon deviations compared
with the average results.

By means of measurements and computations it
was established that the depleted ozone layers
that have been observed in the spring in recent
years can increase UV exposure to the face, par-
ticularly in northern Finland, where the reflec-
tion from the snow increases the exposure of the
face to UV radiation. Local depletion of the ozone
layer was estimated to cause an increase of about
12% in the annual erythema-effective UV dos-
ing, which leads to an increase of 20 to 30% in
squamous and basal cell cancers.

In 1995 a total of 26 different erythema radio-
meters sent from different countries were tested
at STUK's Optical Radiation Laboratory. Fund-
ing for the testing was provided by the partici-
pating countries and WMO (the World Meteoro-
logical Organization). The calibration was car-
ried out in the sunlight using spectroradiometers
as the comparison instruments. The comparison
in sunlight conditions was carried out together
with the University of Innsbruck. The results
were reported in 1996. As a result of the proj-
ect, a joint scale for wideband solar UV radia-
tion measurements was introduced for the first
time worldwide.

COST-project

In connection with the European COST 244
project, a Finnish co-operation project in which
the radiation hazards of mobile phones were
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investigated was launched in 1994. STUK's task
was to develop exposure equipment for tests on
mice at the University of Kuopio as well as to
develop the measurement technology required for
the SAR testing of mobile phones. The project
was seen to completion during 1996. The mouse
exposure equipment was implemented using
900 MHz waveguide technology. The SAR value
of the mice was determined theoretically and by
means of thermal measurements in a phantom
that simulated a mouse. The equipment makes it
possible to irradiate 25 mice simultaneously such
that the maximum SAR is 0.3...2 W/kg, depend-
ing on the type of signal (NMT and GSM).

In 1996, measuring equipment operating at
a 900 MHz frequency was developed for STUK's
radio laboratory to be used in SAR testing on
mobile phones. The equipment is based on an
electric field sensor that is moved about in a liq-
uid phantom that simulates the electrical prop-
erties of tissues. The equipment developed can
be used to make SAR measurements up to a mini-
mum level of about 0.01 W/kg. To accomplish
precise calibration of the measurement probes,
a new type of waveguide calibrator was devel-
oped, in which SAR is determined by measuring
the increase in heat in the calibrator that was par-
tially filled with a tissue-equivalent material by
means of a sensitive thermistor sensor that does
not interfere with the microwave field. The phan-
toms were a hemisphere, a rectangular vessel and
a mannequin having the shape of a human
being's upper torso, the mannequin's head
being open on one side. The phantoms were filled
with a liquid simulating brain and muscle tissue.
The functionality of the equipment was tested
by measuring mobile phone-induced SAR in the
rectangular vessel (planar phantom) and in the
anthropomorfic phantom. The half-wave dipole
caused by SAR was measured in the hemisphere
and the result was compared with the result cal-
culated by VTT Technical Research Centre of
Finland. The difference in the results was 30%.

Body current meter

In the plastics and wood processing industries,
high frequency heaters operating at frequencies
of 13 and 27 MHz are used, in particular for plas-
tic welding and the drying glue. This equipment
causes intense electrical and magnetic fields that
are directed at an operator working near the
equipment. Radio frequency currents that heat
up tissues are induced in the worker's body.

The development work on a current transformer
intended for measuring the current induced in
the entire body and which operates at frequen-
cies under 50 Mhz was seen to completion. The
project, which was financed by the Occupation-
al Safety Fund, demonstrated that it is possible
to manufacture a current transformer operating
at frequencies of 30 MHz, which can be used to
measure the currents induced in the bodies of
many different-sized people. In addition, a cal-
culation method was developed by means of
which the SAR in the entire body can be deter-
mined approximately from the current measured.
The device is used for measurements of the expo-
sure incurred by workers who use industrial high
frequency heaters.

Quality assurance of UV therapy equipment

In co-operation with the Turku University Cen-
tral Hospital, STUK started a quality assurance
project concerning UV therapy equipment, which
was funded by the National Agency for Medi-
cines. The objective was to improve the radia-
tion safety of medical UV therapy equipment and
its use and to formulate a model for a quality
assurance programme covering UV therapy. Data
on the types, numbers and radiation sources of
the UV therapy equipment in use at central hos-
pitals was collected and entered in STUK's data-
base. The 29 radiation meters in use at the hos-
pitals were calibrated at STUK's Optical Radia-
tion Laboratory. The project will be seen to com-
pletion and reported on in 1997.
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10 METROLOGY
K. Jokela, H. Jarvinen

According to the decree on the Amendment of
the Radiation Act (1334/94), STUK maintains
measurement standards for ensuring the reliabil-
ity of radiation measurements. According to
another decree (1515/91), it is STUK's respon-
sibility to maintain appropriate standards for
radiation quantities and to act as the national
standards laboratory for this field of measure-
ment. Radiation in this case means both ionising
and non-ionising radiation. The aim of the stand-
ard dosimetry activities is to ensure adequate
accuracy and international comparability of
radiation measurements. The national standards
are traceable to the definitions of quantities
either directly or through internationally accept-
ed other standards.

The standards for ionising radiation quantities
are ionisation chambers or radiation sources.
They are mainly secondary standards calibrated
against primary standards by the International
Bureau of Weights and Measures (BIPM) or the
national standards laboratory of the UK or Ger-
many (NPL orPTB, see Figure 1). The latest cali-
brations at the primary laboratory are from 1992
(BIPM) and 1984 (NPL). National standards are
maintained for the quantities exposure, air ker-
ma, absorbed dose and dose equivalent. The
measuring uncertainties (combined uncertainties)
for the quantities are: exposure and air kerma
1 - 3%, absorbed dose 3 - 5 % and dose equiva-
lent 2 - 10%.

For the maintenance of standards and for the cali-
bration of instruments, the following equipment
and radiation sources are available:

- Gamma irradiation devices Co-60 and Cs-
137, several sources of different activities, the
highest activity being about 160 TBq Co-60

- X-ray equipment: 160 kV and 320 kV units
- Secondary standard beta sources (Pm-147,

Tl-204 and Sr-90/Y-90)
- Neutron sources Am-Be and Cf-252
- Wide-area alpha and beta sources for surface

contamination.

In 1996 the highest activity Co-60 source and
the whole x-ray system (two units) were replaced
by new ones. A new method of calibration of
plane parallel ionisation chambers for electron
beam dosimetry was put into use. A total of 121
measuring instruments were calibrated or test-
ed. In all, 76 calibration certificates were issued.

STUK is a member of the international network
of Secondary Standard Dosimetry Laboratories
(SSDLs) and participates in the annual dose
measurement audits organised by the IAEA. In
the 1996 audit by thermoluminescence dosi-
meters, STUK's result deviated from the refer-
ence value given by the IAEA by 1.7% with
a Co-60 beam and 0.7% with a 18 MV photon
beam. The deviations are well below the accept-
able limit used by the IAEA (3.5%).

The most important research effort of the la-
boratory at 1996 dealt with the development of
new calibration and measurement techniques for
the needs of boron neutron capture therapy.
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STUK maintains national metrology standards
for non-ionising radiation which are necessary
in order to carry out its official functions. Na-
tional level metrology standards are maintained
for spectric UV irradiance as well as for intense
electrical and magnetic fields in the main fre-
quency ranges of importance for safety (Figures
2 and 3). Of the metrology standards for spectric
UV irradiance (1 kW quartz-halogen lamps), one
has been copied directly from the United States
National Primary Standard of the metrology la-
boratory (NIST) in 1993 and the second, via an
accredited laboratory (lamp supplier), from the
primary standard of the German national metrol-
ogy laboratory (PTB) in 1995.

For intense electrical and magnetic fields, there
do not exist precise traceability chains, because
there are no sufficiently precise transfer stand-
ards. STUK employs calibration equipment
which it has designed itself (TEM chambers and
calibrated antennas in a UV echoic chamber.)

Their accuracy was compared with the national
measurement standards of Germany, the Neth-
erlands, Sweden and the UK in 1992 (PTB, VSL,
SP, NPL, see Figure 3).

In 1995 -1996 a calibration system operating at
a frequency of 900 MHz was developed for the
calibration of power density meters (calibrated
antenna in a UV echoic chamber) and for cali-
brating the measurement probes used in SAR
testing in a liquid replicating the electrical prop-
erties of tissue (a section of a waveform tube that
has been filled with liquid). The uncertainty of
the calibration of the power density meter is
±15% and that of the SAR measurement probes
is + 8% at a frequency of 900 MHz.

As part of the solar UV radiation studies, a cali-
bration programme was developed for wideband
erythema radiometers. This calibration pro-
gramme can be used internationally as a basis
for accurate UV radiation measurements.
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Figure 2. UV radiation standard and its traceability chain.
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11 INCIDENTS
M. Asikainen, K. Jokela, H. Jarvinen, O. Pukkila

In accordance with Section 17 of the Radiation
Act, STUK receives notification of any abnor-
mal occurrences involving radiation which con-
stitute a significant safety problem at the point
of use or in the immediate surroundings. In
addition, STUK receives notifications of every
disappearance, theft or loss of any radiation
source. Furthermore, all instances of unusual
observations or information significantly bear-
ing on the radiation safety of workers or the
environment are to be reported to STUK.

There were no serious accidents involving radia-
tion in Finland in 1996. In addition, there were
no incidents which could have possibly led to
radiation accidents. STUK investigated 12 cases
involving radiation. In five of these, the problem

was caused in radiotherapy, three cases were
noted in industry, three in the transport of radio-
active substances, and one in use of solariums.
The doses received by monitored workers in-
volved in the use of radiation are explained
above in Section 5. The cases involving the Finn-
ish Customs Board and the metal industry are
found in Section 3.

Table XVIII is a summary of the causes, conse-
quences, and measurements taken in conjunction
with these cases in 1996. In describing and pub-
lishing these case histories, STUK wishes to
inform the users of radiation of the potential haz-
ards as well as the appropriate preventive meas-
ures for precluding such cases in the future.
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Table XVIII. Incidents involving radiation, 1996.

Case

Case 1.

A person who had been a trainee in NDT-
inspection, but discontinued his studies,
criticized the organisation for carelessness
in safety aspects.

Case 2.

The dose was in error by two fractions in
the treatment of a brain cancer patient.

Cause/exposure

It soon transpired that the relations be-
tween the trainee and his workpartner
were not good. There were no significant
doses in personal dosimeters.

The reason was an error in dose planning.
In the first two fractions, the dose was
twice the prescribed dose per fraction.

Measures taken/consequences

No reprehensible action of the or-
ganisation could be found. From
a safety point of view, it is important
that there are good personal relations
between the workers.

The error was compensated in the
rest of the fractions. Because the
error was noticed at the beginning of
the treatment, no significant compli-
cations were anticipated.

td
in

00

X

p
6
?0

S



oo
Case

Case 3.

An error in the dose planning algorithms
for small wedge fields was observed.

Case 4.

The source was stuck in the source transfer
tube of a brachytherapy treatment unit.

Cause/exposure

Three patients received a 24 - 31% over-
dose.

The patient received a 5% overdose.

Measures taken/consequences

The follow-up of the three patients
was intensified. The vendor gave
instructions for avoiding the error.
STUK asked the other hospitals to
investigate whether similar errors had
occurred elsewhere in patient treat-
ments with the same dose planning
algorithms. The replies from hospitals
confirmed that no other similar error
had occurred.

The hospital replaced the transfer
tubes with new ones.
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Case

Case 5.

In brachytherapy treatment, the sources
remained in the intracavitary source appli-
cator and did not return automatically to
the storage container. The sources had to
be returned manually.

Case 6.

A van transporting radioactive material
was stolen. There were three technetium-
generators, 10 GBq each, two 1-131 thera-
py capsules, 370 MBq each, and some
other sources with lower activity levels.

Cause/exposure

The reason was the omission of the source
transfer tube from inside the applicator.
The patient received a dose of 0.3 Gy
during the operation.

No exposure.

Measures taken/consequences

According to the manufacturer of the
brachytherapy unit, the device will
not automatically check that the
source transfer tube is inside the
applicator. The user must check this.
The manufacturer added a warning on
this in the operating instructions of
the unit.

STUK warned the public about the
stolen packages. The radioactive ma-
terial was found some days later in
a basement of a detached house. The
packages were unopened. The case
was investigated by the police and the
perpetrator was charged in court.
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Case

Case 7.

A trailer attached to an automobile was
stolen from a parking place. In the trailer
there was a density gauge containing
radioactive material (Cs-137, 110 MBq).

Case 8.

In head and neck treatment a patient re-
ceived an underdose to the target region
and an overdose to healthy tissues. The
error was observed after 15 treatment frac-
tions.

Cause/exposure

No exposure.

The cause was an erroneous setting of the
radiation field. The under- and overdoses
were 15 Gy.

Measures taken/consequences

The trailer with its contents was.
found abandoned the same day.

The hospital called attention of their
staff to the regulation in force, ac-
cording to which a physicist or radio-
therapist must check and accept new
field settings before treatment can
start. The hospital advised the patient
to prepare a report on patient injury.
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Case

Case 9.

During an industrial x-ray radiography
operation, an individual ran across the
primary beam at about one meters distance
from the x-ray tube focus.

Case 10.

Two people burnt their skin when visiting
the solarium of a swimming hall.

Cause/exposure

The radiographer had no time to react to
the unexpected action of the individual.
The estimated dose to the pelvis of the
outsider was less than 0.5 mSv.

When the case was investigated, it was
observed that inappropriate replacement
fluorescent tubes had been installed and
that the user's instructions for the equip-
ment were deficient.

Measures taken/consequences

The licensee was urged to keep better
watch over the surrounding area in
radiography work.

Orders were issued to replace the
fluorescent tubes with the proper
ones. It was required that radiation
timetables and user's instructions be
drawn up for the equipment. Instruc-
tions were issued to replace the to-
ken-operated service dispensing unit
in such a way that users would be
able to limit the radiation time for
shorter exposure. In addition, the staff
were made responsible for instructing
customers in use of the equipment.
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Case

Case 11.

An employee and an inspector for pres-
sure vessels went into a steamer of
a thermo-mechanical pulping plant al-
though the radiation source housing shutter
(600 MBq, Cs-137) of a level gauge was
open.

Case 12.

A package containing radioactive material
was damaged at the airport. It was deter-
mined, however, that the inner metal can
remained closed.

Cause/exposure

The persons did not notice the warning
sign for the open shutter. The radiation
dose of the most exposed person was esti-
mated to be about 0.03 mSv.

No exposure.

Measures taken/consequences

The employees were urged to ensure
that the shutter of the source housing
is closed before going into the
steamer.

Radioactive material was repacked
for transport.
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Appendix 1
Finnish Laws and Regulations Governing Radiation Practices

Statute or decision

Radiation Safety

Radiation Act
• Amendment of Radiation Act
• Amendment of Radiation Act
• Amendment of Radiation Act

Decree on the Enforcement of the Amendment to the Radiation Act

Radiation Decree
• Amendment of the Radiation Decree

Supervision of the Non-Ionising Radiation Decree

Ministry for Social Affairs and Health, Order on Upper Limits of Exposure to
Non-Ionising Radiation

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

Decree on Annual Leave of Persons Involved in Radiation Procedures in
Hospitals or Health Care Centres
• Amendment of Radiation Decree

Nuclear Safety

Nuclear Energy Act
• Amendment of Nuclear Energy Act
• Amendment of Nuclear Energy Act
• Amendment of Nuclear Energy Act
• Amendment of Nuclear Energy Act
• Amendment of Nuclear Energy Act

Decree on the Enforcement of the Amendment to the Nuclear Energy Act

Nuclear Energy Decree
• Amendment of Nuclear Energy Decree
• Amendment of Nuclear Energy Decree
• Amendment of Nuclear Energy Decree
• Amendment of Nuclear Energy Decree
• Amendment of Nuclear Energy Decree
• Amendment of Nuclear Energy Decree

Supervising Organisation

Act on the Finnish Centre for Radiation and Nuclear Safety
• Amendment of Radiation Act

Decree on the Finnish Centre for Radiation and Nuclear Safety

Ministry for Social Affairs and Health, Order on Liability to and Basis of
Charges for Services Rendered by the Finnish Centre for Radiation and Nuclear Safety

Transportation

Regulations applying to transport of hazardous materials also affect the transport
of radioactive substances

Statute no.

592/91
1102/92
1334/94
594/95

1597/94

1512/91
1598/94

1306/93

1474/91

944/92

1045/94

905/96

990/87
1271/88
797/89

1420/94
593/95

1078/96

1589/94

161/88
330/88
278/93
794/94
881/95
473/96

1224/96

1069/83
1106/87

1515/91

580/93
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Appendix 2
Regulations, Decisions and Directives concerning Radiation Safety of the
European Communities

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

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 (93/552/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 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 of 15 July 1980 amending the Directives laying down the basic safety standards
for the health protection of the general public and workers against the dangers of ionizing
radiation (80/836/Euratom)

Council Directive of 3 September 1984 amending Directive 80/836/Euratom as regards the basic
safety standards for the health protection of the general public and workers against the dangers of
ionizing radiation (84/467/Euratom)

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

Council Directive of 3 September 1984 laying down basic measures for the radiation protection of
persons undergoing medical examination or treatment (84/466/Euratom)
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Appendix 3

ST and SS Guides of the Finnish Centre for Radiation and Nuclear Safety

General Guides

ST 1.1 Radiation Practices and Regulatory Control,
20 June 1996 (in English,
Finnish and Swedish)

ST 1.2 Application of Maximum Radiation Expo-
sure Values and Monitoring of Radiation
Exposure, 10 October 1995 (in English,
Finnish and Swedish)

ST 1.3 Safety Signs Denoting Radiation Sources,
9 April 1992 (in Finnish and Swedish)

ST 1.4 Organization for the Use of Radiation,
24 October 1991 (in English, Finnish and
Swedish)

ST 1.5 Maximum Values and Classifications of
Radionuclides, 26 November 1991
(in English, Finnish and Swedish)

ST 1.6 Monitoring of Radiation Exposure and
Registration of Doses, 10 October 1995
(in English, Finnish and Swedish)

ST 1.7 Health Surveillance of Persons Engaged in
Radiation Work, 19 December 1991
(in English, Finnish and Swedish)

Radiation Therapy

ST 2.1 Quality Assurance for Radiotherapy Equip-
ment, 13 January 1993 (in English, Finnish
and Swedish)

SS 2.8 Radiation Protection Requirements for
Radiotherapy Equipment and Treatment
Rooms. High-Energy Radiotherapy Equip-
ment, 21 December 1989 (in English,
Finnish and Swedish)

SS 2.9 Radiation Protection Requirements for Ra-
diotherapy Equipment and Rooms. X-ray
Therapy Equipment (25 kV ... 400 kV),
21 December 1989 (in Finnish and Swedish)

SS 2.10 Radiation Protection Requirements for
Radiotherapy Equipment and Rooms. After-
loading Therapy Equipment, 21 December
1989 (in Finnish and Swedish)

Diagnostic Radiology

SS 3.1 Dental X-ray Equipment: Type Inspection
and Technical Requirements, 25 February
1987 (in English, Finnish and Swedish)

SS 3.2 Radiation Safety Requirements for Mammo-
graphic Equipment, 17 February 1987 (in
English, Finnish and Swedish)

ST 3.3 Diagnostic X-ray Equipment and Its Use,
27 August 1992 (in English, Finnish and
Swedish)

ST 3.4 Quality Control of Image Intensifier - Tele-
vision Chains, 24 October 1991 (in English,
Finnish and Swedish)

ST 3.5 Quality Control of Diagnostic X-ray Equip-
ment and Film Processing, 3 December 1991
(in English, Finnish and Swedish)

ST 3.6 Radiation Shielding of X-ray Examination
Rooms, 20 December 1991 (in English,
Finnish and Swedish)

Measurement of Radiation

ST 4.2 Radiation Meters for Civil Defence,
6 June 1991 (in English and Finnish)

Industry, Research, Education and
Commerce

ST5.1 Radiation Safety of Sealed Sources and
Equipment Containing Them, 27 August
1992 (in English, Finnish and Swedish)

ST 5.3 Use of Ionizing Radiation in the Teaching
of Physics and Chemistry, 14 December
1992 (in English, Finnish and Swedish)

ST 5.4 Trade in and Transport of Radiation
Sources, 9 June 1995 (in English, Finnish
and Swedish)

SS 5.6 Radiation Safety in Industrial Radiography,
6 January 1989 (in English, Finnish and
Swedish)
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SS 5.8 Installation, Repair and Maintenance of ST9.2 Radiation Safety of Pulsed Radars,
Radiological Equipment Used for Medical
Purposes, 28 March 1988 (in English,
Finnish and Swedish)

Unsealed Sources and Radioactive
Wastes

11 December 1991 (in Finnish)
ST 9.3 Radiation Safety During Work on Masts at

FM and TV Stations, 7 April 1992
(in Finnish)

ST 9.4 Radiation Safety of High Power Display
Lasers, 8 October 1993 (in Finnish)

ST 6.1 Radiation Safety Requirements for Radio-
nuclide Laboratories, 30 May 1991
(in English, Finnish and Swedish)

ST 6.2 Radioactive Wastes and Discharges,
20 December 1991 (in English, Finnish and
Swedish)

Non-Ionizing Radiation

SS 9.1 Radiation Safety Requirements and Type
Inspection of Solarium Equipment and Sun
Lamps, 1 September 1989 (in Finnish and
Swedish)

Natural Radiation

ST 12.1 Radiation Safety in Mining and Excavation
Work, 27 August 1992 (in English,
Finnish and Swedish)

ST 12.2 Radioactivity of Construction Materials,
Fuel Peat and Peat Ash, 2 February 1993
(in English, Finnish and Swedish)

ST 12.3 Radioactivity of Household Water,
9 August 1993 (in English, Finnish and
Swedish)

SS Guides will be replaced by ST Guides when
necessary
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