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SUMMARY

In Finland, there were 1,745 valid safety licences for the use of radiation at the end of 1994. In
addition, 2,050 sites were included in the compulsory registration for dental x-ray diagnostics. The
register of the Finnish Centre for Radiation and Nuclear Safety listed 12,794 radiation sources and
316 radionuclide laboratories. The import of radioactive substances amounted to 4.6 • 1015 Bq and
export to 2.2 • 1013 Bq. A total of 1.4 • 1013 Bq of short-lived radionuclides were produced in Finland.

Workers monitored for radiation exposure included 11,147 employees on 1,294 work sites. Of these,
27% received an annual dose exceeding the recording threshold. The total dose recorded in the dose
register (sum of personal dosemeter readings) was 15 man Sv in 1994, nuclear power plant employees
accounting for 70% of this total.

The annual dosemeter reading of ten medical doctors (radiologists, interventional radiologists and
cardiologists) and five nuclear power plant employees was equal to or in excess of 20 mSv. Effective
dose, however, did not exceed the dose limit of 50 mSv established for a one-year monitoring period.

The sum of dosemeter readings exterior to the lead-rubber apron of one interventional radiologist
was 170 mSv. It was verified that the annual dose limit for the lens of the eye, 150 mSv, was
exceeded in this case. The employer in question was placed under obligation to inspect work safety
and to tighten up the monitoring of the radiation exposure of workers, also with ring dosemeters.

One chemist working in the product development of radioactive medical preparations had finger
dose readings for the year of 594 mSv. As the dose limit for hands, 500 mSv per annum, was
exceeded, the employer was required to examine work safety and to improve the monitoring of the
radiation exposure of workers' hands.

Seven incidents involving radiation were reported in the use of radiation. In six the cause was human
error or negligence. One case was due to a technical problem. Radioactively contaminated material
was found in ten shipments of scrap.
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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 sig-
nifies, 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 hazards.

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

This report introduces the 1994 statistics and
events, as to the use of both ionising and non-
ionising radiation, as well as radiation practices.

Incidents involving radiation are described in
separate examples.

In 1995, Finland became a member of the EU.
Therefore, the Act Amending the Radiation Act
(1334/94) and the Decree Amending the Ra-
diation Decree (1598/94), both prepared in 1994,
were issued on 1 Jan. 1995. The Decree on Extra
Vacation of Persons Employed in Radiation Work
in a Hospital or Health Care Centre was replaced
with a Decree on Annual Leave of Persons
Involved in Radiation Procedures in Hospitals or
Health Care Centres (1045/94). Appendix 1 is
a list of current laws and regulations, while
Appendix 2 presents the ST and SS Guides of
the Finnish Centre for Radiation and Nuclear
Safety.
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SAFETY LICENCES
AND RADIATION SOURCES

Under the provisions of the Radiation Act, the
use of radiation necessitates a safety licence.
There were 1,745 valid licences at the end of
1994. In addition, 2,050 sites, primarily dental
practices, were included in the compulsory
registration for dental x-ray diagnostics. Table /
gives the safety licences and the figures for each
specific category of use. The register listed
12,794 radiation sources, an increase of 0.5%
over 1993, and 316 radionuclide laboratories,
an addition of three.

The 6,899 radiation sources in medical radiology
primarily constituted x-ray equipment. Veterinary
x-ray equipment in use totalled 176. Of the 5,719
radiation sources in use in industry, research and
education, the majority were sealed sources in
place 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 / / - TV give more
detailed information on the radiation sources
included in the register.

The Finnish Centre for Radiation and Nuclear
Safety maintains a storage of low-activity
radioactive waste, for safekeeping of users'
low-activity waste until final disposal is
implemented. At the end of 1994, this storage
contained a total of 500 lots with a total activity
of 3.3 • 1013 Bq. This storage consisted primarily
of the nuclides H-3, Cs-137, Kr-85, Am-241,
Ra-226, Co-60 and Sr-90, with tritium accounting
for 91%.
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Table I. Safety licences by specific category of use, end of 1994.

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 and research; trade in, installation
and maintenance of radiation sources

• use of sealed sources
4

4

«

4

» 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

477
8"

162
97
12
11
18

574
147
150
133
149
91
12
4
6

Safety
licences

756

989

1,745

Licence granted primarily for other than dental x-ray.
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Table II. Licences for medical and veterinary use of radiation equipment and maintenance of
radionuclide laboratory, end of 1994.

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 equipment
» 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

One unit of x-ray diagnostic equipment is calculated

109
81
60
3

46
43
17

480
12
10
3

2,069

4,746
573

72
24

1
9

18
11
9

12
5
6
1

176

136
23
88
25

as consisting of a high voltage generator, one
or more x-ray tubes, and one or more investigation stands. There were a total of 1,600 generators
in use, of which 500 were utilized for fluoroscopy.
Number of x-ray tubes for particular purposes.
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Table III. Radiation equipment and radionuclide laboratories in industry, research and education,
end of 1994.

Equipment containing radioactive substances, total
4

4

4

4

4

» limit switches
» density gauges
» level gauges
» surface weight meters
• weight scales
> thickness gauges
> moisture gauges
• fluorescence analysers
• radiography equipment
I other

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

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

5,022
2,127

887
712
496
349

65
61
92
25

208

697
369

82
154
46
46

180
3

26
116
35

Table IV. Most commonly used radionuclides in sealed sources, number of sources, and total activity
for 1994.

Radionuclide

Cs-137
Co-60
Kr-85
Am-241
Sr-90
Am-241/Be
Fe-55
Pm-147
Ir-192
Cm-244

Radiation sources
(no.)

3,038
1,154

355
287

90
94

106
79
18
36

Nominal activity when taken into use.
The two largest Co-60 sources 2.23 •
Inaccuracy in this value due to short

1016 and 5.0 • 1014 Bq are
half-life.

Total activity'
(Bq)

3.59 • 10u

1.97 • 1015"
5.03 • 1012

2.45 • 1012

2.32 • 10"
1.10 • 1012

3.01 • 10"
1.04 • 1012

(6.50 • 1013)""
1.37 • 10u

not included.
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IMPORT, PRODUCTION AND EXPORT OF
RADIOACTIVE SUBSTANCES

For supervisory purposes, information on the
trade in radioactive substances was requested
from the manufacturers and importers involved.
Tables V...VII give information on the amount,
type and intended use of radionuclides imported,
produced, and exported in 1994.

The total activity of imported radioactive
substances was 4.6 • 1015 Bq, the largest imported
radiation source being a replenishment loading
of Co-60 isotope of 4.4 • 1015 Bq for a sterili-
zation plant. The total activity of imported radio-
active substances increased by c. 18% over 1993.

Short-lived radioactive substances used in
unsealed sources in Finland amounted to
1.4 • 1013 Bq. This represented an increase of
c. 8% over 1993.

The total activity of exported radioactive subs-
tances was 2.2 • 1013 Bq. The exported items
comprised consumer goods containing tritium,
analysers with sealed sources, radiopharmaceuti-
cals, and decommissioned radiation sources
(for return to manufacturer). The total activity of
exported radioactive substances was c. 12% less
than in 1993.

10
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Table V. Import of radioactive substances, 1994.

Nuclide

Radiation

Ir-192
Mo-99
H-3
1-131
Xe-127
Fe-55
Kr-85
Cs-137
Tl-201
1-125
Pm-147
P-32
Xe-133
1-123
Co-60
S-35
Cm-244
Cd-109
Am-241
Other"

Total

Individual

Co-60

Activity (• 10'

Medical

unsealed sealed

sources of activity < 4 • 1012 Bq

18
37,412

6,188
346

-
283
102 11

126
110
104

-
5

radiation sources of activity > 4 •

"-" No import, or import less than 109 Bq
Nuclides Ba-133, C-14, Ca-45, Ce-144, Cf-252, (

Bq)

Industry, research, and
education

unsealed

-
154

3
-

10
-
-
-

132
-

49
-
-
-

62
-
-

1012 Bq

sealed

60,956
-

14,800
-
-

313
316
290

-
-

199
-
-
-

92
-

40
39
36

4,432,000

3-36, Co-57, Co-58, Cr-51, Cs-134,
Ga-67, Ge-68, Hg-203,1-127, In-Ill, Mn-54, Na-22, Ni-63, P-33,
Ru-106,

Total

60,974
37,412
14,954
6,191

346
323
316
290
283
245
199
175
110
104
92
67
40
39
36

158

122,354

Eu-152, Fe-59,
Po-210, Pu-238, Rb-86, Re-186,

Sb-125, Se-75, Sr-85, Sr-89, Sr-90, Tl-204, U-232, W-188, Y-88, Y-90 and Zn-65

11



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-B-STO 31

Table VI. Production of radioactive substances (unsealed sources), 1994.

Nuclide

C-11
F-18
Br-82
0-15
Sm-153
Dy-165
Ar-41
Xe-123
Mn-56
Na-24
other total*

Total production

" Nuclides: Al-28, Au-198, Cu-64, K-43, La-140, Pd-103 and Sr-82.

Activity
(• 10' Bq)

6,465
2,724
1,846
1,458

544
498
152
125
74
36
69

13,991

Table VII. Export of radioactive substances, 1994.

Nuclide

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

Total export

Activity
(• 109) Bq

11,653
7,497
1,705

496
195
166
62
50
36
34
21
20
19
17
29

22,000

* Nuclides: C-14, Cf-252, Co-57, Eu-152, 1-125, 1-129, Ni-63, Pm-147, Ra-226, Re-188, Sr-82, Sr-90,
Tl-204, W-188 and Y-90

12
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4 MONITORING OF RADIATION EXPOSURE

The Finnish Centre for Radiation and Nuclear
Safety maintains a radiation dose register con-
taining the relevant information on workers
exposed to ionising radiation. This register is
described under Section 34 of the Radiation Act.
Dose results are collected from dose measure-
ments performed by the Centre and from reports
the Centre receives from nuclear power plants.

The doses registered are dosemeter readings,
yielding a high estimate of the effective dose.
Whenever these readings are noticeably large,
the equivalent doses as well as the effective dose
are evaluated, and it is determined whether the
dose is within the limits prescribed in the
Radiation Decree.

This report uses the term total dose, measured as
man Sv, to portray the the sum of dosemeter
readings from a particular group. Quite often,
particularly in x-ray work, this is higher than
the collective effective dose.

4.1 Dose Measurements
and Dose Registry

4.1.1 Dose Measurements of the
Finnish Centre for Radiation
and Nuclear Safety

The Centre's dosemeters have as dectectors
Kodak Personal Monitoring Film Type 2 in
a holder specifically designed for this purpose.
When necessary, a LiF thermoluminescent
detector is afixed lateral to the film. A similar
thermoluminescent detector is used in finger
dosemeters.

In 1993, the Centre began exchanging the above
for thermoluminescent dosemeters. About 45%
had been changed at the end of year 1994. These
use a LiF detector (TLD-100) in a Harshaw Type
8814 holder.

The measurement period is primarily three
months, the recording threshold 0.3 mSv. The
dose due to background radiation is deducted
from this sum.

Doses falling short of the recording threshold are
recorded as 0 mSv. Doses are registered at the
conclusion of the measurement period.

4.1.2 Dose Measurements at Nuclear
Power Plants

Thermoluminescent dosemeters are used in
nuclear power plants. The measurement period
is one month, the recording threshold 0.1 mSv.
Dose readings are placed in the register monthly,
based on notification of the power company for
the month in which the dosemeter was in use.
Doses falling short of the recording threshold are
recorded as 0 mSv.

4.2 Classification of
Dose Information

Recorded doses are classified according to the
employer into five groups: healthcare, veterinary,
industry, research and nuclear energy.

Healthcare incorporates the doses received in
the medical use of radiation, including the use
of radiation in medical research, e.g. at university
hospitals.

13
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Veterinary encompasses the doses acquired in
veterinary radiology and research.

Industry involves the doses of workers in
the occupational use of radiation.

Research comprehends the doses chalked up at
research facilities, e.g. universities and institutes.

Nuclear energy subsumes the doses obtained
at Finnish nuclear power plants, based on
the reports of power companies. In addition, this
includes Finnish workers carrying out temporary
work assignments at Swedish power plants.

4.3 Registry of Personal Doses,
1994

The monitoring of radiation exposure takes in
11,147 workers and 1,294 work sites, altogether.
Of this total, 48% of the workers and 50% of the
work sites came under the category of healthcare.
The total dose (sum of dosemeter readings) of
all workers combined was 7.5 man Sv. Table VIII
presents the numbers of workers included under
each dose range per employer category. Table IX
gives the number of work sites per employer
category. Table X has the total doses by dose
range per employer category. Table XI depicts
the number of workers, as well as their total and
mean doses, by selected employer category.

Table VIII. Number of workers included under specific dose ranges (dosemeter readings) per
employer category, 1994.

Dose range

(mSv)

<0.3

0.3<d<0.5

0.5<d<5.0

5.0<d<10.0

10.0<d<20.0

>20.0

Total

Healthcare

4,647

202

418

42

22

10

5,341

Veterinary

187

18

21

2

-

-

228

Number of workers

Industry

971

45

64

5

1

-

1,086

1,080 persons receiving less than 0.1 mSv.
As some workers were involved in more than one category,
column are not necessary equivalent to the sum for that row

Research

1,431

35

44

7

5

-

1,522

the figures

Nuclear
energy*

1,513

242

1,103

230

95

5

3,188

given under the

All"

8,566

525

1,630

286

125

15

11,147

"All"

14
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Table IX. Number of work sites per employer category, 1994.

Category

Healthcare

Veterinary

Industry

Research

Nuclear energy

Total

Number

(no.)

651

70

147

149

277

1,294

of work sites

(%)

50

5

12

12

21

100

Work sites with

(no.)

145

29

31

23

214

442

recordable doses

(%)

33

7

7

5

48

100

Table X. Total doses by dose range per employer category, calculated on registered dosemeter
readings. The recording threshold was 0.1 mSv/mo. and 0.3 mSv 13 mo. for nuclear power workers
and others, respectively, 1994.

Dose range

(mSv)

<0.3

0.3<d<0.5

0.5<d<5.0

5.0<d<10.0

10.0<d<20.0

>20.0

Total

Healthcare

•

0.065

0.680

0.307

0.311

0.441

1.804

Sum of doses

Veterinary

-

0.006

0.035

0.011

-

-

0.052

Industry

-

0.015

0.103

0.033

0.010

-

0.161

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

(man Sv)

Research

-

0.012

0.074

0.054

0.073

-

0.213

Nuclear
energy

0.070

0.090

2.156

1.595

1.233

0.104

5.248

the figures given under the

All"

0.070

0.181

3.027

2.000

1.650

0.544

7.472

"AIT

15
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Table XI. Number of workers, as well as their total and mean doses, by selected employer category,
1994. Evaluation based on registered doses.

Occupation

Radiologist

Interventional
radiologist

Cardiologist

Surgeon

X-ray assistant

Industrial
radiographer

Researcher

Nuclear power plant
worker***
• mechanical work

• materials testing

• operational
personnel

Number of
workers*

520

31

63

180

2,317

372

939

975

368

220

Dose

Total

(man Sv)

0.672

0.388

0.290

0.018

0.226

0.079

0.056

2.044

0.541

0.110

Mean

Exceeding
recording
threshold

(mSv)

2.9

14.4

5.9

2.6

1.1

1.1

1.4

3.4

2.5

1.2

All

(mSv)

1.3

12.5

4.6

0.1

0.1

0.2

0.1

2.1

1.5

0.5

Highest

(mSv)

26.8**

170 **

26.9*'

7.4

17.7

6.3

7.6

20.2

17.6

4.9

Included in monitoring.
Effective dose less than 20 mSv, see text.
The highest dose in 1994 was 21.7 mSv, a Finnish worker on temporary work assignment at
a Swedish nuclear power plant.

16
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The Centre's dosimetry service carried out
c. 32,000 dose measurements for 8,080 persons,
of whom 941 had annual doses exceeding the
recording threshold of 0.3 mSv. 1,281 of the
measurements were finger doses, carried out for
363 persons.

Radiation exposure was monitored for 3,195
nuclear power plant workers, of whom 2,108 had
dose readings in excess of the recording threshold
of 0.1 mSv/mo. The total dose for those occupied
in power plants was 5.2 man Sv. Temporary
workers on repair assignments during mainte-
nance outages accounted for 84% of this total,
and thus only 16% accrued to the permanent
staff. Mean annual dose per worker in excess of
the recording threshold was 1.6 mSv, permanent,
and 2.8 mSv, temporary. The mean dosemeter
reading for all monitored workers was 0.9 mSv
and 1.9 mSv, respectively.

In healthcare, the use of x-ray equipment pro-
duced a total dose of 1.6 man Sv, almost 90%
of the healthcare category (1.8 man Sv).

The total dose of gamma and x-ray radiography,
1.6 man Sv, accounted for 50% of the total in
industry.

Figure 1 presents the total doses, derived from
the dosemeter readings for 1994, by employer
category. Figure 2 demonstrates trends within
these categories, 1982 - 1994.

A dose in excess of the recording threshold was
registered for 27% of those workers included in
the monitoring of radiation exposure, including,
per category, 13% in healthcare, 18% veterinary,
11% industry, 6.4% research and 66% nuclear
energy.

Whenever the dosemeter reading for the meas-
urement period differed substantially from rea-
dings for that particular person, or for persons
in that category, a request for information was
forwarded to the employer. These requests were
not sent in cases where the matter had already
been cleared up. There were 44 such requests
made.

Whenever the reading on a so-called group
dosemeter exceeded 0.3 mSv over a three month
measurement period, request was made for
analysis of the occupational situation. Further-
more, recommendation was made that persons
receiving the highest doses be supplied with
personal dosemeters. There were fifteen such
requests made.

The sum of dosemeter readings of ten medical
doctors (radiology, interventional radiology and
cardiology) and five nuclear power plant workers
met or exceeded 20 mSv. Nevertheless, effective
dose did not exceed the dose limit 50 mSv per
annum.

The sum of dosemeter readings exterior to the
lead-rubber apron of one interventional radio-
logist was 170 mSv. It was verified that the dose
limit for lens, 150 mSv per annum, was exceeded
in this case. The employer in question was placed
under obligation to scrutinize work safety and
particularly to tighten up the monitoring of the
radiation exposure of workers' hands.

The annual finger dose readings of one chemist
working in the product development of radioac-
tive medical preparations was 594 mSv. As the
dose limit for hands, 500 mSv per annum, was
exceeded, the employer was required to examine
work safety and to improve considerably the
monitoring of the radiation exposure of workers'
hands.
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Nuclear energy 70%

Industry 2%

Healthcare 24%

Total Dose 7,5 man Sv
Figure 1. Total dose (dosemeter readings) registered by employer category, 1994.
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Figure 2. Total dose (dosemeter readings) registered by employer category, 1982 - 1994.

18



STUK-B-STO 31
FINNISH CENTRE FOR RADIATION

AND NUCLEAR SAFETY

4.4 Comparison to 1993
Dose Information

The sum of the total dose of healthcare, vete-
rinary, industry, research and nuclear energy in
1994 was 7.5 man Sv, in 1993 6.9 man Sv.

The total dose registered in healthcare was 35%
higher than in 1993. This rise was primarily due
to the increase in interventional radiology. In
particular, the participation of large personal
annual doses has contributed to this increment.
In other employer categories, there were no
remarkable changes over the previous year.

The share of workers who exceeded the recording
threshold in healthcare and nuclear energy grew

in proportion to the total number involved in
monitoring. The Centre's dosimetry service
performed c. 32,000 dose measurements, about
1,000 more than in 1993.

The highest personal doses were registered, as
in previous years, for interventional radiologists.
The highest sum of personal dosemeter readings
in 1994 was 170 mSv, in 1993 96.5 mSv. As
the dose measured in interventional radiology is
taken exterior to the lead-rubber apron,
the reading can be even 30...50 times the
effective dose. Thus the limiting factor is most
often the maximum permissible lens exposure,
150 mSv, and not the effective dose.

5 QUALIFICATION OF OPERATING PERSONNEL

Ti ble XII lists the training organisations which,
in accordance with Article 18 of the Radiation
Act, have received the authorisation of the
Finnish Centre for Radiation and Nuclear Safety

for the administration of qualification interviews
for radiation safety responsible operators and for
other users of radiation.
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Table XII. Training organisations having received authorisation to conduct qualification interviews
for radiation safety responsible operators or for other users of radiation, as of 1 June 1995.

Date of
approval

Medical use

1991.12.20

1992.01.21

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

1991.12.20

1993.08.17

1991.12.20

1992.08.03

1994.01.26

1993.06.08

1991.12.20

Organisation

of radiation

Helsinki IV Institute of Health Care

Helsinki IV Institute of Health Care

University of Helsinki, Department of Diagnostic
Radiology

Helsinki Swedish 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

Professional Health Physicists, Board of Certification

Professional Health Chemists, Board of Certification

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

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)

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

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

Organisation Qualification in
(Radiation Safety)

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

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

AEL, Centre for Technical Training,
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

Jyvaskyla Institute of Technology

University of Jyvaskyla, Department of Physics

Kuopio Institute of Technology

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 Institute of Technology

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 Sealed 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
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Date of
approval

Organisation Qualification in
(Radiation Safety)

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

1992.01.21

1992.02.14

1992.08.03

1992.08.03

Central Organisation of Finnish Rescue Services

Tampere Institute of Technology

Turku Institute of Technology and Polytechnic

University of Turku, Department of Physics

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

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

6 NATURAL RADIATION

Under the terms of the Radiation Act, the person
or organisation responsible is obliged to
investigate any exposure to the radiation of
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 that the job description should be
written as radiation work.

6.1 Radon on work sites

The most remarkable source of exposure to
radiation on 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.
In residential measurements, the highest radon

concentrations are in the provinces of Uusimaa,
Hame and Kymi.

At the start of the year, measurements were
concentrated in firms situated around the city of
Tampere, later in the year the counties of
Hausjarvi, Janakkala, Kuhmalahti, Kuusankoski,
Kylmakoski, Karkola, Lapinjarvi, Nokia and
Sulkava. By post, firms were sent some 1,700
orders to participate in radon monitoring. It
was necessary in some cases to send another
letter. In about 26% of the firms, radon measure-
ments were performed. The procedure used,
integrative measurement, yields the mean radon
concentration over a month. For the greater part,
the results of the measurements will be finalised
during 1995. Figure 3 demonstrates the radon
concentration for those measurements com-
pleted in 1994, divided among three classes of
concentration*.

' The targeted areas were the 14 counties where 25% of the single family homes had annual mean radon
concentrations exceeding 400 Bq/m3.

22



STUK-B-STO 31
FINNISH CENTRE FOR RADIATION

AND NUCLEAR SAFETY

County N

Askola 61

Hollola 244

Lahti 696

Lempaaia 117

Liljendal 19

Loviisa 124

Myrskyla 34

Nastola 268

Pernaja 16

Pyhtaa 34

Ruotsinpyhtas 33

Taipalsaari 29

Tampere 1341

Virolahti 66

Proportion of measurements (%)

o% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• < 300 Bq/m3 • 300-500 Bq/m 3 l>500Bq/m3

Figure 3. Results of radon concentration on work sites in those counties placed under monitoring.

By the end of 1994, orders had been issued to
some 8,000 firms for radon concentration
measurements. Actual measurements were
carried out in c. 5,700 cases, of which a portion
were injuncted to renew the measurements.
Whenever the job site radon concentration was
300...500 Bq/m3, the firm was ordered to carry
out a verification measurement. For concen-
trations over 500 Bq/m3, orders were issued that
the firm make necessary reparations or demon-
strate that the radon concentration was less than
400 Bq/m3 during working hours.

In conjunction with the above orders, the
following were carried out: repairs, confirma-
tion of working hours radon concentrations or
verification measurements, on a total of 260 work
sites. These methods either lowered the radon

concentration or secured that the radon
concentration was, during working hours, below
400 Bq/m3. At 360 measurement sites, reparations
are under way or verification procedures being
followed at present. On the basis of orders,
reparations have been carried out on some
70 work sites. In addition to the injunctions
issued on reparations, other repairs have been
carried out on the initiative of the firms involved.
In those cases where the radon concentration was
very high, the structural changes involved have
included the construction of radon wells, in other
cases the up-grading of ventilation.

On the basis of results, it can be stated that work
site radon exposure constitutes a mean of 10%
(0.2 mSv)** of the dose which is due to radon in
dwellings. For the population in employment, this

" Relationship between concentration and dose estimated according to ICRP publication no. 65 (Pergamon
Press, Oxford 1993).
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means a mean annual dose of twice the above,
0.4 mSv. On some work sites, the radon con-
centration may be so high that the dose due to
radon may be as high as the annual dose limit
in radiation work unless steps are taken to
lower it.

Table XIII presents the distribution of meas-
urements of radon concentration in mines and
excavations. In addition, it gives the estimated
mean dose for those sites where measurements
were carried out. Most of the work sites had
radon concentrations falling below 400 Bq/m3.
On one underground construction site, it had
proved impossible to lower the radon con-
centration adequately. Already in 1993, the site
had been classified as radon work for those
working over 600 hours per annum underground.
The mean exposure for workers performing tasks
classified as radon work was 9 mSv, the other
workers on this site receiving 4 mSv. The
evaluation includes only those workers who had
over 300 hours per annum on the site.
Construction on this site was completed in
summer 1994, after which only one worker is
involved in the underground site, and that on
a part-time basis.

6.2 Radon measurements in the
underground

The facilities of the Helsinki Underground were
measured for radon concentration at nine
locations in 1994. These measurements were
conducted with meters which continuously
register radon concentrations. At the stations, the
measurements were carried out on the platforms.
Table XlVhas the results of these measurements.

The mean radon concentration at Kamppi station
was in excess of 400 Bq/m3, at Ruoholahti station
slightly less than 400 Bq/m3. The introduction of
the Ruoholahti station into the system increased
radon concentrations at the next two stations,
Kamppi and the Central Railway Station.

In the facilities below the surface, the radon
present causes an annual dose of c. 0.1 mSv for
those passengers who daily use the underground,
arriving at and leaving from centrally located
stations. However, the majority of the passengers
receive a dose smaller than 0.1 mSv.
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Table XIII. Radon concentration measured on underground work sites, 1994.

Job sites

Estimation of no.
of workers

Distribution of
measurement results by
radon concentration
(Bq/m3):
< 100
100<c<400
400<c<l,000
l,000<c<2,000
2,000<c<4,000
> 4,000

Mean radon
concentration
(Bq/m3)'

Mean radon
exposure
(Bq • h/m3)

Mean annual dose
(mSv)'"

Mines

6'

180

8
22
11

250"

400,000

2

Excavation

3

60

7
5
3

1

210

340,000

1

Construction
after
excavation

1

20

3

< 1

Construction
after
excavation,
declared as
occupational
radiation

1

15"

2

5
9
6
2

2,000

2,000,000

9

Mean radon concentration is calculated from average values per mine, wieghted by number of
workers.
Numbers of workers on underground work sites over 600 hours annually. For these, the work is
classified as radiation work.
Value calculated on the basis of: Protection Against Radon-222 at Home and at Work, ICRP
Publication 65, The International Commission on Radiological Protection, Pergamon Press, 1993.
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Table XIV. Measurement of radon concentration and mean values in the public portions of the
Helsinki Underground, 1994.

Measurement point
(station name)

Soraainen

Hakaniemi

Central Railway
Station

Kamppi

Ruoholahti

Radon concentration (Bq/m3)

Feb.

10

520

520

May

50

310

440

350

Aug.

90

300

550

450

Nov.

70

200

120

Mean

170

430

360

6.3 Building materials and other
raw materials

The activity indices presented in the ST Guide
12.2 were used in the evaluation of exposure due
to the radioactivity of building materials, peat and
peat ash. These indices rely on the active
concentration measured in the materials under
question. Whenever the activity index value is
greater than one, the supplier of the material must
demonstrate that the set safety recommendations
are met. For those materials with an index of one
or less than one, no limitations placed on their
use, as to the radiation involved.

Radioactive measurements were taken from
gravel (for concrete), gypsum and lime. No
sample yielded an index value greater than one.
Peat ash samples were measured at the Pori and
Tampere peat-burning power plants. At the Pori
installation, the ash is kept on a site set aside for
this purpose, then covered after landfill is
complete. At the Tampere plant, it has been
recommended that the ash be covered with
a gamma radiation buffer of earth, whenever it
is used for the construction of road-beds, streets,

etc. When the ash from the Tampere plant is used
as landfill or for landscaping, there are no
restrictions needed.

6.4 Drinking water

The activity indices presented in the ST Guide
12.3 were used in the evaluation of exposure due
to amount of radioactive substances in the water.
Whenever the activity index exceeds one, the
radioactive substances must be reduced.
Whenever this index is one or less than one, no
restrictions are placed on its use.

The ST Guide 12.3 were forwarded to county
health regulation boards. During 1994, statements
were issued on the radioactivity of 180 water
samples, about 8% of which had an activity index
exceeding one. In these cases, it was
recommended that reduction be made in the
amount of radioactive substances in the water or,
through analysis of particular radionuclides,
demonstration be made that the concentrations
were within permissible limits. In most of these
cases, an activity index in excess of one was due
to large radon concentrations in the water.
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However, the removal of radon was not an Table XV presents those organisations whose
adequate prevention measure in all cases. methods or instruments have met approval for

the measurement of workers' exposure, a total of
6.5 Approval Of radon 33 at the end of 1994. Radon measurement

dose measurement instruments must be calibrated at 2-year intervals.
This table also gives the date of the next

_ . „ . . .. , J • j t • • calibration of the equipment in question.
For instruments and methods used indetenmmng n v ^
radon concentration, approval must be gained
from the Centre, whenever these are used to
measure the exposure of workers to radon. Proper
calibration forms the basis for approval.
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Table XV. Approved measurement methods and instruments for the determination of exposure to
radiation.

Date of
approval

1992.02.19

1992.08.31

1992.10.09

1992.10.16

1992.11.17

1993.02.12

1993.02.12

1993.02.12

1993.08.25

1993.09.13

1994.01.03

1994.02.18

1994.03.21

1994.05.09

1994.05.20

1994.05.20

1994.05.27

1994.06.02

1994.06.10

1994.06.16

1994.07.15

1994.07.15

1994.07.15

1994.08.17

1994.08.26

1994.09.15

1994.09.21

1994.09.23

1994.09.23

1994.09.27

1994.11.08

1994.11.08

1994.11.16

Qualification Organisation
until:

1996.07.28

1995.08.31

1994.10.09

1996.11.09

1994.11.17

1995.02.12

1996.02.18

1995.02.12

1995.08.25

1995.09.13

1996.01.03

1996.02.18

1996.03.21

1996.04.14

1996.04.14

1996.05.15

1996.05.27

1996.05.24

1996.06.03

1996.06.01

1996.06.20

1996.06.07

1996.04.26

1996.07.04

1996.08.16

1996.08.02

1996.04.21

1996.09.16

1996.06.09

1996.09.19

1996.11.08

1996.09.20

1996.10.25

Tampere Institute of Technology

Research Centre of the Finnish Defence Forces

Research Centre of the Finnish Defence Forces

Loviisa District Public Health Board

Onninen Oy

University of Kuopio

City of Lahti

Lappeenranta Institute of Technology

Tele

Turku Technical Institute

City of Espoo

Rakennus & Radon Oy

Kata-Electronics Oy

LL-Tele Oy

Polvijarvi Municipal Fire Department

T:mi Pekka Halme

Insinddritoimisto Paavo Ristola Oy

City of Aanekoski

Scansolar Oy

SK-Suojelukonsultointi Oy

Liperi Rescue Services

City of Outokumpu

Vaaksyn Nikkarit Oy

Northern Karelia Rescue Services

Kehayhtiot Oy Talotoimi

Isover-Ahlstrom Oy

City of Pyhasalmi

LS-Huolto Oy

S. Tolonen Ky

Kankaanpaa Municipal Fire Department

County of Janakkala

County of Siilinjarvi

Chymos Oy

Instrument
or method

Pylon AB-5

Charcoal

Atmos 12

Atmos 12

Pylon AB-5

Pylon AB-5

Pylon AB-5

Pylon AB-5

Ionisation chamber

Pylon AB-5

Pylon AB-5

Pylon AB-5

Radon-Box 10

Radon-Box 10

Radon-Box 10

Radon-Box 10

Pylon AB-5

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

Radon-Box 10

Radon-Box 10

Ionisation chamber

Radon-Box 10

Radon-Box 10

Type"

A

B

A

A

A

A

A

A

A

A

A

A

C

C

C

C

A

C

C

C

C

c
c
c
c
c
c
c
c
c
A

C

c
' T y p e :

A: Continuous measurement instrument registering chronological radon concentration variation. Approved for working hours
measurement of radon concentration.

B: Mean value instrument, variable measurement period of 2 - 7 days. Not approved for working hours measurement of radon
concentration.

C: Mean value instrument, set measurement period of 7 days. Not approved for working hours measurement of radon
concentration.
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7 NON-IONISING RADIATION

Equipment emitting non-ionising radiation and
the use of such equipment are supervised under
the provisions of Decree 1513/91. Included are
solaria, laser shows, microwave heaters and radio
frequency heaters.

The main part of the activity in the field of
non-ionising radiation is in research work, as
reported.

8 METROLOGY

The Centre serves as the national standards
laboratory for ionising radiation (Decree on
Finnish Centre for Radiation and Nuclear Safety
1515/91). The Centre maintains the appropriate
standards for securing the reliability of radiation
measurement (Decree on Amendment of Radia-
tion Act 1334/94). Confidence levels and the
traceability of the measurement to international
standards is upheld by the Centre through the
maintenance of the standards and, the calibration
of radiation measuring instruments. National
standards are maintained for the following
quantities: exposure, air kerma, absorbed dose
and dose equivalent. The standards are ionisation
chambers and radiation sources, mainly secondary
standards calibrated against the primary standards
at the International Bureau of Weights and
Measures (BIPM) or the national standards
laboratories of the United Kingdom or Germany
(NPL, PTB; see Figure 4), The latest calibrations
are from 1992 (BIPM) and 1984 (NPL). The
Centre is a member of the network of secondary

standard dosimetry laboratories for ionising
radiation maintained by the International Atomic
Energy Agency (IAEA) and the World Health
Organisation (WHO). In this capacity, the Centre
participates in the annual comparative meas-
urements of the network. The quantitative
measurement uncertainties (combined uncer-
tainties) are as follows: exposure and air kerma
1-3%, absorbed dose 2 - 4.5%, dose equivalent
1.6 - 10%.

For its metrology, the Centre maintains the
following instruments and radiation sources:
- Gamma radiation sources Co-60, Cs-137 and

Ra-226 (various sources; largest activity level
is 110 TBq Co-60 source)

- X-ray tubes 100 kV and 400 kV
- Secondary standards of beta radiation

(Pm-147, Tl-204 and Sr-90/Y-90)
- Neutron sources Am-Be and Cf-252
- Alpha and beta reference sources.
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Figure 4. Traceability schema for ionising radiation quantities.
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The Centre maintains the appropriate national
standards for non-ionising radiation. National
standards are maintained for UV spectral
irradiation and for the most significant frequency
ranges of strong electrical and magnetic fields
(Figure 5). The national standard for UV spectral
irradiation (1 kW quartz-halogen lamp) is
a secondary standard calibrated in 1993 against
the USA national primary standard (NIST). Due
to the lack of sufficient transfer standards, strong

electrical and magnetic fields are not precisely
traceable. The Centre maintains calibration
equipment of its own design (TEM chambers and
calibrated antennae in anechoic chambers).
International comparisons of the accuracy of these
were carried out with the national standards of
Germany, the Netherlands, Sweden and the
United Kingdom in 1992 (PTB, VSL, SP, NPL;
see Figure 5).

T"EM Chamber

LOOP

antenna

Helmhottz
008
50 Hz-1 MHz

Keithley182

voltmeter
(current &
voltage)

Calibrated
antenna

NPL
VSL

PTB
SP
CDRH

BCR Intercomparison
CDRH Intercomparison V

TEM Chambers
1-300 MHz

Calibrated
antennae
2,45 |a 9,44 GHZ

Power meter HP 435A/
8481A (RF Power)
calibrated by Tele-Engineering

Calibration • < -

Black
body

Thermal
detector

NIST

1 kW quartz-
halogen lamp

KeBhley 182 digital voltmeter and a
0,01 Q precision resistor (current)
calibrated by the Technical Research
Centre of Finland

Realisation of
Measurement Unit

Primary
Standard

Standards of the Finnish
Centre for Radiation and
Nuclear Safety

Standard
Dosimetry

Figure 5. Traceability schema for non-ionising radiation quantities.
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9 INCIDENTS INVOLVING RADIATION

In accordance with Article 17 of the Radiation
Act the Finnish Centre for Radiation and Nuclear
Safety receives notification of any incident
involving radiation which constitutes a signifi-
cant safety problem at the point of use or in
the immediate surroundings. In addition, the
Centre receives all notification of the disap-
pearance, theft or loss of any radiation source.
Further, all instances of unusual observations or
information significantly bearing on the radiation
safety of workers or the environment are to be
reported.

In 1994, the Centre received notification of seven
incidents involving radiation classifiable as
breakdowns or commensurate. In six of these,
the problem was due to operating error or
neglect.

One was a technical problem. These cases
involving unusually large doses of radiation
registered are explained above in Section 4.3.
Ten shipments of scrap were discovered
containing radioactively contaminated material.

Table XVI is a summary of the causes and
consequences, as well as the measures taken in
conjunction with these incidences. In describing
and publishing these case histories, the Centre
wishes to inform the users of radiation of the
potential hazards as well as the appropriate
preventive measures in the preclusion of such
incidents in the future.
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Table XVI. Incidents involving radiation, 1994.

Incident

Incident 1.

A facial tanning lamp was changed in a
solarium unit. During the change, two glass
filter lenses were forgotten. A customer
suffered bad burns to the face and legs.

Incident 2.

During the repair of a microwave oven,
a technician was exposed to microwave
radiation.

Cause/exposure

The accident was due to the lack of skill
as well as neglect of the person changing
the lamp. Because of the missing filters, it
was estimated that the customer received
c. 60 MED to the face and 90 MED to
the legs. The normal dose per usage of
a solarium is 0.5...1.5 MED.

The cause of the exposure was the
improper installation of a magnetron. The
technician's exposure to the stomach was
estimated at several thousand W/m2 over
10...30 seconds. The limit of the power
density is 50 W/m2.

Measures taken/consequences

The case led to court proceedings in which
a fine was issued.

Information on the case was provided to
the repair facility and technicians. Attention
was directed especially toward the fol-
lowing of repair guidelines. Competence
and expertise were emphasized.
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Incident

Incident 3.

The treatment of a patient with an intra-
cavity afterloading system was interrupted
for other treatment. Radioactive sources
remained in one of the three applicators
which were in the patient. Applicators
contained Cs-137 sources (total of 28
radioactive sources). The four sources
remaining had a total activity of 4.8 GBq.
A nurse entering the treatment room noticed
a warning signal coming from the machine.
A hospital physicist and medical doctor
removed the applicator, and another
physicist with a nurse transferred the patient
to another room.

Incident 4.

The calibration of a thickness gauge was
initiated at the same moment that an
assistant set the sample in place. Before
anyone noticed the situation, the assistant
was exposed to the radiation beam
(1.85 TBq, Cs-137) for ten seconds.

Cause/exposure

The manufacturer notified the Centre that
dust in the transfer tubes may cause this
type of "sticking".

The radiation safety of the patient and staff
were placed at risk, even though the dose
was evaluated as relatively small. The
personal dosemeters in use showed a
reading for the nurse of 0.6 mSv, while
that doctor and physicist who were more
involved had readings of only 0.1 mSv. In
relationship to the treatment dose, the
additional dose accruing to the patient was
not significant.

The accident was due to human error.
The dose was evaluated as 0.4 mSv.

Measures taken/consequences

The hospital has decided to change the
transfer tubes more often. In its inspection,
the Centre will emphasize quality control
relating to transfer tube replacement and
testing.

The job description was changed so that the
radiation source is locked by a key switch
in the off position whenever a sample is
being set in place.
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Incident

Incident 5.

A piece of casting was being imaged with
Ir-192 radiographic equipment (2,000 GBq).
In the same bunker, there was a Co-60
machine (3,600 GBq). The radiographer
intended to return the Ir-192 source to its
container. Making a mistake, he removed
the Co-60 source from the shield.
Proceeding into the radiographic area, he
attempted to close the lock-ring. Failing to
accomplish this, he noted the error and left
the room.

Incident 6.

A laboratory received isotope P-32 in place
of 1-125. The same day the quality item
amount (370 MBq) was used for marking
cells. A marked sample was in the
cultivation cabinet about six hours, and
elsewhere in the laboratory two hours,
before the mistake was noticed.

Cause/exposure

This incident was due to carelessness.
The dose received was evaluated at less
than 1 mSv. The operator's personal dose-
meter, in use for three months before the
incident, gave a reading of 1.3 mSv. The
radiographer did not react to the warning
of his pocket alarm as it always rang when
he approached a source, even when the
source was shielded. Explanation was
found in that the alarm threshold was set
too low.

The incident happened because the manu-
facturer had incorrectly labelled the pack-
age. No contamination of the thyroid was
found in laboratory personnel. External
radiation of personnel was evaluated as
extremely small.

Measures taken/consequences

The precise following of safety procedures
and regulations, taught during training, was
emphasized. The radiographer's attention
was drawn both to the operation of and
to the basic principles involved in radia-
tion alarm devices. The recommendations
concerning gamma radiography advise the
use of a separate radiation meter for
checking that a radiation source has been
returned to its container.

The importer informed the manufacturer
of incorrect labelling of the radionuclide.
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Incident

Incident 7.

At a factory, a container was being radio-
graphed. As the radiographer was placing
the x-ray film in place, another worker
entered the radiography room, presuming
that the job was finished. The radiographer
went straight from the container to the
control panel and turned on the equipment.
In less than a minute, the second person
noted the blinking of a warning light and
left the room.

Cause/exposure

The accident was due to the fact that the
radiographer neglected to check the room
for other persofis. The worker who was
exposed claimed not to have been at any
time in the primary radiation beam. Thus
radiation exposure was minimal. This
person was given a chromosome analysis.
No changes were observed.

Measures taken/consequences

The job description was altered so that
x-ray film will be put into position first and
the x-ray equipment last. In this way, the
radiographer is the last person out and can
ascertain that no one remains in the area.
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STUK-B-STO 31
FINNISH CENTRE FOR RADIATION

AND NUCLEAR SAFETY

Appendix 1

Laws and regulations governing radiation pratices, 1994.

Statute or decision

Radiation Safety

Radiation Act

• Amendment of Radiation Act

• Amendment of Radiation Act

Decree on Enforcement of Amendment to Radiation Act

Radiation Decree

• Amendment of Radiation Decree

Supervision of Non-Ionising Radiation Decree

Ministry for Social Affairs and Health, Order on 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

Nuclear Safety

Nuclear Energy Act

• Amendment of Nuclear Energy Act

• Amendment of Nuclear Energy Act

• Amendment of Nuclear Energy Act

Decree on Enforcement of Amendment to Nuclear Energy Act

Nuclear Energy Decree

• Amendment of Nuclear Energy Decree

• Amendment of Nuclear Energy Decree

Supervising Organisation

Act on Finnish Centre for Radiation and Nuclear Safety

Decree on Finnish Centre for Radiation and Nuclear Safety

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

Transportation

Regulations applying to transport of hazardous substances also effect transport of radioactive

Statute no.

592/91

1102/92

1334/94

1597/94

1512/91

1598/94

1306/93

1474/91

944/92

1045/94

990/87

1271/88

797/89

1420/94

1589/94

161/88

330/88

278/93

1069/83

1515/91

580/93

subtances

37



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-B-STO 31

Appendix 2. 1.6.1995

ST and SS Guides of the Finnish Centre for Radiation and Nuclear
Safety, 1994

General Guides

ST 1.2 Application of Maximum Radiation Ex-
posure Values and Monitoring of Radia-
tion Exposure, 31 March 1992 (in Finnish
and English)

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, 16 December 1992
(in Finnish and English)

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
Equipment, 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
Radiotherapy Equipment and Rooms.
X-ray Therapy Equipment (25 kV...4OO
kV), 21 December 1989 (in Finnish and
Swedish)

SS 2.10 Radiation Protection Requirements for
Radiotherapy Equipment and Rooms.
Afterloading 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
Mammographic 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 -
Television Chains, 24 October 1991 (in
English, Finnish and Swedish)

ST 3.5 Quality Control of Diagnostic X-ray
Equipment 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

ST 5.1 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)

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

SS 5.6 Radiation Safety in Industrial Radio-
graphy, 6 January 1989 (in English,
Finnish and Swedish)
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SS 5.8 Installation, Repair and Maintenance of
Radiological Equipment Used for Medical
Purposes, 28 March 1988 (in English,
Finnish and Swedish)

SS 5.9 Transport of Radioactive Materials,
16 May 1989 (in Finnish)

Unsealed Sources and Radioactive
Wastes

ST 6.1 Radiation Safety Requirements for
Radionuclide 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)

ST 9.2 Radiation Safety of Pulsed Radars, 11
December 1991 (in Finnish)

ST 9.3 Radiation Safety During Work on Masts
at FM and TV Stations, 9 April 1992 (in
Finnish)

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

Natural Radiation

ST 12.1 Radiation Safety in Mining and Exca-
vation 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.

Finnish Centre for Radiation and Nuclear Safety
P.O. Box 14, FIN-00881 HELSINKI

FINLAND
Tel. +358 0 759 881
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