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SUMMARY 

At the end of 1993, there were 1,740 valid safety licences for the use of radiation. In addition, dental 
X-ray diagnostics requiring compulsory registration were carried out by 2,100 parties responsible 
for dental radiology. The safety licence register of the Finnish Centre for Radiation and Nuclear 
Safety listed 12,726 radiation sources and 313 radionuclide laboratories. Import of radioactive 
substances amounted to 3.9 • 1015Bq and export to 2.5 • 10"Bq. A total 1.3 • 10" Bq of short-lived 
radionuclides was manufactured in Finland. 

Radiation exposure monitoring involved 11,171 employees and 1,299 workplaces. The annual dose 
of 24 % of the employees exceeded the reco -ling threshold. The total dose recorded in the dose 
register (sum of personal dosimeter readings) in 1993 was 6.9 manSv with nuclear power station 
workers accounting for 74 %. The annual dosimeter reading of three interventional radiologists and 
fifteen nuclear power plant employees was 20 mSv or higher. The effective doses, however, did 
not exceed the dose limit of 50 mSv set for the one-year monitoring period. Thanks to the use of 
radiation protection clothes and devices, the effective doses of the interventional radiologists were 
below 20 mSv. 

Four exceptional events or other disturbances in the use of radiation were reported. Three of these 
were caused by human error or negligence, and one by technical failure. Four contaminated ship
ments of scrap were returned from Finland to the country of origin. 
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1 GENERAL 

Use of radiation means the use of radiation 
equipment and radioactive substances in medi
cine, industry, research and education, and the 
import, export, manufacture of and trade in 
radiation equipment and radioactive substances. 
Radiation practice refers to the use of radiation 
and to any activity 01 condition in which 
exposure of man to natural radiation causes or 
may cause health hazards. 

Under the Radiation Act (592/91), the use of 
radiation and other radiation practices are 
supervised by the Finnish Centre for Radiation 
and Nuclear Safety. This supervision also 
covers non-ionizing radiation in so far as this 
does not rest With other authorities. 

This report outlines the statistical infor
mation collected in the course of supervising 

the Radiation Act and describes events in 1993 
associated with the use of both ionizing and 
non-ionizing radiation and other radiation 
practices. Exceptional events and hazardous 
situations occurring in connection with the use 
of radiation are described as examples. 

Because the EEA Agreement became effective, 
the Supervision of Non-ionizing Radiation 
Decree was replaced by a new decree (1306/93) 
issued 22 December 1993. The provisions 
concerning type approval of appliances emitting 
non-ionizing radiation were then removed from 
the decree. 

The laws and regulations valid in 1993 are 
listed in Appendix 1. Appendix 2 lists the valid 
ST and SS Guides issued by the Finnish Centre 
for Radiation and Nuclear Safety. 
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2 SAFETY LICENCES AND 
RADIATION SOURCES 

According to the Radiation Act, the use of 
radiation requires a safety licence. At the end of 
1993,1,740 licences were in effect. The number 
of responsible parties of dental radiology was 
2,100. These were primarily dentist's surgeries. 
The numbers of safety licences and the radia
tion practices specified in them are given in 
Table I. The licence register covered 12,726 
radiation sources and 313 radionuclide labora
tories. The number of radiation sources rose by 
2 % on the previous year. The number of 
radionuclide laboratories increased by 5. 

The 6,987 radiation sources used for medical 
radiology mainly comprised X-ray equipment. 
Most of the 5,567 radiation sources used for 
industrial, research and educational purposes 
were sealed sources used in industry. Low-

activity radiation sources, such as calibration 
sources used in laboratories and radiation 
sources in importers' stores a:e not registered 
individually. Tables II-IV yve more detailed 
information on the radiation sources included in 
the register. 

The Finnish Centre for Radiation and Nuclear 
Safety maintains a store for low-activity radio
active waste. The store receives low-activity 
wastes from the user for keeping until final 
disposal. At the end of 1993, the store 
contained a total of 477 batches of waste with 
a total activity of about 3.2 10" Bq. Most of 
this consisted of nuclides H-3, Cs-137, Kr-85, 
Am-241, Ra-226, Co-60 and Sr-90, with 
tritium accounting for 94 %. 

6 



FINNISH CENTRE FOR RADIATION 
STUK-B-STO 29 AND NUCLEAR SAFETY 

Table I. Number of safety licences and the radiation practices specified in the licences at the end 
of1993. 

Medical use of radiation 

• X-ray diagnostics 
• dental X-ray diagnostics 
• veterinary X-ray diagnostics 
• use on unsealed sources 
• use of sealed sources 
• radiotherapy 
• other uses of radiation 

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

• use of sealed sources 
• use of unsealed sources 
• import, export and trade 
• installation, testing and maintenance 
• use of X-rays (other than radiography) 
• X-ray radiography 
• gamma radiography 
• manufacturing of radioactive substances 
• other uses of radiation 

Total number of safety licences 

Number of 
practices 

476 
36" 

154 
101 
12 
12 
18 

559 
150 
145 
136 
141 
93 
12 
3 
7 

Safety licences 

757' 

983 

1,740' 

In the report on 1992, STUK-B-STO 28, the figures given for the number of safety licences 
entitling for use of radiation (646 pes) and the total number of licences (1630 pes) were enoneous. 
The correct figures are 761 and 1,745 respectively. 
Licence granted mainly for purposes other than dental X--ray. 
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Table II. Number of medical and veterinary radiation equipment and radionuclide laboratories at 
the end of 1993. 

Medical X-ray diagnostic equipment* 

X-ray tubes 
(other than in dental use) 

Classification according to use" 
• mammography (screening excluded) 
• screening mammography 
• computer tomography 
• chest photofluorography 
• angiography (excluding DSA) 
• digital subtraction angiography (DSA) 
• bone densitometers 
• fluoroscopy using 

image intensifier-television chain 
flat image intensifier 
fluorescent screen 

• lung imaging using a large image intensifier 
( 0 57 cm) 

Dental X-ray equipment, of which 
• panoramic X-ray units 

Radiotherapy equipment, of which 
• accelerators 
• cobalt therapy devices 
• after-loading devices 
• X-ray devices or tubes (other than simulators) 
• radiotherapy simulators 
• other devices 

Other devices containing radioactive radiation 
sources, of which 
• blood irradiation devices 
• bone densitometers 
• cyclotrons 

Veterinary X-ray devices 

Radionuclide laboratories, of which 
• B-type laboratories 
• C-type laboratories 
• other laboratories 

108 
79 
57 
4 

52 
42 
17 

499 
12 
11 
3 

2,123 

4,778 
575 

74 
24 

1 
8 

19 
11 
11 

12 

5 
6 
1 

172 

135 
22 
85 
28 

The X-ray diagnostic device consists of a high voltage generator, one or more X-ray tubes and 
one or more examination stands. 
The number of X-ray tubes for certain special examinations. 
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Table III. Number of radiation equipment and radionuclide laboratories for industrial, research 
and educational purposes at the end of 1993. 

Devices containing radioactive substance, of which 

• limit switches 
• density gauges 
• level gauges 
• basis weight meters 
• belt weighters 
• thickness gauges 
• moisture gauges 
• fluorescence analyzer 
• radiography devices 
• other devices 

X-ray generators and accelerators, of which 

• radiography devices 
• fluoroscopy devices 
• diffraction and fluorescence analyzers 
• other analyzers 
• other devices 

Radionuclide laboratories, of which 

• A-type laboratories 
• B-type laboratories 
• C-type laboratories 
• other laboratories 

4,858 

2,035 
872 
667 
492 
339 

70 
61 
88 
26 

208 

709 

388 
77 

155 
47 
42 

178 

2 
26 

112 
38 
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Table TV. Most commonly used radionuclides in sealed sources, number of sources and their total 
activity in 1993. 

Radionuclide Radiation sources 

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

Nomina] activity when taken into use. 
The two largest Co-60 sources of 2.04 • 10 
included. 

*** Value inaccurate due to the short halt-life. 

(psc) 

2,937 
1,109 

347 
277 
94 
93 

100 
79 
18 
34 

16 and 5.0 10,4Bq 

Total activity* 
(Bq) 

3.59 • 1014 

1.02 
5.01 
2.40 
2.34 
1.10 
2.77 
9.89 

(6.50 

1015" 
1012 

1012 

10n 

1012 

10" 
10n 

ioi3r 
1.29 • 10" 

used for irradiation are not 
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3 IMPORT, MANUFACTURE AND EXPORT 
OF RADIOACTIVE SUBSTANCES 

Information on the trade in radioactive 
substances, etc. was requested for supervisory 
purposes from the manufacturers and importers 
of these substances. The information on the 
amount, type and use of radionuclides imported, 
manufactured and exported during 1993 is 
presented in Tables V...VII. 

The total activity of imported radioactive 
substances was 3.9 • 1015 Bq. The largest 
imported radiation source was the new supply 
of Co-60 isotope, amounting to 3.8 • 10" Bq, 
for the use of the sterilization plant. The total 
activity of imported radioactive substances was 
the same as in the previous year. 

The entire 1.3 • 10" Bq of short-lived 
radioactive substances used as unsealed 
sources was manufactured in Finland. Of this, 
0.51 - 10u Bq was delivered for medical use 
and 0.79 • 10" Bq for other uses. The total 
activity of the manufactured radioactive 
substances was 20 % higher than in the 
previous year. 

The total activity of exported radioactive 
substances was 2.5 • 10" Bq. The exported 
items comprised consumer goods containing 
tritium, analyzers containing an sealed source, 
radiopharmaceuticals, and decommissioned 
radiation sources returned to the manufacturer. 
The total activity of exported radioactive 
substances was about 5 % lower than in the 
previous year. 

11 



FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY STUK-B-STO 29 

Table V. Import of radioactive substances in 1993. 

Nuclide Activity (• 109 Bq) 

Medical use 

Unsealed Sealed 

Radiation sources with activity < 4 -1012 Bq 

Ir-192 
Mo-99 
H-3 
1-131 
Kr-85 
Cs-137 
TI-201 
1-125 
Fe-55 
ftn-147 
P-32 
Xe-133 
Co-60 
Am-241 
Others" 

Total 

Single radiation 

Co-60 

"-" no import 
" Nuclides: Ba-

- " -
36,240 

6 
4 3 0 

-
-

232 
35 65 

- -
-

96 
137 

-
-

sources with activity > 4 • 1012 

or import below 10* Bq 

Industrial, research and 
educational use 

Unsealed 

-
-

71 
-
-
-
-

130 
23 

-
44 

-
-
-

Bq 

Sealed 

48,144 
-

23,813 
-

346 
286 

-
-

205 
188 

-
-

109 
74 

3,750,000 

Total 

48,144 
36,240 
23,890 
4,230 

346 
286 
232 
230 
228 
188 
140 
137 
109 
74 

280 

114,754 

133, C-14, Ca-45, Cd-109, a-141, Cf-252, Cl-36, Cm-244, Co-57, Co-58, 
Cr-51, Cs-134, Eu-152, Fe-59, Ga-67, Ge-68, Hg-203,1-123, In-
Na-22, Ni-63, Np-235, P-33, Po-210, Pu-237, Ra-226, Rb-86, Re 
Sr-90, Tc-99, Xe-127, Xe-133, Y-88, Y-90 

lll,In-114m, 
-188, Ru-

Mn-54, 
106, S-35, Se-75, 
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Table VI. Manufacture of radioactive substances (unsealed sources) in 1993. 

Nuclide 

Dy-165 
C-ll 
Br-82 
F-18 
Sm-153 
0-15 
Others total' 

Manufacture total 

Nuclides: Al-28, Au--198, Cu-64, Fe-59, In--116, La-

Activity 
(• 109 Bq) 

4,636 
4385 
1,860 
1,286 

463 
307 
56 

12,993 

-140, Mn-56, Na-24 and P-32 

Table VII. Export of radioactive substances in 1993. 

Nuclide 

H-3 
Ir-192 
1-131 
Mo-99 
Fe-55 
Cs-137 
Sm-153 
Cm-244 
Kr-85 
Am-241 
Others total" 

Export total 

' Nuclides: C-14, Cd-
Re-188, Sr-90, Xe-

-109, Co-57, Co-60, Eu-
127 and Y-90 

-152,1-125, 1-129, Ni 

Activity 
(• 109) Bq 

18,881 
4,423 

482 
392 
131 
51 
50 
49 
34 
29 
66 

24,588 

-63, Pra-147, Po-210, 
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4 MONITORING OF RADIATION EXPOSURE 

The Finnish Centre for Radiation and Nuclear 
Safety maintains a radiation dose register for 
recording the information needed to determine 
the doses of workers exposed to ionizing radia
tion. Thi role of the dose register is prescribed 
in Section 34 of the Radiation Act. The infor
mation entered in the register is collected from 
the dose measurements made by the Centre's 
personal dose monitoring service and from the 
information reported to it by the nuclear power 
plants. The measurement period for nuclear 
power plant doses is one month, and the 
recording threshold is 0.1 mSv. In other places 
using radiation, the measurement period is 
usually three months, and the recording thresh
old is 0.3 mSv. 

The doses registered in the dose register are 
dosimeter readings giving the upper estimate for 
the effective dose. When the reading is very 
high, the exposure situation is examined, the 
equivalent dose and effective dose are esti
mated, and a check is made to determine 
whether the doses are within the dose limits 
prescribed in the Radiation Decree. 

The recorded doses are classified in five groups 
according to the employer's field of activity: 
medical use, veterinary use, industry, research 
and nuclear power. Doses jynerated in medical 
use of radiation are recorded in the medical use 
group. This group also incorporates the doses 
received by workers in medical research, such 
as at university hospitals. The veterinary use 
group includes the doses received by workers 
using radiation in veterinary radiology and 
research. The industry group records the doses 
of workers while using radiation in industry, 
trade and comparable activities. The doses re

ceived while using radiation at research insti
tutions, such as universities and institutes of 
higher education, and in teaching, excluding 
medical and veterinary research, are recorded in 
the research group. The nuclear power group 
includes employee doses in Finnish nuclear 
power plants, as measured by the power 
companies, and the doses of Finnish employees 
at Swedish nuclear plants, as reported to the 
Finnish Centre for Radiation and Nuclear 
Safety. 

Altogether 11,171 workers and 1,299 work
places were included in radiation exposure 
monitoring during 1993. 5,553 (50 %) of the 
employees and 665 (51 %) of the workplaces 
were using radiation for medical purposes. 
Table VIII shows the number of employees 
subject to radiation exposure monitoring 
grouped according to extent of dose and field of 
aciivity. Table IX lists the number of work
places of the employees included in the moni
toring and exposed to radiation, grouped by 
field of activity. 

The personal dose monitoring service of the 
Finnish Centre for Radiation and Nuclear Safety 
performed 33,000 dosimetry measurements on 
8,178 persons. Annual doses exceeding the 
recording threshold (0.3 mSv) were found in 
the case of 805 persons. Of the measurements, 
1,362 were finger dose measurements, which 
were performed on 371 persons. 

The monitoring of radiation exposure covered 
3,116 employees of nuclear power plants. 
The dose reading on 1,936 of these 
employees exceeded the recording threshold 
(0.1 mSv/month). 
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The total dose (i.e. the sum of the dosimeter 
readings') recorded in the dose register in 1993 
was 6.9 manSv. Of this total, 5.2 manSv was 
recorded for employees of nuclear power plants, 
and 1.3 manSv for persons working in medi
cine. Table X shows the distribution of the 
doses by field of activities. 

Use of X-ray equipment generated 1.0 manSv 
(85 %) of the total dose received in medical 
use. The average dosimeter value was 2.6 mSv 
for those who exceeded the recording threshold, 
and 0.3 mSv for all those included in the expo
sure monitoring. The dose information for the 
different occupations is presented in Table XI. 

In industry, 0.095 manSv (56 %) of the total 
dose received was generated in X-ray or 
gamma radiography. The average dosimeter 
value was 1.1 mSv for those who exceeded the 
recording threshold, and 0.3 mSv for all those 
included in the exposure monitoring. 

In research, the average dosimeter value was 
2.5 mSv for those who exceeded the recording 
threshold, and 0.2 mSv for all those included in 
the exposure monitoring. 

Of the total dose received in nuclear power 
plants, 4.5 manSv (86 %) was recorded for 
temporary employees making repairs, primarily 
during annual maintenance outage; 0.7 manSv 
(14 %) was recorded for permanent employees. 
The average value of dosimeter readings for 
exposed permanent staff was 1.4 mSv; for tem
porary staff the value was 3.1 mSv. The aver
age value of dosimeter readings for all perma
nent staff included in the monitoring was 
0.7niSv; for temporary staff the figure was 
2.0 mSv. 

The doses derived from the dosimeter readings 
recorded in the dose register in 1993 are 
presented in Figure 1 by field of activity. The 
corresponding information on 1982 - 1993 is 
given in Figure 2. 

A dose exceeding the recording threshold was 
received by 24 % of the employees included in 
the exposure monitoring. These employees were 
divided between the fields of activity as fol
lows: medical use 11 %, veterinary use 22 %, 
industry 11 %, research 6.4 %, and nuclear 
power plants 62 %. 

The total dose for all fields of activity recorded 
in 1993 was 9.5 % lower than in the previous 
year. The biggest difference compared with the 
previous year was in the doses of employees at 
nuclear power plants. There, the total dose was 
13 % lower than in the previous year. This was 
due to the extensive repair work done in 1992. 
In medical use of radiation, the total dose grew 
by 9.9 % on the previous year. 

An annual dosimeter reading exceeding 20 mSv 
was recorded in the register for three inter
ventional radiologists and fifteen persons 
employed at nuclear power plants. The dosi
meter readings of employees at nuclear power 
plants were below 50 mSv. 

As in the previous years, the highest personal 
doses were recorded for physicians occupied in 
interventional procedures. The highest sum of 
the dosimeter readings for a single person in 
1993 was 97 mSv. The effective doses in 
interventional radiology were below the dose 
limit of 20 mSv set for radiation workers. This 
is because personal radiation protection clothes 
and devices, such as lead-rubber aprons, are 

' In this context, we use the term 'total dose' to denote the sum of dosimeter readings recorded in the dose 
register. The collective dose, i.e. the sum of the effective doses received by all employees occupied in the 
activity concerned, can be extimated from the sum of the dosimeter readings. If the body or part of it is 
protected, and only part of the body is exposed to radiation, as in medical X-ray diagnostics, the collective 
dose is lower than the sum of the dosimeter readings. 
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used in medical X-ray examinations. Due to 
this protection, the effective dose is con
siderably lower than the dosimeter reading. In 
this case, the dosimeter reading recorded in the 
dose register indicates the dose of unprotected 
parts of the body, such as the head, and not the 
effective dose. The dosimeter shall not be 
covered by the protective apron because it is 
used to estimate the radiation exposure of 
unprotected parts of the body, such as the eye. 

In the preparation of radiopharmaceuticals, it 
was found that the workers' hands were exposed 
to very high doses of radiation in the new 
handling process for the C- l l nuclide. Based 
on finger dose measurements, it was predicted 
that the annual dose limit set for hands would 
be exceeded unless additional protective 
measures were taken. As suggested, the work
ing methods and radiation protection were 
improved during 1993, but the extent of hand 
exposure must continue to be closely moni
tored. 

In 1993, internal exposure was measured on 
279 workers working in a laboratory or nuclear 
power plant. The effective dose of 6 of these 

persons was higher than 0.1 mSv. The highest 
dose, 1.4 mSv, was measured on a nuclear 
power plant employee. 

The effective dose caused by radiation work to 
a worker shall not exceed 20 mSv per year as 
an average over five years, or 50 mSv in any 
single year. The annual equivalent dose in the 
lens of the eye shall not exceed 150 mSv. The 
annual equivalent dose at any point on the skin, 
hands or feet shall not exceed 500 mSv. The 
equivalent dose to which the surface of the 
lower trunk of a pregnant woman is exposed 
shall not exceed 2 mSv once the pregnancy has 
been declared, and the effective dose caused by 
radionuclides shall not exceed 1 mSv upon 
entering the body. According to the principle of 
optimisation (ALARA), the practice shall be 
organized in such a way that resulting exposure 
is kept as low as is reasonably achievable. 
Based on the dose measurements, we can say 
that the optimisation principle has been fol
lowed and protective clothes and devices have 
been used. Thus the doses received by individ
uals when using radiation and in other radiation 
practices were reasonably low. 

Table MIL Numbers of workers included in radiation exposure monitoring grouped by field of 
activity and dose (dosimeter reading) in 1993. 

Dose range 

(mSv) 

<0.3 

0.3...< 0.5 

0.5...< 5.0 

5.0...< 10.0 

10.0...20.0 

>20.0 

Total 

Medical 

4,947 

158 

388 

38 

19 

3 

5353 

I, Below 0.1 mSv 1,180 
As some workers wert 
"All workers" column 
dose range. 

use Veterinary 
use 

171 

19 

27 

1 

-

-

218 

persons 
: engaged in more than 
may be lower than the 

Number of workers 

Industry 

905 

38 

61 

8 

1 

-

1.013 

Research 

1,305 

24 

54 

6 

5 

-

1.394 

Nuclear All 
power* workers" 

1,593 8,840 

230 449 

973 1,478 

209 265 

96 120 

15 19 

3.116 11,171 

one field of activity, the figure given in the 
sum of the given field-specific figures in the same 
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Nuclear power 
75% 

Veterinary u: 
1 % 

Research 

3% 

Medical use 

19% 

Total dose 6,9 man Sv 

Figure 1. Total doses (dosimeter readings) recorded in the dose register in 1993 by field of 
activity. 

manSv 

82 83 84 85 86 87 88 89 90 91 92 93 

Field of activity 
O Medical and veterinary use M Industry 
• Research — Nuclear power 

Figure 2. Total doses (dosimeter readings) recorded in the dose register in 1982 - 1993. 
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Table IX. Number of workplaces included in radiation exposure monitoring in 1993 grouped by 
field of activity. 

Field of activity 

Medical use 

Veterinary use 

Industry 

Research 

Nuclear power 

Total 

Total number of 

(pes) 

665 

67 

149 

161 

257 

1,299 

workplaces 

(%) 

51 

5 

12 

12 

20 

100 

Number of workplaces whose 
workers hat! recorded doses 

(pes) 

134 

26 

25 

18 

200 

403 

<*) 

33 

6 

6 

5 

50 

100 

Table X. Field-specific total doses calculated from the dosimeter readings. The recording 
threshold was 0.1 mSv/month for nuclear power plant workers and 0.3 mSv / 3 months for others. 

Dose range 

(mSv) 

<0.3 

0.3...< 0.5 

0.5...< 5.0 

5.0...< 10.0 

10.0...20.0 

>20.0 

Total 

Medical 
use 

-" 

0.052 

0.618 

0.255 

0.273 

0.145 

1.343 

"-" no recorded doses 
As some workers were 
workers" column may 
range. 

Veterinary 
use 

-

0.006 

0.040 

0.007 

-

-

0.053 

engaged in more 
je lower than the 

Sum of doses (man Sv) 

Industry 

-

0.013 

0.084 

0.059 

0.013 

-

0.169 

Research 

-

0.008 

0.088 

0.043 

0.082 

-

0.221 

Nuclear 
power 

0.069 

0.087 

1.807 

1.483 

1.339 

0.374 

5.159 

than one field of activity, the figure giver 
sum of the given field-specific figures in 

All 
workers" 

0.068 

0.159 

2.613 

1.874 

1.709 

0.519 

6.942 

i in the "All 
the same dose 
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Table XI. Doses of certain worker groups in 1993; calculated on the basis of measurement results 
recorded in the dose register. 

Group 

Radiologists 

Interventional 
radiologists 

Cardiologists 

Surgeons 

X-ray assistants 
(nurses) 

Hospital attendants 

Industrial 
radiographers 

Research scientists 

N P " 
mechanical work 

NP 
material testing 

Persons included in m< 
Effective dose below 2 

"" NP - nuclear power p 

Number of 
workers 

524 

30 

67 

184 

2^54 

179 

341 

806 

871 

303 

mitoring 
,0 roSv, see text 
ants 

Total 

(manSv) 

0.514 

0.219 

0.218 

0.016 

0.170 

0.005 

0.095 

0.060 

1.802 

0.356 

Dose 

Average 

Doses 
exceeding 
recording 
threshold 
(mSv) 

2.5 

9.1 

4.0 

3.2 

1.0 

1.1 

1.1 

1.7 

2.7 

1.7 

All doses 

(mSv) 

1.0 

7.3 

3.3 

0.1 

0.1 

0.0 

0.3 

0.1 

2.1 

1.2 

Highest 

(mSv) 

18.1" 

96.5" 

27.6" 

14.4 

5.5 

2.7 

12.7 

7.1 

24.0 

12.7 
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5 COMPETENCE OF OPERATING PERSONNEL 

The application for a safety licence shall be 
supplemented with a description of the radiation 
user's organization, which shall include the 
name of the radiation safety officer responsible 
for the safe use of radiation and the information 
on the competence of the personnel. In 1993, 
nearly 500 organization descriptions associated 
with the medical use of radiation were accepted. 

According to these descriptions, a total of 4,270 
persons were occupied in X-ray diagnostics. Of 
these, 2,677 were listed as workers doing radia
tion work. Radiation safety officers in charge 
numbered 297 in different organizations. The 
radiation safety officer in charge was a radi
ologist in 216 places, a physician at a health 
care centre in 164 places, and an X-ray assis
tant (nurse) in seven places. 

At radiotherapy centres, the radiation safety 
officer was a hospital physicist. X-ray therapy 
was given at one health centre where the 
radiation safety officer was a radiologist. At 
seven central hospitals, a radiation safety 
committee had been set up representing the 
different parties involved in using radiation. 

In the organization desaiptions (40 pes) related 
to the use of radioactive substances for medical 
purposes, the radiation safety officer was a 
physicist in 18 cases, a physician in 16 and a 
chemist in 14. In all, 461 persons were listed as 
users of radiation, 303 of them doing radiation 
work. A physicist was in charge of the quality 
control of nuclear medicine in 20 places. 

According to the organization descriptions, the 
level of education of the radiation safety 
officers in charge of the use of radiotherapy and 
isotope diagnostics is adequate. In X-ray diag
nostics, the need for radiation safety training is 
highest among those radiation safety officers 
who have no professional training in radiology. 

Table XII lists the educational organizations 
authorized by the Finnish Centre for Radiation 
and Nuclear Safety to perform competence 
examinations for radiation safety officers in 
charge responsible for the safe use of radiation 
and for other operating personnel in organi
zations using radiation, according to section 18 
of the Radiation Act. 
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Table XII. Educational organizations authorized to perform competence examinations for 
radiation safety officers in charge other operating personnel. Situation 1 May 1994. 

Date of 
approval 

Medical use 

20.12.1991 

21.1.1992 

15.4.1993 

10.4.1992 

20.12.1991 

1.6.1992 

10.5.1993 

6.10.1992 

20.12.1991 

20.12.1991 

27.5.1993 

20.12.1991 

3.3.1992 

20.12.1991 

17.8.1993 

20.12.1991 

3.8.1992 

26.1.1994 

8.6.1993 

20.12.1991 

Orrnnizatioii 

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 Clinical Radiology 

University of Kuopio, 
Training and Development Centre 

Oulu Institute of Health Care 

University of Oulu, 
Faculty of Medicine 

University of Oulu, 
Faculty of Medicine 

Competence committee for hospital 
physicists 

Competence committee for hospital 
chemists 

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 

Competence area 

Operator responsible 

Operator responsible for dental X-ray equipment 

X-ray diagnostics and use of radioactive substances 
(specialist examinations in radiology) 

Operator responsible for dental X-ray equipment 

Operator responsible 

Operator responsible for dental X-ray equipment 

X-ray diagnostics and use of radioactive substances 
(spcciali?: examinations in radiology) 

Use of radiation (not general use) 

Operator responsible 

X-ray diagnostics and use of radioactive substances 

X-ray diagnostics and use of radioactive substances 
(specialist examinations in radiology) 

General use of radiation 

Use of radioactive substances 

Operator responsible 

X-ray diagnostics and radioactive substances 
(specialist examinations in radiology) 

User in charge 

Operator responsible for dental X-ray equipment 

X-ray diagnostics and use of radioactive substances 
(specialist examinations in radiology) 

X-ray diagnostics and use of radioactive substances 
(specialist examinations in radiology) 

Operator responsible 
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Date of 
approval 

Organization 

Use of radiation in industry, research and education; 

20.12.1991 

6.4.1993 

3.4.1992 

26.1.1994 

8.4.1992 

3.4.1992 

26.8.1992 

11.5.1992 

6.10.1992 

12.3.1992 

4.5.1992 

15.5.1992 

21.1.1992 

18.5.1992 

21.1.1992 

14.2.1992 

3.8.1992 

3.8.1992 

AEL (Institute for the Development 
of Occupational Skills), metal 
working and mechanical department 

Helsinki Institute of Technology 

University of Helsinki, 
Dcpanment of Physics 

University of Helsinki, Research and 
Training Centre of Lahti 

University of Helsinki, equipment 
centre of the Faculty of Agriculture 
and Forestry 

University of Helsinki, 
Department of Radiochemistry 

Jyväskylä Institute of Technology 

Kuopio Institute of Technology 

University of Kuopio, 
training and development centre 

Lappeenranta University of 
Technology 

University of Oulu, 
Department of Biochemistry 

Northern Savo Nursing District 

Industrial Further Training Institute 
of Northern Finland 

Pori Institute of Technology 

Central Organization of the Finnish 
Rescue Services 

Tampere Institute of Technology 

Turku Institute of Technology and 
Polytechnic 

University of Turku, 
Department of Physics 

Competence area 

trade in and maintenance of radiation sources 

Industrial radiography (also user in charge) 

Trade in and maintenance of radiation sources 

General use of radiation, use on unsealed sources, use of X-
rays (excluding industrial radiography), use of radiation in 
demonstrations at educational institutions, and siie of 
radiation sources 

General use of radiations and trade in radiation sources 

Use of sealed and unsealed sources 

Use of sealed and unsealed sources 

Industrial radiography, use of sealed and unsealed sources and 
trade in and maintenance of radiation sources 

General use of radiation, use of X-rays, use of sealed and 
unsealed sources, an-1 trade in and maintenance of radiation 
sources 

Use of radiation (not general use) and trade in and 
maintenance of radiation sources 

General use of radiation, use of X-rays, use of sealed and 
unsealed sources 

Use of sealed and unsealed sources 

Trade in and maintenance of radiation sources 

Use of X-rays and sealed sources 
(excluding industrial radiography) 

Use of X-rays, industrial radiography, use of sealed sources 
and trade in radiation sources 

Installation and maintenance of fire alarm systems 

Use of X-rays and sealed sources 
(excluding industrial radiography) 

General use of radiation, industrial radiography, use of X-
rays and trade in and maintenance of radiation sources 

General use of radiation, industrial radiography, use of X-
rays, use of sealed sources and trade in radiation sources 
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6 NATURAL RADIATION 

According to the Radiation Act, the responsible 
party shall investigate the radiation exposure 
caused by natural radiation if it is found, or if 
there is reason to suspect, that the operation 
concerned should be classified as radiation 
practice. The working conditions of workers 
exposed to natural radiation shall be monitored, 
and exposure monitoring shall be provided 
when the exposure is high enough for the work 
to be classified as radiation work. 

Radon at workplaces 

The most significant exposure to radiation at 
workplaces is caused by radon. The places 
needing to be supervised include mines, 
quarries, underground premises and other 
workplaces where the air contains high concen
trations of radon. In residential measurements in 
Finland, the highest radon concentrations have 
been measured in the provinces of Uusimaa, 
Häme and Kymi. In 1993, radon control at 
workplaces was concentrated on companies 
operating in the cities of Lahti and Tampere. 
Altogether 4,200 requests for a check on radon 
concentration were made to these companies. 
About 30 % of the companies ordered a radon 
concentration measurement. The method used in 
the measurement was one that gives the average 
radon concentration over a month. The radon 
concentrations measured using this integrating 
method are given in Figure 3, grouped into 
three concentration categories. In addition to 
Lahti and Tampere, the figure also gives the 
results for the results for the previous year'. By 

the end of 1993, a total of 3,500 workplace 
radon measurements had been made. Some of 
these were repeat measurements ordered 
because of the results of the first measurement. 

When the radon concentration at the workplace 
was within the range 300 Bq/m3 to 500 Bq/m3, 
the company was ordered to make a verification 
measurement. When the concentration was over 
500 Bq/m3, the company was ordered to make 
the appropriate repairs to reduce the concen
tration or to ensure that the radon concentration 
during working hours is below 400 Bq/m3. 

According to the results, it can very roughly be 
estimated that approximately 10 % (0.2 mSv)" 
of the dose incurred by a member of the public 
from radon in dwellings is caused by radon at 
the workplace. Calculated for those who are 
actually working, the dose is about twice as 
high, i.e. some 0.4 mSv per year". 

Table XIII shows the distribution of the results 
of the radon concentration measurements made 
in mines and quarries, and the average dose at 
the workplaces measured, estimated from the 
results. 

At one underground site, it proved impossible 
to bring the radon concentration down suffi
ciently, so the work was classified as radiation 
work in the case of workers engaged in the 
underground part of the site for more than 600 
hours annually. 

Up to now the measurements have been performed in the 14 municipalities where 25 % of the annual 
average radon content values measured in one-family houses exceeded 400 Bq/m3. 
" Relationship between concentration and dose estimated according to ICRP publication no. 65 (Pergamon 
Press, Oxford 1993). 
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Building materials and other raw 
materials 

The activity indexes given in ST Guide 12.2 are 
used to estimate the exposure caused by radio
activity in building materials, peat and peat ash. 
The activity index is calculated from the activ
ity concentrations of the radioactive substances 
measured in the materials. If the activity index 
is higher than one, the responsible party shall 
demonstrate that the safety objectives set for the 
material have been fulfilled. If the activity 
index is one or lower, no restrictions are set 
concerning radioactivity by use of the material. 

Of the 32 samples of building materials 
measured, 13 had an activity index higher than 
one. Most of the samples with high activity 
index that are used for house-building were 
granite building stones used as surfacing 
materials. Closer study showed that in normal 
use the safety objective of no more than 1 mSv 
per annum set in the ST Guide was fulfilled. 
Seven of the samples were concrete aggregates. 
The activity index of one of these samples was 
higher than one. Monitoring was required in 
further use of the raw material. 

Municipality Number of measurements Proportion of measurements (%) 

ASKOLA 
HOLLOLA 

LAHTI 
LEMPÄÄLÄ 
LILJENDAL 

LOVIISA 

MYRSKYLÄ 
NASTOLA 
PERNAJA 
PYHTAA 

JTSINPYHTÄÄ 

TAIPALSAARI 

i ^ B M H M 
244 ; t M H M ^ B H ^ M 
696 ' "" • • • 
117 H ^ M 
19 • • • ^ • • H 

124 " " ^ • ^ • ^ I H 
34 ; ^ M B ^ M 

268 ! B ^ ^ ^ H 
16 ^ ^ ^ H 
34 ^m 
33 ' " • M ^ H 
29 ' • • • M H B H 

TAMPERE 570 : M 
VIROLAHTI 66 i t 

0% 10? 20% 30% 

n<300B<ym3 

40% 50% 60% 70% 80% 

D 300 - 500 Bq/m3 • > 500 Bq/m' j 

90% 100% 

Figure 3. Distribution of the results of radon concentration measurements at workplaces in 
municipalities included in the study. 
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Exposure to radiation from building materials is 
highest when prefabricated elements are made 
for housing production using gravel containing 
exceptionally high quantities of natural radioac
tivity. Monitoring the radioactivity of building 
materials is important for foreign trade, as 
buyers often require proof concerning the 
radioactivity of building products and their 
acceptability in use. 

The measurements of radioactivity in building 
materials showed that exposure caused by them 
is high enough to justify restrictions on their 
use only in exceptional cases. Materials that 
contain high concentrations of natural radio

active substances, such as some granite grades, 
are normally used in buildings for limited pur
poses, only. The increase in radiation exposure 
caused by the material is therefore insignificant. 

There are only a few mining or industrial waste 
areas in Finland where the concentration of 
natural radioactive substances is higher than 
normal. A waste area of this kind can cause a 
minor increase in radiation exposure to people 
living or working in the immediate vicinity. 
This exposure can become significant if the 
waste is used as a component in building 
materials. 

Table XIII. Radon exposure measured at underground workplaces in 1993. 

Estimated number of workers 

Distribution of measurement 
results by to radon concen
tration (Bq/m3): 
<100 
>100...400 
>400...1,000 
>1,000...2,000 
>2,000...4,000 

Average radon concentration 
(Bq/m3) 

Average radon exposure 
(Bq • h/m3) 

Average annual dose 
(mSv)"" 

Mines Quarries Building after 
quarrying 

(8)' (4) (1) 

150 50 15"" 

23 11 
22 2 
11 13 
3 5 

6 

160" 50 1,000 

260,000 80,000 1,600,000 

1 <1 6 

The results for 1992 are not included in the table: two mines with a total of 150 workers, 
average radon concentration 150 Bq/m3. 
Average radon concentration is calculated from the average values for the individual 
mines and weighted by the number of workers. 
Number of workers occupied in the underground parts of the site for more than 600 h 
annually. For these workers, the work is classified as radiation work. 

" " Conversion ratio between radon exposure dose according to ICRP publication No. 65 
(Pergamon Press, Oxford, 1993). 
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Household water 

The new ST Guide concerning the radioactivity 
of household water was sent to about 800 
waterworks. Measurements and studies of 
household water in the previous years estab
lished that most Finns use household water, 
either supplied by waterworks or taken from 
wells or springs, with low radioactivity. Radi
ation doses from water are low compared with 
doses from other sources. The water in a small 
number of bored wells does, however, contain 
high concentrations of radon and other natural 
radionuclides. It is estimated that there are 20 to 
30 small waterworks in Finland where the con
tents of radionuclides in the water need to be 
reduced. 

Table XIV. Measurement methods and instruments approved for determining radon exposure. 

Date of 
approval 

19.5.1992 

9.10.1992 

31.8.1993 

16.10.1992 

17.11.1992 

12.2.1993 

12.2.1993 

12.2.1993 

25.8.1993 

13.9.1993 

Organization 

Tampere Institute of Technology 

Research Centre of the Finnish Defence Forces 

Research Centre of the Finnish Defence Forces 

Eastern Uusimaa joint municipal board for 
public health care 

Onninen Oy 

City of Lahti 

University of Kuopio 

Lappeenranta University of Technology 

Telecom Finland 

Turku Institute of Technology 

Instrument or method 

Pylon AB-5 

Atmos 12 

Absorbent carbon 

Atmos 12 

Pylon AB-5 

Pylon AB-5 

Pylon AB-5 

Pylon AB-5 

Ionization chamber 

Pylon AB-5 

Approval of radon concentration 
test method 

Application for approval shall be made for 
all radon measurement instruments and met
hods which are to be used to determine the 
exposure of workers to radiation. In order to 
gain approval, instruments shall be properly 
calibrated. 

The organizations whose measurement methods 
or instruments have been approved for deter
mining radon exposure are listed in Table XTV. 
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Radiation exposure of flight crew 

The Finnish airline company Finnair studied the 
exposure to radiation of pilots and cabin crew 
serving in large passenger aircraft. The effective 
dose from cosmic radiation in 1992 was esti
mated on the basis of flight hours and number 
of workers. The flight routes and working times 
of personnel during the year were taken into 
account in the calculations, together with the 
changes in the dose rate of cosmic radiation at 
flight altitudes of 8 to 12 km. The staff 
included in the estimate comprised 459 pilots, 
1,150 stewardesses and stewards and 104 other 
persons. The results of the investigation are 
given in Table XV. 

The estimated maximum annual dose of both 
pilots and cabin crew was 2.8 mSv. The aver
age annual dose of cabin crew was 1.8 mSv. 

The average dose of pilots was between 1.0 and 
2.0 mSv. The average was calculated from the 
doses of persons who had worked for at least 
10 months of the year. 

The collective dose from cosmic radiation was 
0.68 manSv for pilots (captains and co-pilots) 
and 1.9 manSv for cabin crew. 

On the basis of the assessment, the work of 
flight crew was not considered radiation work, 
because the annual dose was below 5 mSv. 

In the case of pregnant staff, however, the 
length of flight time shall be monitored and 
limited when necessary. Once pregnancy has 
been declared, the dose of the foetus shall not 
exceed 1 mSv. 
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Table XV. Dose of flight crew in 1992. A summary of exposure data submitted to the Finnish 
Centre for Radiation and Nuclear Safety by Finnair Oy. 

Type of aircraft 

Captains: 

DC9 
MD80 
DClO 
MDll 
AB4 

Total 

Co-pilots: 

DC9 
MD80 
DClO: 
1st co-pilot 
2nd co-pilot 

MDll 
AB4 

Total 

Cabin crew: 

Pursers 
Assistant pursers 
Service chefs 
Stewardesses and stewards 

Total 

Other staff 

Number of 
persons 

67 
96 
24 
44 
16 

247 

56 
77 

17 
19 
29 
14 

212 

149 
174 
182 
645 

1,150 

104 

Dose 

Total 
manSv 

0.064 
0.155 
0.036 
0.074 
0.015 

0.345 

0.072 
0.134 

0.032 
0.038 
0.046 
0.015 

0-336 

0.294 
0.297 
0.336 
0.934 

1.S61 

0.094 

Average' 
mSv 

1.0 
1.6 
1.6 
1.8 
1.0 

1.3 
1.8 

1.9 
2.0 
1.6 
1.0 

2.0 
1.8 
2.0 
1.8 

Highest 
mSv 

1.9 
2.1 
2.0 
2.8 
2.1 

2.3 
2.1 

2.2 
2.5 
23 
1.8 

2.7 
2.7 
2.6 
2.8 

Average calculated from the doses of persons who had worked for at least 10 months of the year. 
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7 NON-IONIZING RADIATION 

Equipment emitting non-ionizing radiation and 
its use were supervised in accordance with the 
decree (1513/91). The objects supervised 
included solaria, laser shows, microwave 
heaters and radio frequency heaters. 

The Finnish Centre for Radiation and Nuclear 
Safety took part in a research project on the 
effects of solar ultraviolet radiation (SILMU 
project) financed by the Academy of Finland. 
The UV radiometers of the Finnish Meteoro
logical Institute were calibrated and the uncer
tainty of the spectroradiometric solar UV 
measurements was lowered from 11 % to 8 %. 

Increased ultraviolet radiation was measured in 
April and May during the ozone layer 
depletions. The total ozone values measured at 
the Meteorological Observatory of Sodankylä in 
1992 and 1993 are presented in Figure 4. In the 
Nordic intercomparison of ultraviolet and ozone 
instruments arranged in Tenerife, the 
spectroradiometer of the Finnish Centre for 
Radiation and Nuclear Safety was selected as 
the reference UV radiometer at the laboratory, 
it being the most thoroughly radiometrically 
characterized instrument. 

Radiation from the sky is elevated due to 
reflection from the earth's surface, because 
about 40 % of all UVB radiation is scattered 
back from the atmosphere. Normally, less than 
10 % of the UV radiation is reflected from the 
earth's surface, but snow makes an exception. 
Fresh snow reflects more than 80 % of UV 
radiation. On open snow fields, UV radiation on 
a horizontal surface can be increased by SO %. 
The most important effect of snow reflection is, 
however, the significant increase in the radia
tion received by vertical surfaces, such as the 
face and eyes, due to direct reflection from the 
snow. This increase can be more than 100 %, 
and theoretical calculations indicate that the 
face and eyes of a person skiing in the fells of 
Lapland in late April receive a UV exposure as 
high as or higher than a person hiking in the 
fells in midsummer (see Figure 5). 

In regions suffering from air pollution, the air 
contains so many aerosol particles that UV 
radiation may be attenuated by up to 20 %. 
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Figure 4. Total ozone measured at the Meteorological Observatory of Sodankylä in 1992 and 
1993. Total ozone is given in Dobson units (DU). If the entire ozone layer were compressed to the 
pressure prevailing at sea level, 100 Dobson units would correspond to a layer 1 mm thick 
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SAARISELKÄ IN 1992 
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Figure 5. Daily dose of UV radiation on a clear day in the Saariselkä fell district in 1992 and 
1993. The even bottom curve was calculated using long-range total ozone values, and the top 
curve using ozone values reduced by 30 %. The winding curve in between was calculated using 
ozone values obtained from the Meteorological Observatory of Sodankylä. The effect of snow 
reflection can be seen during the period from April to mid-May, when the UV dose decreases as 
snow reflection decrease, even though the sun is rising higher. 
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8 STANDARD DOSIMETRY ACTIVITIES 

The Finnish Centre for Radiation and Nuclear 
Safety acts as the national standard dosimetry 
laboratory for ionizing radiation (Decree on the 
Finnish Centre for Radiation and Nuclear Safety 
1515/91). The Centre maintains standards for 
the most common calibration needs in Finland. 
Maintaining the standards and calibrating the 
radiation meters against them ensure that the 
measurements of ionizing radiation in Finland 
are reliable and traceable to international stand
ards. National standards are maintained for the 
following quantities: exposure, air kerma, 
absorbed dose and dose equivalent. The stand
ards are ionization chambers and radiation 
sources. Most of them are secondary standards 
calibrated against primary standards at the 
International Bureau of Weights and Measures 
(BIPM) or in the national standard laboratories 
of Germany or the United Kingdom (NPL, 
PTB, see Figure 6). The latest calibrations were 
done in 1992 (BIPM) and 1984 (NPL). The 
Finnish Centre for Radiation and Nuclear Safety 
is also a member of the network of secondary 
standard dosimetry laboratories of ionizing 

radiation maintained by the International 
Atomic Energy Agency (IAEA) and the World 
Health Organization (WHO), and takes part in 
the annual comparative measurements within 
this network. The measurement uncertainties 
(combined uncertainties) of the quantities are: 
exposure and air kerma 1 - 3 %, absorbed dose 
2 - 4.5 %, dose equivalent 1 . 6 - 1 0 %. 

For the standard dosimetry activities, the 
Finnish Centre for Radiation and Nuclear Safety 
has the following instruments and radiation 
sources: 

Gamma radiation sources Co-60, Cs-137 
and Ra-226 (several sources with different 
activity levels - the Co-60 source has the 
highest activity, 110 TBq); 

- X-ray tubes 100 kV and 400 kV; 
Secondary standai_s for beta radiation 
(Pm-147, Tl-204 and Sr-90/Y-90); 
Neutron sources AmBe and Cf-252; 
Calibration sources of alpha and beta 
radiation. 
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Figure 6. Traceability diagram used by the Finnish Centre for Radiation and Nuclear Safety for quantities of ionizing radiation. 
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FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY STUK-B-ST029 

The Finnish Centre for Radiation and Nuclear 
Safety maintains the measurement standards for 
non-ionizing radiation. 

National standards are maintained for spec
tral UV irradiance and for high electrical and 
magnetic fields in the frequency ranges most 
significant from the point of view of safety 
(Figure 7). The spectral UV irradiance standard 
(1 kW quartz-halogen lamp) is a secondary 
standard calibrated in 1993 against the national 

primary standard (NIST) in the USA. High 
electric and magnetic field strengths cannot be 
traced accurately enough, because there are no 
sufficiently precise transfer standards. The 
Finnish Centre for Radiation and Nuclear Safety 
has itself designed calibration equipment (TEM 
cells and calibrated antennas in anechoic cham
bers). In 1992, the accuracy of this equipment 
was compared with the national standards in 
Germany, Holland, Sweden and the United 
Kingdom (PTB, VSL, SP, NPL; see Figure 7). 
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Figure 7. Traceability diagram used by the Finnish Centre for Radiation and Nuclear Safety for 
quantities of non-ionizing radiation. 
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FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

9 EXCEPTIONAL EVENTS 

According to section 17 of the Radiation 
Decree, the Finnish Centre for Radiation and 
Nuclear Safety shall be notified of any excep
tional events connected with the use of radia
tion that are substantially detrimental to safety 
at the place where the radiation is used or in its 
environs. Notification shall also be made of any 
radiation source that has disappeared, been 
stolen or lost or has otherwise ceased to be in 
the licensee's possession, as also of other 
exceptional findings and data with an essential 
bearing on the radiation safety of workers or 
the environment. 

In 1993, four unintended events classified as an 
operating error, equipment failure or other 
mishap in the use of radiation or the like were 
reported to the Finnish Centre for Radiation and 
Nuclear Safety. Three shipments of scrap were 
returned from Finland to the country of origin 
owing to radioactive contamination. 

The court of appeal confirmed the district 
court's sentence of a fine for using unlicensed 
X-ray equipment in a veterinarian's surgery. 
X-ray equipment had been used at the surgery 
without a safety licence for almost six years. 
The district court ordered a fine for this negli
gence in 1992. 

Table XVI is a summary of the causes and 
consequences of all exceptional events reported 
in 1993 and of the measures taken as a result. 
The aim in describing and publishing these 
events is to alert the user to the potential 
dangers associated with the use of radiation 
sources and the precautions required action to 
prevent similar accidents or exceptional events 
in the future. 
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Table XVI. Exceptional events during use of radiation in 1993. 

Event 

Event 1. 

A patient's dose plan had accidentally been 
made for a different treatment device from 
the one supposed to be used for the treat
ment. 

Event 2. 

The iridium-192 radiation source (ca. 
3 TBq) of an isotopic imaging device 
became detached from its shield and fell to 
the floor while device was being lifted in 
the cargo space of a vehicle. 

Cause, exposure 

The incident was caused by human error, 
which was not revealed due to inadequate 
verification methods in transferring the 
treatment data and when the treatment was 
started. The patient received a treatment 
dose 60 % higher than intended and as a 
result had acute side effects. No permanent 
side effects have so far been discovered. 

Due to the structure of and a fault in the 
imaging device it was possible for the ra
diation source to fall out of its shield. The 
operator received a 1.8 mSv dose and the 
Finnish Centre for Radiation and Nuclear 
Safety inspector involved in bringing the 
source under control received a 1.6 mSv 
dose. 

Measures taken 

The hospital decided to arrange automatic 
data transfer from the dose planning system 
to the verification device. They also 
decided to start making individual dose 
measurements for each patient in the first 
treatment session. The hospital was asked 
to submit a statement about the effects of 
the error on the patient and to confirm that 
no similar errors have occurred in other 
treatments. The hospital will monitor the 
patient's condition through check-ups. 

The device was delivered to the supplier, 
who established the reason for the fault and 
repaired the imaging device, so the event 
cannot be repeated. 



Event 

Event 3. 

An exceptionally high dose reading was 
discovered in a personal dosimeter at a 
hospital radionuclide laboratory. 

Event 4. 

The central criminal police confiscated a 
radiation source smuggled into the country 
and asked the Finnish Centre for Radiation 
and Nuclear Safety for executive assistance 
in determining the activity of the radioac
tive substance. 

Cause, exposure 

The dose reading of a group dosimeter 
used by two internists was determined as 
144 mSv (skin dose). The dosimeter had 
been used while yttrium-90 and dys-
prosium-165 treatments were being given. 
Over the same monitoring period, the dose 
determined by a finger dosimeter was 
38 mSv. Earlier the same year, the dosi
meters at the hospital were found to be 
contaminated with a radioactive substance. 
Chromosome analysis revealed no serious 
exposure to radiation. 

According to neutron yield and gamma-
spectrometric measurement, the radiation 
source contained a maximum of 2 MBq of 
californium isotope 252 (0.1 u.g). In 
addition, the source contained a minor 
amount of californium isotope 249. The 
activity of the radiation source was so low 
that it posed no immediate danger to the 
environment. 

Measures taken 

An inspection was carried out at the site. 
Deficiencies were detected in the working 
methods and equipment of the radionuclide 
laboratory. In order to improve radiation 
safety, the laboratory was ordered to ac
quire a meter suitable for measuring surface 
contamination, and instructions on handling 
radioactive substances were given. Ac
quisition of individual dosimeters for the 
radiation workers was ordered. The reason 
for the exceptional dose readings remained 
unclear. The meters has possibly been kept 
in the laboratory close to radioactive sub
stances given to patients. 

The case led to court proceedings in which 
the offenders were sentenced to conditional 
imprisonment. 
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Appendix 1 

Laws and regulations associated with the use of radiation in 1993 

Statute or decision 

Radiation safety 

Radiation Act 

Amendment of the Radiation Act 

Radiation Decree 

Supervision of Non-Ionizing Radiation Decree 

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

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

Decree on Extra Vacation of Persons Employed in Radiation Work in 
a Hospital or Health Care Centre 

Nuclear Safety 

Nuclear Energy Act 
• Amendment of the Nuclear Energy Act 

Nuclear Energy Decree 
• Amendment to the Nuclear Energy Decree 

Supervising organization 

Act on the Finnish Centre for Radiation and Nuclear Safety 

Decree on the Finnish Centre for Radiation and Nuclear Safety 

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

Transportation 

Number of statute 
or decision 

592/91 

1102/92 

1512/91 

1306/93 

1474/91 

944/92 

1514/91 

990/87 
1271/88 

161/88 
278/93 

1069/83 

1515/91 

580/93 

The regulations on transportation of hazardous substances also apply to radioactive 
substances 
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Appendix 2. 

ST and SS Guides of the Finnish 
Safety in 1993 

General Guides 

ST 1.2 Application of Maximum Radiation Ex
posure Values and Monitoring of Radia
tion Exposure, 31 March 1992 (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, 16 December 1992 
(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 
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... 400 
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) 

FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY 

1.9.1994 

Centre for Radiation and Nuclear 

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 Import and Export of and Trade with 
Radioactive Materials and Equipment 
Containing Them, 9 January 1989 (in 
English, Finnish and Swedish) 
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SS 5.6 Radiation Safety in Industrial Radio
graphy, 6 January 1989 (in English, 
Finnish and Swedish) 

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, 00881 HELSINKI 

Tel. (90) 759 881 
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