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Authorization 
Under section 70, paragraph 2, of the Radiation Act (592/91), the Finnish Centre for Radiation and 
Nuclear Safety issues general instructions, known as Radiation Safety Guides (ST Guides), concerning 
the use of radiation and operations involving radiation. 

The Radiation Act stipulates that the party running a radiation practice is responsible for the safety 
of the operations. The responsible party is obliged to ensure that the level of safety specified in the 
ST Guides is attained and maintained. 

The instructions given in the ST Guides on actions and procedures are not absolutely binding, but 
if the responsible party intends to use a procedure or method differing from those presented in an 
ST Guide, be must be able to prove that the procedure or method chosen ensures the same level 
of safety as that specified in the ST Guide. 

Radiation Protection Guides (SS Guides) issued before 1992 and listed at the end of this guide remain 
in force until further notice. SS Guides will be replaced by ST Guides whenever the need arises 
to alter their contents. 

Translation. Original text in Finnish. 
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1 General 
Excavated bedrock releases radon (^Rn) into 
the inhaled air in mining and excavation 
work. Radon may cause a greater than nor
mal radiation exposure to workers. For this 
reason the radiation safety of mining and 
excavation work requires that the amount of 
radon in the air is measured, and that the 
necessary actions based on the results are 
carried into effect to prevent and limit the 
radiation exposure. 

This guide sets out the general requirements 
for radiation safety in mining and excavation 
work. The principles involved in the moni
toring of workers' radiation exposure are also 
presented, as well as considerations about 
other actions to be taken in order to ensure 
radiation safety. 

The responsible party shall investigate the 
factors affecting radiation safety and execute 
the safety arrangements. Radiation safety in 
mining and excavation work is supervised by 
the Finnish Centre for Radiation and Nuclear 
Safety - hereinafter called STUK (abbrevia
tion of its Finnish name). 

The principles involved in the safety super
vision of mining and excavation work pre
sented in this guide are based on the Radia
tion Act (592/91, section 12) and on the 
Radiation Decree (1512/91, sections 2, 3 
and 7). 

2 Quantities and Units 
Radon concentration 
The radon concentration of air is the activity 
of radon in the air divided by the air volume. 
The unit of radon concentration is Bq/m3. 

Radon exposure 
Radon exposure is the radon concentration 
of the air multiplied by the time spent in air 
of this concentration. The unit of radon 
exposure is Bqh/m3. 
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Effective dose 
The risk of detrimental effects of radiation is 
estimated by the effective dose (shortened as 
dose). The unit of the effective dose is Sv 
(sievert). Multiples of this unit, mSv 
(millisievert) and uSv (mikrosievert), are 
used in this guide. 

3 Principles of Safety 
Supervision 
The underlying principle in safety super
vision shall maintain the radiation exposure 
of workers as low as reasonably achievable. 

The responsible party shall take such 
measures to improve radiation safety as are 
justifiable with respect to their nature, costs 
and positive effects on radiation safety. 
Complying with this principle is required 
even if the radiation exposure is below the 
maximum values presented further on. 

3.1 Radiation Work 

Work shall be classified as radiation work, if 
the effective dose at work is or may be 
higher than 5 mSv a year. Before work is 
classified as radiation work the responsible 
party shall implement the measures to reduce 
the exposure referred to in section 45 of 
the Radiation Act. If, following these meas
ures, the dose is still liable to e::ceed 5 mSv 
a year, the work shall be classified as radia
tion work referred to in section 28 of the 
Radiation Decree. 

When work has been classified as radiation 
work, the responsible party shall provide for 
the monitoring of radiation exposure and 
health surveillance as prescribed in the 
Radiation Act and Degree. 

In regular work with normal working hours a 
5 mSv dose corresponds to a radon concen
tration of 400 Bq/m3 and the corresponding 
radon exposure is 600,000 Bqh/m3. 
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3.2 Maximum Value for Radiation 
Exposure 

The effective dose caused by work to a 
worker shall not exceed 20 mSv a year. 

In regular work with normal working 
hours a 20 mSv dose corresponds to a 
radon concentration of 1,600 Bq/m3 and 
the corresponding radon exposure is 
2,400,000 Bqh/m3. 

3.3 Exceptionally High Radon 
Concentrations 

If the radon concentration of a workplace 
exceeds 4,000 Bq/m3, no other work is 
allowed at the workplace other than the 
remedial actions rehired to rectify the situa
tion. Protective respirators shall be used if 
necessary. 

Limits for mining and excavation work and 
required actions are also presented in Appen
dix A. 

4 Monitoring of Radiation 
Exposure 
The higher the radon concentrations at * 
mine or at an excavation workplace, the more 
closely shall the monitoring be. 

If work is classified as radiation work, the 
monitoring shall be performed in such a way 
that the personal radiation exposure of each 
worker can be determined. 

The basis used in the assessment of radiation 
exposure arc the radon concentrations meas
ured at working posts, or reliably estimated 
radon concentrations based on measurements 
made at nearby working posts, together with 
timekeeping records. 
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Timekeeping shall be implemented for every 
worker in such a way that the residence time 
in each working post is recorded to an accu
racy of one hour. 

Calculation of radon exposure and effective 
dose is presented in more detail in Appen
dix B. 

4.1 Mines 

Mines are classified into three categories for 
the purpose of monitoring radiation exposure: 

Category I: 
The mean yearly radon concentration at 
any of the working posts does not exceed 
400 Bq/m3. 

Category I I : 
The mean yearly radon concentration at some 
of the working posts in the mine exceeds 
400 Bq/m3, but is lower than 1,600 Bq/m3. 

Category III: 
The mean yearly radon concentration at some 
of the working posts in the mine exceeds 
1,600 Bq/m3. 

Classification is based on the radon concen
trations measured at the working posts in the 
mine. 

In mines classified as categories II and III, 
the monitoring of radon exposure shall be 
performed in such a way that the personal 
exposure of each worker can be determined. 

Personal monitoring is not required for 
workers whose underground residence times 
are short, nor for those workers known to 
work for only a short time in the under
ground parts of the mine. The personal dose 
of a worker shall be determined if under
ground working hours are estimated to 
exceed 300 hours a year. 
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If workers' working hours consist of short 
residence times at varying working posts in a 
specific part of the mine, the assessment of 
radon exposure can be based on the calcu
lated mean radon concentration in the part of 
the mine in question. In small mines this 
principle can be applied to the monitoring of 
radon exposure of all the workers. 

Excavation Workplaces 

If measurements show that the dose received 
by a worker may exceed 5 mSv at the exca
vation workplace, the monitoring of radon 
exposure shall be performed at the workplace 
in such a way that the pe.xmal exposure of 
each worker can be determined. 

Personal monitoring is not requited for 
workers whose underground residence times 
?ie short, nor for those workers known to 
work for only a short time in the under
ground parts of the excavation workplace. 
The personal dose of a worker shall be 
determined if underground working hours are 
estimated to exceed 300 hours a year. 

If the duration of excavation work is short 
but there are high radon concentrations at the 
workplace, attention must be paid when 
limiting exposure to the fact that the workers 
may also be exposed to radiation in other 
workplaces during the same year. 

Concentration 
Measurements 
Regular measurements shall be performed in 
all underground mines in order to test for the 
presence of radon. 

Radon concentration in the air of an exca
vation workplace shall be measured no later 
than two months after the start of under
ground excavation. Thereafter measurements 
shall be performed when necessary. 

Measurement points are generally those 
places where rock is excavated (drilling, 
blasting, loading) and, if necessary, places 
where shotcreting is carried out, permanent 
underground service areas or other non-tem
porary underground workplaces. 

The radon concentration can be measured 
either by a mete showing the momentary 
concentration, by a meter showing the long-
term mean concentration, so-called inte
grating measurement, or by a meter showing 
the variation in radon concentration over 
time, so-called continuous measurement 

Environmental conditions in the mine and 
excavation workplaces generally favour 
only meters showing the momentary concen
tration. In special cases other types of meter 
can also be used. 

The radon exposure of a worker can also be 
determined by a personal meter, which is 
carried by the worker during the work shift. 

The responsible party shall ensure that the 
equipment used for measuring radon concen
trations is appropriate and in working order. 

Measuring equipment is subject to the speci
fied approval by STUK referred to in section 
12 in the Radiation Decree, if the results of 
the measurements are used in the investi
gation of workers' radiation exposure. 

New measuring equipment shall be calibrated 
when it is taken into use. Re-calibration 
shall be performed at least biannually. 

Radiation Safety 
Officer 
A responsible radiation safety officer shall bo 
appointed in mines coming within categories 
II and III. 

A radiation safety officer can be appointed at 
an excavation workplace, if the working 
conditions and organisation so require. 
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The responsible party shall appoint a radia
tion safety officer. The appointed person 
shall be familiar with the conditions at the 
workplace and shall be acquainted with the 
stipulations and guides related to radon. 

Typical duties of the radiation safety officer 
include: 

ensuring that the monitoring of 
workers' radiation exposure is arranged 
in an acceptable manner 

taking care of the measuring equip
ment 

arranging the necessary guidance and 
training for the workers on radiation 
safety matters 

supervising that the stipulations and 
guides concerning radiation safety are 
complied with 

acting as contact officer at the 
workplace on matters concerning 
radiation safety 

sending the information and notifi
cations to STUK presupposed by the 
stipulations. 

The radiation safety officer shall have 
adequate authority for discharging these 
duties. 

Information and 
Notifications to 
the Finnish Centre for 
Radiation and Nuclear 
Safety 
STUK shall be notified, in accordance with 
section 29 of the Radiation Decree, about the 
commencement of mining operations referred 

to in the Mining Act (503/65) and about 
excavation work lasting for longer than two 
months that is performed primarily under
ground or in an enclosed space, before such 
activities are started. 

The notification shall contain the following 
information referred to in section 29 of the 
Radiation Decree: 

the nature of the operations 

the volume of materials it is planned 
to handle 

schedule, presented separately for 
mining and for excavation performed 
underground 

the main types of rock to be exca
vated, to the extent they are known 

an estimate of the number of workers 
and working times involved 

If work is classified a' -adiation work, the 
dose records of the workers shall be reported 
every three months to STUK for inclusion in 
the Dose Register. The personal data, nature 
of the work and the effective dose of the 
radiation workers are to be reported. 

8 Supervision 

8.1 Supervision of Mines 

STUK monitors all mines at regular intervals. 

Category I mines are monitored biannually. 

Category II and III mines are monitored 
annually. 

A report is drawn up of the monitoring 
results. The report defines the category of the 
mine and imposes, if necessary, the require
ments needed to improve the radiation safety. 
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&2 Supervision of Excavation 
Workplaces 

Ali underground excavation workplaces of 
significance from the point of view of radia
tion safety are monitored, as a rule, by STUK 
at half-yearly intervals. 

A report is drawn up on the basis of the 
monitoring results. The report imposes, if 
necessary, the requirements needed to 
improve the radiation safety. 

9 Considerations as 
Regards Remedial 
Actions 
Adequate ventilation of the working posts is 
an effective measure for maintaining low 
radon concentrations in the inhaled air. 

Factors to be taken into account when reduc
ing radon levels in mines especially are: 

increasing the general ventilation 

supplying fresh air directly to the 
working post 

sealing of water leaks, if radon is 
released from the groundwater flowing 
into the mine 

1 
the prewarming of mine ventilation air 
by circulating air through old under
ground workings is to be avoided. 

Factors to be considered in excavation 
workplaces especially are: 

Adequate ventilation shall be ensured 
at the working posts at the end of long 
tunnel excavations. Intermediate 
blowers shall be used in ventilation 
ducts if necessary. 

The fresh air intake shall be far 
enough from the exhaust air outlet that 
radon-laden air is not mixed into the 
fresh air blown into the working post. 

The amount of radon released from 
groundwater can be reduced by 
decreasing waterleaks. 

In special instances the exposure caused by 
radon can be decreased by the use of protec
tive respirators. The proper use of a conven
tional dust mask decreases radiation exposure 
even to one tenth compared to breathing 
without a mask. The use of a protective res
pirator is advisable especially when, accord
ing to section 3.3, exceptionally high radon 
concentrations exist at the working post and 
mitigation measures aimed at decreasing the 
concentrations have to be taken. 

Radiation exposure hazardous to human 
health in a mine or excavation workplace 
may sometimes also be caused by a radiation 
source other than radon. Other such exposure 
sources are the radon isotope 22DRn (thoron), 
inhaled long-lived alpha active materials, 
abnormally intense gamm.0 radiation and the 
possible use of radiation sources at the 
workplace. If there is reason to suspect that 
such exposure factors exist, the necessary 
measurements shall be performed in order to 
investigate the situation. 
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APPENDIX A 

LIMITS FOR MINING AND EXCAVATION WORK AND MEASURES REQUIRED 

Annual dose 
mSv 

under S 

5...20 

20 

Radon exposure 
Bqh/m1 

under 600,000 

600,000...2,400,000 

2,400,000 

Radon concentration 
Bq/m3 

under 400 

400.1,600 

1,600 

1,600...4,000 

over 4,000 

Measures required 

Mines: STUK monitors biannual-
ly 
Excavation workplaces: STUK 
monitors half-yearly as a rule. 
Normally no need for other 
measures. 

Work is classified as radiation 
work. Personal monitoring of 
doses and health surveillance of 
the workers shall be arranged. 
Radiation safety officer shall be 
appointed in the mines in ques
tion. 

Maximum value for radiation 
exposure. Annua] dose shall be 
always limited below this value. 

Concentration shall be decreased 
or continuous presence without 
protective respirator shall be 
limited. 

The concentration presupposes 
immediate remedial action before 
work can be continued. Protective 
respirator is obligatory. 
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APPENDIX B 

CALCULATION OF RADON EXPOSURE AND EFFECTIVE DOSE 

The bases used in the assessment of radon exposure are the radon concentration measurements and 
the timekeeping record. Working hours are recorded daily to an accuracy of one hour. 

A radon exposure of 100 Bqh/m3 leads to an effective dose of 0.8 uSv. 

Radon exposure is the product of the time spent at the working post and the radon concentration 
measured at the working post. 

Surveillance period is the time period during which the radon exposure is to be determined. 

Radon exposure of a worker during the surveillance period is calculated by summing the radon 
exposures at all separate working posts during the specified surveillance period. 

Example: 

A worker has worked at two working posts during a three-month surveillance period. The average 
radon concentrations at the working posts have been 500 Bq/m3 and 1,000 Bq/m3, and the working 
hours 300 h and 100 h, respectively. 

Radon exposures for the individual working posts are 
500 Bq/m3 x 300 h = 150,000 Bqh/m3 

1,000 Bq/m3 x 100 h = 100,000 Bqh/m3. 

The radon exposure to the worker during the surveillance period is the sum of these radon 
exposures, i.e. 250,000 Bqh/m3. 

The effective dose to the worker during the surveillance period is 
250,000 Bqh/m3 x (0.8 uSv/100 Bqh/m3) = 2,000 uSv = 2 mSv. 

The accumulated annual dose would amount to 8 mSv ( 4 x 2 mSv = 8 mSv). 

Because the annual dose of 5 mSv may be exceeded, the radon concent] ation shall be decreased. 
If it is not possible to decrease the radon concentration, the work is classified as radiation work, 
and the personal radon exposures of the workers shall be determined. 
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