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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, he 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 ir Finnish. 
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1 General 

Household wate: may contain both natural 
and nan-made radionuclides. Most of the 
natural radionuclides in water are members of 
the uranium series (2WU). Radon (222Rn) is 
generally the most significant source when 
radiation exposure occurs through use of 
griund water. Airborne radon released from 
the water irradiates lungs, and when the 
water is consumed radon irradiates the 
stomach. Typical alpha active long-lived 
natural radionuclides present in household 
water are :,KU, 2UU, 22"Ra and 2l"Po, and 
typical beta active radionuclides are ""Ra, 
21"Pb and '"K. 

Man-made radionuclides present in water 
include '"'Sr and l,7Cs. Water may also 
contain 'H and ,4C, which are produced by 
cosmic radiation as well as artificially by 
man. Short-lived man-made nuclides may 
contaminate surface waters during fallout. 

For purposes of this guide, household water 
comprises water used for drinking, water 
used in the production of beverages, and 
water used in preparing or producing foods 
industrially. 

This guide presents a safety requirement to 
limit the radiation exposure due to 
radioactive nuclides in household water. 

The requirement does not apply during 
extraordinary circumstances, as during fallout 
due to an accident at a nuclear power station. 

The guide applies to household water already 
in use and to water to be taken into use, 
when this is 

supplied by waterworks, as referred to 
in section 54 of the Public Health Act 
(469/65, amendment 4KV84) and 

used by professional producers of 
beverages and foods relying on their 
own well or water supply, 
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These waterworks and professional users are 
hereafter referred to as responsible parties. 

Waterworks are here defined as installations 
which pipe household water to consumers. 
The well or equipment of an individual is not 
considered a waterworks in the sense of this 
guide. 

Quantities and Units 
The activity concentration of a nuclide in 
the water is the activity divided by the 
amount of water under test. The activity 
concentration is expressed in units Bq/1 
(becquerel per litre). 

The probability of a later manifestation of 
harmful effects of radiation is estimated by 
means of the effective dose. The unit of the 
effective dose is Sv (sievert). This guide uses 
the smaller unit mSv (millisievert), where 
1 Sv = 1000 mSv. 

Quantities and units are more accurately 
described in ST Guide 1.2. 

Safety Requirement 
and Activity Index 
The safety requirement for household water 
is that tht effective dose due to the 
radioactivity in the water shall not exceed 
0.5 mSv per year. The radon released to 
indoor air from water is not taken into 
account in assessing the dose. 

The Ministry of Social Affairs and Health 
has issued an order (944/92) on the upper 
limits for radon concentration in places of 
residence. The upper limits for radon 
concentration of indoor air of workplaces 
have been laid down in ST Guide 1.2. 

The activity index is used to assess whether 
or not the safety requirement is being m^t. 
The value of the activity index is calculated 
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either from the total alpha activity concen
tration, total beta activity concentration and 
radon concentration of the water, or from the 
separately diiermined activity concentrations 
of the different radionuclides present in the 
water. If the value of the activity index 
assessed from the total alpha activity concen
tration, total beta activity concentration and 
radon concentration exceeds i, and if it is 
suspected that the water may contain long-
lived radionuclides in significant amounts, 
more exact nuclide-specific analyses must be 
carried out. The measurement of total alpha 
activity and total beta activity concentra'ion 
is presented e.g. in the standards presented in 
the literature. 

3.2 Nuclide-Specific Analysis 

The activity index based on nuclide-specific 
analysis is 

• = E c 
I 

RC 

(2) 

where C, is the activity concentration of the 
nuclide i in water and RC, is the activity 
concentration of the nuclide i presented in 
the table in Appendix A. When 2.2 litres of 
water is used daily throughout one year the 
effective dose due to the activity concen
tration RC, of nuclide i in the water is 
0.5 mSv. 

The activity index is based on the assumption 
that 2.2 litres of water is used per day 
throughout one year. In the case of radon it 
is assumed that 0.5 litres of water is 
consumed directly as drinking v iter from 
which no radon has escaped. 

3.1 Measurement of Total Alpha 
Activity, Total Beta Activity and 
Radon Concentration 

The activity index based on the measurement 
of total alpha activity, total beta activity and 
radon concentration is 

.(1) 

where C„ is the total alpha activity 
concentration of the water, C(, is the total 
beta activity concentration of the water and 
CRn is the radon concentration. 

The safety requirement is met if the value of 
the activity index is 1 or less. 

fc 1 
lBq/lj 

+ 

( \ 

(Bq/lJ 
+ 

f c ) 
300 Mqi\i 

The safety requirement is met if the value of 
the activity index is I or less. 

In the case of uranium, the activity con
centration presented in the table takes into 
consideration only the harmful effects due to 
radiation. The limit for uranium based on its 
chemical toxicity is considerably lower'. 

Maintaining the Safety 
Level 
The responsible party shall ensure that all 
radiation safety requirements for the 
radioactivity of household water ars being 
met. Further, the responsible party shall 
ensure th<H all necessary analyses and other 
investigations of t e water are carried out. 

* In respect of its chemical toxicity, limits 
between 0.02 and 0.1 mg/1 have been set for 
uranium. 

One mg natural uranium contains 12 Bq ""U, 
12 Bq :14U and 0.56 Bq :-,?U. The isotopic ratios 
of uranium in water may vary considerably. 
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The responsible party shall determine the 
radioactivity of the water before a new 
source of water supply is taken into 
production. The responsible party shall also 
measure the radioactivity of household water 
in current production, if there is reason to 
suspect, that the value of the activity index 
may exceed 1. 

If the value of the activity index of water 
exceeds 1, the responsible party is required to 
investigate the acceptability of the use of 
water as directed in section 45 of the Radia
tion Act. The report of the investigation 
shall be made available to the Finnish Centre 
for Radiation and Nuclear Safety (STUK). 
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After the investigation has been made, STUK 
will decide, whether there is cause to lay 
down requirements on the use of water or 
otherwise restrict the use of water, in order 
to limit the radiation exposure. 

Bibliography 

1 ISO 9696, Water Quality - Measure
ment of Gross Alpha Activity in Non-
Saline Water - Thick Source Method. 

2 ISO 9697, Water Quality - Measure
ment of Gross Beta Activity in Non-
Saline Water. 
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APPENDIX A 

TABLE OF THE ACTIVITY CONCENTRATIONS OF SELECTED 
RADIONUCLIDES 

Nuclide 

1H 
I4C 

MSr 
wSr 

"'I 
wCs 

l,7Cs 
2,,,Pb 

2,"Po 

22"Ra 

22SRa 

2,4U 

n*v 

222Rn 

Activity concentration 
(Bq/l) 

30 000 

1 000 

200 

2C 

30 

30 

50 

0.5 

3 

3 

2 

20 

20 

300 

The activity concentrations of nuclides included in the table cause an effective dose of 0.5 mSv 
when 2.2 litres of water is used daily throughout one year. In the case of radon, it is assumed that 
0.5 litres of water is used as drinking water directly, with no radon escaping from the water. 

Nuclide '"'K is not presented in the table because variation in the amount of 4,>K in the water has 
no essential effect on the dose. 

When a radionuclide is present in water in the form of a chemical compound, any exceptional 
metabolism of this must be taken into account. 

If required, STUK will supply the activity concentration for a chemical compound or nuclide not 
included in the table. 
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APPENDIX B 

EXAMPLES SHOWING HOW TO CALCULATE THE EFFECTIVE DOSE 
DUE TO RADIOACTIVITY IN HOUSEHOLD WATER 

The effective dose due to the radioactivity of household water is calculated from the activity 
concentrations of radionuclides present in the water, using the activity concentrations presented in 
Appendix A. 

Example 1 

A total alpha activity concentration of 1.0 Bq/1, total beta activity concentration of 0.2 Bq/I and a 
radon concentration of 34 Bq/1 were measured in a raw-water sample from a waterworks. Applying 
formula (1) the value of the activity index is calculated as follows: 

I = 1.0 + 0.2 + 34/300 = 1.3 

Because the value of the activity index exceeds 1, nuclide-specific analysis must be carried out. 
The analysis shows that the 218U concentration is 0.44 Bq/1, the 214U concentration 0.48 Bq/1, the 
226Ra concentration 0.01 Bq/1, the 2l"Po concentration 0.001 Bq/1, the 21"Pb concentration 0.01 Bq/1 
and the 22SRa concentration 0.05 Bq/I. 

Using formula (2) and the activity concentrations presented in table A, the value of the activity 
index based on nuclide-specific analysis is calculated as follows: 

1 = 0.44/20 + 0.48/20 + 0.01/3 + 0.001/3 + 0.01/0.5 + 34/300 = 0.18 

The effective dose due to the water when the water is used throughout one year is 

I • 0.5 mSv = 0.18 • 0.5 mSv = 0.09 mSv. 

The safety requirement presented in the guide is met and no restrictions are needed on the use of 
the water. The high value of the activity index calculated by means of formula (1) is mainly due 
to the uranium in water, the amount of which is 0.036 mg/1. 

Example 2 

A total alpha activity concentration of 3.1 Bq/1, total beta activity concentration of 1.1 Bq/1 and a 
radon concentration of 330 Bq/1 were measured in a raw-water sample from a waterworks. 
Applying formula (1) the value of the activity index is calculated as follows: 

I = 3.1 + 1.1 +330/300 = 5.3 

Because the value of the activity index exceeds 1, a nuclide-specific analysis must be carried out. 
Analysis shows that the 2™U concentration is 1.3 Bq/1, the 214 U concentration is 1.7 Bq/1, the 22ftRa 
concentration 0.1 Bq/1, the 2l,'Po concentration 0.02 Bq/1, the 2,"Pb concentration 0.06 Bq/I and 
the 22sRa concentration less than 0.05 Bq/1. The water also contains potassium (4"K), which is the 
reason for the high total beta activity concentration. 
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Using formula (2) and activity concentrations presented in table A, the value of the activity index 
based on the nuclide-specific analysis is calculated as follows: 

I = 1.3/20 + 1.7/20 + 0.1/3 f 0.02/3 + 0.06/0.5 + 330/300 = 1.4 

The effective dose due to the water when the water is used throughout one year is 

I • 0.5 mSv = 1.4 • 0.5 mSv = 0.7 mSv. 

Since the effective dose due to the water exceeds 0.5 mSv, the safety requirement presented in the 
guide is not met and the dose must be lowered. 

The dose due to the potassium is small. Likewise, the :,,'Pb and the 22SRa concentrations are small, 
as is the dose due to them. The amount of uranium in the water is high, 0.11 mg/L 

To decrease the dose, the radon gas must be removed, for example by aeration. 

If some method of water treatment is applyed, the water delivered to the consumer rather than the 
raw-water must be analysed, because different methods of water treatment remove varying amounts 
of radionuclides. 

ST 12.3 
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