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ABSTRACT. The European Union Directive on the Quality of Drinking Water requires member states to control many
potential contaminants in drinking water. Regarding radionuclides, an upper limit for tritium and an “indicative dose” from
other radionuclides have been established. An Austrian standard has been developed as a method to verify compliance with
the Drinking Water Directive and the corresponding Austrian legislation. The method takes into account the situation of Aus-
tria with respect to geology, potential sources of radionuclides, and review of already existing data. As expected, naturally
occurring radionuclides cause the highest doses from drinking water. Simple, rapid, and labor-saving measurement methods
have been developed for determining 226Ra, 228Ra, and 210Pb by ultra low-level liquid scintillation spectrometry. Also, tritium
and 222Rn, if required, can be easily measured by liquid scintillation spectrometry.

INTRODUCTION

The European Union Directive on the Quality of Drinking Water (European Union 1998) sets in
Annex I, Part C “Indicator Parameters,” parametric values for tritium (100 Bq/L) and a total indic-
ative dose (0.1 mSv/yr). Regarding the indicative dose, the contribution from tritium, 40K, radon,
and radon decay products are excluded. An indicator parameter is not a strict limit, but when it is
exceeded the authorities responsible should consider whether remediation is needed.

Since monitoring of drinking water for radionuclides will be obligatory, a standard for facilitating
the decision of whether the indicative dose is exceeded was prepared by a working group at the Aus-
trian Standardisation Institute. The specific situation in Austria was considered also with regard to
choosing the radionuclides to be monitored and sampling points.

SITUATION IN AUSTRIA

Austria has no nuclear power plant in operation; furthermore, use of artificial radioactive substances
is limited to industry and nuclear medicine. The highest activities of long-lived radionuclides used
are in the form of sealed sources, which are not likely to contaminate drinking water. Therefore,
unless there is reason to suspect different sources, only naturally occurring radioactive material
(NORM) is a potential radionuclide contaminant of drinking water and has to be considered for the
indicative dose, while any contribution from artificial radionuclides can be generally disregarded.

With respect to NORM of importance for the dose to the population, there are certain criteria to be
applied when selecting the radionuclides to be monitored. One is the radiotoxicity of the radionu-
clides. The dose factors to be applied can be found in the Radiation Protection Directive (European
Union 1996). The highest factors are those for 226Ra, 228Ra, 210Pb, and 210Po. The last 2 nuclides are,
according to the Drinking Water Directive, not to be considered for the evaluation of the indicative
dose. Finally, only 226Ra and 228Ra remain as candidates for monitoring.

However, the Commission Recommendation (Commission of the European Communities 2001)
encourages member states to set maximum contaminant levels also for 222Rn, 210Pb, and 210Po and
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proposes for 222Rn a lower intervention level of 100 Bq/L, a higher intervention level of 1000 Bq/L,
and a maximum permissible concentration of 0.1 Bq/L for 210Po and 0.2 Bq/L for 210Pb, respec-
tively. Austria has not enacted such legislation.

In addition to using the criteria of radiotoxicity, geological criteria have to be used to check the prob-
ability of the occurrence of 226Ra and 228Ra in drinking water. For instance, it does not make sense
to monitor for radium isotopes in karstic areas.

The Austrian Standard

In 2005, the Austrian Standard (Austrian Standardisation Institute 2005a) was published. The stan-
dard defines an approach for determining the total dose caused by radionuclides in drinking water
and its compliance with a guideline value. The main topics are the following: radionuclides consid-
ered, proof of compliance with the guideline value for the indicative dose in drinking water, mea-
surement methods for 228Ra and 226Ra, evaluation of the contribution of 228Ra and 226Ra to the total
dose, contribution of further radionuclides to the total dose, and comparison of the assessed total
dose with the recommended value. Additionally, sampling, inspection reporting, and examples are
included.

For assessing the indicative dose, only 228Ra and 226Ra are taken into account. Other natural radio-
nuclides are generally not considered. 232Th and 234Th are not considered because of their geochem-
ical behavior (e.g. low solubility and, therefore, absence in drinking water). Uranium nuclides need
not be considered in Austria because of their small concentration and negligible contribution to the
effective dose.

Artificially produced radionuclides and other natural radionuclides (excluding tritium, 40K, radon,
and progeny) should only be considered if there is at least a suspicion of a dose-relevant concentra-
tion. In this case, the suspected radionuclides and, if applicable, further radionuclides within decay
chains have to be assessed assuming radioactive equilibrium.

The required measurement sensitivity is given by definition of the lower limit of detection for 228Ra
and 226Ra (Table 1).

When assessing the contribution of 228Ra and 226Ra to the total dose, the appropriate legally binding
dose conversion factors, h(g)(i), for adults (age >17 yr) have to be used (European Union 1996). The
yearly consumption (KM) for drinking water is set as 730 L/yr.

The total dose (GD) has to be calculated as follows:

GD = sum GD(i) = sum h(g)(i) × c(i) × KM (1)

where i is 228Ra, 226Ra. 

If the determined value for any activity concentration c(i) is below the decision threshold EG(i)
according to ÖNORM S 5250-1 (Austrian Standardisation Institute 2002) and ÖNORM S 5250-2

Table 1 Necessary lower limit of detection and total uncertainty for the activity concen-
tration of 228Ra and 226Ra according to ÖNORM S 5250-1 and S 5250-2.

228Ra 226Ra

Lower Limit of Detection (NG) 0.04 Bq/L 0.1 Bq/L
Relative total uncertainty at 3 NG 10% 10% 
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(Austrian Standardisation Institute 2005b), the value 0 has to be inserted for the activity concentra-
tion in Equation 1. It is assumed that the activity concentration of the drawn and analyzed sample is
representative for the annual mean value of the consumed water.

If further radionuclides are considered, their contributions to the total dose and their uncertainty
have to be assessed similarly. The measurement methods for the assessment of the activity concen-
trations have to be chosen in such a way that the contribution to the total dose of those concentra-
tions that correspond to the lower limit of detection do not exceed 20% of the guideline value for the
total dose.

For a guideline value for the total dose, RGD (for instance, according to the drinking water direc-
tive), compliance with the following condition has to be controlled: 

(2)

If the condition of Equation 2 is met, the water is in compliance with the given guideline value. If
not, the guideline value is exceeded.

DATA AVAILABLE IN AUSTRIA FOR DECISIONS ON MONITORING

Equipment, chemicals, and working power are expensive. Therefore, care should be taken to avoid
unnecessary monitoring and to restrict monitoring to areas where a certain risk for significant levels
of contaminants exists. This possibility is explicitly mentioned in the Drinking Water Directive,
Annex I, Part C, Note 10 (European Union 1996): “A Member State is not required to monitor drink-
ing water for tritium or radioactivity to establish total indicative dose where it is satisfied that, on the
basis of other monitoring carried out, the levels of tritium (and) of the calculated total indicative
dose are well below the parametric value.”

Uranium, Radium, and Radon

The Austrian Geochemical Atlas (Geologische Bundesanstalt 1987) provides information about
trace elements in sediments of small rivers. The relevant maps for uranium and thorium show dis-
tinct patterns of elevated concentrations in geological areas of granite and gneiss that are consistent
with the geographic distribution patterns of radon mentioned below.

In 1975, the “Radiation Atlas of Austria” was produced based on external gamma dose rates mea-
sured with ionization chambers (Tschirf et al. 1975). The maps show clearly elevated dose rates in
certain areas of Austria, which coincide with those exhibiting elevated concentrations of uranium
and thorium from the Austrian Geochemical Atlas (Geologische Bundesanstalt 1987).

In Austria, Rn measurements in well, spring, and groundwater have been performed since the early
20th century. In recent years, systematic studies of 222Rn and 226Ra in drinking water have been done
in parts of Austria (Schönhofer 1992; Schönhofer and Friedmann 2001), and the available data from
almost 100 yr have been combined by H Friedmann into a geographic map of Rn distribution
(Annanmäki and Turtiainen 2000) (see Figures 1 and 2). A comprehensive study on Rn in indoor air
was carried out during the 1990s (Friedmann et al. 2001) (see Figure 3). Thus, the geographic dis-
tribution of the “radon potential” is well known. 

Elevated concentrations of Rn in water and indoor air do not necessarily coincide with elevated con-
centrations of Ra in water, but they often indicate the presence of Ra in soil or rock and water as a
potential source of Rn. It can be clearly seen from Figures 2 and 3 that enhanced concentrations of

RGD GD ∆ GD( )–≥
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Rn both in water and air are found in northern Austria, where a part of the granitic Bohemian Massif
is situated. Generally, it is unlikely that in an area with low concentrations of Rn in water and indoor
air, elevated concentrations of Ra would be found in groundwater. For those areas, there is simply
no monitoring necessary. Areas affected can easily be identified in the Rn maps, and they coincide
with certain geological features of the ground.

Tritium

Measurement of tritium in precipitation, surface water, and drinking water has a long history in Aus-
tria (Rank 1990; Schönhofer and Henrich 1985). Therefore, the levels of tritium in the environment
in Austria are well known over time. The levels of tritium in precipitation have declined since a peak
in 1963 to values close to the natural background level of ~0.6 Bq/L. Since this is completely negli-
gible compared to the maximum permissible concentration of 100 Bq/L given by the Drinking
Water Directive, there is no need in Austria for a monitoring program for tritium in drinking water.
Occasional random inspection might be useful. Inspection of drinking water supplies in the vicinity
of industries using tritium would be advisable. The well-known measurement method of choice is
liquid scintillation (LS) spectrometry.

MEASUREMENT OF 226RA AND 228RA IN DRINKING WATER

Traditional methods (and only nuclide-specific methods are recommended) for measuring 226Ra and
228Ra require chemical separation of radium, which involves several precipitation and purification
steps followed by a suitable counting method for the purified radium. For 226Ra, often the emanation
technique is used (Environmental Protection Agency 1980a), but alpha-spectrometric methods are

Figure 1 Radon in drinking water in Muehlviertel, Upper Austria
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also known. 228Ra can be measured via its short-lived daughter product, 228Ac, either gamma-spec-
trometrically or after separation of 228Ac by its beta radiation (Environmental Protection Agency
1980b). All those traditional methods are very labor intensive, time consuming, and skilled chemi-
cal technicians are needed, which also makes the traditional methods expensive. Furthermore, espe-
cially for 226Ra, long waiting times are necessary for establishing equilibria.

Measurement methods based on low-level LS spectrometry were introduced in the 1980s
(Cha≥upnik and Lebecka 1993). Parallel to the slow acceptance of the fact that natural radionuclides
usually contribute more to the dose to the population than artificial ones, legislation was introduced.
The need to develop faster, simpler analytical methods arose.

For determining 226Ra in water, an extremely simple and inexpensive method was developed
(Schönhofer 1992) based on the principle that 222Rn is easily extracted into water-immiscible
organic solvents. Determination of 222Rn by extraction from water into a suitable scintillation cock-
tail is well established (Prichard and Gesell 1983). Concentration of 222Rn in equilibrium with 226Ra
in drinking water is very low, but thanks to the extremely low background of the ultra low-level LS
spectrometer Quantulus™ (Wallac Oy, Turku, Finland), it is possible to use the same method, which
consists of pipetting 10 mL of a mineral oil-based LS cocktail and 10 mL of the original water into
an LSC vial and shaking. The lower limit of detection (based on a 500-min counting time and a 3-σ
background) without using alpha-beta separation is below 30 mBq/L, which is well below any legal
limits (Schönhofer 1992). The method is absolute specific for 222Rn, no interference is possible, and
it is truly simple and cheap. More than 1000 measurements have been done by the first author and
intercomparisons have shown good results. The only drawback of this method is the long waiting
time for obtaining equilibrium between 226Ra and 222Rn. 

For measuring tritium in the water samples, 8 mL of water was mixed with a gel-forming scintilla-
tion cocktail. This gave a spectrum not only of tritium in the low-energy region, but allowed us to
detect the presence of other radionuclides, both alpha and beta emitters. If 228Ac in equilibrium with
228Ra is present, its high-energy betas could be easily detected. This method used to screen for 228Ra
was not satisfactory.

The next step in developing a really fast and simple method was the use of Empore Radium RAD
Disks™ (3M™) combined with Quantulus measurements, using alpha-beta separation (Schönhofer
and Wallner 2001; Wallner 1993). The disks consist of an inert matrix of PTFE, impregnated with
“element-selective sorbent particles” (crown ethers). In order to separate radium isotopes from
water samples, the only manipulation would be to filter the water through the disk.

Tests showed that uranium and thorium do not interfere because they are not adsorbed. Not surpris-
ingly, tests with an aged 226Ra standard solution showed that 210Pb is well retained. Figure 4 shows
both the alpha and beta spectra collected shortly after separation; even without alpha-beta separa-
tion, 226Ra and 210Pb could be easily distinguished. Figure 5 shows the spectra from a mixture of the
226Ra standard with a 228Ra+224Ra standard solution. This figure shows how easily the radionuclides
of concern can be distinguished. 

Several waters were analyzed by different methods, and the results of the RAD Disk method com-
pared very well with conventional ones (Table 2). The LLDs for 1000-min and 60-min counting
times, respectively, (based on a 3-σ background) are given in Table 3. 

The separation is extremely simple and can be done by any inexperienced person. The time needed
for filtering 1 L of water without suction is ~1 hr; the measurement time required to verify compli-
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ance with regulations is <1 hr. The evaluation of results should be done by a person skilled in LSC.
Results can be available within about 2 hr. 

This technique allows for the use of a portable LS spectrometer with alpha-beta separation capabil-
ity (Triathler, Hidex, Turku, Finland) to measure the alpha emitters 226Ra and 210Pb in the field.
Investigations are currently underway. 

RAD Disks are relatively expensive; therefore, a cheaper, faster method was attempted. The basis
for such a method is a fast coprecipitation of radium isotopes with barium sulfate. The precipitate
can be directly dissolved in EDTA after centrifugation, mixed with a suitable cocktail, and measured
by LSC using alpha-beta separation. The results are encouraging. At this time, there is ongoing work
to test for possible interferences. Thorium is coprecipitated to a small extent, but its concentration in
drinking water is nearly immeasurable in any drinking water. 90Sr would interfere, but even after the
Chernobyl accident, 90Sr could not be detected in Austrian drinking water. A coprecipitation step of
the sulfates might be advisable and is currently the focus of research by F Schönhofer and S
Cha≥upnik.

URANIUM

The Drinking Water Directive (European Union 1998), Annex I, Part B “Chemical Parameters,”
does not contain a value for uranium on a mass basis in g/L. The only way in which uranium would
be dealt with is the contribution to the dose. However, it is well known that uranium of natural com-
position is far more chemotoxic than radiotoxic. This has been considered, for instance, by the
World Health Organization (WHO), which recommends a maximum permissible concentration of

Figure 4 Spectrum of 226Ra standard after separation with radium RAD Disk
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Figure 5 Spectra of mixed 226Ra+228Ra (together with 224Ra) standards after separation with a
radium RAD Disk.

Table 2 226Ra, 228Ra, and 210Pb activity concentrations of different water samples measured via
222Rn ingrowth, filtration through radium RAD Disks, and precipitation. Given errors are the statis-
tical uncertainties of measurement (Commission of the European Communities 2001). The amount
of sample for the disk and precipitation method was 1 L, with the exception of Doktorquelle (0.1 L).

226Ra (mBq/L) 228Ra (mBq/L) 210Pb (mBq/L)

Sample via 222Rn disk precipitation disk precipitation disk precipitation

Doktorquelle 150 ± 25 161 ± 20 159 ± 14 n.m.a 42 270 ± 16 250 ± 20
Juvina 45 ± 4 56 ± 6 52 ± 4 58 ± 6 65 ± 6 2.2 3
Waldquelle 90 ± 7 112 ± 6 84 ± 8 106 ± 10 95 ± 9 2.5 5
Karnegg n.m.a 4.2 ± 0.5 4.1 ± 0.5 11 ± 2 10 ± 2 7 ± 1 7 ± 1

an.m.: not measured.

Table 3 LLD values (3-σ background) in mBq/samples for 1000-min and 60-min counting
times. The value for 228Ra is valid only in the absence of 210Pb and vice versa.

1000 min 60 min
226Ra 0.7 2
224Ra 0.3 1.2
228Ra 4 8

210Pb 2 6
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30 µg/L (WHO 1998), corresponding to 0.370 Bq/L of 238U. Consumption of water with a concen-
tration of 30 µg/L of natural uranium causes a total dose of ~24 µSv/yr. A 0.1-mSv indicative dose
would allow for 4 times higher concentration. The USA uses legislation similar to the recommenda-
tions of the WHO.

We recommend that member states set values for uranium based on a mass basis, by using the pro-
visions of Article 5 (Commission of the European Communities 2001) of the Drinking Water Direc-
tive: “A Member State shall set values for additional parameters not included in Annex I where the
protection of human health within its national territory or part of it so requires.” Several fast meth-
ods exist for measuring uranium on a mass basis.

WASTE FROM WATER TREATMENT

In cases where the indicative dose is exceeded, the authorities may decide to remove certain radio-
nuclides. In this case, the report by Annanmäki and Turtiainen (2000) should be consulted. Provi-
sions have to be taken for treatment and disposal of wastes like sludges, backwash water, etc., result-
ing from purification, which have to be classified in most cases as radioactive waste, as well as for
possible high external irradiation from charcoal or ion-exchange columns resulting from certain
removal methods (Schönhofer 2001).

CONCLUSION

The provisions of the European Union Drinking Water Directive require monitoring of drinking
water for radioactivity. To facilitate the decision whether or not the total indicative dose would be
exceeded, an Austrian standard was developed. Taking the situation in Austria and the surveillance
work already done into consideration, it can be concluded that no extensive routine measurements
for tritium are required. Under normal circumstances, the only radionuclides of importance for the
dose from drinking water to the population are the naturally occurring radioactive material (NORM)
radionuclides 226Ra and 228Ra, but also due to extensive earlier surveillance work for these radionu-
clides the number of measurements can be kept low and can be restricted to certain well-known
areas where geology might enable enhanced values. For these radionuclides, an extremely fast and
labor-saving measurement method has been developed, reducing the time from start of the analysis
to result is between 1 and 2 hr by using ultra low-level liquid scintillation spectrometry. An even
simpler and much cheaper screening method under development is very promising. Unfortunately,
the Directive does not account for the chemotoxicity of uranium. Therefore, it is proposed that mem-
ber states use their right to set maximum permissible levels on a national basis. Finally, the genera-
tion of possible radioactive waste by radionuclide removal systems has to be considered.
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