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m European Union Council Directive 98/83/EC of 3
November 1998 on the quality of water intended
for human consumption

-+|Jndicator Parameters:
— Tritium (100 Bg/1)
— Total Indicative Dose (0.1 mSv/year), excluded:
tritium, K-40, radon and radon decay products

m preparation of an Austrian Standard for easy
decision on compliance, taking into consideration
the specific situation in Austria with respect to
geological situation, existing knowledge about
radionuclides in (drinking) water, potential sources
etc.

= methods recently developed for simple, time and
labour saving determination of NORM in drinking
water using liquid scintillation spectrometry



Potential Sources of Radioactive Contaminants in Austria

No operating nuclear power plant in Austria

artificial radionuclides as sealed sources in industry or
short-lived radionuclides in nuclear medicine,

generally only NORM to be considered, unless there is
reason to suspect different sources for dose relevant
concentrations of other radionuclides

NORM: highest dose factors for Ra-226 and Ra-228; Pb-210
and Po-210 excluded from calculation of “Indicative Dose”,
Th-isotopes practically absent from drinking water, U-
Isotopes negligible

Commission Recommendation 2001/928/Euratom to
Member States to set maximum contaminant levels for Rn-
222 (LIL 100-300 Bg/l, HIL 1000 Bg/l), Pb-210 (0.2 Bg/l)
and Po-210 (0.1 Bqg/l)

Recommendation not implemented in Austria



+

The Austrian Standard
ONORM S 5251:2005-03-01

radionuclides considered

proof of compliance with the guideline value
for the Total Indicative Dose

measurement methods for Ra-226 and Ra-
228

calculation of total dose from drinking water
potential contribution of other radionuclides
sampling, inspection reporting

examples



Strategy for decisions on monitoring

How to identify risk areas for Uranium, Radium and Radon:

m Avoid unnecessary monitoring because of costs and restrict
It to areas with risk of significant levels of contaminants
(encouraged by the Directive!)

0 Austrian Geochemical Atlas
Radiation Atlas of Austria

Measurements of radon in well, spring and groundwater
since early 20t century

Studies of Rn-222 and Ra-226 in drinking water in parts
of Austria

Radon in indoor air during 1990’s
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Measurements of radon in well, spring and
groundwater since early 20th century

Radon in Water

Municipalities
Class 1
Class 2

| Class 3
No data
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Radon in indoor air in Austria during 1990’s

Radonpotentia

Gemeinden
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Radiotoxicity of radionuclides

{—T he radiotoxicity (dose factors) of
radionuclides given in an annex of the
Radiation Protection Directive, taking
their pathway, their age dependence
and their physical and chemical status
INto consideration.

permanent ingestion of drinking water
with a concentration of 0.5 Bg/l of Ra-
226 (and no other radionuclides
present) would result in a dose rate of
0.1 mSv/y for adults.



Age group Annual Limit of intake, (Bq) for 0.1

mSv/y
226Ra 228Ra
""Infants 21.3 3.3

1-2 years 104.2 17.5
2-7 years 161.3 29.4
7-12 years 125.0 25.6
12-17 years 66.7 18.9
adults — above 17 357.1 144.9

years

to derive drinking water concentrations for a dose of 0.1 mSv/y different
annual intakes have to be considered.

especially teenagers, but also other age-groups are more vulnerable than
adults for whom calculations in the ONORM have been done.



Tritium

+

m Long history of tritium measurements in Austrian
precipitation, surface water and drinking water

m Since a peak Iin 1963/64 the tritium concentration Iin
precipitation slowly approaches natural background
level (0.6 Bg/l)

m Inspection in the vicinity of industry using tritium
recommended

m Method of choice: Liquid Scintillation Spectrometry



Measurement of Rn-222, Ra-226 and Ra-228

+

Traditional methods

m radiochemical separation of radium, involving
several precipitation and purification steps,

m counting (Ra-226 by gamma-spectrometry, by
emanation technique, Ra-228 by gamma-
spectrometric measurement of Ac-228 or beta
measurement of separated Ac-228

m |abour intensive, time consuming, costs for
chemicals, skilled technicians necessary



LSC methods

m determination of Rn-222 by extraction in an LSC
vial into a water immiscible cocktail

m determination of Ra-226 after decay of unsupported
Rn-222 in the same vial using “Quantulus”

m sample preparation for both Rn-222 and Ra-226:
pipetting 10 ml of water into an LSC vial with 10 ml
of cocktail, shaking, measuring for Rn-222, storing
for decay of unsupported Rn-222, shaking,
measuring for supported Rn-222; LLD <30 mBqg/I
(based on 3 sigma of background 500 min
counting time), absolutely nuclide specific

m drawback: long waiting time for establishment of
equilibrium, Ra-228?77?

m first LSC methods for simultaneous determination of
Ra-226, Ra-228 and Ra-224 introduced In the late
1980’s, including radiochemical separation



3M Empore Radium RadDisks plus LSC and alpha-beta

separation

RadDisks: crown ether impregnated, element
selective inert filter material

Sample preparation: filtering water through the disk
(appr. 1 h for 1 | without suction)

Put filter into an LSC vial, elute the adsorbed
radionuclides, add LSC cocktail and measure as
soon as possible using alpha-beta separation
features of “Quantulus”

Uranium and thorium are not retained, Ra-226,
Ra-224, Ra-228 and Pb-210 are well retained and
can be quantified

The whole procedure takes about 2 h time and can
be performed by an unskilled person; however, for
evaluation a well experienced person Is necessary



Spectra of a Ra-226 standard after separation on Ra-RadDisk
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mixed Ra-226 + Ra-228 (together with Ra-224) standards
after separation with radium RadDisk
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Simplified (screening) method?
m High costs of RadDisks — cheaper method?

m Proposal: fast coprecipitation of radium isotopes
with barium sulfate, dissolution in EDTA after
centrifugation, mixing with cocktail, immediate
measurement using alpha-beta separation

m Encouraging results at GIG: possible interferences
(e.g. Th, Sr-90) negligible for drinking water



,,gross Alpha“, ,,gross Beta“, Tritium

_Draft of EU recommendation: screening for gross alpha
é< 0.1Bg/l) and gross beta (<1Bqg/l)

measurement of ,gross alpha-+beta“ used since late 80°‘s by
main author to detect radionuclides in waste water from
nuclear research institutes and sewage plants

m used for drinking water besides nuclide specific analysis for
Rn-222 and Ra-226 to control whether enhanced activities
from other radionuclides detectable

m Instrument used: ,,Quantulus® (Perkin-Elmer — Wallac OY,
Turku, Finland): capable of alpha-beta-separation



Application for drinking water compliance:

iample preparation: Mix 10 ml of untreated
drinking water sample with 10 ml of ,,suitable*
cocktall

PSA-level: Determine with standards the optimum
setting for the Pulse Shape Analysis Level

Count the sample with optimum instrument
settings



4'26 different brands of Polish mineral waters
purchased in Upper Silesian Supermarkets and
analyzed by LSC for Ra-226, gross alpha, gross
beta and tritium

For all brands concentrations of Ra-226 and Ra-
228 determined by conventional
radiochemical methods were known.



LLD:

JE)unting time 400 min, basis 3 sigma of
background:

Ra-226 with gross-alpha measurement:
about 40 mBqg/|

tritium: about 1.5 Bg/I

Ra-226 and Ra-228 after radiochemical
separation: about 2 mBqg/l and 20 mBq/|
respectively



Results
Data for Ra-226 in excellent agreement.

—T{H’tium results between 1.5 and 3 Bg/l — ambient
concentrations and far below the 100 Bqg/I limit.

gross-beta measurements: still interpretation necessary
of measurements done, especially:

high concentrations of K-40 in some mineral waters
disturb severely measurements of gross-beta

tritium may interfere with Ra-228 — basic problems with
recommendation of gross-beta <1 Bqg/I

Concerning TID a few mineral waters should be
monitored carefully — depending on future legislation in
Poland.



Uranium

m WHO: MPC 30 microg/l (0.370 Bg/l U-238)

+

m 30 microg/I of natural uranium ->24 microSv/year
0.1 mSv/year corresponds to 120 microg/I !

m recommendation to set values for uranium on a
mass bhasis, like in USA

m easily to be measured (e.g. ICP-MS), isotopic
composition would not be needed to be known



Removal of radionuclides, radioactive waste

m Authorities may decide for removal of certain radionuclides from
drinking water (= TENAWA)

Ali’\{amoval efficiencies for radium, lead and uranium (in %)

treatment method Ra Pb U

GAC Filtration 0-90 30 - 99 0-99
Cation Exchange 95-98 20-90 -
Anion Exchange 35-60 20-70 > 95
Mixed Bed Exchange 95 - 98 20 — 90 > 05
Hydroxylapatite Filtr. 35 -95 75 - 95 58 - 82
Reverse Osmosis and

Nano Filtration >95 >05 >95

m High external radiation doses from charcoal or ion-exchange columns
might have to be considered

m Wastes like sludges, backwash water etc. might have to be classified
as radioactive waste and be disposed of accordingly



Example:

Water in Lower Austria from a bored well

Ra-226 concentration above then recommended
MPC of 0.122 Bg/m3

Elevated concentrations of iron and manganese ->
removal of Fe and Mn necessary by oxidation and
precipitation

Iron and Mn oxidehydrates are excellent scavengers
for radium

-> resulting dry residue of sludges: >20 kBg/kg Ra-
226, (exemption value: 10 kBg/kg)

-> daily amount of Ra-226 separated: > 50 kBq
(exemption value: 10 kBQ)

Radioactive wastel!!!
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