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Abstract

This report presents the results of a preliminary survey of the radioactive content of
Australian drinking water. The samples that were analysed for this report were
collected on an opportunistic basis and, therefore, do not form a representative data
set on which to base general conclusions. The methods developed by the
Environmental Radioactivity Section of ARPANSA were used to determine the gross-
alpha and gross-beta activity concentrations of the samples and the activity
concentrations of Potassium-40, Radium-226, Radium-228, Lead-210,
Uranium-238, Uranium-235 and Uranium-234. The results of these analyses are
presented, together with dose estimates due to the activity concentrations of the
individual radionuclides. It was found that the radioactive contents of the waters
were highly variable. While ground waters are more likely to contain higher levels of
radioactivity, this study found no clear correlation between the type of water source
and dose. This study indicates that a more widespread, systematic and thorough
study of Australian drinking water may be necessary.
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1 Background

Radioactive materials occur naturally in the environment (e.g. uranium, thorium and
potassium). Some radioactive compounds arise from human activities (e.g. from
medical or industrial uses of radioactivity) and some natural sources of radiation are
concentrated by mining and other industrial activities. By far the largest proportion
of human exposure to radiation comes from natural sources — from external sources
of radiation, including cosmic radiation, or from ingestion or inhalation of
radioactive materials. Radiological contamination of drinking water can result from:
¢ Naturally occurring concentrations of radioactive species
(e.g. radionuclides of the thorium and uranium series)
e Technological processes involving naturally occurring radioactive materials
(e.g. the mining and processing of mineral sands or phosphate fertiliser
production)
e Manufactured radionuclides, which might enter drinking water supplies from
applications using radioactive materials.

A very low proportion of the total human exposure to radiation comes from drinking
water. This is primarily due to the fact that most drinking water is obtained from
stored rain-water. Stored rain-water (hereafter referred to as surface waters) has
limited opportunity to become contaminated with radioactive materials. However,
many areas of Australia derive drinking water from aquifers. As water from aquifers
(hereafter referred to as ground waters) has leached through soil over many years, it
has had considerable opportunity to dissolve radioactive materials present in the
geology of the region.

The Australian Drinking Water Guidelines (ADWG) (NHMRC, 2004) provides the
Australian community and the water supply industry with guidance on what
constitutes good quality drinking water. Part of these guidelines incorporates
guidance on the levels of radioactive materials that may be acceptable in drinking
water. In particular, the ADWG recommend that that a guideline dose of 1 mSv per
year should be applied for radioactivity in drinking water.

Most water suppliers in Australia test their supplies against these guidelines. State
and Territory authorities may require this testing to engender confidence in the safety
of drinking water supplies for the Australian public.

The Environmental Radioactivity Section within ARPANSA had an opportunity to
obtain samples of drinking water from a significant number of sources in 2007. As no
systematic study of Australian drinking waters has been undertaken, the section
decided that it would be of interest to perform a limited study on the radioactive
content of Australian drinking water.

It should be noted that the samples that were analysed for this report were collected
on an opportunistic basis and, therefore, do not form a representative data set on
which to base general conclusions.
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2 Sample Collection and Analysis

2.1 Sample collection

Two litres of water from each sample location were collected in prepared plastic
bottles. These bottles had been acid-washed before being supplied to the collector.
After being filled according to the Australian/New Zealand Standard (AS/NZS 1998),
the bottles were sealed and express-posted to ARPANSA.

Upon receipt at ARPANSA, the water in each bottle was acidified to a pH less than 2
to ensure that any radioactive material remained in solution. The sample from each
site was then allowed to stand for a minimum of 16 hours then filtered through a 0.45
um filter, prior to the commencement of analyses.

The locations from which the samples were collected are indicated in figure 1.

K_nffﬂ—/ “43 "

Water Source ™\

w Ground - (square) k\-

® Surface - (circle)

“\\;]

Figure 1: Locations from which water samples were collected.
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2.2 Analysis for gross-alpha and gross-beta activity

Approximately a third of each sample was prepared for the measurement of gross-
alpha and gross-beta activity. The method of this analysis is based on the methods
suggested by the International Standards Organisation for the measurement of gross-
alpha and gross-beta activity (1ISO9696 and 1S09697, 1992). The method used by
ARPANSA has been accredited as complying with the 1SO17025 standard.

The acidified sample is evaporated to dryness, and ignited at 350°C after conversion
to sulphate. The residue is ground and a known mass is weighed into a planchet. The
activity of the residue is determined using a gas-flow proportional alpha/beta counter
(Tennelec S5XLB Alpha/Beta counting system).

Some of the gross-beta activity in the sample will be due to Potassium-40. It is
important to distinguish the activity from this radionuclide from that of other
radionuclides as the radiation dose due to Potassium-40 is significantly lower than
that produced by a similar activity of other beta-emitting radionuclides.

A portion of the sample (approximately 20 ml) is retained to determine the beta-
activity contribution from Potassium-40. Elemental Potassium is measured by
Atomic Absorption Spectroscopy using an air-acetylene flame. The activity of
Potassium-40 in the sample is calculated using the conversion factor of 27.67 Bq of
Potassium-40 beta-activity per gram of elemental potassium. The calculated beta-
activity of Potassium-40 may be subtracted from the gross-beta activity of a sample to
provide the activity of other beta-emitting radionuclides in the sample.

2.3 Analysis for Radium-226, Radium-228 and Lead-210

Approximately a third of each sample was prepared for the measurement of Radium-
226, Radium-228 and Lead-210 activity. The method is based on those developed by
Cooper and Wilks (1981) and Kim et al (2001).

Radium and lead are isolated, from the sample solution, by co-precipitation with lead
sulphate as Ra(Pb)SO4. Radium is then separated from the lead, after dissolution in
DTPA , by co-precipitation with barium sulphate, at pH 4, as Ba(Ra)SOa.

After allowing for the ingrowth of Actinium-228, Radium-228 is measured by high
resolution gamma-ray spectrometry (High-Purity Germanium Detector and
Genie2000® analysis software). There are no gamma emissions for Radium-228,
however, because of the short half-life (6 hours) of Actinium-228, the Radium-228
activity concentration can be determined by measuring the Actinium-228 gamma
rays and assuming secular equilibrium.

Following the Radium-228 measurement, the radium-barium precipitate is dissolved
in alkaline EDTA and a toluene based scintillant is added. After the vial is sealed the
sample is left until equilibrium between Radium-226 and its radioactive decay
product Radon-222 is established or until a suitable ingrowth time has elapsed.
During this ingrowth period the radon will dissolve preferentially in the immiscible
organic scintillant. The alpha- and beta-activity of Radon-222 and its short-lived
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radioactive decay products are measured by the use of a liquid scintillation counter
(Canberra/Packard Tricarb 2900 TR).

Other naturally occurring radium isotopes remain in the final aqueous phase, and
may be taken up by the organic scintillant. Radium-228, Radium-224 and Radium-
223 are potential interfering radionuclides. The quantities of Radium-224 and
Radium-223 commonly found in water are considerable less than Radium-226 and
also will undergo decay during the radon ingrowth period because of their relatively
short half-lives.

Radium-228 is known to occur at significant concentrations in groundwater.
Although Radium-228 and its daughter Actinium-228 will remain in the aqueous
phase it is possible for the beta emissions, from Actinium-228, to produce
luminescence in the organic scintillant. This process is not efficient and will only
make a significant contribution to the total count rate if the Radium-228 activity
concentration exceeds that of Radium-226 by a factor of 15 or more. This situation is
unlikely in most types of water samples.

The separated lead solution undergoes further purification and is finally precipitated
as PbSO4. The PbSOs precipitate is slurried with water and then mixed with a
scintillation cocktail, Instagel®. The beta-emissions from Lead-210 are then
measured using a liquid scintillation counter (Canberra/Packard Tricarb 2900 TR).

2.4 Analysis for Uranium

Approximately a third of each sample was prepared for the measurement of uranium
activity by alpha-spectrometry.

Uranium and other actinides are separated from the water matrix by co-precipitation
using calcium phosphate. The uranium is then separated from other actinides using
Eichrom UTEVA resin (a chromatographic resin). The UTEVA resin is composed of
an extractant (dipentyl pentylphosphonate) coated on an inert support. The uranium
is then electrodeposited onto a stainless steel disk for measurement by alpha-
spectrometry (Passivated, Implanted, Planar Silicon (PIPS) detector and Genie2000©
analysis software). Uranium-232 tracer is used to monitor and correct for the
chemical recovery of uranium.
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3 Results

3.1 Gross-alpha activity

Figure 2 shows the gross-alpha activity measured in the samples, together with the
minimum detectable concentration (MDC) for each sample. The MDC is the smallest
activity concentration in the sample that could be quantified with 95% confidence.
The error bars shown in the figure represent the estimated standard deviation in the
measurement. That is, the uncertainties have a coverage factor of one.

400

O Measurement
m MDC

350 -

300 -

1003 + 150

250 - T

200 -

150 A

100

Activity (mBqg/l)

50 -

0
< * >
Ground : Surface
Waters | Waters

-50

-100

Figure 2: Gross-alpha activity measured in the water samples.
The uncertainties indicated in the measurements have a coverage
factor of 1.
The activity measured at one of the sites is too large to include on the
scale and the actual value is presented in the text box.

It can be seen that many measurements are below the MDC. It can also be seen that
several measurements are less than the mean instrument background, resulting in
negative values.

These measurements indicate that there is no considerable difference between
surface and ground waters in terms of gross-alpha activity. However, one of the
ground water samples did exhibit very high levels of activity.

3.2 Beta-activity

3.2.1 Gross-beta activity

Figure 3 shows the gross-beta activity measured in the samples, together with the
MDC for each sample. Again, the error bars shown in the figure represent the
estimated standard deviation in the measurement.
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In this case, the MDC values are much smaller than the measured values due to the
much greater measurement efficiency for beta-particles. These results also indicate
that ground waters generally have higher gross-beta activity than surface waters.

1800

O Measurement
1600 { m MDC

1200 - < é >
Ground i Surface
1000 - Waters : Waters

iF

800

600 -

Activity (mBq/l)

400 -
200 - ﬂ-

| s nfnnad
Figure 3: Gross-beta activity measured in the water samples.

The uncertainties indicated in the measurements have a coverage
factor of 1.

3.2.2 Potassium-40 activity

Potassium-40 is a beta-emitting, naturally occurring radionuclide. Potassium-40 is
termed a primordial radionuclide as its long half-life means that the amount present
during the formation of the earth has not significantly decreased. Figure 4 shows the
Potassium-40 activity measured in the samples. In this case, the MDC for each
measurement is negligible. Again, the error bars shown in the figure represent the
estimated standard deviation in each measurement.

This figure indicates that ground waters generally have higher levels of Potassium-40
than surface waters. This is primarily due to the fact that ground waters have leached
salts from the surrounding geology.
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Figure 4: Potassium-40 activity measured in the water samples.

The uncertainties indicated in the measurements have a coverage
factor of 1.

Figure 5 shows the proportion of gross-beta activity due to Potassium-40 in each
sample.

140%
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120% - Waters i Waters

100% | {
% ] [ ! |
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3
I
[
——
——

40% -

20% - ﬂ
0% =
Figure 5: Proportion of gross-beta activity due to Potassium-40 in the water

samples.

The uncertainties indicated in the measurements have a coverage
factor of 1.

This figure demonstrates that, in general, the majority of the beta-activity present in a
water sample is due to Potassium-40. This figure highlights the importance of
measuring the contribution due to Potassium-40 before assessing the dose due to
beta-emitting radionuclides based on gross-beta measurements.
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3.2.3 Activity due to beta-emitting radionuclides other than Potassium-40

Figure 6 shows the activity concentration due to beta-emitting radionuclides other
than Potassium-40 in each of the water samples. Again, these measurements indicate
that there is no considerable difference between surface and ground waters in terms
of activity due to beta-emitting radionuclides other than Potassium-40. However,
several of the ground water samples did exhibit very high levels of activity. It is worth
noting that the sample with highest level of activity due to beta-emitting
radionuclides other than Potassium-40 was the same sample that exhibited the
highest gross-alpha activity.

300
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Waters i Waters
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0 ﬁﬁl% ﬁﬁ f %% ﬁ lﬁ&m Azl lf

Figure 6: Activity concentration of beta-emitting radionuclides other than
Potassium-40.
The uncertainties indicated in the measurements have a coverage
factor of 1.
The activity measured at one of the sites is too large to include on the
scale and the actual value is presented in the text box.

3.3 Radium-226 activity

Radium-226 is an alpha-emitting, naturally occurring radionuclide produced by the
decay of primordial uranium. Figure 7 shows the activity concentration of
Radium-226 measured in each of the samples, together with the MDC for each
measurement.

Most of the measured values are below the MDC of approximately 10 mBg/I.
However, several samples exhibited significant levels of Radium-226. Once again, the
surface water samples did not exhibit considerably lower levels of activity compared
to the ground water samples.
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Figure 7: Activity concentration of Radium-226 measured in the water

samples.

The uncertainties indicated in the measurements have a coverage

factor of 1.

The activity measured at one of the sites is too large to include on the
scale and the actual value is presented in the text box.

3.4 Radium-228 activity

Radium-228 is a beta-emitting, naturally occurring radionuclide produced by the
radioactive decay of primordial thorium. Figure 8 shows the activity concentration of
Radium-228 measured in each of the samples, together with the MDC for each

measurement.

Most of the measured values are below the MDC of approximately 100 mBg/Il. The
MDC for this radionuclide is considerably greater than that for Radium-226 as the
measurement efficiency of the gamma-analysis method is more than an order of
magnitude lower than that of the liquid scintillation method.

Several samples did exhibit considerable levels of Radium-228. Once again, the
surface water samples did not exhibit considerably lower levels of activity compared

to the ground water samples.

The Radioactive Content of Some Australian Drinking Waters
ARPANSA Technical Report No. 148

Page No. 15



300

O Measurement
(o]
© m MDC
250 - o < >
3 Ground ; Surface
. Waters | Waters
= 200 -
(e
m
S
a 150 N
>
< 100 | | |
1l ‘H 1l
0 i || il_E: I I I
Figure 8: Activity concentration of Radium-228 measured in the water
samples.
The uncertainties indicated in the measurements have a coverage
factor of 1.

The activity measured at one of the sites is too large to include on the
scale and the actual value is presented in the text box.

3.5 Lead-210 activity

Lead-210 is a beta-emitting, naturally occurring radionuclide produced by the
radioactive decay of Radium-226. The relatively long half-life of Lead-210 (22 years)
means that it can be separated from Radium-226 by geochemical processes. Figure 9
shows the activity concentration of Lead-210 measured in each of the samples,
together with the MDC for each measurement.

All of the measured values are below the MDC of approximately 50 mBqg/I for this
method. Indeed, in many cases, the measured count-rate was less than the mean
background rate for the method, resulting in negative values. It should be noted that
mean background rate for the method has since been re-evaluated, based on a series
of measurements over a much longer time-frame. Nonetheless, all of the measured
values presented here are consistent with a null signal.

It is interesting to note that, even in the sample with very high levels of Radium-226
(777 mBqg/l) the level of Lead-210 is not measurable. That no sample contained
significant levels of Lead-210 indicates that geochemical processes tend to remove
Lead-210 from ground waters.
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Figure 9: Activity concentration of Lead-210 measured in the water samples.
The uncertainties indicated in the measurements have a coverage
factor of 1.

3.6 Uranium activity

Three isotopes of uranium occur naturally in the environment. Both Uranium-238
and Uranium-235 are primordial radionuclides, while Uranium-234 is produced by
the radioactive decay of Uranium-238. The activity concentrations of all three of
these isotopes were measured simultaneously for each sample.

3.6.1 Uranium-238 activity

Figure 10 shows the activity concentration of Uranium-238 measured in each sample.
It should be noted that the MDC for Uranium-238 is approximately 0.5 mBg/I. In
most cases, the measured value exceeded the MDC for that sample.

Most samples exhibited easily measurable levels of Uranium-238. It also interesting
to note that, in many cases, the levels of Uranium-238 and Radium-226 were
different by more than an order of magnitude. The ratio between the activity levels of
Radium-226 and Uranium-238 is shown in figure 11. If the radionuclides were in
secular equilibrium, as would be expected if no chemical process separated the
Radium from the Uranium, this ratio would be one. This figure indicates that
geochemical processes have been very efficient at separating Uranium-238 from
Radium-226. However, the figure also indicates that the action of these geochemical
processes is highly variable, with some processes enhancing, and others reducing, the
relative Radium-226 levels. It should be noted that some geochemical processes can
affect surface waters during the run-off phase of the collection process.
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Figure 10: Activity concentration of Uranium-238 measured in the water

samples.

The uncertainties indicated in the measurements have a coverage

factor of 1.

Note that the vertical scale is logarithmic.
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Figure 11: The Radium-226 to Uranium-238 activity ratio measured in the

samples.

Note that the vertical scale is logarithmic.
Indications of uncertainty have been omitted for clarity.

The Radioactive Content of Some Australian Drinking Waters

ARPANSA Technical Report No. 148

Page No. 18



3.6.2 Uranium-234 activity

Figure 12 shows the activity concentration of Uranium-234 measured in each sample.
It should be noted that the MDC for Uranium-234 is approximately 0.6 mBg/I. In
several cases, the uncertainty (k=1) in the measurement was greater than 100% and
these values are not shown.
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Figure 12: Activity concentration of Uranium-234 measured in the water
samples.
The uncertainties indicated in the measurements have a coverage
factor of 1.
Note that the vertical scale is logarithmic.

As Uranium-234 is created by the radioactive decay of Uranium-238, one would
expect that these two radionuclides would be in secular equilibrium. The ratio
between the activity concentrations of these two radionuclides, in each sample, is
shown in figure 13. It can be seen that that uranium-234 has, generally, been
enhanced by geochemical processes. This is because the Thorium-234 atoms,
generated by the radioactive decay of Uranium-238, are more loosely bound to the
crystal structure of the rocks containing the Uranium due to the restructuring of the
chemical bonds subsequent to the decay. This enables the Thorium-234 atoms to
more easily enter the water, where they rapidly decay (24 day half-life), via
Protactinium-234m (1 minute half-life), to Uranium-234. The relatively long half-life
of Uranium-234 (246 thousand years) means that this radionuclide can accumulate
in the water. Ivanovich and Harmon (1982) detail how this process can be used to
study the leaching of rocks and sediments and the movement of ground waters.

Radium-226 (half-life 1600 vyears) is produced by the radioactive decay of
Thorium-230 (half-life 75000 years), which in turn is produced by the radioactive
decay of Uranium-234 (half-life 246 thousand years). As is the case with the
Uranium-234 to Uranium-238 activity ratio, the activity ratio of Radium-226 to
Uranium-234 may be influenced by the geochemistry of the region. This ratio is
shown in figure 14. As was seen in figure 11, this ratio is highly variable, indicating
that the level of enhancement or reduction is critically dependant on the individual
geochemistry of the region.
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Figure 13: The Uranium-234 to Uranium-238 activity ratio measured in the

samples.
The uncertainties indicated in the measurements have a coverage
factor of 1.
100 -
1 < 4 >
Ground i Surface
i Waters i Waters
o 104
IS ]
m | H
- ]
s ! | o i J] v
: I
< i
D
.
o ]
8
N 0.01 4
] o
0.001

Figure 14: The Radium-226 to Uranium-234 activity ratio measured in the

samples.

Note that the vertical scale is logarithmic.
Indications of uncertainty have been omitted for clarity.
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3.6.3 Uranium-235 activity

Figure 15 shows the activity concentration of Uranium-235 measured in each of the
samples. Many of the measurements were below the MDC of 0.5 mBqg/l and several
samples provided no signal as to the presence of Uranium-235. While Uranium-235
Is approximately six times more radioactive (mass for mass) than Uranium-238, it
only comprises 0.72% of elemental uranium on Earth (by mass). Hence, one would
expect that the activity of Uranium-235 in a sample would be 4.6% that of
Uranium-238. This explains why the activity of this radionuclide could not be
accurately measured in samples with low Uranium-238 activity concentrations.
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Figure 15: Activity concentration of Uranium-235 measured in the water

samples.
The uncertainties indicated in the measurements have a coverage
factor of 1.
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4 Radiation Dose

An estimate of the committed effective dose (Ei) to adults from ingestion of the
radionuclides in the drinking water samples can be calculated using the dose
coefficients (Ki) from ICRP-72 (1996) and an assumed intake (V) of 730 litres per

year: E =K. -V - A, where A is the activity concentration of the radionuclide in the
sample.

The dose coefficients used for this calculation are shown in table 1.

Table 1: Dose coefficients used to calculate effective dose

Nuclide K-40 Ra-226 | Ra-228 U-234 U-238

Dose Coefficient (Sv/Bqg) | 6.20E-09 | 2.80E-07 | 6.70E-07 | 4.90E-08 | 4.40E-08

The combined effective dose due to these five radionuclides, for each sample
measured in this survey, is shown in figure 16.
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Figure 16: Combined effective dose for each sample measured in this survey
due to ingestion of K-40 + Ra-226 + Ra-228 + U-238 + U-234.
Note that the vertical scale is logarithmic.
The uncertainties indicated in the measurements have a coverage
factor of 1.

This figure shows that the combined effective dose varies by two orders magnitude
over the samples taken for this survey. However, none of the samples indicate a
combined dose exceeding the 1 mSv/year limit recommended in the Australian
Drinking Water Guidelines (NHMRC 2004).

The average combined dose from the ground water samples (excluding the highest
activity sample) was 32 uSv/year with a standard deviation of 42 uSv/year. The
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average combined dose from the surface water samples was 15 uSv/year, with a
standard deviation of 17 uSv/year. The extremely large variation in combined dose
between samples, again, means that no clear difference in dose between water
sources is evident. It should be noted that these samples are not representative of
Australian drinking waters, so these doses should only be used in the context of this
survey.

Examination of the dose coefficients indicates that dose due to radium is much more
significant than that due to other radionuclides. Figure 17 shows the contribution to
the combined dose due to both Radium-226 and Radium-288, together with that due
solely to Radium-228, for only those samples where the measured activity
concentrations for each of these two radionuclides were above the MDC.
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Figure 17: The contribution to combined dose from both Radium-226 and
Radium-228 and that due solely to Radium-228.
Indications of uncertainty have been omitted for clarity.

This figure clearly shows that the contribution to combined dose from Radium-226
and Radium-228 is greater than 70% in those cases where contributions from these
two radionuclides can be assessed. The figure also shows that most of this
contribution arises from Radium-228.
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5 Discussion

5.1 Comparison between Surface and Ground Water

The limitations of the small data set make it difficult to compare activity
concentrations between ground and surface waters. However, this data set does show
that the highest levels were found in ground waters and the lowest levels were found
in surface waters. Unfortunately, the high variability in the data does not enable clear
comparisons.

Given the widely dispersed nature of the data set, it is interesting to compare samples
from two towns in central Australia having drinking water from different sources.
These towns were chosen solely on the basis that they are of roughly the same
population size and in relatively close proximity to one another. This comparison is
shown in figure 18.
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Figure 18: Activity concentration of radionuclides measured in the water
samples from two central Australian towns.
Note that the vertical scale is logarithmic.
The uncertainties indicated in the measurements have a coverage
factor of 1.
Beta' is the activity of beta-emitting radionuclides other than
Potassium-40

This figure clearly shows that, in this case, the activity concentrations in surface water
are approximately an order of magnitude lower than those in ground water. The one
exception to this is the activity of beta-emitting radionuclides other than
Potassium-40. However, the contribution of Potassium-40 to the gross-beta activity
in the ground water sample in this case is extremely large. The actual values (28+11
and 1571 mBqg/l) are not significantly different. It is also worth noting that the
activity concentrations of Radium-228 and Uranium-235 in the surface water sample
were too low to measure.
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5.2 Radiation Dose

UNSCEAR (2000) has documented world-wide reference values for the activity
concentrations of naturally occurring radionuclides in water. These values may be
compared to the average values found in this study.

Table 2 shows the comparison between the reference activity concentrations listed by
UNSCEAR and those found in this work. The table also lists the average MDC for the
radionuclides using the ARPANSA methods. It should be noted that the average
values from this study exclude the highest activity concentration measured, as this
was considered an outlier due to the very high levels of alpha- and beta-activity
observed.

Table 2: Comparison between UNSCEAR reference data and the results
from this study.
Activity Concentration (mBg/l) Dose Dose Rate (uSv/year)
This Coefficient This
Nuclide | UNSCEAR Work MDC | (uSv/mBqg) | UNSCEAR | Work | MDC
U-238 1.0 17 0.5 4 .5E-05 0.03 0.5 0.02
Th-230 0.1 2.1E-04 0.02
Ra-226 0.5 17 10 2.8E-04 0.10 3 2
Pb-210 10 45 6.9E-04 5 23
Po-210 5 1.2E-03 4
Th-232 0.05 2.3E-04 0.008
Ra-228 0.5 86 127 6.9E-04 0.3 43 64
Th-228 0.05 7.2E-05 0.003
U-235 0.04 1.1 0.5 4.7E-05 0.001 0.04 0.02

The comparison shows that the activity concentrations found in this study are more
than an order of magnitude greater than the UNSCEAR reference values. It should be
noted that UNSCEAR reports a very large range of activity concentrations reported to
it and that the values from this work are consistent with the ranges reported by
UNSCEAR. Nonetheless, this comparison indicates that Australian drinking waters
may be considerably different to the reference water reported in UNSCEAR. A more
substantial study of Australian drinking waters should be conducted to both supply
UNSCEAR with data from Australia and to provide typical values for the Australian
public.

This table also shows that the minimum detectable concentrations for some of the
radionuclides, using the ARPANSA methods, are considerably higher than the
UNSCEAR reference values. This indicates that improved methods may be required
to properly measure the radioactive content of Australian drinking waters for the
radionuclides of interest.

Table 2 also highlights the fact that, at the time of this study, ARPANSA was not able
to measure several radionuclides of interest. Of particular concern is the lack of data
on Polonium-210, the radioactive decay product of Lead-210. Not only may this
radionuclide be present in significant quantities, but its high dose coefficient means
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that it can lead to significant doses. ARPANSA is currently validating methods for
measuring Thorium and Polonium in water.

Table 2 also shows the dose coefficients used by UNSCEAR together with the
calculated committed effective dose arising from consumption of water from both the
UNSCEAR data and the results of this study. Again, the results of this study indicate
that dose rates from Australian drinking waters may be considerably higher than the
reference values reported by UNSCEAR. It is also worth noting that the dose rates
derived from the MDC values obtained by current methods are considerably higher
than the UNSCEAR reference values. This re-enforces the requirement to develop
more efficient methods for measuring the activity concentrations of some
radionuclides.

6 Conclusion

Thirty three drinking water samples from across Australia were collected and
analysed for their radioactive content by ARPANSA. Of these, 23 were from ground-
water sources while the remaining 10 were from surface-water sources. These
samples were analysed for their radioactive content using the methods used by
ARPANSA at the time. The committed effective dose arising from drinking the water
from each location was calculated and compared to the reference values published by
UNSCEAR (2000).

The activity concentrations found in the samples was highly variable, making a
comparison between surface and ground water difficult. However, it was noted that
the highest levels were found in ground water samples and the lowest levels were
found in surface water samples. An indicative comparison between samples from two
central Australian town showed that ground waters may have considerably higher
levels of radioactivity.

The calculated radiation doses arising from drinking the waters showed that most of
the dose arises from Radium-228.

Comparison with the UNSCEAR reference data indicate that Australian drinking
waters may have considerably higher levels of radioactivity than the world-wide
average and, therefore, the radiation doses arising from these waters may be
considerably higher.

This study indicates that a more widespread, systematic and thorough study of
Australian drinking water may be necessary.
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Glossary

Activity
the measure of quantity of radioactive materials, except when used in the term
‘human activity’.

Becquerel (BQq)
the unit of activity in System Internationale (SI), equivalent to one disintegration per
second.

Decay product
the nuclide resulting from the radioactive decay of the precursor nuclide, sometimes
referred to as the daughter product of the parent radionuclide.

Dose
a generic term which may mean absorbed dose, equivalent dose or effective dose
depending on the context.

Ground Water
water sourced from an aquifer

Isotope
nuclides having the same atomic number but different mass number.

Half -life
in relation to radioactive decay, the time required for the quantity of a radionuclide to
decrease to one half of its initial value.

MDC
minimum detectable activity concentration: the MDC is the smallest activity
concentration in the sample that can be quantified with 95% confidence.

Nuclide
an individual species of atom characterised by its mass number and atomic number.

Radioactive
the property of certain nuclides of emitting energy (radiation) by the spontaneous
transformation of their nuclei.

Radioactive decay
the spontaneous transformation of the nucleus of an atom into another state,
accompanied by the emission of radiation.

Radionuclide
a species of atomic nucleus which undergoes radioactive decay.

Secular equilibrium

the condition, that the activity of the parent radionuclide is equal to that of its decay
product. A necessary prerequisite is that the half-life of the decay product is much
less than the parent half-life.

Sievert (Sv)
The unit of equivalent dose within the System Internationale (SI). This relates the
energy deposited by radiation in tissue to the biological damage caused.

Surface Water
water sourced from stored rain water
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