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The charter of the Ash Development Association of Australia (ADAA) is to increase 
users, stakeholders and regulators awareness of the benefits arising from the effective 
use of coal combustion products (CCPs), which are mineral resources. The Association 
undertakes research into the use of CCPs, also known as coal ash, and supports 
studies aimed at increasing the technical information available for their use.

The Australian Government’s Radiation Health and Safety Advisory Council published a 
discussion paper in 2004 on Naturally-Occurring Radioactive Material (NORM) in 
Australia: Issues for Discussion. The paper aimed to develop, amongst other things; 
national guidance on exclusion, exemption and clearance for natural radioactive 
materials, to enable a uniform approach to establishing criteria that may be used to 
regulate NORM in all jurisdictions, which could include CCPs. This paper discusses 
association consultation and engagement until late 2010.

Data available for Australian produced CCPs was dated (1984) and therefore required 
substantial updating to verify the benign nature of CCPs. This paper discusses the 
historical dislocation between state jurisdiction regulation resulting in commercial reuse 
uncertainty for producers and users of “so-called” NORM and the ongoing journey to 
develop nationally consistent regulation, appropriate methods of treatment and 
establishing of exemption thresholds for NORM.
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INTRODUCTION

Naturally occurring radioactive materials (NORM) are ubiquitous in the environment. 
That is to say, NORM is widespread in sands, clays, soils, rocks and many ores and 
minerals, commodities, products, by-products, recycled residues, and devices used or 
processed by humans. Coal combustion products (CCPs) being one by-product 
identified as NORM.

Although the concentration of NORM in most natural substances [processed by humans] 
is low, much of the literature suggests that operations in which material is extracted from 
the earth and processed can potentially concentrate NORM in products, by-product or 
waste (residue) streams (Cooper 2003). The generation of products, by-products, 
residues and wastes containing NORM has the potential to lead to exposure for both 
workers and members of the public, along with unknown environmental impacts.

In 2004, the Radiation Health and Safety Advisory Council1 released a discussion paper 
on the management of NORM in Australia (Council 2004). The discussion paper sought 
to, amongst other things; 

• Develop national guidance on exclusion, exemption and clearance for 
natural radioactive materials, to enable a uniform approach to establishing 
criteria that may be used to regulate NORM in all jurisdictions.

The discussion paper highlighted that within Australia, each State and Territory has 
devised independent regulatory systems for the classification, use, management and 
disposal of radioactive materials for the purposes of radioactive protection. Furthermore 
the discussion paper argues that the dislocation, which results between state jurisdiction 
regulations, leads to undesirable ‘least cost’ market actions. Industry conversely argued 
that sound science should be used to develop national guidance on exclusion, 
exemption and clearance for NORM, to reduce commercial reuse uncertainty for 
producers and users of NORM.

1 http://www.arpansa.gov.au/aboutus/committees/rhsac.cfm [Accessed Feb 2011].
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Table 1 – National Comparison of Activity Exemption Levels (source (Council 2004))

Table 1 illustrates while most jurisdictions have regulations that deal with radioactive 
wastes in general, there is no uniform approach for NORM wastes, and/or national 
guidance on the management of these wastes.

Internationally, there was considerable attention focused on the development of 
thresholds, guidelines and regulations regarding clearance of NORM, with the 
recommendations of 1 Bq/g or 1,000 Bq/kg (IAEA 2004) exemption threshold fo; sands, 
clays, soils, rocks and many ores and minerals, commodities, products, by-products, 
recycled residues, and devices used by humans, including CCPs.

The importance of issues raised in both papers, in particular the need to develop 
nationally consistent regulation, appropriate methods of treatment and disposal, and 
lastly the establishing of exemption thresholds for NORM were considered a priority for 
the Associations members given the high levels of use in cement and concrete 
manufacture.  The Association initially made various representations and submissions 
for the exemption of CCPs, however much of the data on available CCPs was dated 
(Beretka and Mathew 1984) and therefore the regulators recommended a substantial 
program to update and verify the nature of current CCPs.

THE PROJECT OUTLINE

Based on published work by Beratka et al 1984, the NORM concentration of CCPs is 
reported as generally low, on average 0.4 Bq/g. However, since these foundational 
studies on NORM concentration within CCPs, there has been considerable market 
evolution in the capture, recovery, management and ultimate end-use markets. 



For example CCPs, more commonly known as fly ash and furnace bottom ash, are 
widely used in cement and pre-mixed concrete, clay bricks and blocks, road making (as 
filler in asphalt) and general civil and construction applications within Australia.  Based 
on the Association published data2, some 2.5 Mt or 18 percent of CCPs produced in 
2009 were used in various value added products and/or applications (Heidrich 2011).

The government’s discussion paper/s argue that increasing demand for highly 
processed materials can result in radionuclides concentrating in ultra-fine dusts, 
particularly where products are refined into smaller faction sizes for use in various 
manufacturing processes.  CCPs can be described as coarse sands to fines dusts.

The potential for the re-classification of CCPs for the purposes of NORM regulation and 
management could have serious implications for ongoing and establishment of new end-
use markets. Accordingly the association supported the project to update current 
published data of the association. The key objectives for the were to: 

• determine radionuclide levels present in CCPs (including ultra-fine 
 fractions),
• determine any consistencies with previous studies, and
• conduct a comparison with background Australian soil levels.

The report and findings (McOrist and Brown (2009) are briefly discussed in this paper. A 
copy of the full report can be downloaded from the Association’s website http://
www.adaa.asn.au/environment.htm. 

The sample collection methodology for the project involved the collection of fine, 
medium and run-of-station (ROS) ash samples, where available, from members 
throughout Australia. In total fifty five (55) samples were submitted to ANSTO Minerals to 
determine the concentration of NORM present. The geographic distribution of members 
is illustrated in Figure 1.

2 http://www.adaa.asn.au/statistics.htm [Accessed March 2011].
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Figure 1 - Member Sample Collection Sites

The objective of the project was to update the current knowledge on the available data 
for CCPs, as they relate to NORM. Samples were analysed using the following 
techniques:

• Gamma spectrometry;
• Delayed Neutron Activation (DNA) analysis for uranium;
• Neutron Activation Analysis (NAA) for thorium;
• Alpha spectrometry for 210Po; and
• Beta counting for 210Pb.

The results are summarised in Table 2. The radium equivalent (Raeq) values have also 
been included in this table.

RADIONUCLIDE CONCENTRATIONS IN CCPs 

Radionuclide concentrations in CCPs are generally comparable to those materials used 
in conventional concrete [cement, sand, basaltic aggregates and additives] and other 
building materials, such as brick.

The use of fly ash, especially in building materials, may increase the potential risk of 
exposure to radiation, primarily through the inhalation of gaseous radon (222Rn), a 
radioactive daughter of radium-226 (226Ra). However, since the fly ash is mixed with 



other materials in these products, the low (< 1 Bq/g) concentration of radioactivity is 
further significantly diluted. 

The results of the study showed that none of the fly ash samples would be considered 
radioactive from a regulatory perspective, since no single radionuclide was above the 
limit3 of 1 Bq/g or 1000 Bq/kg for radionuclides of natural origin or above 10,000 Bq/kg 
for potassium-40 (40K).

DISCUSSION OF REPORT FINDINGS

As expected, the fine/medium fly ashes contained slightly higher concentrations of the 
volatile radionuclides, polonium-210 (210Po) and lead-210 (210Pb), compared to furnace 
bottom ash. For example, at the time of combustion, 210Po concentrations on the finer 
particles would have been higher than those measured in the study, based on the 
counting date. It is important, therefore, that factors like this are taken into consideration.

Unsupported4 210Po will decay and the concentration of 210Po in any end-use product will 
ultimately be determined by the parent 210Pb concentration. Polonium-210 has a half-life 
of 138 days and will be in equilibrium with its parent, 210Pb, after approximately 5 half-
lives i.e. ~2 years.

For end-use products, the radium equivalent activity is an index commonly used to 
compare the activity concentrations of building materials that contain varying amounts of 
Ra, Th and K. It is defined as the weighted sum of the activity concentrations of 226Ra, 
232Th and 40K and is based on the estimation that 370 Bq/kg of 226Ra, 259 Bq/kg of 232Th 
and 4810 Bq/kg of 40K produce the same gamma dose rate. 

A Raeq of 370 Bq/kg in building materials can produce an exposure of about 1.5 mSv/y 
to the inhabitants. The average values (Bq/kg) of CCPs in the study were:

• All samples   - 224
• fine     - 248
• medium    - 263
• ROS bottom ash  - 159

Based on these results, if the CCPs in this study were blended for use in, for example, 
concrete, at a ratio of 5 percent by weight, the contribution of the ash to the total 
gamma-ray dose from the concrete would be well below 1.5 mSv/y.

In their paper on the natural radioactivity and gamma dose from Sri Lankan clay bricks, 
Hewamanna et al (2001), have extended this formula to use as a criterion to limit the 

3 IAEA Safety Guide No. RS-G-1.7, Table 1, Application of the Concepts of Exclusion, Exemption and Clearance, 
2004.

4 Unsupported means that the parent radionuclide, in this case 210Pb, has a lower concentration.



annual radiation dose from building materials and also to calculate dose rates in air from 
different combinations of these radionuclides in the clay bricks. 

The European Commission (guidance report RP 112) describes the radiation protection 
principles that should be used for the purpose of limiting exposure due to the 
radioactivity in building materials. For practical purposes, RP 112 states that the 
measurement of 232Th can be replaced by that of 228Ra, which is more readily measured 
by gamma spectrometry.

The activity concentration index, I, must not exceed the following values, depending on 
the dose criterion and the way the amount of material is used in the building. The index 
should only be used as a screening tool and any decision on restriction of material for 
use should be based on a separate dose assessment.

 Dose criterion:      0.3 mSv/y 1 mSv/y
 Materials used in bulk amounts, e.g. concrete  I ≤ 0.5  I ≤ 1
 Superficial and other materials with restricted use I ≤ 2  I ≤ 6
 (tiles, boards etc)

The average activity concentration index values for the CCPs in this study were:

• All samples   - 0.78
• fine     - 0.80
• medium    - 0.92
• ROS bottom ash  - 0.56

Again, if this material were blended for use, using the above concrete scenario, the dose 
rates would be well below the stated restricted use values.

COMPARISON WITH PREVIOUS STUDIES

The Australian Radiation Laboratory (now ARPANSA) carried out studies on coal and fly 
ash from power stations across Australia in the early 1980’s. This data has been 
summarised, together with cited references. The average Raeq value for the data 
obtained in 1981 for NSW power station ash samples, substituting 228Ra values for 232Th 
values, was 373 Bq/kg.

In their study, (Beretka and Mathew 1984) reported radioactivities and Raeq values for fly 
ashes from various power stations across Australia. The types [size] of CCPs were not 
given. The data is summarised in Table 2.



Power 
Station

Concentration
(Bq/kg)

Concentration
(Bq/kg)

Concentration
(Bq/kg)

Raeq (Bq/
kg)

226Ra 232Th 40K
A 110 120 450 320

B 90 130 190 300
C 110 150 570 370
D 30 70 100 140
E 60 90 320 210
F 140 200 210 450
G 7 - 20 10
H 40 7 - 60
I 160 280 70 570
J 150 290 60 570

Table 2 - Radionuclide Concentrations and Radium Equivalent for
Fly Ashes from various Power Stations

The results from the ANSTO Minerals study compared well, and are consistent with, this 
earlier data.

COMPARISON WITH BACKGROUND CONCENTRATIONS IN SOIL

Uranium is ubiquitous to the natural environment and is found in all soils. The 
concentration varies according to the type of rock the soil is derived from. Table 3 of the 
report by McOrist and Brown (2009) summarised a selection of average natural 
radionuclide concentrations in soils found in the literature. The average radionuclide 
values for the fine and medium fly ashes and the run of station ash from the report are 
included for comparison in Table 3.

The radionuclide concentrations for the fine and medium fly ashes are either within or 
not significantly higher than the specified ranges for background soil concentrations. The 
ROS bottom ashes are all within these stated ranges.



Table 3 - Average Radionuclide Concentrations in Soils and CCPs

ELEMENTAL COMPOSITION
 
The XRF results are provided by McOrist and Brown (2009) [Appendix D of the report] 
were used to determine the elemental composition of the samples received. This data is 
summarised in the report (Appendix E) and is given in Table 4. The majority of the CCPs 
produced from the combustion of black coal contain mainly Al2O3, SiO2 with varying 
amounts of iron and titanium oxides. 

South Australian CCPs contained slightly higher concentrations of Na, Mg and Ca. The 
samples from Queensland and the West Australian were similar and contained higher 
concentrations of iron oxide. Generally, Queensland samples showed elevated 
concentrations of iron and calcium oxides. In contrast, brown coal from the Gippsland 
region in Victoria was sulphidic and varied considerably with respect to the other 
elements given that the coal sources are in close proximity. In general, higher Th and U 
assays were obtained in fine fly ashes from South Australia and the West Australian 
coast. Samples from the Gippsland region contain significantly lower concentrations of 
these elements.



Table 4 - Elemental Makeup of Fly Ash Samples



CONCLUSIONS

The results of the study by ANSTO Minerals showed that none of the fifty five (55) CCPs 
analysed would be considered radioactive from a regulatory perspective, given that no 
single radionuclide was above the limit of 1 Bq/g or 1000 Bq/kg for radionuclides of 
natural origin or above 10,000 Bq/kg for 40K.

Based on the findings of the report, if the CCPs were blended for use in, for example, 
concrete, at a ratio of 5 percent by weight [125 kgs], the contribution of the ash to the 
total gamma-ray dose from the concrete would be well below 1.5 mSv/y.

The results from this study compared well, and were consistent with data from previous 
studies carried out on CCPs from power stations across Australia in the early 1980’s.

The radionuclide concentrations for the fine and medium fly ashes are either within or 
not significantly higher than the specified ranges for background soil concentrations. The 
ROS bottom ashes are all within these stated ranges.

In summary the 2009 project findings concluded that: 

• the low radionuclide levels present in CCPs (including ultra-fine fractions) 
were well below current thresholds and would therefore be exempt for the 
purposes of regulation as NORM 

• results from the 2009 study are consistent with previous studies, therefore 
demonstrating the long term consistent nature of CCPs, and

• the comparison with Australian background soil levels showed no 
significant difference.
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