
National Coal Ash Board 
 

 
 

_____________________________________________________________________________ 
20 Lincoln St. Tel-Aviv 6713412 Israel Tel. +972-3-6257000; Fax. +972-3-6257001  Email: lulav@ncsc.co.il 

Ministry of Energy and Water 

Ministry of Environmental Protection 

Ministry of Interior 

Israel Electric Corporation  

The National Coal Supply Corp. 

February, 2012 

Analysis of radiation from concrete containing coal ash and its dependence 

on the source of the coal 

NRG The Netherlands, Follow-up study  

References:  

1. Study report on the effect of coal ash on radon exhalation from concrete, Soreq   

Nuclear Research Center, Technion, December 2011 

2. NRG Report on exposure to radiation from concrete without ash, Oct. 20, 2010; 

Sept. 21, 2011; Jan. 17, 2012 

Background 

Human beings are exposed to low levels of ionizing radiation from construction 

products via two tracks – external exposure to gamma radiation and internal exposure 

(of the lungs and the respiratory system) to alpha radiation from the disintegration of 

inhaled radon and its daughters. The internal exposure is considered to be more 

dangerous than the external exposure, and is also more complex to measure.  

Israeli Standard 5098 – Setting Limits on the Content of Natural Radioactive 

Elements in Building Products provides guidance/instructions on the measurement 

methods to be used and sets restrictions on the exposure of residents and members of 

the public to ionizing radiation via both tracks. In this aspect, the Israeli Standard is 

unique both in comparison with other national standards related to the issue of 

exposure to radiation from construction products. Actually IS 5098 deviates also from 

the recommendations of international committees (addressing the same issue) which 

relate only to external radiation.
1
 This unique aspect is expressed in a far-reaching 

strictness of the Israeli standard.
2
 Under the harsh requirements,of IS 5098 some of 

                                                 

1 Only one country (Holland) specifies in its national standard the method to measure the exhalation of 

radon from construction products (the method was reviewed in the Soreq-Technion study report 

noted in the references above).  

2 Especially due to the strict and attribution of the type of restriction - a dose increment limit of  3.0 

mSv per annum per person, in top of the unavoidable background radiation level, This specified 

allowed dose increment is allocated by most international committees to the exposure to external 

radiation only. In comparison in IS 5098 the same dose increment limit is set on the sun of the 

external and internal radiation annual dose increments. In view of the fact that the internal radiation is 

given a weight of 60%-80% of the radiation index as specified in IS 5098, the annual dose increment 

due to external radiation is restricted in practice to 0.06- 21.0  should take into account (in comparison 

with an allowed external annual dose increment of 0.3-  .12  should take into account  as recommended 

worldwide).  
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the common concrete mixes used in Israel may yield high radiation index values, and 

a deviation from the allowed radon emanation value could disqualify them in the 

context of the test specified in the Standard. 

From this it follows that the measurement method for radon specified in the Standard 

and the results of these measurements are of particular significance when considering 

the inclusion of coal ash in concrete.  

According to most of the studies carried out worldwide and in Israel, the addition of 

coal ash to concrete mixtures significantly reduces the rate of radon exhalation from 

the concrete. Moreover, the contribution of coal ash to the continuation of the 

pozzolanic process in the concrete lattice further reduces the radon exhalation over 

time. When selecting the measurement methods to be recommended by the Standard 

this phenomenon should take into account in order to enable optimal engineering and 

environmental implementation of the coal ash at a reasonable level of certainty.  

In the context of the study carried out in Soreq and in the Technion laboratories, 

(commissioned jointly by the National Coal Ash Board and the Ministry of Housing 

and Construction), which examined the effect of the ash on radon exhalation from 

concrete over time, simultaneous measurements were performed on identical concrete 

samples in the Soreq and in the Technion laboratories, as well as in the NRG 

laboratories in Holland.  

Whereas the concentrations of radioactive elements were found to be similar in the 

different lab tests, the findings for the radon exhalation were significantly different: 

The addition of 140kg of coal ash to the concrete mix led to a reduction in the 

measured rate of radon exhalation from the concrete prepared from the mix relative to 

the radon exhalation rate from concrete samples prepared from a similar concrete mix 

to which no ash was added. The measured reduction reached 10% as measured  in the 

Technion laboratory, 18% as measured in the Soreq laboratory and more than 50% at 

as measured in the NRG labs in Holland. In addition, the certainty level of the Dutch 

results with a standard deviation of 2%-9%, was higher than those of the Technion 

and Soreq – more than 30%. This may be due to the relatively limited experience of 

the Israeli labs compared to the well-established Dutch experience based on many 

years of research. However, it is also possible that the reason is more fundamental in 

nature and that it stems from different scientific approaches to the radon measurement 

method, measurement means and interpretation of the findings. In this context, it is 

notable that whereas the Israeli method has not yet been judged by the international 

academia, the Dutch method has been documented for many years in articles 

published in international professional journals.  
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The differences between the measurement methods are expressed in a different 

assessment (in the Israeli and Dutch Standards) of the contribution of the ash to the 

annual radiation dose increment to residents of a  protected apartment space made of 

concrete, In the above concrete nixes with ash from a source relatively rich in radium, 

the calculated dose increment caused by the added ash as assessed using the  Israeli 

standard reached 0.2 mSv/y,, whereas according to the Dutch standard, the calculated 

dose increment reached only 0.03 mSv/y. It should be noted that the radiation index of 

the said mix according to Israeli Standard 5098 (I=0.74 in the Soreq measurements) 

with an assumption of an error of up to 30% in the result of the radon measurements, 

could cause it to retroactively exceed the permitted level (I=1).  

The effect of the source of the coal on the expected exposure to radiation 

from concrete made of mixes including coal ash. 

Radon exhalation from concrete is dependent on numerous factors: the concentration 

of radium in the raw materials (that composite the concrete mix), the structure and 

features of the the material itself and the structure and characteristics of the 

construction product. Most of the radon created in the ash is not emitted from it, but is 

rather decaying with time within the amorphous-vitreous structure of the ash particles. 

Similarly, the addition of ash contributes to the densification of the concrete and to the 

hindering of radon exhalation that has its source in other raw products too. Sources of 

ash that differ from one another in their features – in their radium concentration (55-

250 Bq/kg), their amorphous component (40%-80%), their particle size (12%-25% 

larger than 45 µm) and their pozzolanic reaction (contribution to the hardening of the 

cement: 0.79-0.95 of the cement strength), affect the radon exhalation from concrete 

products differently.  

In the context of establishing a coal ash database, the Coal Ash Board is conducting 

an ongoing follow-up of the characteristics of the ash based on its various sources and 

environmental indices, which serve as a tool in the environmental control of the 

applications of coal ash. This includes the examination of the concentration of 

radioactive elements in ash (and in the coal from the various sources) and an 

assessment of their contribution to the exposure to radiation from concrete (external 

and internal) in terms of Israeli Standard 5098.  

In view of the relatively limited experience that has been accumulated in 

implementing the Israeli method and model for the measurement of radon exhalation, 

the relatively high level of uncertainty in the findings that could endanger the 

acceptance of the common concrete-ash mixtures and the disparities between the 

findings of the Israeli and Dutch systems, it is of particular importance to compare the 
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findings according to the two methods. To this end, similar concrete samples produced 

from the same concrete mixtures will be tested, 4 (out of 10 in the follow-up program) 

with ash, 1 without ash, in the Israeli laboratories (Soreq) and in Holland (NRG).  

The comparative findings will be presented and discussed at the session on radiation 

of the December 2012 workshop with the participation of researchers from both labs, 

with an eye to control and improving the reliability of the Israeli method.  
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