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Abstract. Present day steelmaking slags are being successfully used as a high quality mineral 
aggregate for the building materials. With this, it is of vital importance to be familiar with the 
technical significance of the secondary application of slag, because some slag might contain 
increased concentration of substances harmful to human health. In terms of slag impact on the 
environment, radionuclides are the least researched of all pollutants emitted from the 
metallurgical processes. The paper presents the results of the measurement the natural 
radioactivity levels in concrete composites with incorporated slags in various proportions. The 
radionuclides´ activity index, dose rate and annual effective dose were evaluated to assess the 
potential radiological hazard associated with composites with slag and ferromanganese slag. 

1. Introduction 
Most building materials of natural origin contain small amounts of naturally occurring radioactive 
material (NORM), mainly radionuclides from the 238U and 232Th decay chains and the radioactive 
isotope of potassium, 40K. The activity concentration of the radionuclides in building materials varies 
considerably, depending on both the nature and the origin of the raw material compounds. Generally, 
natural building materials reflect the geology of their site of origin. The average activity 
concentrations of 226Ra, 232Th and 40K in the Earth’s crust are about 40, 40 and 400 Bq.kg−1 
respectively [1-2]. Available literature shows typical and maximum activity concentrations in common 
building materials and industrial by-products used for building materials in the EU (max. values of 
activity for slag of 226Ra is 2100 Bq.kg-1, for 232Th Bq.kg-1 is 340 and for 40K is 1000 Bq.kg-1). The 
radioactivity concentrations found in certain kinds of industrial by-products (fly ash, phosphogypsum, 
etc.) can often be significantly higher in comparison with most common building materials [1-3]. 
Metallurgical industry influences the environment directly with its by-products, i.e. various hazardous 
and non-hazardous technological wastes (slag, refractories, sludge, dust, mill scale, etc.) which are 
most commonly disposed of at their inadequate landfills. The most common technological waste 
inadequately disposed of in the said manner is unprocessed steel slag. Through awareness of 
environmental considerations and more recently, the concept of sustainable development, extensive 
research and development has removed slag from industrial waste into modern industrial product 
which is effectively and profitably used for many industrial purposes, especially as raw material in the 
numerous building applications [4-6]. Slags from different metallurgical processes contain many 
useful components (metals and oxides) used for various industrial and construction purposes. The 
properties of slag including mineralogical composition play important roles in determining specific 
applications. Steel-making processes produce significant volumes of waste, which is a problem both 
from the economical and environmental point of view. In order to find solutions for exploitation of 
steel slag, as well as due to increasingly demanding legal regulations in environment protection, 
physical, chemical and radiochemical properties of this material are more and more frequently 
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subjected to systematic research. The amounts of radionuclides involved are noteworthy. US, 
Australian, Indian and UK coals contain up to about 4 ppm uranium, those in Germany up to 13 ppm, 
and those from Brazil and China range up to 20 ppm uranium. Thorium concentrations are often about 
three times those of uranium [7-8]. 

2. Experimental 

2.1. Materials 
Research on radioactivity of building materials was performed using 12 mixtures of cement 
composites with different portions of cupola furnace slag (TH) and ferromanganese slag (TO). Recipes 
of cement composites are given in table 1. 

 
Table 1. Recipes of cement mortars per 1m3. 

The components of mortar 
mix [kg] 

TH 
0 

TH 
10 

TH 
20 

TH 
30 

TO 
0 

TO 
10 

TO 
20 

TO 
30 

Cement CEM I 42.5 R [kg] 450 405 360 315 450 405 360 315 

Cement replacement [wt.%] 0% 10% 20% 30% 0% 10% 20% 30% 

Cupola furnace slag [kg] 0 45 90 135 - - - -  
Ferromanganese slag [kg] - - - - 0 45 90 135 

Fine aggregate [kg] 1350 
Water [L] 225 

 

2.2. Radiological measurements 
The mass activities of radionuclides (226Ra, 232Th and 40K) in cement composites were measured using 
gamma ray spectrometry. This technique is an important tool in field of environmental radioactivity 
measurements due to its high resolution, large photo peak efficiency and it can measure different 
radionuclides in a single spectrum. Measurements were carried out using an EMS-1A SH (Empos, 
Prague, Czech Republic) detection system equipped with a NaI/Tl scintillation detection probe and a 
MC4K multichannel analyzer with optimized resolution of 818 V, 4.096 channel and with 9 cm of 
lead shielding and internal lining of 2 mm tinned copper. 

The specific activity concentrations of 226Ra, 232Th and 40K were determined in Bq.kg−1 using the 
count spectra. The 40K radionuclide was measured directly through its gamma ray energy peak at 1461 
keV, while activities of 226Ra and 232Th were calculated based on the mean value of their respective 
decay products. Activity of 226Ra was measured using the 351.9 keV gamma rays from 214Pb and the 
activity of 232Th was measured using the 238.6 keV gamma rays of 212Pb. The same counting time of 
86,400 s (24 h) was used for all measured samples. 

2.3.Methods for radiological analysis 
Gamma index Iγ 
Within the European Union effective doses exceeding 1 mSv.y-1 should be taken into account from the 
radiation protection point of view. Since several radionuclides contribute to the overall dose, in order 
to assess whether the dose criterion is met, an activity concentration index Iγ have been established. 
Radionuclides´ activity index, or shortly gamma index, Iγ was defined according to the following 
equation (1): 

                                                                              (1)                                                         

where ARa, ATh, AK are the radium, thorium and potassium, activity concentration (Bq.kg-1) in the 
building materials. The gamma index is derived to identify whether a dose criterion is met. The 
gamma index of materials used in building should not exceed limit values depending on the dose 
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criterion (Iγ ≤ 1) [9,10]. The gamma index should be used only as a screening tool for identifying 
materials which might be of concern. 
 
Dose rate and annual effective dose 
The absorbed dose rates in air in a room can be calculated by using the specific dose rates given in [9-
10]. The specific dose rates for radionuclides are given for different screening tool of identifying 
materials which might be of concern. Indoor dose rates for a model room (dimension of 4m x 5m x 2.8 
m, thickness of 20 cm, density of 2,35 g/cm3, and the background of 50 nGy.h-1) are calculated with 
different structures in a building causing the irradiation as follows: 
All structures:  

                                                       1.1.                                                     (2) 

Floor and walls: 
                                                      0.78.                                         (3) 
Floor only: 
                                                     0.28.                                                                 (4) 
 

The annual effective dose DE (mSv), due to gamma radiation from building materials with the 
annual exposure time of 7000 h [9,10] was calculated by next equation: 
 
                                                                         (5) 
 

3. Results and discussion 
Table 2 presents the measured radionuclides´ mass concentrations in input materials and studied 

cement composites with slag additives as well as the calculated gamma indexes. 
 

Table 2. The mass activities of radionuclides and gamma indexes in input materials and composites 
samples. 

Sample Mass activity 
[Bq.kg-1] 

Gamma 
index 

 226Ra 232Th 40K Iγ [-]  

TH 0 5.72 20.74 80.45 0.149 
TH10 3.17 8.54 5.78 0.055 
TH20 3.54 7.53 3.74 0.049 
TH30 4.06 8.013 22.31 0.053 
TO 0 5.72 20.74 80.45 0.149 
TO10 3.36 6.66 14.37 0.044 
TO20 2.96 6.08 4.987 0.040 
TO30 4.07 8.26 4.794 0.055 
Cupola furnace slag 16.95 48.95 97.04 0.345 
Ferromanganese slag 14.82 48.93 155.28 0.333 
Cement 3.03 11.63 57.27 0,09 
Fine aggregates 4.11 4.86 33.23 0.06 

 
The highest values of individual 226Ra, 40K and 332Th mass activities were found for cupola furnace 

slag followed by ferromanganese slag. Measured activities of radionuclides in cement were lower than 
measured previously [11]. In [11], the radionuclide activities in CEM I cements ranged from 3.69 – 
36.8 Bq·kg−1, 11.8 – 24.9 Bq·kg−1 and 36.98 – 331.4 Bq·kg−1 for 226Ra, 232Th and 40K, respectively. 
The analyzed mass activities in aggregates were also low. According to Terpakova [12], the 
aggregates radioactivity strongly depends on the geological sources and ranges from 21.5 to 29.9 
Bq·kg−1 for 226Ra, 5.0 to 11.4 Bq·kg−1 for 232Th and 106.5 to 270.6 Bq·kg−1 for 40K. 



4

1234567890‘’“”

Construmat 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 385 (2018) 012050 doi:10.1088/1757-899X/385/1/012050

 
 
 
 
 
 

Surprisingly, the highest gamma radiation was observed in cement composites without any slag 
additions. Cabanekova [13] presents a very wide range of radionuclides activities regarding concretes. 
In spite of the highest radiation in slags themselves, no increasing trend was observed with the 
increasing portion of slag in composites. The calculated gamma indexes for input materials have been 
also extremely low when compared to Vietnamese and Indian study [10,14] where for example the Iγ 
of cement was four times higher. On the other hand, the results are similar to the Egyptian ones, as 
reported in [15]. 

The gamma index ranged from 0.04 (TO 20) – 0.35 (slag). The limit value of gamma index (Iγ ≤ 1) 
was not exceed in any sample. Surprisingly, the highest values of gamma index have been calculated 
for the composites without any additives (TH0, TO0). In descending, the gamma index of 12 samples 
are of the sequence: Cupola furnace slag >ferromanganese slag> TH0=TO0 > cement >fine 
aggregates>TH10=TO30>TH30 >TH20>TO0>TO20. In particular, the Iγ values of cupola furnace slag 
and ferromanganese slag are significant to be considered in the assessment of radiological risk linking 
to standards and regulators on natural radioactivity in composites.  

The values of dose rates depended on the structures in building causing the irradiation in samples 
are compared in figure 1.  

The annual effective dose, calculated in accordance with equation (5), is given in table 3. 
 

 
Figure 1. The dose rates of analyzed samples in nSv.h-1. 

 
 

Table 3. The annual effective dose for composite samples. 

Sample Annual effective dose DE 
[mSv] 

TH 0 0.17 
TH10 0.06 
TH20 0.06 
TH30 0.07 
TO 0 0.17 
TO10 0.06 
TO20 0.05 
TO30 0.06 

The obtained data show that there are many samples with annual effective doses not exceeding the 
criterion of 1mSv. The highest values of rate dose calculated for slag-free composites were 
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significantly lower than recommended dose criterion of 84 nSv.h-1. The calculated values for dose rate 
for input materials have been lower when compared to Turkish study [16] where for example the D of 
cement was twice higher. This was the case for all three applications of composites: in floors, in floors 
and walls, and even in all structures. 

4. Conclusion  
The natural radioactivity of composites with slag additives was investigated to estimate the potential 
radiological hazard of the waste-based materials. The results showed that the mass activities of 
radionuclides or gamma indexes of the composites did not exceed the limit values recommended by 
UNSECAR. In addition, the values of the annual effective dose have been found within the safe limit. 
Addition of slag materials has not proved any significant positive or negative effect. 

Another concern was to study the correlation between the amount of the slags and radioactivity´s 
increasing. However, no correlation was observed in this study. The present study will be helpful to 
understand radiation level in the research of cement composites with additives for further studies. 
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