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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 tB&U and?3?Th decay chains and the radioactive
isotope of potassium. 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 0f?°Ra, 2%2Th and “K in the Earth’'s crust are about 40, 40 and 400 Bd.kg
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?Ra is 2100 Bq.kd, for 22Th Bg.kg! is 340 and fof% is 1000 Bq.kd). 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 dibmaclides involved are noteworthy. US,
Australian, Indian and UK coals contain up to ab®dgpm uranium, those in Germany up to 13 ppm,
and those from Brazil and China range up to 20 ppemium. Thorium concentrations are often about
three times those of uranium [7-8].

2. Experimental

2.1. Materials

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

Table 1. Recipes of cement mortars per®lm

The components of mortar | TH TH TH TH TO TO TO TO
mix [kg] 0 10 20 30 0 10 20 30
CementCEM1425R [kg] | 450 405 360 315 450 405 0 36 315

Cement replacement [wt.%] 0% 10% 20% 30% 0% 10% 20%B90%

Cupola furnace slag [kq] 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 radionuclide$®Ra, *2Th and*’K) in cement composites were measured using
gamma ray spectrometry. This technique is an imaporiool in field of environmental radioactivity
measurements due to its high resolution, large qlpelak efficiency and it can measure different
radionuclides in a single spectrum. Measurement® warried out using an EMS-1A SH (Empos,
Prague, Czech Republic) detection system equippdamNal/TI scintillation detection probe and a
MC4K multichannel analyzer with optimized resolutiof 818 V, 4.096 channel and with 9 cm of
lead shielding and internal lining of 2 mm tinnexpper.

The specific activity concentrations $fRa,?*?Th and*’K were determined in Bqg.kg—1 using the
count spectra. ThHEK radionuclide was measured directly through itsge ray energy peak at 1461
keV, while activities of?Ra and?®’Th were calculated based on the mean value of thspective
decay products. Activity 0?°Ra was measured using the 351.9 keV gamma rays?fBim and the
activity of 222Th was measured using the 238.6 keV gamma ray€Rif. The same counting time of
86,400 s (24 h) was used for all measured samples.

2.3.Methods for radiological analysis

Gamma index Iy

Within the European Union effective doses exceedingSv.y* should be taken into account from the
radiation protection point of view. Since sevemdionuclides contribute to the overall dose, ineord

to assess whether the dose criterion is met, avitaatoncentration indexyl have been established.
Radionuclides” activity index, or shortly gammaerdly was defined according to the following
equation (1):

| - ARc AT& AK
Y300 " 200 " 3000 (1)
where A, A, Ak are the radium, thorium and potassium, activitycemtration (Bg.kg) in the

building materials. The gamma index is derived dentify whether a dose criterion is met. The
gamma index of materials used in building shoultl exceed limit values depending on the dose
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criterion (, < 1) [9,10]. The gamma index should be used onlyn &Ereening 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 lselagtd by using the specific dose rates give®4n [
10]. The specific dose rates for radionuclides given for different screening tool of identifying
materials which might be of concern. Indoor doses#&r a model room (dimension of 4m x 5m x 2.8
m, thickness of 20 cm, density of 2,35 g#caind the background of 50 nGy)hare calculated with
different structures in a building causing thediagion as follows:

All structures:

D=082.4z, + 1.1Arg +0.084; 2)
Floor and walls:
D=067.Az,+ (0.78A4rg +00574; 3)
Floor only:
D=024.Az, + (0.284Ara +0.024; (4)

The annual effective dodBe (mSv), due to gamma radiation from building materiwith the
annual exposure time of 7000 h [9,10] was calcdlaienext equation:

Dy = 0.7 (Sv. 6y~ 7000 (R)x107° xD(nGy. h™1) (5)
3. Results and discussion
Table 2 presents the measured radionuclides” nastrations in input materials and studied

cement composites with slag additives as well ac#iculated gamma indexes.

Table 2. The mass activities of radionuclides and gammaxiesién input materials and composites

samples.

Sample Mass activity Gamma
[Bg.kg?] index
22€Ra 232Th 40K I,Y [_]

THO 5.72 20.74 80.45 0.149

TH10 3.17 854 578 0.055

TH20 354 753 374 0.049

TH30 406 8.013 22.31 0.053

TOO 572 20.74 80.45 0.149

TO10 3.36 6.66 14.37 0.044

TO20 296 6.08 4.987 0.040

TO30 407 826 4.794 0.055

Cupola furnace slag 16.9548.95 97.04 0.345

Ferromanganese slag 14.828.93 155.28 0.333

Cement 3.03 11.63 57.27 0,09

Fine aggregates 411 4.86 33.23 0.06

The highest values of individu#Ra,*°K and*3*?Th mass activities were found for cupola furnace
slag followed by ferromanganese slag. Measureditiesi of radionuclides in cement were lower than
measured previously [11]. In [11], the radionuclafivities in CEM | cements ranged from 3.69 —
36.8 Bg-kgt, 11.8 — 24.9 Bg-kg and 36.98 — 331.4 Bq-Kgfor 22°Ra, 2*2Th and*K, respectively.
The analyzed mass activities in aggregates were k. According to Terpakova [12], the
aggregates radioactivity strongly depends on thiogé&al sources and ranges from 21.5 to 29.9
Bg-kg!for 2?°Ra, 5.0 to 11.4 Bq-kgfor 2%2Th and 106.5 to 270.6 Bq-Kdor “K.
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Surprisingly, the highest gamma radiation was olezkiin cement composites without any slag
additions. Cabanekova [13] presents a very widgeaan radionuclides activities regarding concretes.
In spite of the highest radiation in slags themsglwo increasing trend was observed with the
increasing portion of slag in composites. The dated gamma indexes for input materials have been
also extremely low when compared to Vietnameseladidn study [10,14] where for example the |
of cement was four times higher. On the other hdmel results are similar to the Egyptian ones, as

reported in [15].

The gamma index ranged from 0.04 (TO 20) — 0.3%§sIThe limit value of gamma indel € 1)

was not exceed in any sample. Surprisingly, thédsgvalues of gamma index have been calculated
for the composites without any additives (THO, TAA)descending, the gamma index of 12 samples
are of the sequence: Cupola furnace skdgrromanganese slag> THO=TOO > cement >fine
aggregates>TH10=TO30>TH30 >TH20>TO0>TO20. In paléi; thel, values of cupola furnace slag
and ferromanganese slag are significant to be deregl in the assessment of radiological risk ligkin

to standards and regulators on natural radioagtivicomposites.

The values of dose rates depended on the strucgtuteslding causing the irradiation in samples

are compared in figure 1.

The annual effective dose, calculated in accordaiiteequation (5), is given in table 3.
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Figure 1. The dose rates of analyzed samples in nSv.h

Table 3. The annual effective dose for composite samples.

Sample Annual effective dose DE
[mSv]
THO 0.17
TH10 0.06
TH20 0.06
TH30 0.07
TOO 0.17
TO10 0.06
TO20 0.05
TO30 0.06

The obtained data show that there are many samjilieannual effective doses not exceeding the
criterion of 1mSv. The highest values of rate dasdculated for slag-free composites were
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significantly lower than recommended dose crited®4 nSv.H. The calculated values for dose rate
for input materials have been lower when compapetiurkish study [16] where for example the D of
cement was twice higher. This was the case fahedke applications of composites: in floors, irof®
and walls, and even in all structures.

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

Another concern was to study the correlation betwtbe amount of the slags and radioactivity’s
increasing. However, no correlation was observethis study. The present study will be helpful to
understand radiation level in the research of ceém@mposites with additives for further studies.
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