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Abstract This article presents the results of 137Cs and
other radionuclide monitoring in EAF steel-making process
in the Croatian CMC Sisak Steel Mill. The presence of
137
Cs and natural isotopes 40K, 232Th, 226Ra and 238U was
established. Investigations on the occurrence of the isotope
cesium, as well as natural isotopes and their distribution in
waste from the process of carbon steel production by EAF
have been conducted. Detection of artificial isotope cesium
in EAF dust indicates that it might originate from steel
scrap or from the residue of the material that was used in
the technological process, thus deserving special attention.
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Introduction
Nowadays, one cannot imagine contemporary steel production technology without using steel scrap, which is why
steel scrap is considered the basic raw material for steel
production. Already during the 1980s the share steel scrap
in the metal insert amounted to more than 40%, while it
ranges throughout quite broad limits in certain steel production processes, i.e., in Basic Oxygen Furnace Process
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(BOF) 20–30%, nowadays rarely, Open Hearth Furnace
(OHR) 50–60%, and Electric Arc Furnace (EAF) from 95
to 100% of steel scrap.
Nowadays, of the total amount of all types of raw
materials used in the EAF process of steel production, steel
scrap is definitely the most significant in amount, for its
amount ranges from 1039 to 1232 kgt-1 of crude steel [1].
In the last 10 years (1999–2008), the level of global crude
steel production [2] was between 789 and 1323 million
tones/y. If we take on the assumption that there is an
average of 1135 kg of steel scrap used per 1000 kg of
crude steel, we obtain the consumption of about 300–473
million tones/years of scrap in the observed period. At the
same period, the level of crude steel production [2] in the
EU (27) was from 182 to 210 million tones/years and
consumption of steel scrap was 73.4 to 95.5 million tones/
years as well.
Considering the immense significance of steel scrap as
raw material in the production processes of steel mill and
melting plants, it is vital to be fully acquainted with its
disadvantages when it comes to the chemical composition.
Alongside the well-known additives, which, during melting
or refining, pass to either slag (Al, Si, Ti) or gas (Zn, Cd),
i.e., those which only partially turn to slag (Mn, Cr, S, P) or
remain fully melted (Cu, Ni, Mo, Sn…), steel scrap can also
contain admixtures from the group of radioactive metals.
Some of the contaminant radioactivity is a result of
naturally occurring radionuclides. Other radioactivity may
be associated with radioactive sources that are contained in
industrial or medical devices. In cases where the radionuclide occurs naturally, or is already present in the environment as a result of global fallout, the inadvertent
melting of a radioactive source could increase the contaminant concentration above that caused by this background environmental.
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Radioactive material may be introduced in steel scrap
through three different pathways:
–

–

–

Discrete radioactive sources may be introduced into the
scrap, due to the fact that such radioactive sources may
escape from regulatory control because they are
abandoned, lost, misplaced, stolen or otherwise transferred without proper authorization.
Uncontrolled radioactively contaminated material may
appear in the scrap stream from the process where the
material has been used. The material may have become
contaminated after contact with either natural or
artificial radionuclides.
Introduction of material with a very low level of
radioactivity, released in accordance with the national
regulatory framework.

The problem of radionuclide presence in steel and other
scrap is not recent and has been significantly present in
work published on the topic through a series of data on
occurrences of these unwanted constituents in steel and
other metals. The very wide application of many isotopes
points to the need for strict control over their usage as well
as disposal after usage. To be more precise, today, there is
practically no industry that does not use on of the isotopes
[3, 4], for instance technical industry (241Am, 74As, 82Br,
14
C, 144Ce, 60Co, 51Cr, 134Cs, 137Cs, 64Cu, 55Fe, 192Ir, 32P,
106
Ru, 35S, 124Sb, 182Ta, 204Tl, 170Tm, 65Zn), medicine and
biology (241Am, 82Br, 45Ca, 60Co, 51Cr, 137Cs, 55Fe, 22Na,
24
Na, 131J, 32P, 89Sr), and agriculture and food production
14
( C, 45Ca, 60Co, 137Cs, 64Cu, 55Fe, 131J, 99Mo, 32P, 65Zn).
Data available in published work [5–19] indicate a relatively significant number of recorded cases of the presence of radioactive elements in steel and other metal slag
intended for recycling, as well as products created in the
steel production process (steel, slag, and dust), and their
order, according to element abundance is as follows: 137Cs,
60
Co, 226Ra, 192Ir, 241Am, 232Th, and 90Sr. Although today
great amount of attention is being paid to the procedures of
procurement, usage and disposal of radioactive sources, the
number of cases in which they appear in steel and other
metal scrap is still to big. Only in the Netherlands in the
period from 2003 to 2007, 210–388 scrap loads with
increased radiation level have been recorded annually [20].
Many radioactive sources found by recoveries and recyclers originally come from nuclear installations (fission
and activation products) as well as from industrial and
research irradiator activities (137Cs, 60Co), teletherapy
(137Cs, 60Co), industrial radiography (60Co, 192Ir, 170Tm,
169
Yb), medical brachytherapy (226Ra, 137Cs, 60Co, 192Ir),
humidity gauges (241Am/Be, 226Ra/Be), and density gauges
(137Cs), industrial gamma gauges (137Cs, 60Co), and various beta gauging (90Sr), and well logging (241Am/Be,
137
Cs, 252Cf). One can also find pipes contaminated with
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uranium and thorium and from the potash [21] industries
(40K).
Although many of the steel producers have installed
equipment for radionuclide monitoring in steel scrap, this
equipment cannot provide absolute protection because of
the shielding of radioactive emissions that may be provided
by uncontaminated scrap metal. If radioactive material is
not removed before the melting process, it could contaminate the crude steel and finished metal product, associated
dust-recycle process streams, equipment, and the dust
generated during the EAF process.
When radionuclides are present in industrial by-product
and/or waste, this material can be dangerous for the whole
environment. It is clear that in the case of high activity,
such materials belong to the radioactive waste but it is not
so clear for which purposes such materials can be used
when content of radionuclides is low. The disposal options
for these materials, specifically the large volumes of
material with the lower concentrations of 137Cs, have been
limited because of their ‘‘hazardous waste’’ classification
and the costs associated with the disposition of large volumes of hazardous or radioactive waste. From this point of
view, long-lived artificial and natural radionuclides deserve
special attention.
Based on results of earlier studies [3] when the presence
of an artificial radionuclide 137Cs was detected in EAF
dust, and with the purpose of advancing the existing system
of monitoring radionuclides CMC Sisak d.o.o., Croatia, as
well as improving the management system of waste from
the steel production processes, throughout 2009, studies of
occurrence and distribution of present radionuclides in byproducts and/or waste from the process of production of
non-alloy carbon steel by EAF procedure have been
conducted.

Experimental
The testing has been conducted on crude steel produced by
EAF and processing by-products, i.e., EAF slag and dust
created during the production of low carbon steel in the
Steel Mill of CMC Sisak, Croatia. The analysis by
c-spectrometry has been applied to determine the presence
of radionuclides and their activity in the by-products and/or
wastes.
Sampling
For the purpose of continuous monitoring of artificial isotope 137Cs presence in electric arc furnace dust between
January and December 2009, samples were taken (in the
middle of the month) at the de-dusting plant outlet (about
5 kg each). The so-called raw sample was obtained after
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homogenization by stirring and quartering to the quantity
of 1.00 kg. The average samples were dried at 378 K for
24 h, marked with numbers from 1 to 12 and kept in glass
bottles with ground cap.
At the same time slag was sampled simultaneously with
the melt, cooled in the air, ground in a ring mill to the grain
size below 1 mm, homogenized, and quartered to the
quantity of 1.00 kg. The sample was dried at 378 K for
24 h, transferred to glass bottles with ground cap, and
marked. Sample of molten steel was cast into a copper
mould.
Quantitative determination
The prepared samples were transferred to standard counting vessels of 125 cm3 and weighed. The loaded vessels
were sealed and stored for at least 4 weeks to allow the ingrowth of gaseous 222Rn (3.8 day half-life) and its shortlived decay products to equilibrate with the long-lived
226
Ra precursor in the sample.
At the end of the in-growth period, the samples were
counted with HPGe multi-channel c-spectrometer. The
activities of 40K, 226Ra, 232Th, 238U and 137Cs were
determined by c-ray spectrometry, using a low background
hyper pure germanium semiconductor detector system
coupled to 8192-channel CANBERRA analyzer. Detector
system was calibrated using standards supplied by both the
National Bureau of Standards (USA) and Amersham
International (UK).
Depending on sample activity, spectra were recorded for
times ranging 100,000–200,000 s, and analyzed using the
GENIE 2000 CANBERRA software.
Activities of 226Ra were calculated from the 609.4 keVpeak of its 214Bi progeny. Activities of 232Th were calculated via 228Ra from the 911.1 keV-peak of its 228Ac
progeny. Activities of 40K were calculated from the
1460.7 keV-peak, activities of 137Cs were calculated from
the 661.6 keV-peak, and activities of 60Co from the
1173 keV-peak. Activities of 238U were calculated from
the 235U activities assuming the 235U/238U activity ratio
[22] of 0.046. 235U activities were calculated from the
186 keV-peak, after subtraction of the overlapping 226Ra
peak, which was previously calculated [23, 24] from 214Bi.
Efficiency of the system was checked during International Atomic Energy Agency inter-comparison runs. Precision and accuracy of the system were checked
additionally by simultaneous measurement of IAEA Reference Materials (International Atomic Energy Agency). It
should be mentioned that efficiency was calculated as
function of energy and geometry at the base of experimental data.
Limit of detection (LD) was determined according to
Currie (1968) relation for aired observation and zero blank
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[25]. From LD, a lower limit of detection (LLD) was
estimated at the base of know efficiency, counting time,
energy intensity, and sample mass.

Results and discussion
When radioactive sources are melted the three possible
outcomes are that the radioactivity partitions mainly to the
heat (metal), off-gas dust or the slag. In the technology of
steel production by RFA, the most important factor is the
slag former, because the partition of radionuclides and the
characteristic of steel depend on the composition and
basicity of the slag former [26–29]. The partition mechanism and mode of removal radionuclide from scrap to other
surrounding media is a complex process that can be
influence by numerous chemical and physical factors,
including the composition, thermodynamic conditions,
solubility of radionuclides in molten steel, melting temperature, and melting practices such as the furnace type and
size, melting time and the method of a carbon adjustment,
and the physical and chemical properties of radionuclides
[29]. Because of their different physical and chemical
properties and other factors, during a steel making process,
the isotopes were distributed differently in the molten steel
and in the by-products, Table 1. The data in Table 1 show
some properties of radioactive element found by steel scrap
recycling and their entrainment into melt, slag or off gas
dust.
The physical and chemical properties, such as boiling
temperature and the affinity for oxygen of the radionuclides, influence their distribution into the processing
phases. Based on free energy and vapour pressure considerations, cesium would be expected to volatilize from the
melt and cesium found both in the slag and in off gas dust.
The distribution factors of the main radionuclides expected
to enter the steel making process are shown in Table 2.
Just as with the abovementioned EAF by-products or
waste in steel making process, and in order to define possibilities for further use, radionuclides’ distribution and

Table 1 Some of the properties of radioactive element [3]
Isotope

Occurrence probability

Toxicity class

Spread a risk

60

High

Low to moderate

Low

226

Ra
137
Cs

High
Moderate

High
Moderate

High
High

192

Moderate

Moderate

Low

241

Low

High

High

232

Low

High

Low

90

Very Low

Very high

High

Co

Ir
Am
Th

Sr
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Table 2 Radionuclide distribution during EAF process into metal,
slag, and dust [17, 36]
Isotope characteristic

Distribution factor

Radionuclide

Half-life

Metal

Slag

Dust

54

312 days

1

0.1

0.05

55

2.70 years

1

0.1

0.05

60

Co
63
Ni

5.27 years
96 years

1
1

0.01
0.01

0.005
0.001

90

29.10 years

0.1

1

0.1

Mn
Fe

Sr

137

30.00 years

0.001

0.1–0.5

0.5–1

192

74 days

1

0.01

0.001

Cs
Ir

226

1600 years

0.1

1

0.1

232

1.40E10 years

0.1

1

0.01

241

432 years

0.1

1

0.001

Ra
Th
Am

potential radiation risk in steel making process was
examined. In this manner, the presence of natural and
particularly artificial isotope 137Cs was determined in the
specimens of electric furnace dust, slag and melt, and
obtained results are presented in this work.
It should be mentioned that every single sample was
counted three times and results in all tables present the
average activity value with standard deviation computed
from these values and single counting error.
Table 3 shows results of radionuclides determination in
EAF dust samples. As it was expected regarding previous
research [30], the electric arc furnace dust samples contain
natural isotopes 40K, 226Ra, 232Th, and 238U and artificial
isotope 137Cs. The measured values regarding the presence
of individual isotopes and their activity are as follows: 40K
from 320 ± 40.9 Bq kg-1 (sample D12) to 573 ± 63.2
Bq kg-1 (sample D3); 232Th from 3.91 ± 1.78 Bq kg-1
(sample D3) to 8.30 ± 2.97 Bq kg-1 (sample D11); 226Ra
from 5.92 ± 1.47 Bq kg-1 (sample D3) to 13.3 ± 2.56
Bq kg-1 (sample D12), and 238U from \6.98 Bq kg-1
(sample D3) to 21.1 ± 9.98 Bq kg-1 (sample D1). The
measured values regarding the presence of artificial isotope
137
Cs was from 6.83 ± 1.39 Bq kg-1 (sample D12) to
20.9 ± 2.79 Bq kg-1 (sample D4).
The results of earlier studies point to the distribution of
radionuclide during the process of melting steel slag, i.e.,
production of steel by EAF procedure [31–35], during
which 60Co, 63Ni, and 192Ir remain melted, 90Sr, 147Pm,
226
Ra, 232Th, 238Pu, 241Am, and 244Cm pass to slag, and the
evaporating 137Cs accumulates in the dust, Table 4.
Just as the abovementioned partition mechanism and
mode of removal of radionuclides from scrap to melt, slag,
and dust is a complex process that can be influenced by the
thermodynamic conditions, solubility of radionuclides in
molten steel, melting temperature, and melting practices,
such as furnace type and size, melting time, the physical
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and chemical properties of radionuclides and other phenomena which appear during the steel making process.
To be more precise, it is quite common an occurrence
for the slag from the EAF process to contain captured drops
of liquid metals in the form of granules, and due to this the
distribution ratio of respective radionuclides between slag
and melt tends to be smaller than the theoretical values.
Furthermore, the occurrence such as the so-called bubble
bursting causes minute drops of metal to appear, which,
when separated from the melt, are taken to the de-dusting
plant by smoke gases and kept in the dust.
According to the data presented in Table 4, it is to be
expected for the melt to contain 98–99% of radioactive
60
Co, 63Ni, and 192Ir, while the dust contains the majority
of all evaporating 137Cs. Slag normally contains 95–99% of
90
Sr, 147Pm, 226Ra, 232Th, 238Pu, 241Am, and 244Cm, as well
as 1–5% of 60Co, 63Ni, and 192Ir all of which are being
captured in the slag in the form of metal granules. That the
distribution of radionuclides during melting is a quite
complex and complicated process is also demonstrated by
the results of Neuschütz et al’s [31] study, where during
the melting of wastes of low radioactivity the distribution
of 137Cs between slag and dust amounted to 60:40, which
was above all the consequence of the form in which cesium
was used. The cesium distribution was typical for nonchloride Cs compounds. The CsCl was found to volatilize
completely and to pass to the EAF dust, while the other Cs
compounds (CsOH and Cs2SO4) tend to partition between
slag and dust depending on physical and chemical properties of compounds and on slag basicity.
For the purpose of determining the artificial isotope
137
Cs presence in electric arc furnace dust and possible
distribution between slag and dust, the analysis by
c-spectrometry has been applied to determine the presence
of 137Cs and other radionuclides, as well as their activity in
the slag and melt, Tables 5 and 6.
In Table 5 results of radionuclide determination in slag
samples are shown. As it was expected, the slag samples
contain natural isotopes 40K, 226Ra, 232Th, and 238U. The
measured values regarding the presence of individual isotopes and their activity are as follows: 40K from 45.3 ±
10.3 Bq kg-1 (sample S10) to 63.8 ± 12.2 Bq kg-1
(sample S12); 232Th from 12.3 ± 3.83 Bq kg-1 (sample
S11) to 15.4 ± 2.95 Bq kg-1 (sample S3); 226Ra from
18.0 ± 2.42 Bq kg-1 (sample S4) to 21.6 ± 2.82 Bq kg-1
(sample S12), and 238U from 18.9 ± 6.87 Bq kg-1 (sample
S8) to 32.4 ± 8.47 Bq kg-1 (sample S5). The measured
values regarding the presence of artificial isotope 137Cs
were very low and their activities were from 1.03 ±
0.433 Bq kg-1 (sample S2) to 1.57 ± 0.599 Bq kg-1
(sample S1).
In Table 6 results of radionuclides determination in melt
samples are shown. As it was expected, the melt samples
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Table 3 Results of c-spectrometric analysis of the EAF dust from CMC Sisak steel mil
Measured activity concentration ± measurement uncertainty (Bq kg-1)

Sample

40

232

K

226

Th

Ra

238

U

Cs

D1

401 ± 50.0

4.02 ± 2.29

6.96 ± 2.04

D2

516 ± 59.2

4.85 ± 2.21

8.94 ± 1.97

\8.98

11.4 ± 1.81

D3

573 ± 63.2

3.91 ± 1.78

5.92 ± 1.47

\6.98

19.7 ± 2.41

D4

582 ± 66.7

6.07 ± 2.56

9.35 ± 2.22

D5

457 ± 52.8

5.35 ± 2.28

9.45 ± 1.90

21.1 ± 9.98

137

\10.1
\8.23

8.84 ± 1.70

20.9 ± 2.79
18.3 ± 2.43

D6

452 ± 51.8

4.82 ± 2.11

9.11 ± 1.91

\7.78

19.6 ± 2.45

D7
D8

372 ± 43.1
378 ± 44.6

6.03 ± 2.20
4.00 ± 1.95

8.13 ± 1.66
6.71 ± 1.63

\7.02
\8.00

14.3 ± 1.95
16.9 ± 2.21

\9.87

15.2 ± 2.24

D9

417 ± 50.4

4.99 ± 2.44

9.88 ± 2.21

D10

496 ± 59.1

8.08 ± 3.54

10.1 ± 2.34

D11

470 ± 55.1

8.30 ± 2.97

12.2 ± 2.25

12.2 ±7.21

11.1 ± 1.76

D12

320 ± 40.9

5.05 ± 2.55

13.3 ± 2.56

14.5± 7.82

6.83 ± 1.39

Table 4 The distribution ratios of some radionuclide during steel
melting in EAF
Nuclide

Neuschütz et al. [31]

Anigstein et al. [32].

Distribution (%)

Distribution (%)

Melt

Slag

Dust

Melt

Slag

Dust

60

98

1

1

99

–

1

63

98

1

1

99

–

1

90

–

99

1

–

95

5

137

–

\1

[99

–

0–5

95–100

147

–

99

1

–

95

5

192

98

1

1

99

–

1

226

–

99

1

–

95

5

232

NA

NA

NA

–

95

5

Co
Ni
Sr
Cs
Pm
Ir
Ra
Th

238

239

–

99

1

–

95

5

241

Pu/

–

99

1

–

95

5

244

–

99

1

–

95

5

Am
Cm

Pu

NA not available

contain very low activities of natural isotopes 40K, 226Ra,
232
Th, and 238U. The measured values regarding the presence of individual isotopes and their activity are as follows:
40
K all values were less then 5.49 Bq kg-1 (sample ST 5);
all activities values of 232Th were less then 0.541 Bq kg-1
(sample ST 5); all activities values of 226Ra were less then
0.590 Bq kg-1 (sample ST 5), except for values in samples
ST1, ST10, and ST12 where values were from 0.496 ±
0.337 Bq kg-1 (sample ST1) to 0.838 ± 0.345 Bqkg-1
(sample ST12). All activities values of 238U were less then
2.74 Bq kg-1 (sample ST5) and the measured values
regarding the presence of artificial isotope 137Cs were less
then 0.009 Bq kg-1 (sample ST5).

\10.3

12.4 ± 2.03

In order to attempt to determine the source isotope 137Cs
in dust and slag, in previous investigations22 the materials
used for the production of one steel melt were tested for
the presence of radionuclides. The analysis included the
materials added into the electric arc furnace as non-metal
additives (Si–Mn, Fe–Si, bauxite, fluorspar, lime, and
coke), graphite electrodes and used refractory material.
Obtained results are shown in Table 7.
The measured values regarding the presence of individual isotopes and their activities, presented in Table 7,
showed very low values or values less then lower limit of
detection.
Conclusion
With the purpose of advancing the existing system of
monitoring radionuclides, as well as improving the management system of waste from the steel production processes, and on the basis of earlier studies of the presence of
isotope 137Cs in the samples of EAF dust, we have conducted a systematic control of this artificial radionuclide in
this specific waste material in the period of 1 year. Investigations on the occurrence of the isotope 137Cs, as well as
natural isotopes 40 K, 232Th, 226Ra, 238U and their distribution in by-products and/or waste from the process of
production of non-alloy carbon steel by EAF procedure
have been conducted.
It was determined that the electric arc furnace dust
samples contain artificial isotope 137Cs and natural isotopes
40
K, 226Ra, 232Th, and 238U and the measured values
regarding the presence of individual isotopes and their
activity were for 137Cs from 6.83 ± 1.39 Bq kg-1 to
20.9 ± 2.79 Bq kg-1; 40K from 320 ± 40.9 Bq kg-1
to 573±63.2 Bq kg-1; 232Th from 3.91 ± 1.78 Bq kg-1 to

123

620
Table 5 Results of
c-spectrometric analysis of the
EAF slag from CMC Sisak steel
mil

Table 6 Results of cspectrometric analysis of the
EAF carbon steel from CMC
Sisak steel mil

Table 7 Results of cspectrometric analysis of the
materials added into the EAF22

LLD lower limit of detection

T. Sofilić et al.

Sample

Measured activity concentration ± measurement uncertainty (Bq kg-1)
40

232

K

238

Ra

137

U

Cs

S1

62.9 ± 12.1

15.1 ± 2.81

21.4 ± 2.80

24.3 ± 7.74

1.57 ± 0.599

S2

57.0 ± 11.3

13.3 ± 2.66

19.5 ± 2.57

23.3 ± 7.22

1.03 ± 0.433

S3

54.6 ± 11.3

15.4 ± 2.95

20.8 ± 2.71

21.3 ± 7.27

1.06 ± 0.434

S4

50.3 ± 10.5

14.5 ± 2.86

18.0 ± 2.42

25.0 ± 7.30

1.16 ± 0.499

S5

58.5 ± 11.5

14.5 ± 2.94

20.4 ± 2.67

32.4 ± 8.47

1.34 ± 0.514

S6

52.5 ± 10.8

13.5 ± 2.63

19.1 ± 2.51

29.7 ± 8.06

1.09 ± 0.481

S7

49.1 ± 9.33

13.2 ± 2.41

15.2 ± 2.05

20.6 ± 5.61

1.30 ± 0.466

S8

55.9 ± 11.2

13.0 ± 2.67

19.0 ± 2.52

18.9 ± 6.87

1.11 ± 0.505

S9

57.9 ± 11.5

12.9 ± 2.75

19.7 ± 2.58

24.5 ± 7.44

1.55 ± 0.459

S10

45.3 ± 10.3

14.9 ± 2.99

19.5 ± 2.55

23.6 ± 7.37

1.19 ± 0.496

S11
S12

50.1 ± 11.0
63.8 ± 12.2

12.3 ± 3.83
14.7 ± 2.97

18.3 ± 2.51
21.6 ± 2.82

25.5 ± 7.62
26.0 ± 7.61

1.08 ± 0.438
1.13 ± 0.331

Sample

Measured activity concentration ± measurement uncertainty (Bq kg-1)
40

232

226

238

137

ST1
ST2

\4.37
\4.10

\0.431
\0.404

0.496 ± 0.337
\0.441

\2.18
\2.05

\0.007
\0.007

ST3

\4.21

\0.415

\0.453

\2.10

\0.007

ST4

\4.18

\0.413

\0.450

\2.09

\0.007

ST5

\5.49

\0.541

\0.590

\2.74

\0.009

ST6

\4.98

\0.491

\0.535

\2.49

\0.008

ST7

\4.60

\0.453

\0.494

\2.29

\0.008

ST8

\4.19

\0.413

\0.450

\2.09

\0.007

ST9

\4.38

\0.431

\0.470

\2.18

\0.007

ST10

\4.17

\0.411

\2.08

\0.007

ST11

\4.25

\0.419

\2.12

\0.007

ST12

\4.10

\0.404

\2.05

\0.007

K

Material

Th

Ra

U

0.803 ± 0.348
\0.457
0.838 ± 0.345

Cs

Measured activity concentration ± measurement uncertainty (Bq kg-1)
40

K

137

Cs

226

238

\LLD

Ra

U

SiMn

\LLD

\LLD

\LLD

FeSi

10 ± 2.0

\LLD

2.2 ± 0.6

2.2 ± 0.6

Bauxite

34.2 ± 7.2

0.9 ± 0.3

59.6 ± 1.9

58.9 ± 6.3

Fluor spar

10 ± 2.0

\LLD

123.8 ± 2.3

118.5 ± 7.5

Lime

\LLD

\LLD

\LLD

\LLD

Coke

10 ± 1.1

\LLD

2.0 ± 0.5

2.0 ± 0.4

Graphite electrode

46.4 ± 8.7

\LLD

2.5 ± 0.5

2.5 ± 0.6

Refractory material

22.2 ± 6.0

\LLD

9.1 ± 0.9

8.7 ± 3.1

8.30 ± 2.97 Bq kg-1; 226Ra from 5.92 ± 1.47 Bq kg-1 to
13.3±2.56 Bq kg-1 and 238U from \6.98 Bq kg-1 to
21.1 ± 9.98 Bq kg-1.

123

226

Th

The measured values regarding the presence of artificial
isotope 137Cs in slag were very low and their activities
were from 1.03 ± 0.433 Bq kg-1 to 1.57 ± 0.599

Monitoring of

137

Cs

Bq kg-1. The results of natural radionuclide determination
in slag samples showed that the slag contained natural
isotopes 40K. 226Ra. 232Th, and 238U and the measured
values regarding the presence of individual isotopes and
their activity were for 40K from 45.3 ± 10.3 Bq kg-1 to
63.8 ± 12.2 Bq kg-1; 232Th from 12.3 ± 3.83 Bq kg-1
to 15.4 ± 2.95 Bq kg-1; 226Ra from 18.0 ± 2.42 Bq kg-1
to 21.6 ± 2.82 Bq kg-1 and 238U from 18.9 ± 6.87
Bq kg-1 to 32.4 ± 8.47 Bq kg-1.
The measurements of radionuclide activities in melt
samples showed that all measured values regarding the
presence of individual isotopes and their activity were less
then their lower limit of determination (LLD) except values
of 226Ra in samples ST1, ST10, and ST12 which where were
from 0.496 ± 0.337 Bq kg-1 to 0.838 ± 0.345 Bq kg-1.
Detection of artificial isotope cesium in electric arc
furnace dust indicates that it might originate from steel
scrap or from the residue of the material that was used in
the technological process, thus deserving special attention.
Activity of natural isotopes in investigated samples can
be considered normal, because in previous investigation
they are found in raw materials in minor quantities. In
addition, presence of natural isotopes can be considered
usual and they may appear in raw materials and accessory
materials that are used in the steel making process.
Although these measured radioactivity values of artificial isotope 137Cs do not represent significant values from
EAF steel making processes, it is important to know the
levels of these activities and to try to maintain or even
reduce them by improving the existing monitoring system.
At the same time, the monitoring of artificial isotope 137Cs
in electric arc furnace dust before it leaves the production
cycle, does guarantee protection against accidental environment contamination through using dust in other industry
or disposal.
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