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ABSTRACT 

 

Electric arc furnace dust, due to steel fabrication by-products, some of 

that material has been contaminated with radioactive materials from 

orphan sources. After calculating the concentration of radionuclide ac-

tivity, it is known that the material meets the criteria for clearance of 

application and can be used for other purposes according to the appro-

priate characteristics. By determining the clearance, EAF dust will be 

processed through a stabilization/solidification method to be used as a 

material for making paving blocks. Through elemental analysis of EAF 

dust using the Micro-XRF method, it is known that sample 1 has a Ca 

content of 3.9%, CaO is 5.51%, Si is 0.64%, and SiO2 is 1.36%, while 

sample 2 has Ca content. 4.8%, CaO 6.74% Si 0.63% and SiO2 1.34%. 

The compressive strength test results based on Indonesian National 

Standard (SNI) 03-0691-1996 give the results of paving blocks included 

in quality D with a value of 9.2 MPa which can be used for parks or other 

purposes. In the calculation of cost savings analysis, determining the 

clearance for EAF dust can provide cost savings of Rp. 205,562,000 

compared to if it had to be managed as radioactive waste. The produc-

tion cost for one paving block using a mixture of EAF dust is Rp. 

2,213.77 or Rp. 97,405.88 for units per m2. 
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Introduction 
Electric arc furnace dust (EAF dust) is a re-

sidual in the form of fine grains originating 
from the smelting furnace of an iron-steel pro-
cessing facility (Chiu et al., 2019). This material 
comes from the remaining raw materials in the 
form of metal scrap, which cannot be melted 
completely from an electric arc furnace (Huang 

et al., 2021). This material collects in the dust 
filter section and the fine dust collector section 
(Sikarwar et al., 2020). EAF dust has the form 
of fine particles with sizes ranging from 20-500 
µm to the smallest below 20 µm (Ranjetha et al., 
2022). These materials have economic value 
and become export commodities through the 
use of these materials to be processed into  
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supporting products such as Zirconium silicate 
and Zircon flour in countries that already have 
processing technology (De Buzin et al., 2017). 
EAF dust is currently classified as registered 
non-hazardous and toxic waste (Ministry of 
Environmental and Forestry, 2021). This 
grouping facilitates the process of the reuse of 
materials into products that match the charac-
teristics of EAF dust (Esther et al., 2020). 

In 2019 there was an incident of radioactive 
contamination originating from Cs-137 radio-
nuclide on the export commodity of EAF dust, 
and it was detected at the port of arrival in the 
destination country (Nuclear Waste 
Management Installation-Directorate for 
Nuclear Facilities Management-BRIN, 2019). It 
is unknown where the radioactive substance 
came from or its ownership status and defined 
as orphan sources. This incident resulted in the 
return of these commodities to Indonesia and 
incurred considerable costs for exporters. One 
of the costs required to manage the contami-
nated material is the cost of storing radioactive 
waste. There is an alternative way to save costs 
for managing radioactively contaminated ma-
terials, namely by applying for a determination 
of clearance where materials/substrates that 
have a concentration value of radionuclide ac-
tivity at the clearance level are exempt from su-
pervision and the obligation to have a utiliza-
tion permit. 

Determination of clearances is an alterna-
tive solution because, in the implementation of 
radioactively contaminated material manage-
ment, exporters experience problems in radio-
active waste storage schemes due to the high 
costs required (Yang, 2022). Through the de-
termination of clearances, radioactive contam-
inated EAF dust can be handed over to a solid 
hazardous and toxic waste management facility 
because, through this mechanism, the presence 
of radioactive substances can be freed from 
government control (Boulos et al., 2023). Apart 
from being stored in the facility, EAF dust that 
has obtained a clearance determination can be 
utilized through the stabilization/solidification 
method (Falciglia et al., 2017). This technology 
has been widely used for the treatment of solid 
hazardous and toxic waste, especially those 
from coal-type power plants (fly ash-bottom 
ash) and residual steel processing (Omran & 

Fabritius, 2017). The stabilization/solidifica-
tion process is relatively easy to implement and 
does not require the availability of equipment 
with sophisticated technology because, basi-
cally, this method utilizes a pozzolanic reaction 
in the form of cement bonds in the concrete 
mixture (Masrullita et al., 2018). The type of 
product produced using the stabilization/so-
lidification method in managing EAF dust is a 
paving block (Goyal et al., 2022). The exporter 
hands over the remaining EAF dust that meets 
the requirements for the clearance level to a 
company that already has a hazardous and 
toxic waste management permit to be pro-
cessed into paving block. Paving block are ex-
pected to comply with SNI 03-0691-1996 as a 
quality standard for paving block products in 
Indonesia (Amaral et al., 2019). 

This research will focus on the analysis of 
the concentration of radionuclide activity in 
EAF dust samples to find out whether they can 
be classified according to the clearance level or 
treated as radioactive waste. After being stated 
in the determination of clearances, the use of 
the stabilization/solidification method is ap-
plied to the processing of EAF dust through the 
use of this material as a raw material for mak-
ing paving block (Alsheltat & Elfigih, 2023). 
Furthermore, the compressive strength test is 
carried out according to the standards applica-
ble to the paving block product (Singh et al., 
2022). In addition, this study also discusses the 
cost-saving aspects of managing radioactively 
contaminated EAF dust through the determina-
tion of clearances (Collivignarelli et al., 2020). 

 
Methods 
EAF dust 

The EAF dust used in the study came from 
exporters who experienced radioactive con-
tamination in the form of Cs-137 radionuclide 
originating from orphan sources. The value of 
the clearance level for Cs-137 radionuclide is 1 
Bq/g. Based on that parameter, if the concen-
tration value of the material activity is within 
the clearance level and is released from obliga-
tion to have a license. The number of EAF dust 
samples was two samples taken from the 
jumbo bag of EAF dust, which had the highest 
concentration of radionuclide activity (Araujo 
et al., 2022). EAF dust will also undergo a test 
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for elemental content using the Mico-XRF 
method using the Bruker X-Ray Fluorescence 
(XRF) equipment model M4 Tornado to deter-
mine the composition of its constituent ele-
ments, especially those derived from metal ele-
ments. Testing the concentration of radionu-
clide activity and elemental analysis of EAF 
dust was carried out in an accredited labora-
tory (Rasaki et al., 2019). 
 
Clearance Establishment Regulation 

Clearance are released from regulatory 
body (Bapeten) supervision of ushielded radio-
active substances, radioactive waste, or con-
taminated or activated materials. The clear-
ance level is the value set by regulatory body 
and expressed in activity concentration; at or 
below that value, open radioactive substances, 
radioactive waste, or contaminated or acti-
vated materials can be released from supervi-
sion. The International Atomic Energy Agency 
(IAEA) also provides guidelines for its member 
countries regarding the application of clear-
ance, as stated in Safety Guide No. RS-G-1.7: Ap-
plication of the Concept of Exclusion, Exemp-
tion and Clearance, which contains provisions 
on the application of the principles of exclusion, 
exemption and clearance in each member 
country (Nunes & Borges, 2021). Determina-
tion of clearance provides the consequence of 
exemption from the obligation to have a permit 
to use from a regulatory agency for a mate-
rial/object that has radioactive content in it. 
This designation also makes it possible to freely 
release this material into the environment, but 
there is no safety justification for doing so. In-
stead, radioactively contaminated material 
should not be released into the environment at 
all (Bamigboye et al., 2021). 
 
Stabilization/Solidification Methods 

The stabilization/solidification method is a 
process that involves mixing waste with a 
binder to reduce the leaching of contaminants 
both physically and chemically (Anrozi et al., 
2017). This method is generally used to treat 
solid B3 waste as a mixture for making street 
asphalt, a mixture of fillers in mortar mix, mak-
ing paving block (Mohasin et al., 2022). One of 
the products of this method is paving block. 
Paving block is a building material composition 

which has a mixture of cement or hydraulic ad-
hesive materials similar to water and aggregate 
with or without other additives (Han et al., 
2020).   

Utilization of EAF dust in the manufacture 
of the paving block is used as an additional or 
substitute material because the material con-
tains metal elements such as Iron (Fe), Magne-
sium (Mg), Manganese (Mn), and other ele-
ments such as Carbon (C), Oxygen (O), Sodium 
(Na), Calcium (Ca) which has the potential to be 
used as a substitute for sand and cement 
(Rajagukguk & Surbakti, 2021). The stabiliza-
tion/solidification process in EAFD as a mate-
rial for making concrete can react chemically to 
form a pozzolanic reaction due to the presence 
of iron (Fe), calcium (Ca) and silica (Si) in EAFD 
which are also present in cement (He et al., 
2021). 
 
Paving Block Compressive Strength Test 

Paving block that using EAF dust as a man-
ufacturing material will undergo a compressive 
strength test in accordance with the Indonesian 
National Standard (SNI) 03-0691-1996 for pav-
ing block for floors with the classification of 
paving block of quality A to D. Paving block of 
quality A have a compressive strength value. An 
average of 40 MPa and a minimum compressive 
strength value of 35 MPa for use on roads. Qual-
ity B paving block has an average compressive 
strength value of 20 MPa and a minimum com-
pressive strength value of 17 MPa with the al-
lotment of use in parking lots (Falciglia et al., 
2017). C-quality paving block has a compres-
sive strength value of 15 MPa and a minimum 
compressive strength value of 12.5 MPa with 
the designation of use for pedestrians (Omran 
& Fabritius, 2017). Quality D paving block has 
an average compressive strength value of 10 
MPa and a minimum compressive strength 
value of 8.5 MPa with the allotment of use as 
parks and other uses (De Buzin et al., 2017). 
The concrete strength test is carried out in a la-
boratory that has accreditation according to 
the SNI test that applies to paving blocks 
(Rakhimova, 2022). 
 
Cost Savings Aspect 

Calculation of the cost-saving aspect is car-
ried out by analyzing the cost components for 
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compacting solid B3 waste storage at the waste 
storage facility belonging to the Nuclear Waste 
Management Installation-Directorate for Nu-
clear Facilities Management (IPLN-DPFK) – Na-
tional Research and Innovation Agency with 
the cost component referring to the Regulation 
of the Minister of Finance (PMK) Number 210 
of 2021 concerning Types and Tariffs for Types 
of Urgent Necessity Non-Tax State Revenues 
that Apply to the National Research and Inno-
vation Agency (Guo & Sasaki, 2022). The analy-
sis of these cost components will be compared 
with the cost components needed to process 
EAF dust into paving block (Donald et al., 
2022). 

Result and Discussion  
EAF Dust Elemental Analysis 

Analysis of EAF dust elements was carried 
out using the Micro-XRF reading method. 
Through this equipment, the distribution of the 
constituent elements of EAF dust can be identi-
fied. Elemental analysis of EAF dust was carried 
out to determine the percentage content of Sil-
ica (Si), Iron (Fe) and Calcium (Ca) as elements 
present in cement so that it becomes a guide-
line for whether or not EAF dust is used in mak-
ing paving block. Table 1 shows the results of 
the elemental analysis of EAF dust from the 
readings of two samples.

 
Table 1. Elemental analysist Result of EAF Dust 

Element name Sample 1 Sample 2 
Iron (Fe) 23.37 24.03 
Calcium (Ca) 3.9 4.8 
Calcium Oxide (CaO) 5.51 6.74 
Silica (Si) 0.64 0.63 
Silica Oxide (SiO2) 1.36 1.34 

 
Based on the results of the analysis, it is 

known that radioactively contaminated EAF 
dust contains low percentages of Silica (Si), Sil-
ica Oxide (SiO2), Calcium (Ca) and Calcium Ox-
ide (CaO) so that theoretically, it can make pav-
ing block stronger. This is consistent with pre-
liminary research on the effect of Silica Oxide, 
polyethene and shelf life on compressive 
strength and water absorption in paving block 
(Hambali et al., 2013). The use of silica sand as 
a substitute for sand can increase the strength 
of the paving block with a curing time of 28 
days (Luthfizar et al., 2019). 

Clearance Establishment 
The determination of clearance is carried 

out by submitting an application to regulatory 
body with the guidance of Bapeten Regulation 
Number 16 of 2012 concerning Level of Clear-
ance. The regulation contains provisions for de-
termining clearance by submitting the results 
of radiation exposure measurements and anal-
ysis documents regarding activity concentra-
tions. Based on the results of measuring the ra-
dionuclide activity concentration (RAC) of each 
jumbo bag of EAF dust, these values were ob-
tained, as shown in Table 2. 

 
Table 2. Radionuclie activity concentration value 

No Sample Code Weight (kg) RAC (Bq/kg) 
1 Bag-28 757 6.82 ± 0.73 
2 Bag-33 718 44.18 ± 1.70 
3 Bag-23 976.5 93.16 ± 2.29 
4 Bag-37 709 23.4 ± 1.86 
5 Bag-38 604.5 54.36 ± 1.79 
6 Bag-39 872 71.25 ± 3.08 
7 Bag-40 1048 63.52 ± 1.73 
8 Bag-41 977.5 55.91 ± 2.03 
9 Bag-42 798 91.33 ± 2.63 
10 Bag-43 762 55.8 ± 1.87 
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Bapeten issues an approval letter to man-
age radioactively contaminated EAF dust with 
a radionuclide activity concentration value of 1 
Bq/g with a statement that the EAF dust has 
been verified to meet the criteria for the clear-
ance level or the criteria for exemption from 
permits so that it can be used for purposes ac-
cording to its characteristics. Through the de-
termination of clearances, EAF dust has a legal 
basis to be able to cover its processing activities 
into paving block. 
 
Processing of EAF Dust into Paving Block 

Paving block production begins with 
providing raw materials in the form of coarse 
sieve sand (180 kg), lime (8 kg), bottom ash 
waste (80 kg), mixed metal waste (44 kg), ce-
ment (100 kg) and sugar industry wastewater 
(3 liters). The entire material is put into the 
mixer until it is evenly mixed and then printed 
using a printer. Once fully formed, remove it 
from the machine, then dry it for up to 24 
hours. The next step is to soak it in a pool of wa-
ter for 48 hours and then dry it for 24 days for 
curing process. After being left for 24 days, the 
product sorting process is carried out. Products 
that do not pass sorting will be put back into 
the dough to be made into paving block again. 

In one production batch, it can produce 150 
rectangular paving block with a size of 21 cm 
(length) x 10 cm (width) and 7 cm (thickness) 
weighing 2.5 kg each. 

The use of EAF dust replaced 30 kg of ce-
ment and 40 kg of sand so that the composition 
of the materials for making paving block in this 
study was 140 kg of coarse sieve sand, 8 kg of 
lime, 44 kg of mixed metal waste, 80 kg of bot-
tom ash waste, 70 kg of cement, 70 kg of EAF 
dust and 3 litres of sugar industry wastewater. 
The composition is based on the provisions 
made by the solid B3 waste processing facility. 
In this study, no comparison was made be-
tween the percentage of EAF dust used in the 
manufacture of paving block and its effect on 
the compressive strength test. 
 
Compressive Strength Testing of Paving 
Block 

The compressive strength test of paving 
block was carried out by taking 15 samples. 
Tests were carried out based on SNI 03-0691-
1996 with A grade quality (use of paving block 
for roads) to determine the strength of the pav-
ing block when receiving maximum pressure. 
The results of the compressive strength test 
can be seen in Table 3. 

 
Table 3. Paving block compressive strength test results 

Size Measurement   
Long  204.62 mm 
Wide  104.68 mm 
Thick 74.42 mm 
Compressive strength Measurement  
Speciment length 85.25 mm 
Specimen width 85.42 mm 
Wide 6985.28 mm2 
Crush load 54298.5 N 
Strong press 9.2 Mpa 

Based on the results of the compressive 
strength test, paving block made using EAF 
dust have a compressive strength value of 9.2 
MPa, where this value is included in the quality 
D paving block with the allotment of use for 
garden purposes and other purposes. In this 
test, the percentage of EAF dust used was 30% 

as a substitute for sand and cement. The quality 
of the paving block in this study was low be-
cause theoretically, the percentages of Silica 
(Si), Silica Oxide (SiO2), Calcium (Ca), and Cal-
cium Oxide (CaO) content obtained from the re-
sults of Micro-XRF analysis were low enough to 
affect the strength paving block structure.
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Figure 1. Paving block processing 
 

To get maximum compressive strength test 
results, namely A quality, the manufacture of 
paving blocks can use several additional mate-
rials such as silica sand and silica fume. This is 
by preliminary research, which shows that the 
addition of silica fume can strengthen paving 
blocks compared to no additions (Endika et al., 

2016). The addition of the percentage of ce-
ment can also be done to strengthen the paving 
block structure utilizing the pozzolanic princi-
ple of the elements present in Portland cement. 
In Table 4, there is a chemical composition of 
Portland cement produced by PT. Semen Pa-
dang. 

 
Table 4. Elemental composition of Portland cement 

Elemental component Persentage (%) 
CaO 65.07 
MgO 0.78 
SiO2 21.94 
Al2O3 5.46 
Fe2O3 3.43 
SO3 1.74 
Another element 1.62 

Based on Table 4, it is known that Portland 
cement contains significant CaO and SiO2, so 
theoretically, it can significantly increase the 
strength of the paving block (Hambali et al., 
2013). In the manufacture of paving blocks, it is 
known that the addition of bottom ash waste 
and mixed metal waste with an unknown com-
position of the elements inside it can affect the 
level of strength. 
 
Cost Saving Analysis 

The analysis was carried out with the as-
sumption that EAF dust is radioactive waste so 
that it is subject to the obligation to store it at 
the nuclear waste storage facility at IPLN-
DPFK-BRIN as solid waste (Bapeten, 2013). 
The solid waste treatment process includes 
preparation, pressing/compacting, and  

cementation processes. The pressing process is 
a waste volume reduction process using a com-
pactor (pressing machine). This process is car-
ried out with a compactor pressure of 600-kilo 
newtons (kN). Through Regulation of the Min-
ister of Finance No. 210, it is known that the 
service fee for radioactive waste treatment for 
compacted gamma emitter (γ) low-activity 
solid waste is Rp. 2,500,000 per 100 litres. 
Based on Table 2, it is known that the total 
weight of radioactively contaminated EAF dust 
is 8,222.5 kg, so the cost required to store EAF 
dust is Rp. 205,562,000. 

Meanwhile, if the EAF dust has gone through 
the clearance determination mechanism, then 
the material does not have to be stored at the 
IPLN-DPFK-BRIN and can be used as a material 
for making paving blocks. The cost calculation 
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is based on the condition of the B3 waste pro-
cessing facility, which actually gets fees from 
other companies for the storage of the B3 waste 

they produce so that the costs for bottom ash 
waste. 

 
Table 5. EAF dust treatment cost components (in Rupiah) 

Material Need Retail price (Rp) Cost (Rp) 
Sand 140 kg Rp. 242,000/m3 Rp. 44,000 
Cement 70 kg Rp. 75,000 per 50 kg Rp. 75,000 
Limestone 8 kg Rp. 10,000/kg Rp. 80,000 
Bottom ash waste 80 kg Rp. 0 Rp. 0 
Metal waste 44 kg Rp. 0 Rp. 0 
EAF dust 70 kg Rp. 0 Rp. 0 
Sugarcane wastewater 3 liter Rp. 0 Rp. 0 
Total cost of raw materials Rp. 273,560 

 
Each production batch can produce 150 

paving blocks with a standard rectangular size 
of 21 cm (length) x 10 cm (width) and 7 cm 
(thickness). In one day, the facility can make 
eight batches of rectangular shape production 
so that in one month (25 working days), as 
many as 30,000 paving blocks are produced. In 
addition to rectangular paving blocks, the pro-
cessing facility also produces hexagonal and 

worm-shaped paving blocks at 5,000 and 
15,000 pieces, respectively, per month so that 
it is known that the loading percentage on each 
paving block product is 60% for rectangular 
paving blocks, 10% for hexagonal paving 
blocks and 30% for worm-shaped paving 
blocks. Based on this information, the cost of 
production of rectangular paving blocks for one 
month is obtained, as shown in Table 6. 

 
Table 6. Monthly production cost (in Rupiah) 

Raw material cost 
Rp. 273.560 x 8 x 25 Rp. 54.712.000 
Direct labor cost 
Bagian Produksi 30.000 x Rp. 150/buah Rp. 4.500.000 
Miscellaneous expense 
Electricity Rp. 5.500.000 x 60% Rp. 3.300.000 
Water  Rp. 500.000 x 60% Rp. 300.000 
Purchasing goods Rp. 4.000.000 x 60% Rp. 2.400.000 
Machine maintenance cost Rp. 1.000.000 x 60% Rp. 600.000 
Indirect labor cost Rp. 1.000.000 x 60% Rp. 600.000 
 Total other cost Rp. 7.200.000 
Total production cost Rp. 66.412.000 
One month production of paving block 30.000 pieces 
Cost of manufacture Rp. 2.213,77 / pieces 

Based on Table 5, it is known that the cost 
of production of the single paving block is Rp. 
2213.77. In general, these goods are sold in 
units per square meter (m2) (Masrullita et al., 
2018). Based on the size of the paving block in 
the shape of a rectangular, to cover an area of 1 
m2 it takes 44 pieces, so the selling price is Rp. 
97405.88. 

Conclusion 
This research provides an overview of how 

to carry out the management of radioactively 
contaminated materials safely and securely. 
Determination of clearance for EAF dust con-
taminated with Cs-137 radionuclide allows the 
material to be used for purposes according to 
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its characteristics. The stabilization / solidifica-
tion method as a method used to treat EAF dust 
can be well applied in Indonesia because the 
process is simple and does not require a large 
amount of money. The results of the compres-
sive strength test indicate that the concrete 
brick has quality D, which is strong enough to 
be used in landscaping or other activities that 
do not receive excessive loads. 

The percentage of the use of EAF dust can 
affect the costs required in processing it as a 
material for making concrete bricks. This re-
search does not take into account the selling 
price of the product along with the investment 
analysis but only takes into account the pro-
duction price. Determination of the selling 
price and business analysis depends on the tar-
get of the facility owner to increase the quality 
and quantity of the concrete brick products 
produced. The hazardous and toxic waste treat-
ment facility in this study has also invested in 
equipment to support concrete brick produc-
tion activities because it is mandatory to obtain 
a waste management permit from the relevant 
government ministry/agencies. 

This should state clearly the main conclu-
sions of the research and give a clear explana-
tion of their importance and relevance. Sum-
mary illustrations may be included. 
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