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IAEA GENERAL Safety Requirements - GSR Part 3

Directive 2013/59/EURATOM

DL Nº 108/2018, 03 December 2018

National Radon Action Plan

• Strategy, including methods and tools, to prevent the penetration of radon in new buildings, including the identification of building 
materials with significant radon release.

Indoor external exposure gamma radiation emitted by building materials
• The reference level applying to indoor external exposure to gamma radiation emitted by building materials, in addition to outdoor 

external exposure, shall be 1 mSv per year. 

……
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• Alum-shale.

Natural Materials

• Granitoides (such as granites, syenite and orthogneiss); 

• Porphyries; 

• Tuff; 

• Pozzolana (pozzolanic ash); 

• Lava.

Building materials or additives of natural igneous origin

• Fly ash;

• Phosphogypsum; 

• Phosphorous slag;

• Tin slag;

• Copper slag; 

• Red mud (residues from aluminium production); 

• Residues from steel production. 

Materials incorporating residues from industries processing NORM

Other identified by the competent authority

DL Nº 108/2018 , 03 December 2018
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DL Nº 108/2018 , 03 December 2018

1 – ...activity concentration index (AI) are determined ... before such materials are placed in the market.

2 - ...before being placed in the market for the 1st time ... and whenever there is a modification of the factors that may
affect the measured parameters.

3 - ...measurement results and the corresponding assessment of the AI, ... provided to the competent authority if requested.

4 - ...whenever AI exceeds value of 1 - must be communicated to the competent authority which proceeds to dose
estimative.

5 - ... building materials which are liable to give doses exceeding RL, the competent authority shall decide on appropriate 
measures, which may include specific requirements in building codes or restrictions on the use of such materials.
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Natural stone and other building materials (concrete, brick, gypsum) - natural radionuclides 238U, 232Th + decay products, and 40K.

 U238 Ra226 Rn222

 Proportion of Rn222 from building materials and natural stone in homes is small compared to the amount from soil.
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NORMs

In some branches of industry, natural radionuclides can accumulate in parts of the material flux.

Compared to the natural background content of soils, NORM show an enhanced content of naturally occurring radionuclides.

Some of them are used as secondary raw materials in the building and construction industry.

Red mud (residue from aluminium production)Pozzolana (pozzolanic ash)
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Construction/Building Materials:

- When using rocks and soils for building purposes, radionuclides contained therein or released from them may lead to a radiological 

exposure (U238, Th232 and K40).

- Radionuclides and radiation exposure – emission of gamma radiation and, in very particular cases, inhalation of radon released. 



Construction Materials

Coal ash

additive to cement and 
bricks production

Coal slag

used in floor structures as 
insulating filling material

Phosphogypsum

used as construction 
material

Red mud

used in bricks, ceramics 
and tiles

Growing tendency to use new 
recycled materials

 Range  100-400 Bq/kg for U-238 and Th-232;

 Large-scale use of by-products, with enhanced levels of radioactivity, as a raw material in building products 

considered to increase considerably the exposure (Real Potential Risk?)
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Research and studies - attention had been drawn to measurement of activity levels of construction materials

Several authors studied activity concentrations
CONCRETE

SOIL

SEDIMENT

SANDMARBLE

GRANITE
CERAMIC TILES

EU national surveys - established radioactivity concentrations Raw materials Industrial by-products

Construction materials

Different types of building materials - concentration of over 2 - 3 orders of magnitude between the minimum and maximum values.

Elevated levels of natural radionuclides (annual doses of several mSv) worldwide - Brazil, France, India, Nigeria.

Rn-222 exhalation ratesGamma radiation +



10

Concrete Cement

Fonte: Trevisi et al., 2012

Bricks
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Min. and max. of abosrved dose rate in indoor air

 dose rate in 4 standard rooms, for a reasonable use of 
brick, concrete, cement and phosphogypsum.

433 nGy/h = 433 x 10-6 x 0.7 Sv/Gy x 7000 h/year = 
mSv/year 

Dose to gamma radiation = 2.12 mSv/year

Fonte: Nuccetell et al., 2012

f + c = concrete floor + ceiling
ph.w. = phosphogypsum wall
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Specific activities of natural radionuclides in natural stones, building materials and residues (Bq/kg)

Material Radium-226 in Bq/kg
Mean value (range) 

Thorium-232 in Bq/kg
Mean value (range)

Potassium-40 in Bq/kg
Mean value (range)

Granite 100 (30 - 500) 120 (17 - 311) 1000 (600 - 4000)

Gneiss 75 (50 - 157) 43 (22 - 50) 900 (830 - 1500)

Diabase 16 (10 - 25) 8 (4 - 12) 170 (100 - 210)

Basalt 26 (6 - 36) 29 (9 - 37) 270 (190 - 380)

Gravel, sand, gravel sand 15 (1 - 39) 16 (1 - 64) 380 (3 - 1200)

Natural gypsum, anhydrite 10 (2 - 70) < 5 (2 - 100) 60 (7 - 200)

Tuff, pumice stone 100 (< 20 - 200) 100 (30 - 300) 1000 (500 - 2000)

Clay < 40 (< 20 - 90) 60 (18 - 200) 1000 (300 - 2000)

Brick, clinker brick 50 (10 - 200) 52 (12 - 200) 700 (100 - 2000)

Concrete 30 (7 - 92) 23 (4 - 71) 450 (50 - 1300)

Sand-lime brick, porous concrete 15 (6 - 80) 10 (1 - 60) 200 (40 - 800)

Slag from Mansfelder copper-slate 1500 (860 - 2100) 48 (18 - 78) 520 (300 - 730)

Gypsum from flue gas desulfurisation 20 (< 20 - 70) < 20 < 20

Brown coal filter ash 82 (4 - 200) 51 (6 - 150) 147 (12 - 610)

(B
fS

–
Fe

d
er

al
 O

ff
ic

e 
fo

r 
R

ad
ia

ti
o

n
 P

ro
te

ct
io

n
)



13

• Potential for radon release from building products - determined by specific activity of Ra226 and other material
characteristics determining the radon transport (such as porosity).

• Results have shown that the traditional use of building materials such as:

• Concrete,

• Brick,

• Porous concrete and,

• Sand-lime brick.

• Generally not the cause for the annual mean value of the indoor radon concentration!
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Higher radon concentrations in some building materials:

• Release rates that may result in higher indoor concentrations were occasionally measured in residues from the
incineration of coals with enhanced U/Ra concentrations (formerly used locally to fill ceilings, referred as “coal slag”).

• Occurrences of above-average radon concentrations in the traditional mining regions, where residues from ore
processing with enhanced radium concentration were used as building material: concrete or mortar additive or as
foundation in house building.
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• New Radiation Protection Law - requires for certain construction materials

that the manufacturer or importer measure the concentrations of the

natural radionuclides and must prove that the legal reference value for the

exposure of the users of buildings is not exceeded by the building material.

• European Standards Institute CEN - developing standards measurement and

evaluation of building materials within the framework of the Construction

Products Regulation.

• Ultimately, the CE mark on a building material will also prove that the

European radiation protection requirements have been met.

How is the radionuclide content assessed?
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• Reference level for exposure to radionuclides in construction materials is not to exceed 1 mSv/year.

• Activity Index (AI) = 1, ensures compliance with 1 mSv/year.

AI =
CK40(Bq/kg)

3000
+

CRa226 (Bq/kg)

300
+

CTh232 (Bq/kg)

200

AI =
313 x CK40(%)

3000
+

12.5 x CRa226 (ppm)

300
+

4.06 x CTh232(ppm)

200
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What is needed:

• < 1 mSv/year gamma dose

• Testing NORM beginning cycle of the  material

• Accredited test methods

• Laboratory capacity

• Certified factory control system – production and in situ tests

• High test capacity + quick and reliable results + low investment + low price per test.

The European [EU28+EFTA, 2016] aggregates demand is 2.7 billion tonnes per year - annual turnover of ~€15-€20 billion.
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Methodology:

• In situ testing – rock pit  (considering eventually differences on the rock - heterogeneous).

• Production  control – factories.

• Dose rate testing inside constructed buildings.

• Exact part the construction in the room/building is the main source  of high dose rate (floor, wall and/or roof construction).
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Method MMK 610 - Testing of building material raw rock/ballast/aggregate

• Accredited in accordance with the Construction Product Regulation (EU) No. 305/2011 - accreditation applies 
internationally throughout the EU.

• Activity Index, Radium Index and Gamma Radiation.

• Carried out in situ in the quarry with a non 
destructive method directly in the bore hole.
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Scope

• Intended for laboratory and field laboratory for measure 40K, 226Ra and 232Th (suitable for daily factory control purposes).

• Results from these radionuclides - activity index (AI), radium index (RI) and gamma radiation rate for the construction material.

Method MMK 605 – Determination of AI, RI, gamma radiation in construction materials

• AI = tool for determining the suitability for a material regarding effective dose. 

• Gamma radiation = dose-rate from the material expressed in μSv/h.

• RI = tool for determining the potential of radon production from the material.
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• Activity concentration of gamma-emitting radionuclides in construction material - determined by gamma spectrometry.

• Sample of 150 mm x 150 mm x 150 mm ± 5 mm.

• The building material in loose state consist of a volume of ≥ 10 litres.

• Minimum of two samples from the same production batch.

• Minimum measurement time = 300 seconds.

• Measurements carried out at least twice on each sample.

Method MMK 605 – Determination of AI, RI, gamma radiation in construction materials
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• Determination of activity concentration in a sample reflects the building material under the intended form of use.

• Instantaneous and can be performed at all times during the year.

• Natural nuclides: % for 40K, ppm for 226Ra and ppm for 232Th.

• Average of activity concentration in one sample.

• Average of the activity concentration of all samples from the same batch.

• Calculation of AI, RI and gamma radiation dose rate from the building material.

Method MMK 605 – Determination of AI, RI, gamma radiation in construction materials
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Radium Index (RI)

Element Content Activity concentration, Bq/kg

U-Uranium 238/235 1 ppm 12,35

RI = (CRa x 12,35)/200

where:
CRa = content of radium (U238/235), ppm.

Activity Index (AI)

Element Content Activity concentration, Bq/kg

K - Potassium 1 % 313

U-Uranium 238/235 1 ppm 12,35

Th-Thorium 1 ppm 4,06

AI =
CK40 x 313

3000
+

CRa x 12,35

300
+

CTh x 4,06

200

where:
CK40= content of potassium, %.
CRa= content of radium (U238/235), ppm.
CTh= content of thorium, ppm.

Radiação Gama (µSv/h)

Element Content Dose rate, µSv/h

K - Potassium 1 % 0,0151

U-Uranium 238/235 1 ppm 0,0065

Th-Thorium 1 ppm 0,0029

µSv/h = (CK40x 0,0151) + CRa x 0,0065 + CTh x 0,0029

where:
CK40 = content of potassium, %.
CRa= content of radium (U238/235), ppm.
CTh= content of thorium, ppm

RI <= 1, 200 Bq/kg 226Ra
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Scope
In-situ method for determination of gamma exposure indoors inside buildings.
• Caused by NORM nuclides K40, Ra226 (U238 235) and Th232.

Principle for the method:
• Dose-rate is measured in the air in a room.

• Calculate effective dose.
• Instantaneous and can be performed at all times during the year.

Principle for the method MMK 608 – Measurement of gamma exposure indoor inside buildings
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Principle for measurement 
• Air in the middle of a room with an instrument reporting dose-rate. 
• Measurement is performed on c/c dimensions of the area (walls/floor/ceiling = 1 measurement points) in a room. 

Measurement time
• Minimum = 300 seconds per measurement point.
• Measurement - at least twice on each point.

Measurement place
• Rooms where inhabitants stay more than temporarily ex. living rooms, bedrooms, and eating/cooking areas.
• Rooms/facilities where staff stays more than temporarily ex., facilities/rooms where daily operations are carried out, as 

well as other staff-spaces and dining rooms.

Principle for the method MMK 608 – Measurement of gamma exposure indoor inside buildings
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Calculation of effective dose
• Mean value for all measurement points in a room.

Step 2
• The effective dose is calculated.

Step 1
• Measurement of individual measurement point = mean value for the individual point.
• Mean value for all measurement points in a room.

Eeff = Dose-rate x Exposure time
• Exposure time residence/housing = 7000 h/y
• Exposure time workplaces = 2000 h/y

Principle for the method MMK 608 – Measurement of gamma exposure indoor inside buildings
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• If the result is >1 mSv/year in the room - a much more advanced and time consuming method has to be used. It is
necessary to determine exactly which construction material is the problem: wall, floor and/or roof construction.

> 1 mSv/year

Very expensive solutions !!!
Cover radiation source 

(shielded)

One or several layers

High density materials: lead or 
concrete bricks, or ceminwood

(wood/concrete material)
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Activity concentration of gamma emitting radionuclides in construction materials - gamma spectrometry:

• Measured in a room directly on a surface of the building material.

• Measurement instantaneous, can be performed at all times during the year.

• Activity index is calculated.

Scope

Measuring construction materials - 40K, 226Ra and 232Th.

determination of activity index (AI) for the construction material.

Principle for the method MMK 606 – Activity Index of construction materials indoors of existing buildings 
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Measurement instrument

• Gamma spectrometer.

Principle for the measurement

• Directly on the surface of the construction material.

• Measurement performed on c/c dimensions of the area (walls/floor/ceiling = 6 measurement points) in a room. 

Measurement place

• Rooms where inhabitants stay more than temporarily (living rooms, bedrooms, eating/cooking areas).

• Rooms/facilities where staff stays more than temporarily (facilities/rooms where daily operations are carried out, other 
staff-spaces and dining rooms).

Measurement time

• Minimum = 300 sec/measurement point, at least twice on each point.

Principle for the method MMK 606 – Activity Index of construction materials indoors of existing buildings 
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Step 1 
Measurement of individual measurement points = Mean activity concentration value of individual measurement point.

AI =
CK x 313

3000
+

CRa x 12,35

300
+

CTh x 4,06

200

where:
CK= content of potassium, %.
CRa= content of radium (U238/235), ppm.
CTh= content of thorium, ppm.

Step 2 
Measuring mean value measuring point no (1 + 2 + 3 + 4 + 5 + 6) ÷ 6 = measured average value.

Step 3 
The activity index is calculated:

AI =
CK
3000

+
CRa
300

+
CTh
200

where:
CK= content of potassium, Bq/kg.
CRa= content of radium (U238/235), Bq/kg.
CTh= content of thorium, Bq/kg.

Principle for the method MMK 606 – Activity Index of construction materials indoors of existing buildings 
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Accredited/Validated methods:

• Measurement of NORM radionuclides (K-40, Ra-226 (U238/235) and Th-232)

• Estimation of activity index, radium index and gamma dose rate

Objective to fulfil a number of requirements set out in international directives, regulations, standards and DL 108/2018:

• IAEA Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards, No. GSR Part 3.

• EU Directive 2013/59/EURATOM.

• Regulation (EU) No 305/2011 on harmonised conditions for the marketing of construction products.

• Regulation (EC) No 765/2008 setting out requirements for accreditation and market surveillance relating to marketing of products.

• Radiological Protection Principles concerning the Natural Radioactivity of Building Materials, EC RP 112 (1999).

Final Remarks
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Thank you!

谢谢감사해요 ありがとう


