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SUMMARY 

The present report, drawn up at the request of the former 

Minister of Public Health and Environmental Affairs, 

discusses the potential radiological consequences for the 

population of the Netherlands of using waste materials as 

building materials in housing construction. In his request 

the Minister points to the growing need to use various 

waste products as building materials. Some of these 

substances, such as fly-ash and waste gypsum (in this case 

phosphogypsum), contain higher concentrations of 

radioactivitiy than the usual building materials. 

Unless these waste substances are re-used in some form or 

other, they will be dumped or discharged. In the case of 

waste gypsum this leads to pollution of surface waters, 

while in the case of fly-ash it is generally the soil 

which will be contaminated. Consequently, the Minister 

requests that the radiological consequences of the use of 

the said waste substances in building materials be weighed 

against the consequences for the environment of dumping or 

discharging them. In the present interim report the 

committee deals only with the radiological consequences, 

since it will not be possible to answer the second, 

complicated, question for some time, owing partly to the 

incompleteness of the data required. In addition, a 

recommendation on an upper limit for the permissible level 

of radionuclides in building materials is urgently needed. 

In formulating its recommendations the committee has 

primarily adhered to the principles of the International 

Commission on Radiological Protection (ICRP) as laid down 

in the Commission's Reports ICRP-26 (1977) and ICRP-39 

(1984). The committee's assessment of the public health 

risk arising from exposure to ionising radiation is 
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therefore based on a linear dose-effect relationship. In 

addition the doses on the various organs of the body have 

been weighed by factors recommended by the ICRP to 

calculate the effective dose equivalent. 

In order to control the radiation dose coning from 

building materials the committee has developed a system 

consisting of two activity concentration limits for each 

building material, based on an upper bound for the 

additional individual dose equivalent on the one hand and 

an unconditionally acceptable dose equivalent for major 

parts of the population on the other. 

Building materials with activity concentrations below the 

lower limits can be applied without any restriction, taken 

into account the social benefit of the use of industrial 

waste products as raw materials for building materials. 

Building materials with higher activity concentrations 

should be submitted to an analysis to determine the 

advantages and the detriments of the application of the 

building materials of interest. 

This analysis can lead to activity concentration limits 

above the afore-mentioned ones. 

The committee has set maximum acitivity concentration 

limits also, since above these levels too a high risk for 

members of the public could arise. 

To determine the lower limits the committee has taken an 

increase of the effective dose equivalent of 0.1 wSv per 

annum, related to a reference subject under reference 

conditions. The reason for this choice is suggested also 

by the circumstance that the application of the usual 

building materials causes a variation in radiation dose of 

at least this order of magnitude. 

The committee concludes that a maximum value for an 

increase of the individual radiation dose corresponding to 

an effective dose equivalent up to 0.5 ntSv per annum can 
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be regarded as acceptable, if it should appear from an 

analysis of the application of the building materials of 

interest that the advantages of their use exceed the 

possible detriments. In determining that value, the 

committee bore in mind that a major part of the population 

will be exposed to the extra radiation, and that for some 

people, due to biological factors, life style and 

constructional factors, the radiation risk will be higher 

than in the reference situation. 

The highest increase of the effective dose equivalent for 

the foreseeable use of waste products in building 

construction implies that the annual exposure, averaged 

over the entire population, could eventually be increased 

by a maximum of 0.05 mSv per caput. That means that the 

current average exposure to natural radiation sources of 

approximately 1.4 mSv per annum would be increased by a 

few percent. Considering the risk factors indicated by the 

ICRP the committee estimates that the number of cases of 

adverse effects (in this case fatal cancers and severe 

genetic abnormalities) per annum that might occur 

eventually among the population due to application of 

building materials having an activity concentration 

related to the highest effective dose equivalent would 

amount to about 14. The committee emphazises the fact that 

the evidence for the risk involved is based on 

calculations, rather than on definite evidence. The 

committee notes that, in the past, a possible increase in 

cancer cases or cases of genetic abnormalities has not 

been proven epidemiologically in areas where natural 

background radiation is much higher than in the 

Netherlands. 

In its recommendations the committee discusses radiation 

doses in the Netherlands from natural radiation sources. 

According to the committee's calculations the per caput 
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effective dose equivalent due to cosmic radiation, 

radioactivity within and emanating from the earth crust, 

radioactivity inside the human body, and radioactivity due 

to the use of current building materials amounts to the 

afore-mentioned 1,4 mSv per annum. The natural 

contribution by building materials to this total is 

approximately 25 percent. The individual exposures, 

however, vary enormously. This is due on the one hand to 

natural causes, (e.g. composition of the soil) and. on the 

other, to artificial factors (such as building materials 

and techniques). 

For the purpose of computing the radiation dose due to the 

use of building materials which contain higher than 

natural levels of radium and thorium, the committee has 

elaborated a model which makes it possible to calculate 

the dose to which a reference subject, representative of 

any random member of the Dutch population, is exposed. 

Reference conditions have been described that include as 

parameters all relevant variables. 

For some of the parameters, in particular the emanation 

factor of the various building materials, no exact values 

are known. Measurements carried out so far show a good 

deal of variation. The committee adopted conservative 

estimates for the parameters; thus the application of the 

model may result in higher calculated radiation doses for 

the use of the present building materials than those to 

which people would in reality be exposed. 

The committee has drafted a general system of setting 

standards for building materials. The most common building 

materials have been chosen as a starting point. 

In view of the effective dose equivalent limits referred 

to earlier, and on the basis of the arithmetic model, the 

commietee arrives at the following lower, and upper limits 
226 

for the sum of the activity concentrations of Ra and 
732 

Th in ready-made building materials: 
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Building Activity concentration 

material Bq/kg 

Lower limit Upper lint 

Concrete 100 150 

Sandlime brick 100 250 

Plaster slabs 150 600 

Plasterboard 200 600 

For building materials not included in the above table, 

used in small amounts inside houses, such as plaster 

gypsum, wall and floor tiles, insulating materials etc.. 

the commit.ee does not recommend limits, since these 

materials hardly contribute to the radiation dose. For 

building materials ;iot included in the above table, which 

can be used in greater amounts inside houses, the 

concentration activity limits should be determined 

starting from the model. 

Finally, the committee discusses the basis of the 

simplifications used in determining the proposed 

radioactivity concentration limits. The committee reports, 

for example, on its reasons for using a reference person 

under reference conditions, its choice of activity 

concentrations in current building materials, and on the 

totalling of radium and thorium concentrations for the 

purpose of establishing a concentration limit. 

The committee points out that the use of waste products as 

raw materials for building materials, like phosphogypsum, 

http://commit.ee
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is not necessarily an alternative for dumping or 

discharging them. The justification of the use of a waste 

product should be considered in the light of the 

availability of alternative raw materials. 

Improved techniques may lead to building materials with 

other physical properties than the current ones. With the 

model the authorities can adjust the above-given 

concentration limits in the light of new developments. 

The committee further discusses ventilation in houses. It 

has been found that the mean ventilation rate for current 

houses in the Netherlands is correctly represented by the 

value used in the model (i.e., 0.7 per hour). However, 

there is considerable variation from the mean, due for 

example to the occupants1 behaviour. 

KEYWORDS 

building materials 

standards 

radioactivity 

fly ash 

phosphogypsum 
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1 INTRODUCTION 

1.1 The request 

In his letter of October 2nd 1980. no. 2680S6 DGMH/S. the 

former Minister of Public Health and Environmental Affairs 

asked the President of the Health Council to advise him on 

the potential consequences for the Dutch population of 

using vaste substances (in particular waste gypsum) with 

an enhanced concentration of radionuclides as building 

materials for houses. 

This request reads as follows: 

"I herewith request you to advise m.< on the following 
subject. 
Most of the building materials used in our country 
contain radioactive substances which contribute to the 
radiation dose of the population, both by external 
irradiation and internal irradiation of the lungs by 
radon decay products. 
The external radiation dose inside a building is 
mainly caused by the total amount of radioactive 
substances in the building materials. 
The internal lung dose caused by the inhalation of 
radon (decay products) is strongly influenced by both 
the radon emanation rate of the building materials and 
the ventilation rate of the dwellings. At present, 
representative data on the internal and external 
radiation doses resulting from the radioactivity 
content in the customary building materials are not 
well Known in the Netherlands, although some 
laboratories have started to do measurements in this 
field. 

There is an increasing need to use waste substances as 
building materials. Some of these substances, such as 
fly ash and waste gypsum, contain a higher 
concentration of radionuclides than other building 
materials. 
In the Netherlands, phosphoric acid is produced on a 
large scale in the fertilizer industry. Per annum this 
industry produces approximately 2 million tons of 
gypsum as waste product which, to date, are being 
discharged into surface water. Several polluting 
agents are present in waste gypsum; the most important 
are cadmium, arsenic and phosphates. 
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Uranium and its decay product 226Ra occur in the 
phosphate ore, in concentrations that depend largely 
on the source of the ore. In the production of 
phosphoric acid the uranium will primarily be taken up 
in the phosphoric acid, whereas the radium will 
pollute the gypsum. 

On November 4th 1975 the Phosphoric Acid Gypsum 
Committee was set up under the auspices of the 
Committee for Environmental Affairs and Industry in 
which regular consultation between government and 
industry takes place on the possibilities for 
stimulating research in the field of non-polluting 
production processes. The committee's task includes 
evaluating possible ways of reworking and selling 
waste gypsum and recommending possible development 
projects related to the reworking of waste gypsum. The 
committee has issued two interim reports (in Hay 1977 
and December 1978) which include details on the 
amounts of the polluting agents that are released with 
the waste gypsum. 
As appears from the interim reports, there is no 
short-term solution to the problem of waste gypsum 
disposal. The committee is studying the extent to 
which partial solutions should be considered. One of 
the most promising partial solutions is the use of 
waste gypsum as building material. It is already used 
in this way, albeit only in imported materials. The 
domestic market for gypsum was estimated to be 0.65 
million tons in 1980, but there are indications that 
this amount could be raised. 

One of the consequences of a widespread uee of waste 
gypsum in the future is an enhanced radiation dose for 
part of the population. It has been estimated that 
under certain circvnstances, the contribution to the 
individual radiation dose could be considerable. 
Abroad, much attention has been paid to such problems. 
A review of the present situation, issued by the 
Nuclear Energy Agency of the Organization for Economic 
Cooperation and Development (OECD) is enclosed with 
this document (Addendum 3*). The 1977 report of the 
United Nations Scientific Committee of the Effects of 
Atomic Radiation (UNSCEAR) "Sources and Effects of 
Ionizing Radiation" also contains many important data. 
In connection herewith I refer to the report of the 
Health Council no. 1980/7 concerning the significance 
of the 1977 UNSCEAR report for the radiation 
protection policy in the Netherlands, in which 
attention was paid to the problem of radon. 

The addenda have not been included with this report. 
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Also it appears important to me to refer to my request 
of October 16th 1979 concerning the indoor climate 
(Addendum 4). Since the radon concentration also 
depends on the ventilation rate, these two requests 
cannot be treated completely independently. 

I would like to hear your opinion on the radiological 
consequences to the Dutch population as a whole and to 
the individual members of the public, of a broad use 
of waste substances (in particular, waste gypsum) as 
building materials. 
I would thereby like to hear your opinion on the 
radiation protection policy that must be implemented 
for these building materials. Do you consider it 
possible to formulate standards with which one could 
decide whether certain building materials are 
permissible? t also ask you to pay attention to the 
fact that technical provisions in the construction of 
housing, e.g. concerning the ventilation rate and 
covering layers, could decrease the radiation dose. 
In your evaluation attention should also be paid to 
the radiological consequences of other potential 
destinations for waste substances, including the 
p> isent practice of dumping waste gypsum. Here the 
non-radiological drawbacks for the environment and 
public health should be considered in relation to the 
discharges currently permitted and the potential 
environmental benefits or drawbacks of other 
destinations. Points to be considered include the 
reuse of waste substances and the saving of raw 
materials. 
I am aware that the formulation of an opinion on these 
problems will take time and perhaps could only take 
place after the situation in the Netherlands has been 
studied further. I should appreciate being informed, 
prior to your final report, on your opinion concerning 
tentative standards, in particular on the acceptable 
concentration of radium in gypsum destined for use n 
building materials". 

Th* Minister of Public Health 

and Environmental Affairs, 

L. Ginjaar 
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1.2 Membership of the committee 

On April 1981 the President of the Health Council 

inaugurated the committee which hereby issues this interim 

report. 

The membership of the committee was as follows: 

Dr HB van der Heijde 
chairman 

JG Ackers 

Royal Shell Laboratory 
Amsterdam (until 1-10-1981) 

Radiological Institute TNO 
Arnhem 

Dr BFM Bo6njakovic 
adviser ex officio 

JCJ' Gesink 

WP de Gids 

Dr B Hogeweg 

C Korf 

Dr RJ de Meyer 
(until 25-4-1982) 

Prof NGM Orie 
(reti red) 

Dr Vff Passchier 

Department of Housing. Planning 
and the Environment. Directorate-
General of Environmental Affairs 
Rijswijk 

Shell International Oil Company 
The Hague 
Royal Shell Laboratory 
Amsterdam (until 1-6-1984) 

Institute for Environmental 
Hygiene and Health Technology TNO 
Delft 

Radiobiological Institute TNO 
Rijswijk 

Centre for Surface Technology 
Foundation 
Overveen 

State University Groningen 
Nuclear Physics Accelerator 
Institute Groningen 

University Hospital Groningen 
Department of Lung Diseases 
Groningen 

Interuniversity Reactor Institute 
Delft (until 1-12-1983) 
Health Council 
The Hague 
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Prof R Peset Reig 
(from 23-10-1981) 

University Hospital Groningen 
Lung Function Hard 
Groningen 

CF van der Schaaf 
advisor ex officio 

Department of Housing, Planning 
and the Environment 
Directorate-General of 
Environmental Affairs 
Leidschendam 

JRD Stoute Energy Centre Netherlands 
Department of Health Protection 
Petten 

JF Stoutje6dijk ITAL Foundation 
Wageningen (until 1-11-1983) 
State Institute of Public Health 
and Environmental Hygiene 
Laboratory of Radiation Research 
Bilthoven 

Dr L Strackee 
advisor ex officio 

State Institute of Public Health 
and Environmental Hygiene 
Laboratory for Radiation Research 
Bilthoven 

Dr E van der Vlist 
(until 7-1-1982) 

Removal of Waste Substances 
Foundation 
Amersfoort 

JG Wiebenga 

WMAJ Willart 
advisor ex officio 
(until 1-1-1984) 

Dr C Zurcher 
(from 22-9-1982) 

DA Zweijtzer 
advisor ex officio 

HMF Adam 
assistant secretary 
(until 1-1-1982) 

Institute for Building Materials 
and Building Constructions TNO 
Rijswijk 

Department of Housing, Planning 
and the Environment 
Directorate Building Industry, 
Research Department 
The Hague 

Institute for Experimental 
Gerontology TNO 
Rijswijk 

Bureau of Building Physics 
State Department of Buildings 
The Hague 

Health Council 
The Hague 
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Dr PC van Erkelens Health Council 
secretary The Hague 
(until 29-4-1982) 

Dr P-J Klijn Health Council 
secretary The Hague 
(from 29-4-1982) 

1.3 Working method of the committee 

In accordance with the explicit request of the Minister to 

advise hi* as soon as possible on interim standards for 

the acceptable concentrations of radium and thorium in 

building materials, the committee decided to issue an 

interim report on the radiological consequences for the 

Dutch people as a whole as well as for the individual 

members of the public of a widespread use of waste 

substances in building materials. The committee has not 

yet considered the potentially hazardous effects of the 

alternatives for reusing or discharging the said 

substances. The committee met 35 times to reach a 

provisional conclusion concerning the present problem. 

Meanwhile the committee has established a subcommittee to 

advise it on the radiological and environmental 

consequences of discharging and reusing the said waste 

substances. After the subcommittee has issued a report, 

the committee will present its final conclusions to the 

Minister. 

1.4 Review of the radiological issue dealt with in ".he 

interim report 

Radioactive elements are present in the natural 

environment. Everyone is constantly exposed to radiation 

from these radioactive sources. Besides radiation by 

radionuclides 'in the earth's crust and in the human body, 

people are also exposed to radiation from outside the 

earth (cosmic radiation). 
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Building materials, irrespective of the raw materials they 

are made from, always contain a certain amount of 

radionuclides. This report investigates the amount of 

radiation that the Dutch population is currently exposed 

to from building materials, and how much this dose would 

increase if building materials were manufactured from raw 

materials having higher levels of radionuclides than at 

present. 

In calculating the effective dose equivalent a distinction 

has been made between internal and external irradiation. A 

radiation source outside the body causes external 

irradiation; internal irradiation is caused by 

radionuclides inside the body. The radionuclides of 

interest in both external and internal irradiation are 

mainly K. U and Th. The latter two nuclides 

give a series of radioactive decay products. In the decay 
238 

series of U (see figure 4.1) an isotope of the noble 
222 

gas radon is present: Rn ("radon"). The decay series 
232 220 

of Th contains Rn ("thoron": see figure 4.2). 

Inhalation of the decay products of these isotopes causes 

the main part of the internal radiation dose. 

When building materials are manufactured from certain 

waste materials that have an enhanced concentration of 

radionuclides, e.g. fly ash or waste gypsum, it is the 
238 226 

concentrations of U (or its decay product Ra) 
232 

and Th that are mainly increased. The external 

radiation dose is proportional to the amount of 

radionuclides in the building materials. 

Furthermore, the increase in the internal radiation dose 

caused by the inhalation of radon decay products will be 

important. In determining the internal dose, factors other 

than the amount of radionuclides play a role. These 

factors are the exhalation of the radon from building 
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material and the extent to which the exhaled radon reaches 

the occupants of the dwelling. The first factor is a 

physical property of the building material and is partly 

determined by the process used to manufacture that 

m-iteiial. The second factor is influenced by the 

ventilation rate of the living area in guestion (the radon 

concentration decreases as the ventilation rate 

increases), the aerosol concentration in the air and the 

extent to which aerosol particles to which radon decay 

products are attached precipitate on surfaces in the 

living area (plate-out). 

It is important to ascertain the (enhanced) radiation dose 

caused by using raw materials with an enhanced 

radionuclide concentration in building materials, because 

a higher dose implies a larger detriment. The report 

investigates the relation between the enhancement of the 

radionuclide concentration in building materials and the 

radiation dose, and. concomitantly, the detriment that can 

be expected from using a certain amount of waste 

substances. 
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2 BASIC CONSIDERATIONS AND RECOMMENDATIONS 

2.1 The committee has approached the drafting of a set 

of standards for the acceptable radiation exposure 

from building materials from the viewpoint of 

radiation hygiene in housing and similar premises. 

2.2 In the present interim report the committee has 

refrained from taking into account the risks and 

drawbacks of alternative destinations of waste 

substances that could be used for manufacturing 

building materials. This would have implied a 

time-consuming environmental impact analysis, for 

which many of the necessary data are lacking. As 

guidance on the permissible radioactivity 

concentrations in building materials is urgently 

needed, the committee deemed that delay in 

recommendations in this matter would not have been 

acceptable. 

2.3 The presence in all raw materials of radioactive 

isotopes of the elements potassium, uranium and 

thorium and their decay products, is at the root of 
238 

the current problem. In the U decay series the 
226 

decay products of Ra determine the radiation 

exposure. Reusing waste substances in the 

manufacture of building materials may enhance the 

concentration of radionuclides in the building 

materials. In practice, it is mainly the 
226 232 

concentrations of Ra and Th that are 
40 

boosted in this way, whereas the K 
concentration is influenced hardly, if at all. 
Therefore the committee restricted its 

investigations 

decay products. 

2"*& 232 
investigations to * Ra and Th and their 
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The committee did not limit its recommendations to 

the one type of raw material, viz. phosphoric acid 

gypsum, expressely Mentioned by the Minister in his 

request. This is because the same problem is 

already being encountered with fly ash. 

Furthermore, the mathematical and physical 

procedures that have to be followed for deriving 

standards are not specific to a particular raw 

material. 

The committee has taken into account both the 

external and internal contributions to exposure to 
j- »• * 222„ - 220„ . „. . radiation from Rn and Rn and their decay 

products. 

Given the nature of Dutch soil, the prevailing 

meteorological conditions and the building 

materials used at present, the committee sees no 

reason for concern about the exposure of the 

population to the natural radioactivity in the 

constructional materials of the present dwellings. 

The circumstances in the Netherlands cannot be 

compared with those in Sweden, the United States 

and Canada, where local uranium deposits in the 

soil, the use of building materials with a 

relatively high uranium content and the incidental 

use of waste matter from uranium mines has 

necessitated the setting of intervention levels. In 

the near future the extensive, government-sponsored 

SAWORA* research programme will provide detailed 

data about the exposure of the Dutch population to 

natural radioactivity. 

* SAWORA: an acronym of Aspects of Radiation and 

Living Hygiene and allied Radio-ecological problems. 
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2.7 The physical basis for this interim recommendation 

is foraed by the results of a generalized model for 

the radiation exposure of an individual member of 

the population under carefully considered reference 

conditions, in which all relevant variables and 

parameters have been explicitly taken into account. 

Amongst the latter figure the radium and thorium 

concentrations of the processed building materials. 

One has to realize that there is considerable 

variation in the exposure to radiation. 

Using this model it is possible to estimate the 

extra radiation that a member of the population is 

exposed to from building materials containing fly 

ash or waste gypsum. 

The model assumes that the extra contribution to 

the radiation exposure does not in any important 

way alter the form of the distribution of exposure 

over the population. 

2.8 The ventilation rate of the indoor air is an 

important factor in the determination of the 

radiation exposure ensuing from the radon decay 

products emanating from the building materials. 

All things being egual. a decrease in the 

ventilation rate will lead to an enhanced 

concentration of radon and its decay products. In 

the calculation referred to in the preceding 

paragraph the committee used a long-term average 

value of this parameter, which may be considered 

applicable both in reasonably airtight dwellings 

and in dwellings that are less airtight. 
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The committee has discussed this natter with the 

committee of the Health Council which has prepared 

recommendations regarding the quality of indoor air 

It was concluded that the existing building 

standards regarding the ventilation of dwellings 

(and comparable premises) offer the opportunity for 

more ventilation than is usually applied in 

practice. As the calculations carried out by the 

committee are based on the actual situation, it was 

deemed unnecessary to recommend altered ventilation 

standards. 

1 The committee has based its proposals on the 

reommendations of the ICRP* as published in 

iCRP-publication 26 of 1977**. This means that a 

linear dose-effect relationship without threshold 

has been used to estimate the risk to public health 

connected with the use of building materials having 

an enhanced concentration of radioactivity 

(ICRP-26, paragraph 27). Furthermore, the dose 

contributions from different organs have been 

weighted using the ICRP recommended weighting 

factors (ICRP-25, paragraphs 104 and 106). For the 

dose contribution from radon decay products in the 

lungs the committee took into account the ICRP 
2 

recommendation (ICRP-32, paragraph 27 ) to weigh 

the doses in the main parts of the respiratory 

tract separately. 

International Commission on Radiological Protection 
In 1978, 1980 and 1984 the ICRP recommendations were 
clarified. In 1980 the ICRP noted that there was no 
reason to revise the content of the 1977 
recommendations. In the ICRP-39 report (1984) the 
revisions are minor. 
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The committee adheres to the general principles of 

the ICRP for the protection of individuals and 

populations exposed to ionizing radiation, as 

formulated in the following conditions (ICRP-26. 

paragraph 12): 

a) justification 

No practice shall be adopted unless its 

introduction produces a positive net benefit; 

b) optimization (ALARA) 

All exposures shall be kept as low as reasonably 

achievable, economic and social factors being taken 

into account; 

c) dose limits 

The dose equivalent to individuals shall not exceed 

the limits recommended for the appropriate 

circumstances by the Commission. 

The dose limits can be seen as boundary conditions 

cr constraints in the optimization process of (b). 

The dose limits do not apply to the radiation doses 

received by patients in the course of medical 

treatment. 

The committee has noted of the recent elaboration 

by the ICRP of the 1977 recommendations for the 

case of exposure to ionizing radiation from natural 
3 

sources (ICRP-39 ). The committee agrees that the 

exposure arising from the natural radioactivity of 

building materials should be considered separately 

from the other contributions to the radiation 

exposure. This implies that the dose limits for 

individual members of the public recommended in 

ICRP-26 are not applicable as such. 

Furthermore, the committee is of the opinion that 

waste materials that may have an enhanced level of 
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natural radioactivity should be subjected to a 

radiological safety analysis before being used, as 

this must be regarded as a controllable form of 

exposure to natural radiation sources within the 

ICRP definition (ICRP-39. paragraph 10). 

2.9.4 The ICRP has indicated that the acceptability of 

the radiation dose ensuing form a certain exposure 

to natural radiation sources should partly be 

gauged from a comparison of the radiological risk 

with other risks to which man is exposed. The 

committee is in accord with this view. In this 

connection one may refer to the mortality risks 

that result from certain activities upon which an 

individual has only a limited influence: these are 

in the order of 10~ -10~ per person per year 

(cf ICRP-26. paragraph 118). 

2.10.1 Standards for the radiation exposure resulting from 

the radioactivity in building materials encompass a 

non-controllable component that expresses the 

unavoidable presence of natural radionuclides in 

all raw materials. In addition they contain a 

controllable component related to the origin of the 

raw materials and to the concomittant variation in 

the radionuclide concentration in these raw 

materials. 

The committee has derived the non-controllable 

component from the radioactivity concentration of 

the building materials at present in common use in 

the Netherlands. These raw materials have in 

general a somewhat lower radioactivity content than 

those used in other countries. 
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The committee recommends limits for the 

controllable component, taking into account the 

principles mentioned in 2.9.2 and 2.9.3. 

2.10.2 The committee notes that the application of the 

principles mentioned in 2.9.2 and 2.9.3 requires a 

complicated analysis for every individual building 

material. This analysis should take into account, 

but should also balance, the advantages and 

disadvantages to the environment and public health 

of the use of the material. Alternative 

destinations for the raw materials used will need 

to be taken into account in such an analysis. 

The committee points out that many relevant data 

for such an analysis are probably lacking. A 

further complication is the necessity to foresee 

long-term social, economic and technical 

developments of relevance to the outcome of the 

analysis. Yet another problem in this analysis is 

the fact that the nature of the raw materials used 

in construction is often jnknown (e.g. in the case 

of imported materials). The committee has taken 

this aspect into account in deriving standards. 

2.10.3 In order to render the control of the radiation 

dose from building materials feasible, the 

committee has defined a system in which, starting 

from a maximum acceptable additional dose 

equivalent for an individual on the one hand, and 

an unconditionally acceptable additional dose 

equivalent for large groups of the population on 

the other, two limits for the radioactivity 

concentration are given for each building material 

separately. 
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Materials with a radioactivity content below the 

lower limit may be used without any restriction. 

Here it has been taken into account that the use of 

industrial wastes as raw materials in construction 

represents a public benefit per se. 

The use of materials with a radioactivity 

concentration in excess of the lower limit requires 

the explicit consideration of the principles 

mentioned in 2.9.2 and 2.9.3 above. In its final 

report t! e committee intends to discuss the aspects 

of environmental hygiene relevant in this respect. 

On the basis of such an analysis (carried out by 

the appropriate authorities) the limits for the 

radioacti/ity concentration of some building 

materials may be set higher than those recommended 

at present*. 

1.1 With due consideration of the relevant 
3 

recommendations in ICRP-39 the committee regards 

the limit of 5 mSv/yr, recommended in ICRP-26 (para 

119) as the effective dose equivalent of individual 

members of the population exposed to artificial 

sources of radiation, as a suitable starting point 

for the derivation of the controllable component of 

the upper limit for natural radioactivity in 

building materials. 

The committee has also considered the possibility of 
implementing principles a and b of 2.9.2 by the 
legally enforced labelling of all building materials. 
The latter could be divided into two classes: class I 
for materials with a radioactivity concentration below 
or on the lower limit, class II for materials with a 
radioactivity concentration in between the lower and 
upper limits. In this way the market could be made to 
regulate itself, the party directly interested, i.e. 
the consumer, being in the position to exert an 
immediate influence. 
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The committee has concluded that limiting the extra 

yearly dose equivalent from the use of building 

materials with a enhanced radioactivity 

concentration to 0.5 mSv per person, obtained by 

reducing the above mentioned dose limit by a factor 

of 10, can be considered acceptable. 

The 5 mSv/a per person limit recommended in ICRP-26 

has partly been based on a consideration of the 

risk for sma11. critical groups of the population, 

in which only a few individuals might be 

temporarily exposed to this limit. 

By applying this reduction factor the committee has 

taken into account that in the present case one is 

not dealing with a small critical group, but with 

large groups of the population. This reduction 

factor also takes into account the appreciable 

spread in radiation risk that is related to 

biological factors (age. sex), lifestyle and 

constructional details (ventilation rate).* 

2.11.2 An increase of 0.5 mSv in the annual effective dose 

equivalent of a member of the public (under the 

reference conditions mentioned in 2.7) as a 

consequence of the use of building materials with 

an enhanced radioactivity content implies an 

additional risk of the induction of fatal cancer 

* Although the available dat? ere scarce, it may be 
noted that certain groups in our community probably 
run a larger than average risk of getting lung tumors, 
viz. patients with chronic aspecific respiratory 
disorders (CARD): asthma, bronchitis and some forms of 
lung emphysema, and that arguments can be put forward 
for the assumption that such an increased 
"sensitivity" might have to be considered to occur not 
merely to smoking, but also to exposure to radon. The 
reduction factor of 10 is probably sufficient to 
include such effects. 
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and of genetic damage (regarding all future 
-5 

generations) of about 10 per year per person. 

This has been calculated using the risk factors 

provided by ICRP (ICRP-26. paragraph 60). This risk 

is appreciably lower than the average risk to which 

a person is subject in his normal habitat. 

2.11.3 The committee has taken an additional effective 

dose equivalent of 0,1 mSv person per year as the 

controllable component of the lower limit. The 

attached risk corresponds approximately with the 

lowest value of the range of risks mentioned under 

2.9.4. 

2.11.4 According to the model calculations referred to 

under 2.7, the annual effective dose equivalent in 

dwellings and other premises that results from the 

radioactivity in building materials is 

approximately 0.4 mSv with an accuracy of the order 

of 0.1 mSv. This calculation is based on the 

materials currently in common use in the 

Netherlands. In practice one should reckon on a 

spread in the radioactivity concentrations which 

will certainly produce a spread of a few times 0.1 

mSv in the effective dose equivalent. This further 

supports the committee's choice of the value for 

the lower limit. 

2.12.1 On the assumption that in the course of the next 25 

years some lot of the housing stock will be 

constructed from building materials whose 

radioactivity concentrations exceed the lower 

limits, and taking 0.5 mSv as the upper bound 
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for the yearly dose increment, one can calculate 

that the maximum yearly dose increment around the 

year 2000 will be 0.1 x 0.5 mSv = 0.05 mSv per 

capita. The actual value will be lower in view of 

the assumptions made. 

2.12.2 Applying the ICRP risk factors (ICRP-26. paragraph 

60) one obtains as a result a maximum additional 

risk of some 10~ effects per year per head of 

the population. 

Given a population of 15 x 10 (estimate for the 

year 2000), this risk increment would at most lead 

to the occurrence of some 11 inductions of fatal 

cancer* per year as a consequence of the use of 

building materials with an enhanced radioactivity 

content. This would amount to about 0.04% of the 
4 

total mortality from cancer in the Netherlands. 

As well, one should take into account about 3 cases 

per year of genetic disorders (about 0.02% of the 

total number of genetic disorders ) resulting 

from the exposure of the gonads to external 

radiation . 

2.13 In deriving its recommendations the committee has 

adhered to the recommendations of the ICRP as much 

as feasible. As mentioned by ICRP, its 

recommendations are based on cautious assumptions 

regarding the dose-effect relationship in the 

region of the very low doses (ICRP-26, paragraph 

* The actual fatality of a cancer induction also depends 
on the patient's prevalent medical environment. The 
ICRP relates its considerations, however, to the 
prevalent condition in the Western world, which means 
that the above statement can be taken as relevant to 
the Dutch situation. It may be mentioned that the most 
common form of cancer of relevance is lung cancer. 
Another committee of the Health Council will report on 
this issue in the near future. 
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30)*. However, the committee wishes to point out 

that epidemiological research has so far failed to 

provide indications of the existence of detrimental 

effects from exposures in the dose range up to 

about 3 times the level of the natural background 

radiation in the Netherlands. 

The negative results of this research do not 

invalidate the hypothesis that 6uch levels of 

radiation carry the risk of detrimental effects. 

This is because the observed regional variations in 

the natural background radiation dose and the use 

of the linear dose-effect relation and the ICRP 

risk factors would lead one to expect only small 

effects on public health. 

The absence of positive indications for the 

validity of the hypothesis, however, makes it 

desirable to point out that the numerical values 

assigned to the risks pertain to computed not to 

proven risks. 

2.14 The above-mentioned values for an acceptable 

increase in effective dose equivalent may be 

compared with the total effective dose equivalent 

from natural sources in the Netherlands, which is 

about 1.4 mSv per year per person. About one 

quarter of this dose equivalent results from the 

radioactivity of uranium and thorium (and their 
40 

decay products) and K naturally present in 

building materials. 

* In th paragraph referred to. the ICRP states that the 
linear extrapolation from observed effects at high 
doses towards the region of low doses leads to an 
overestimate of the risk of effects in the low dose 
region. One member of the committee remarks that the 
ICRP. in deriving the recommended risk factors, has 
endeavoured to correct for this overestimate. 
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2.15 To derive standards the committee has made an 

inventory of current natural radioactivity 
!26ö 

Ra i 
6.7.8 

226 232 
concentrations of Ra and Th in various 

building materials 

This yields the following upper limits for the 

non-controllable component of the radioactivity 

concentrations of the most important building 

materials in the Netherlands. It should be noted 

that the radioactivity concentrations of the two 

radionuclides have been added together. 

Building material Radioactivity concentration 
in Bq/kg 

Concrete 75 
Sand lime brick 50 
Plaster slabs 25 
Plasterboard 25 

2.16 With the aid of the model referred to in 2.7, and 

given the reference conditions mentioned there, the 

committee has calculated the radioactivity 

concentrations corresponding to the lower limit for 

the effective dose equivalent increment (i.e. 0.1 

mSv per year) and to the upper limit (0.5 mSv per 

year). 

These radioactivity concentrations are: 

Building material Increase in radioactivity concentration 
in Bq/kg 

lower limit upper limit 

Concrete 25 75 
Sand lime brick 50 200 
Plaster slabs 125 575 
Plasterboard 175 575 
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In deriving these values the figures have been 

rounded to multiples of 25 Bq/kg. 

In the derivation the committee has assumed that 

materials with an enhanced radioactivity 

concentration, such as products containing vaste 

gypsum or fly ash will rarely be used 

simultaneously. The present data regarding the 

utilization of building Materials support this 

assumption. 

In those cases where such materials actually will 

be used simultaneously, the increase in the 

effective dose equivalent will be less than twice 

the values mentioned in 2.11.1. 

2.17 Taking into account the figures given in 2.15 and 

2.16, the committee recommends the following lower 

and upper limits for the radioactivity 
22< 

concentrations ( 

building materials: 

226 232 
concentrations ( Ra + Tb) of the following 

Building material Radioactivity concentration 
in Bq/kg 

lower limit upper liKit 

Concrete 100 150 
Sand lime bricks 100 250 
Plaster slabs 150 600 
Plasterboard 200 600 

No limiting values are proposed for materials such 

as plaster, tiles, floor tiles, insulating 

materials, etc, which are utilized in small 

quantities in dwellings: such materials only 

contribute a little to the effective dose 
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equivalent. For any material not mentioned in the 

table, but likely to be used in large quantities in 

housing, radioactivity concentration limits can be 

derived with the aid of the model, taking heed of 

what is stated in 2.18 below. 

2.18 When estimating the extra exposure to radio

activity, properties of the material, such as 

specific mass, radioactivity concentration and the 

emanation factor, play a prominent role. The 

committee has used conservative values for these 

parameters. If materials made from raw materials 

with an enhanced radionuclide concentration possess 

properties appreciably different from those 

represented by the parameters used in the 

committee's calculations, the limiting values for 

such building materials should be reassessed. 

2.19 Building materials with an enhanced radioactivity 

concentration, such as certain types of gypsum 

blocks and plasterboard, are already being used in 

the building industry. Plaster slabs with a 

concentration of about 550 Bq/kg and plasterboard 

with a concentration of about 700 Bq/kg have 
7 8 

already been found. ' 

2.20 The committee is of the opinion that in cases where 

such building materials have been utilized, the 

annual effective dose equivalent has not been 

increased to such an extent that remedial measures 

would be justified. The committee therefore sees no 

reason to propose intervention levels. 

2.21 The committee has compared its recommendations with 



- 34 -

those of the ICRP. Bade in ICRP-39 . paragraph 28. 

There, it is proposed that a reasonable upper limit 

for the equivalent equilibrium concentration of 
222 3 

Rn in dwellings would be circa 100 Bq/m . 

This upper bound will not be exceeded if building 

Materials conforming to the committee's 

recommendations are used. 

2.22 The committee has also compared its recommendations 

with standards and recommendations from other 
9.10 

countries . These standards and 

recommendations correspond to a radioactivity 

concentration in building materials in the range of 

200-400 Bq/kg. and. insofar as they are comparable, 

are of the same order of magnitude as the standards 

recommended by the committee. In some cases. 

however, the values from abroad only apply to the 
226 

permissible content of Ra. 
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3 CONCEPTS USED WITH RESPECT TO IONIZING RADIATION 

3.1 Introduction 

Several concepts are used when describing the exposure of 

people to ionizing radiation. These concepts are defined 

and explained in this chapter. The main emphasis is put on 

exposure to radon decay products. 

3.2 Absorbed dose and dose equivalent 

As a result of the interaction between ionizing radiation 

and a given material, radiation energy will be absorbed by 

that material. The radiation energy absorbed per unit mass 

in the material at a given location is called absorbed 

dose. The absorbed dose is denoted by the symbol D and 

expressed in the unit gray (Gy); 1 Gy » 1 J.kg" . 

When people are exposed to ionizing radiation, energy will 

be absorbed in the organs and tissues of the body. Usually 

the absorbed dose is averaged over a whole organ, a part 

of an organ or over the whole body. The mean absorbed dose 

in an organ or tissue T is denoted by D_. 

The harmful effects that may occur after the absorption of 

radiation energy will depend on the ionization density in 

the tissue. The so-called quality factor Q is used to 

quantify for radiation protection purposes the relative 

biological effect of a certain type of radiation*. The 

dose equivalent, or H_, defined by 

HT - 0 - DT, 

* The two types of radiation important in this report, 
alpha- and gamma-radiation, have quite different 
ionization densities. The quality factor attributed to 
alpha-radiation is 20; for gamma-radiation 0 - 1 , 
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is a Measure of the harmful biological effects of ionizing 

radiation in an organ or tissue T. The dose equivalent is 

expressed in the unit sievert (Sv); 1 Sv * 1 J.Kg (the 

quantity Q is dimensionless). 

If the whole body is irradiated uniformly the absorbed 

dose (and consequently the dose equivalent) is equal in 

any organ or tissue T. To compare the risk of non-uniform 

exposure of the body with that of uniform exposure, the 

1CRP has introduced the concept "effective dose 
2 3 

equivalent", or H_ * . 

The effective dose equivalent is the weighted sua of the 

dose equivalents in the various organs and tissues: 

S - ï -T- V 
T 

The weighting factors w_ are determined by the risk of 

fatal cancer per unit dose equivalent in organ T. The 

weighting factor for the gonads is related to the risk of 

harmful genetic effects. The weighting factors proposed by 

the ICHP are given in the following table: 

Table 3.1 Weighting factors w? for the effective dose 
equivalent 

Organ or tissue T w? 

Gonads 0.25 
Breast 0.15 
Red bone marrow 0.12 
Lung 0.12 
Thyroid 0.03 
Bone surfaces 0.03 
Other tissues* 0.30 

*wx * 0.06 for each of the five remaining 
organs or tissues that receive the highest dose 
equivalents 
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ID the case of the lungs being irradiated by radon decay 

products, the weighting factor given in Table 3.1 cannot 

be applied . This is because in this case the dose 

distribution in the lungs differs fro» that assumed by the 

ICRP when fixing the given factor. 

3.3 Exposure to radon decay products 

The earth's crust and building Materials containing radius 

and thorium exhale radioisotopes of the noble gas radon*. 

After inhalation, the radioactive decay products of radon 

mainly irradiate the respiratory system, in this report 

the contribution of this irradiation to the effective dose 

equivalent will be ascertained in this report using 

conversion factors proposed by UNSCEAR . 

The ICRP has introduced the concept of equilibrium 

equivalent concentration (EEC), with the unit becquerel 

per cubic metre (Bq.m~ ), as a measure of the 

concentration of radon decay products in the air . The 

definition of the EEC uses the concept of potential alpha 

energy. The potential alpha energy of a certain amount of 

radon decay products is the total energy of the alpha 

particles emitted as a result of the given radionuclides 
210 208 

decaying to the lead isotopes Pb or Pb. The 

potential alpha energy concentration can be expressed in 

the SI unit J.m" **. Imagine two volumes of air 

* The term radon is often exclusively used for the radon 
isotope 222Rn; similarly the 220Rn isotope is 
denoted by thoron. In this report it will be clear 
from the context which meaning the term radon carries. 

** In the past a special unit, the working level was 
defined; 1 HL > 2.08.10~s J.m~3. 
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containing radon and radon decay products, whose potential 
222 

alpha energy is the same ( Rn and its decay products 
220 will be treated separately from Rn and its decay 

products). In the first volume, radon and its decay 

products are in eguilibrium. The radioactivity 

concentration of each radon decay product is then egual to 

that of radon: C . In the other volume there is no 
eq 

equilibrium*. The equilibrium equivalent concentration EEC 
of the radon decay products in both volumes, however, is 
the same, namely C . 

eq 

222 220 
If the concentration of radon ( Rn or Rn) is 

equal to CR , then the equilibrium factor F is given by 

P = EEC/CRn. 

In the case of radioactive equilibrium we have P « 1. 

222 
The exposure EXP to the decay products of Rn or 
220 

Rn can be written as 

Tl 
EXP = ƒ EEC(t) dt. 

If the exposure period T is one year. EXP denotes the 
1 _3 

annual exposure. EXP is usually expressed in Bq.h.m ** 

* In practice this is always the case because of 
ventilation and plate-out. 

** The exposure to radon decay products defined as the 
time integral of the potential alpha energy 
concentration has been expressed in the unit working 
level month (WLM); 1 WLM - 170 WL.h - 3.5.10~3 

J.h.m-3. 
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The conversion of the concentration of radon decay 
products to effective dose equivalent is based on the 
following relationship: 

Tl 
HB * S rRn (t).EBC(t) dt. 

O 
The factor r„ is partly determined by the inhalation Rn 
rate and the spatial distribution of the radon decay 
products deposited in the lungs. It often suffices to have 
a factor rR characterizing the situation outdoors (bu) 
and one for the situation indoors (bi). Then the effective 
dose equivalent can be written as: 

IL, s r„ . . EXP. + r„ ...EXP... E Rn,bu bu Rn.bi bi 

-1 3 The factor r_ can be expressed in mSv.Bq .n . This 
c 

report uses the values given in the following table : 

Table 3.2 Conversion factors r%n (mSv.«3.Bq-1.h-1)5 

Location rRn l"hn) rTn <™™ 

Indoors, bi 8.7.10"6 4.0.10"5 

Outdoors, bu 1.7.10"5 5.3.10"5 

To enable a comparison with studies that express the 

exposure to radon in WLM, the factors for converting from 

WLM to msv are given in table 3.3. 

Table 3.3 Conversion factors r%n (mSv/WLM)5 

Location rHn <"2™ rTn f""1"» 

Indoors, bi 5.5 1.9 
Outdoors, bu 11 2.5 
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4 RADIATION EXPOSURE FROM NATURAL. RADIOACTIVITY 

4.1 Introduction 

The components of the natural radiation exposure give rise 

to an absorbed dose that can be represented by the yearly 

effective dose equivalent (expressed in the units Sv or 

mSv). The effective dose equivalent has been computed 

according to the ICRP. by weighting the organ doses with 

certain factors (cf.par.3.2) 

The average yearly dose experienced by an inhabitant of 

the Netherlands is computed by averaging the local doses 

over the country and assuming average residence times 

inside and outside dwellings and other buildings. 

4.2 Cosmic radiation 

The radiation at the earth's surface originating from 

extraterrestrial sources, mainly from the Milky Hay. is 

called cosmic radiation; thi6 includes radiation produced 

by interactions of extraterrestrial radiation in the 

atmosphere. The average annual radiation dose increases 

with increasing height above sea level and depends on the 

geographical latitude. This dose is further influenced to 

a certain extent by temperature, atmospheric pressure and 

sun spot activity. 

The average annual cosmic radiation dose in the open at 

our latitude and at sea level is 0.30 mSv. The dose rate 

is caused by an ionizing component (charged particles, 

e.g. electrons) and, for a small percentage, by a neutron 

component. The variation in time and geographical location 

of the cosmic radiation dose in the Netherlands is 

estimated to be less than 10\. 
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Buildings have a shielding effect and reduce the dose by 
2 

about 20%. . by attenuating the electron component. 

The average person in the Netherlands vill be assumed to 

spend 20% of his time outdoors. This agrees with estimates 

elsewhere at our latitude and with the results of a Dutch 

survey related to ventilation in dwellings . These 

assumptions give an annual effective dose equivalent from 

cosmic radiation of 0.25 mSv. The variation of the doses 

around this value will be less than 10%. 

4.3 Terrestrial radioactivity 

The annual effective dose equivalent from the 

radioactivity in the earth's crust is practically fully 
o n p ^ ^ o Art 

determined by the amounts of U. Th and K in 
the earth's crust. The radiation dose is caused by gamma 

238 
radiation from the decay of the isotopes in the U and 

Th series and of K. The radionuclides in the 

upper 30 cm of the soil determine practically the whole 
2 

radiation dose; 50% is determined by the uppermost 6 cm. 

The radiation field is usually represented by the absorbed 

dose in air at 1 m above the ground. About 35% of this 
40 

dose stems from gamma-radiation of K and the remainder 
208 228 

is mainly due to gamma-radiation from Tl and Ac 

in the Th series and from Pb and Bi in the 
238„ . 

U series. 

The absorbed dose at 1 m above the ground varies with the 

moisture content of the soil; in dry years the annual dose 

may be about 20% higher than in years with much rain. A 

relationship can be derived between the dose in air and 

the radioactivity concentration of given radionuclides in 

the soil; this relationship will depend on the structure 

of the soil1. 
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Measurements in the Netherlands show the absorbed dose 

rate in air at 1 i above the ground (in the open, 

excluding cosmic radiation) to be about 0.02 uGy/h above 

sand and about 0.04 vGy/h above clay; the values 

Measured vary between 0.01 and 0.06 uGy/h. The average 

value for the Netherlands is 0.03 uGy/h. 

To compute the effective dose equivalent (in Sv) from the 

absorbed dose in air (in 6y) the 1982 UNSCEAR report 

proposes a conversion factor of 0.7 Sv/Gy. taking into 

account the self-shielding by the body . A person 

remaining in the open above sand in the Netherlands would 

receive an annual dose of about 0.12 mSv frow terrestrial 

radiation. Por someone remaining in the open above clay, 

the dose would be 0.24 mSv. 

In stone buildings the contribution to the dose from 

terrestrial radiation can usually be ignored, because of 

their massive construction. Given an average stay outdoors 

of 20% of the time, the annual dose a person receives from 

terrestrial radiation in the Netherlands amounts to 0.04 

mSv, with a variation of about 40*. 

238 232 
One of the decay products in both the U and Th 
series (figures 4.1 and 4.2) is an isotope of the noble 

238 222 
gas radon. For the U series it is Rn ("radon") 

232 220 

and for the Th series it is Rn ("thoron"). These 

radon isotopes escape from the upper layers of the soil 

and are found in measurable concentrations in the air. 

Their decay products attach easily to aerosol particles; 

these particles settle in the bronchial tubes and other 

parts of the lung after inhalation. In this way local 

irradiation of the respiratory tract occurs, mainly by 

alpha particles. 
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To obtain a relation between the concentration of radon 

and radon decay products in the air and the concentration 
238 232 of U and Th in the soil, one has to consider 

•any square kilometres of the earth's surface. Both wind 

speed and wind direction as well as the vertical air 

Movements play an important role. 

The diffusion velocity of the radon and thoron in the 

ground depends on the porosity of the soil material. The 

diffusion process is further determined by the structure 

and the moisture content of the soil. It has been found 

that a low moisture content of the soil stimulates the 

exhalation; conversely, when soil has a high moisture 

content the exhalation decreases. The exhalation is also 

influenced by the soil temperature; it decreases with 

falling temperature. An increase in atmospheric pressure 

also causes a (temporary) reduction. The daily variations 

may be considerable. 

Average radon concentrations in the lower atmospheric 

levels show 6trong geographical variation. In continental 

areas the concentration is in the order of 3 Bq.nT , 

near the sea and on islands concentrations of the order of 
_3 

0.1 Bq.m have been observed. As part of the Dutch 

SAWORA programme, outdoor radon concentrations were 

measured in the Netherlands. Preliminary results give an 

average concentration of 3 Bq.m~ with a variation of 

70%5. 

The penetration of outdoor radon into dwellings is quite 

different from that of thoron. Radon, wich has a half-life 

of 3.8 days, will penetrate the dwelling together with its 

short-lived decay products. But this is not the case for 

thoron, because of its short half-life of 55 s; the thoron 

decay products, however, may penetrate the building. 
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Radon may penetrate into the roots of single-family houses 

and ground-floor apartments from the under-floor cavity. 

If the under-floor cavity is not well ventilated, a radon 

build-up will occur, leading to a concentration many times 

greater than the one outside. By diffusing through cracks 

and other openings this radon penetrates into the 

dwelling, enhancing the radon concentration. The magnitude 

of this increase is certainly not negligible. Further 

research on this contribution is currently being carried 

out in the Netherlands. 

From calculations presented in chapter 5 the effective 

dose eguivalent per capita in the Netherlands can be 

estimated to be 0.35 mSv per annum. This value includes 

the contribution from the under-floor cavity. The 

contribution of thoron to the dose equivalent is estimated 

to be 0.03 mSv per annum. 

4.4 Radioactivity inside the human body 

The human body contains other radionuclides apart from the 

inhaled tadon and radon decay products. The annual dose 

from the radioactivity inside the body is determined to a 
40 

large extent by K. The variation in this dose 

contribution is large; with adults a standard deviation of 

20% has been observed. The average effective dose 

equivalent per year resulting from radioactive potassium 

is estimated to be 0.18 mSv. The other radionuclides 
210 210 

inside the body, among which Pb - Po are 

important, contribute another 0.19 mSv. The annual 

effective dose equivalent per capita in the Netherlands 

from the radioactivity inside the body is 0.37 mSv with a 

variation of 20% . 
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4.5 Radioactivity of building materials; the reference room 

An important part of the effective dose equivalent from 

natural sources in the Netherlands stems from building 

materials. The annual dose of an adult can be computed as 

follows. It will be assumed, as mentioned in 4.2, that a 

person spends, on average. 80% of his time indoors. Apart 

from the constructional details of the building the dose 

is also determined by the behaviour of the building's 

occupants (e.g. by the residence time in different rooms 

and by the ventilation rate in those rooms). In the 

calculations an average ventilation rate of 0.7 h~ over 

the year will be used; this value is representative of the 

present situation in the Netherlands (cf. chapter 6). 

Both constructional variations and residence times have 

been taken into account in defining a so called reference 

room. The reference room will be used as a simplified 

model of the average Dutch dwelling. The dimensions and 

wall materials of the reference room have been chosen in 

such a way that the effective dose equivalent rate of a 

person in this room equals the average effective dose 

equivalent rate of the same person living in the house 

represented by the reference room. The dimensions of the 

reference room have been determined by weighting the 

dimensions of the different rooms in a house with the 

respective residence times, and then averaging the 

weighted values. The estimated distribution of residence 

times is given in table 4.1. From that table it follows 

that the dimensions of the reference room are mainly 

determined by the living room and the bedroom. 
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Table 4.1 Residence times in various rooms3 (hours per 
day) assuming a residence time indoors of 80\ 
(19 hours per day) 

Room Housewife Office worker Schoolchild 

9 9 10 
6 3 4 
3 1 
1 1 1 
- 6 
- 3 

The building materials of the six sides of the reference 

room were chosen fro» materials used in actual houses. A 

survey of the building materials in some 100 000 new 

houses in the Netherlands was used as a basis for 

determining the type and quantities of building materials 

used in the the reference room. The way in which the 

material is distributed over the wall area was determined 
7 

from a survey of houses built in 1979 . 

It has been assumed that bricks are mainly used for 

exterior walls, and only occasionally (less than 2 per 

cent by weight) inside the house. The contribution to the 

dose from material of the exterior walls is negligible 

compared with that from the interior walls. This is partly 

because of the shielding effect of the interior walls and 

partly because of the low radon exhalation rate of brick 

(the material that accounts for 80% of exterior walls). 

These considerations lead to a reference room of 6 x 4 x 3 
3 

m in which 1/4 of the side-walls are non-supporting and 

3/4 are supporting walls. Table 4.2 shows the materials 

Bedroom 
Living room 
Kitchen 
Elsewhere in house 
Office 
School 
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and dimensions. The exposure to external radiation inside 

the root is determined by the «ass and the radioactivity 

content of the walls. With respect to the exposure to 

internal radiation fro» inhaled radon and thoron decay 

products the wall surface area and the exhalation rate per 

unit area are also important. In addition, the tboron 

exhalation is also influenced by the wall finish. 

Table 4.2 The building materials used in the reference 
room6 

Material Density Mall Relative Relative wall 
PI thickness mass area 
kg.m-3 cm mj Sj 

Concrete 2400 12 0.61 0.44 
Sand lime brick 2000 10 0.31 0.32 
Plaster slabs 1000 10 0.08 0.17 
Plasterboard 1000 1 0.007 0.15* 
Other - - - 0.05 

It is assumed that the plasterboard is used on one of 
the other walls and that the radon exhalation from the 
material of that wall is not influenced as a result. 

The average radioactivity concentrations for various 

building materials are region-dependent. Preliminary 
9 

measurements of Dutch building materials point to 

values comparable with those found in other European 
2 8 

countries ' . The radioactivity concentrations in the 

reference room materials have been chosen from reference 9 

(see table 4.3). 
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Table 4.3 Data on the radioactivity of the aaterial used 
in the reference roo»9 

Material CHa CTh CK 
Bq/kg Bq/kg Bq/kg 

Concrete 20 20 ISO 
Sand li»e brick 10 10 300 
Plaster slabs IS 10 SO 
Plasterboard 15 10 50 

Fro» the aodel calculations explained in chapter 5. 

applied to the reference situation described above, the 

dose contributions fro» the building Materials have been 

computed. The results are presented in table 4.4. 

Table 4.4 Contribution to the annual effective dose 
equivalent fro» the naturally occurring 
radioactivity in the building Material 

Dose contribution »Sv.a-1 

External radiation 
Radon 
Thoron 

0.17 
0.12 
0.07 

Total dose 0.36 

4.6 Average annual dose fro» natural sources 

Coabining the above results, the average annual effective 

dose equivalent per capita in the Netherlands is computed 

as being 1.4 »Sv. The separate dose contributions are 

listed in table 4.5. These values will have to be assessed 

in the light of the results of the SAWORA research 

prograaae, which are expected to become available at the 

beginning of 1985. 
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Table 4.5 Overview of the components that contribute to 
the annual effective dose equivalent 

Dose contribution nSv.a-1 

Cosaic radiation 0.25 
Gaaaa-radioactivity fro» earth's crust 0.04 
Radon fion earth's crust 0.35 
Thoron fro» earth's crust 0.03 
Radioactivity fro» the body 0.3? 
Gaaaa-radioactivity fro» building Material 0.17 
Radon fro» building Material 0.12 
Thoron fro» building material 0.07 

Total dose 1.40 
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rianrc 4.1 D*c«y s«ri«s for radius 
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Figure 4.2 Decay series for thoriua 
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_ŷ  to» 
/ 

*&r 
r\ 

iwai 

w»za 

J? 
Xm 1 



- « - / % 

LITERATURE 

1 United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) 
Ionizing Radiation: Sources and Biological Effects 
Report to the General Assembly, ed. United Nations. 
New York. 1982. 

2 United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) 
Ionizing Radiation: Sources and Biological Effects 
Report to the General Assembly, ed. United Nations, 
New York. 1977. 

3 Knuist WP 
Een werktijd-rapport voor een onderzoek naar de 
tijdsbesteding van de Nederlandse bevolking in oktober 
1975 
SCP-cahiers no. 10, 's-Gravenhage. 1977. 

4 Dongen R van, Postma CJM, Stoute JRD 
Natuurlijke achtergrondstraling in Nederland. Deel 1: 
vrije veld metingen 
Rapport nr. 248108001. RIVM. Bilthoven, 1984. 

5 Put LW, Meijer RJ de 
Survey of Radon Concentrations in Dutch Dwellings 
Proceedings 3rd Int Conf on Indoor Air Quality and 
Climate, Stockholm, Indoor Air 1984; 2: 49-54. 

6 Boer JF den 
Overzicht en Monstername van Bouwstoffen die bestemd 
zijn voor de bouw van woningen in Nederland 
Rapport B-83-519/60.6.0182, TNO-IBBC. Rijswijk, 1984. 

7 Verbruik Bouwmaterialen 1976-1979 
Staatsuitgeverij. 's-Gravenhage, 1981. 

8 Wicke A 
Untersuchungen zur Frage der natürlichen 
Radioaktivitat der Luft in Wohn- und AufenthaltsrSumen 
- Grundlagen zur abschëtzung der Strahlenexposition 
duren inhalation von Radon - und Thoron -
Zerfallsprodukten 
Dissertatie, Justus Liebig universiteit, Gieflen, 1979. 

9 Ackers JB 
Het radioactiviteitsgehalte van bouwmaterialen in 
Nederland 
Interim-rapport SAWORA-project, Radiologische Dienst 
TNO. Arnhem, juli 1984. 



- 57 -

5 MODEL FOR COMPUTING THE INDIVIDUAL EXPOSURE TO NATURAL 

RADIOACTIVITY FROM THE BUILDING MATERIALS INSIDE A 

DWELLING 

5.1 Introduction 

In this chapter the radiation exposure from the natural 

radioactivity in the building material and the inside air 

of a building is calculated. The computational model 

follows in essence the 1982 UNSCEAR report ; most 

parameters have been chosen from that report or have been 

evaluated in the light of the data presented in that 

study. It has been found that the values of certain 

parameters given in the literature show a large variation. 

The values selected in this chapter are considered to be a 

reasonable estimate for the Dutch situation. However, they 

should not be considered as exact values. 

The dose arising from the use of certain building 

materials is computed for the reference room defined in 

chapter 4. 

5.2 External irradiation from the building material 

The gamma-radiation contribution to the dose from the 

building material has been computed for an 80% residence 

time in the reference room. Each of the different building 

materials contributes to the gamma-radiation field 

according to its specific radioactivity. By moving through 

the room the inhabitant will be exposed to an average 

radiation level that can be determined from the mass 

fractions of the building materials used. 

The effective dose eguivalent in a year, H_ (expressed 

in mSv.a ), resulting from gamma-radiation from the 
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building material inside the reference room can be written 

as: 

HE - (1-p) . T . b . D (5.1) 

in which 

p is the fraction of the time per year spent outdoors; 

p = 0.2 

T is the number of hours in a year; T > 8760 h.a~ 

b is the conversion factor of absorbed dose in air to 

effective dose equivalent for terrestrial radiation; b 

= 0.7 Sv.Gy' 

D is the absorbed dose rate in air (mGy.h-1) 

indoors. 

D can be expressed as a sum of contributions from the 

differenct radionuclides in the building materials: 

D ' I [(qK ' CK,i * qRa • CRa.i * *Th • C T n i ) . ».] (5.2) 

in which 

i is the index of the type of building material 

CK i' CRa i a n d CTh i a r e t n e r a di° a c ti vi t v 

concentrations in building material i of K, 
226 232 1 

Ra and Th, respectively, in Bq.kg~ 
qK' qRa an<3 qTh a c e t n e f a c t o r s f o r converting 

the radioactivity concentration in a building material 

to the absorbed dose rate in air and at 1 m distance 

from the surface of the material (Gy.h~ /Bq.kg" ) 

m. is the mass fraction of building material i in 
the reference room. 

The conversion factors will depend on the wall 

thicknesses. In practice the wall thicknesses do not 

differ much, being 7 - 1 2 cm. Therefore this refinement 

was not introduced. From references 1 and 9 the following 
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values have been taken for the conversion factors: 

54 x 10"9 •Gy.h'1/Bq.kg"1 

qBa - 620 x 10'9 BGy.h"1/Bq.kg'1 

» 890 x 10~9 nGy.h~1/Bq.kg~1 

JRa 

*Th 

The values for C„ .. C„ . and Cnl_ . have already 
K.i Ra,i Th.i * 

been given in tables 4.2 and 4.3. Substitution in (5.2) 

leads to a value of 0.035 iiGy.h" for the absorbed 

dose rate in the reference room, which is about 20* higher 

than the average dose rate from terrestrial radiation 

outdoors (see 4.3). 

Applying (5.1) it follows that the average effective dose 

equivalent from gamma-radiation is 0.17 mSv.a- . 

5.3 Radon and thoron 

The concentrations of radon and thoron in the inside and 

outside air show large variations over time. This is 

caused by variations in air movements, temperature, 

aerosol parameters, humidity and ventilation. Therefore 

the related concentrations of short-lived radon and thoron 

decay products in air also show sizeable variations. In 

computing the average annual radiation exposure it was 

assumed that a stationary situation exists, mainly 

determined by the ventilation rate, the exhalation of the 

building material and the average concentrations of radon 

and thoron in the outside air. 

5.4 Radon and radon decay products in the outside air 

The average concentration of radon from the soil in the 
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outside air in the Netherlands is estimated to be 3 

Bq.m with an equilibrium factor of 0.6 . Ambient air 

will penetrate into the buildings by ventilation processes 

and in this way radon and its decay products will be 

distributed inside the house. Plate-out mechanisms will 

lead to a lower equilibrium factor of about O.S. 

The effective dose equivalent per year from radon in the 

outside air can be written as a sum of two terms; the 

first one represents the dose contribution from staying 

outdoors, whereas the second contribution stems from radon 

that has penetrated into the dwelling: 

^ = P • T * rRn.bu * CRn.bu ' FRn.bu + (5.3) 

X 
(1 - p).T . rRn^bi . C R n / b u - P R n # b u 

\ + X R n 

In this expression: 

- C_„ .,. is the radon concentration in the outside air 
Rn,bu 
(Bq-m"-*) 

- FRn bu is the equilibrium factor of the concentration 

of radon decay products in the outside air 
- F'_ . is ditto for outside air inside the house 

ten, ou 
- rn . is the factor for converting the equilibrium 

Rn.bu 

equivalent concentration (EEC) to effective do.se 

equivalent per hour for radon in outside air 

(Sv.h_1/Bq.m"3) 

- rR_ v.. is the analogous conversion factor for radon in 

the indoor air 
- X is the ventilation rate; V « 0.7h~ 
- V, is the radon decay constant; V. > 

Rn , * Rn 
0.0076h . 

http://do.se
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The following conversion factor values have been chosen 

(see table 3.2) 

r,- . « 1.7 . 10" mSv.h" /Bq.m" and Kn, DU ,. . _ 
tDft . . = 0.9 . 10" mSv.h" /Bq.m" . Kn, oi 

The difference between these values is related to 

differences in inhalation rate and in aeorosol particle 

diameter outdoors and indoors. 

From (5.3) it is computed that radon exhaled by the 

earth's crust contributes 0.15 mSv to the annual dose. For 

ground-floor rooms the radon exhalation from the soil 

underneath the house may also contribute tc the radiation 

exposure. No empirical data are available at present. It 

is estimated that this radon exhalation will contribute a 

few Bq.flT to the radon concentration in the room. 

Therefore a reasonable estimate of the total contribution 

from the soil radon to the radiation dose in the 

Nethelands is 0.35 mSv per year. 

5.5 Thoron in the outside air 

The considerations relating to thoron are similar to those 

presented for radon in 5.4. Unfortunately, only a few 

empirical data are available. Given the thoron half-life 

of 55 s, the dose contribution of thoron that has 

penetrated into the building can be ignored. Some decay 
212 

products, in particular Pb, however, have mush longer 

half-lives and thus might penetrate into the building by 

the ventilation processes. No data are available on this, 

however. The possible contribution to the dose equivalent 

is estimated to be small and has been ignored. 
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The contribution of thoron in the outside air to the 

annual effective dose equivalent is given by 

«E " p • T ' rTn.bu ' CTn.bu " FTn.bu ( 5 4 ) 

in which the parameters have an analogous meaning to those 

described in paragraph 5.4. The value of the conversion 

factor r_ . was chosen in accordance with the 1982 Tn.bu _ 
UNSCEAR report (cf. table 3.2): 

r„, . = 5.3 . 10"5 mSv.h-1/Bq.m~3. 
Tn, bu 

Taking the average concentration outdoors to be 3 

Bq.rn' with an equilibrium factor of 0.1. the 

contribution to the annual effective dose equivalent from 

thoron in outdoor air is computed to be 0.03 mSv. 

5.6 Radon from building material 

226 
The decay of Ra in the building material produces the 

222 gaseous isotope Rn (radon). Some of the radon atoms 
will escape from the material into the air. The amount of 

radon exhaled will depend on four factors: 
226 

- the concentration >f Ra in the building material 

- the structure of the building material, which determines 

what fraction of radon reaches the pores in the material 

and is available for further transport (this fraction is 

characterized by the emanation factor) 

- the diffusion of radon in the building material 

- the way in which the material has been used; this factor 

includes all constructional factors (finish, painting, 

thickness, etc). 

The annual dose from decay products inhaled indoors can be 

written as 
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H - U - P) . T . r v. . F_ .. . C .. (5.5) 
E Rn.bi Rn.bi Rn.bi 

in which 

(l-p).T is the average residence time per year 

indoors; (l-p).T « 7008 h.a" . 

r„ ^- is the factor for converting the equilibrium 
Rn. Di 
equivalent concentration of radon decay product» 

indoors to effective dose equivalent rate; 

r_ ^i* 8.7.10" mSv.h" /Bq.m" 

P ...CL ,. is the equilibrium equivalent 
Rn.bi Rn.bi .3 
concentration of radon decay products (in Bq.m* ), 

with F_ .. being the equilibrium factor (including 
Kn. 01 

plate-out effects); F_ t.« 0.4, given a ventilation 
Rn,bi 

rate of 0.7 h~ . 

The radon concentration resulting from the concentration 
226 of Ra in the building material is represented by an 

2, 3 expression based on a diffusion model 

A 1 
CRn.bi.i * 8i ' -TT-' Ï \ ' f R n - i ' ̂ a - 1 (5'6) 

v \ * *Ttn 

in which 
2 

s..A is the surface area (m ) of building material 

i in the reference room, with s. being the fraction 

of the total wall surface comprised of material i 
3 

V is the volume of the reference room (m ); in our 

computations A/V * 1.5 m" 

f« * -cr, t is the radon exhalation rate per unit 
Rn,i Ra,i 2 1 
(wall) area of material i (Bq.m" .h~ ). in which 

2 
f , is the radon exhalation rate per m wall and 

' 226 

per unit Ra concentration 
(Bq.m .h /Bq.kg -kg.m .h ) and C R ^ 
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is the 226Ra concentration in the material i 

(Bq.kg*1)-

The factor f_ - can be developed as 

f
B n . i - *«. • ' i • "i • *i • " « « W <s-7> 

in which 

p. is the density of the building material 

(kg.» ) and X_.p 4 is the radon production 
3 226 

rate per • Material per unit Ra concentration 

•n. is the emanation factor, giving the fraction of 

radon reaching the pores in the material 
I. . tanh(L./i.) represents the amount of 

radon in the pores reaching the vail surface and 

thence the inside air by diffusion; t. is the 

effective diffusion length (m) and L. is one half of 

the vail thickness (m). 

The factor I- can be written as 

ti»{
 Ki > % (5.8) 

Sln-'i 

in which 

K. is the diffusion coefficient (m .h~ ) of 

radon in the pores of material i. c. is the 

porosity and X the radon decay constant. 

For most building materials the emanation factor TI 
2 4 5 

varies between 0.01 and 0.30 ' ' . 

It should be stressed that few relevant data are available 
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at present; furthermore the Measurements reported exhibit 

large variations. In the following calculations the values 

given in the table 5.1 have been used. 

The value of 1- depends on the porosity of the 

material. The values observed for concrete are around 0.15 
-4 2 —1 a. corresponding to K./c. =1.8.10 m .h 

This value will also be used tor other building materials. 

Table 5.1 also presents the computed radon exhalation 

rates per unit area and the unit radioactivity 

concentration for the different building materials in the 

reference room. 

Table 5.1 The radon exhalation rate per m2 per unit of 
radium concentration, fRn.i. for various 
building materials in the reference room 

p. r\. I. tanh fp -
Material * , x x (L./ i.) ? i 

kg.m~J - m - * kg.m ~.li 

Concrete 2400 0.20 0.15 0.38 0.21 
Sand lime brick 2000 O.IO 0.15 0.32 0.07 
Plaster slabs 1000 0.20 0.15 0.32 0.07 
Plasterboard „ 1000 0.30 0.15 0.065* 0.02 

Exhalation from both surfaces has been taken into account. 

The exhalation of each material contributes to the radon 

concentration in the room. These contributions have been 

computed by applying equation (5.6); results are given in 

table 5.2. From equation (5.5) the annual dose equivalent 

indoors resulting from the radon exhalation of the 

building material in the reference room is found to be 

0.12 mSv. 



- 66 -

Table 5.2 The various contributions to the radon 
concentration in the air in the reference rooi 

Material i Ra.i Bn.bi.i 

Bq.kg"1 Bq.m"3 

Concrete 0.44 20 3.9 
Sand lime brick 0.32 10 0.5 
Plaster slabs 0.17 15 0.4 
Plasterboard 0.15 15 o.l 

Total 4.9 
Fro» outside air 3.0 
Ground under house 6.0' 

Total 13.9 

Estimated value 

The radon concentration indoors averaged over a year, 

C. b-, can be compared with integrated Measurements of 

indoor concentrations of radon. In the United Kingdom 

the median radon concentration in 367 living-rooms was 
-3 -3 

found to be 14 Bq.m ; an average value of 42 Bq.m 
was measured in a study of 4500 dwellings in the Federal 

7 

Republic of Germany . Preliminary results of 

measurements in 927 Dutch dwellings point to a median 

value of 24 Bq.m" . All these values include the 

contribution from radon that has penetrated into the 

house, from the outside and from the soil underneath the 

nouse. and the contribution from the building material. 

As the results from the Dutch study have not yet been 

validated it is difficult to compare them with the values 

computed for the radon concentration in indoor air. The 

commission saw no reason, however, to change the model 

parameters in the light of the experimental data. 
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5.7 Thoron fro» building Material 

The annual dose fro» the thoror. exhalation of the building 

•aterials in the reference IOOI can be computed 

analogously as for radon (par. 5.6). The factor converting 

the equilibrium equivalent concentration into an effective 

dose equivalent rate for thoron in indoor air was fixed at 
-5 -1 -3 1 4.10 mSv.h /Bq.m . The equilibrium factor for 

thoron decay products. F_ ... is 0.03 at a ventilation 

rate of 0.7 h~ ; hare too. plate-out has been taken into 

account. Because thoron has a relatively short half-life 

(55 s. X-, r 15 h" ) the effective diffusion length 
%. is snail compared with the wall thickness; assuming 
the same diffusion coefficient (K) value as for radon we 

obtain in the case of thoron I. = 0.002 m and 

tanh(L./4.) = 1.00. 
l l 

Tables 5.3 and 5.4 give the results for the thoron 

exhalation of the different wall materials and the 

contribution to the thoron concentration in the indoor 

air, obtained from the computational model. The emanation 

factor for thoron has been assumed to be equal to that for 

radon. 

Table 5.3 Rate of thoron exhalation per unit of surface 
area and the radioactivity concentration of the 
various building materials in the reference room 

- _ _ 

Material * < V *i> *»-* 
m - kg.m .h 

Concrete 0.002 1.0 43.2 
Sand lime brick 0.002 1.0 18.0 
Plaster slabs 0.002 1.0 18,0 
Plasterboard 0.002 1.0 27.0 
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Table 5.4 The contributions fro» various building 
materials to the thoron concentration in the air 
in the reference room 

Material 
C C 
Th.i Tn.bi.i 

-1 -3 
Bq.kg Bq.m 

Concrete 20 12.7 
Sand line brick 10 1.9 
Plaster slabs 10 1.0 
Plasterboard 10 1.4 

Total 17.0 

The thoron exhalation of the building material in the 

reference room is computed to contribute 0.14 mSv to the 

annual dose equivalent. In this calculation the influence 

of the wall finish was not taken into account. However, 

this influence should not be ignored in the case of thoron 

exhalation. An average reduction factor of 2 appears to be 

reasonable. Incorporating this factor gives an expected 

annual thoron dose from building material of 0.07 mSv. 

5.8 Compilation 

Table 5.5 summarizes the values of some parameters and the 

resulting dose contributions from the building materials 

in the reference room. 
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Table 5,5 Overview of the assigned values and resulting 
contributions to the annual effective dose 
equivalent fro» the various building materials 
in the reference room 

Assigned values Annual dose (mSv) 

Material 
Sa 
Bq.li 
kg x 

Bq. 
kg'1 

Bq. 
kg"x 

m. 
l 

s. 
l 

Y Tn Rn 

Total 

Concrete 
Sand lime brick 
Plaster slabs 
Plasterboard 

20 
10 
15 
15 

20 
10 
10 
10 

150 
300 
50 
50 

0.61 
0.31 
0.08 
0.007 

0.44 
0.32 
0.17 
0.15 

0.12 
0.04 
0.01 
0.001 

0.053 
0.008 
0.004 
0.006 

0.10 
0.01 
0.01 
0.002 

0.27 
0.06 
0.02 
0.01 

Total 
i 

0.17 0.071 0.12 0.36 

226 Ra and 5.9 The relation between the concentrations of  
232 

Th in building materials and the average annual ' 
effective dose equivalent 

Using (5.9) and (5.10) the maximum permissible 

concentrations of radium and thorium in building material 

can be computed from the maximum permissible increase in 

the annual dose. As explained in chapter 2, the 
40 

radionuclide K does not play an important role. 

Combining equations 5.1. 5.2. 5.5, 5.6 and 5.7 the 
226 

ralation between C_ », the Ra concentration, and 

the dose H is found. Substituting the parameter values 

given before, one obtains 

IE - £^3.04 10 -3 m.+ 4.06 10"? s i . pi 'i* 

V tanh < W } " CRa.i (5.9) 
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An analogous relation can be derived for Th. The resulting 

expression is given by 

Hg = EjU.37 . 10"3. mi+ 6.21 . 10 ? s i' pi' "i 

I.. tanh (L./l.) } . C„ . 
l l l Th.i (5.10) 

Table 5.6 presents as an example the increase in the 
226 232 

concentrations of Ra and Th that leads to an 

increase of O.lmSv in the annual effective dose equivalent 

(columns l and 2). Columns 3 and 4 show the increase in 

dose equivalent that results from an incrase of 
—1 226 232 

1 Bq.kg in the concentrations of Ra and Th, 
respectively. 

Table 5.6. Calculation of which increase in the radioactivity 
concentrations of 226Ra and 232Th. respectively, 
in each of the materials in the reference room leads 
to a rise of 0.1 mSv in the annual effective dose 
equivalent 

Increase in cone, in 
one material that 
causes an extra dose 
of 0.1 mSv per year 

Extra annual dos<? 
resulting form a rise 
of 1 Bq/kg in the 
radioactivity cone, 
in one material 

Material 'Ra,i 'Th,i 

Bq.kg" Bq.kg" 

H E.Ra 

uSv.a -1 

H, E,Th 

uSv.a -1 

Concrete 15 19 6.7 5.3 
Sand lime brick 46 47 2.2 2.2 
Plaster slabs 110 130 0.9 0.8 
Plasterboard 500 169 0.2 0.6 
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6. LIMITING THE RADIOACTIVITY IN BUILDING MATERIALS 

6.1 Introduction 

In chapter 2 the committee proposed limits for the 

concentration of radium and thorium in building materials. 

The reasoning behind the recommended values is explained 

further in this chapter. 

6.2 Restricting the radiation risk from radioactivity in 

building materials 

The committee started from the premise that any exposure 

to ionizing radiation entails a certain risk and that 

therefore one should try to reduce this exposure. It 

should be realized that it is not possible to eliminate 

the radiation risk from the radionuclides that are present 

on earth, or. more particularly, those in building 

materials. 

There are means, however, of reducing this radiation risk. 

As well as using raw materials with a lower content of 

radionuclides one might reduce radon exhalation by 

covering the walls in a dwelling*, or lower the 

concentrations of radon and radon decay products in the 

indoor air by influencing the ventilation rate or by 

increasing the aerosol plate-out. Whether such measures 

are justified depends on the balance between the 

associated costs and the reduction in the radiation risk. 

The data essential for such an analysis are lacking, 

however, and the cost-determining factors are speculative: 

therefore this analysis is inadvisable at present. 

Given these complications the committee decided upon a 

simpler procedure for deriving standards to restrict the 

* "Dwelling" stands for any building in which people 
live or work. 
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risk of radiation from radionuclides occurring naturally 

in building materials. As a first step the committee 

postulated that no specific measures for radiation 

protection are required as long as the customary raw 

materials are used in building materials in the 

Netherlands. This conclusion is based on the consideration 

that radioactivity concentrations in most of the relevant 

building materials are relatively low compared with values 

found elsewhere. In any case, no obvious measures to limit 

the radioactivity concentrations suggest themselves. 

Next the committee set itself the task of finding a way to 

limit enhanced radioactivity arising from a re-use of 

industrial waste materials. The ICRP proposes using the 

effective dose equivalent as a measure for the radiation 
2 3 

risk ' .and the committee has also adopted this 

measure. In practice, however, it is impossible to 

restrict the risk of radiation from the re-use of 

industrial waste materials by setting a limit to the 

effective dose equivalent, because this quantity varies 

from person to person according to lifestyle and time. 

Furthermore, the effective dose equivalent can only be 

checked after a dwelling has been built: if the norm is 

then found to have been exceeded, it may prove impossible 

or prohibitively expensive to correct the situation. 

Therefore the committee decided to consider a reference 

person in a reference situation, representative for the 

actual distribution of personal characteristics and living 

environments. This enabled the committee to derive 

standards for the concentrations of radium and thorium in 

building materials. Such standards can be readily verified 

at the appropriate time*. 

* It may also be possible, at least in principle, to 
limit the radiation level (absorbed dose rate in air) 
and the concentration of radon or radon decay products 
in the air. This will, however, to a certain extent 

give rise to the same problems as encountered in 
limiting the effective dose equivalent. 
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The committee has recommended that lower and upper limits 

be specified for each building material. Materials that do 

not exceed the lower norm may be used without any 

restriction. Building materials with higher radioactivity 

concentrations are only permitted after further analysis 

in which economic and social considerations and the 

potential effects on public health and the environment are 

taken into account. As a result of this analysis the limit 

for radioactivity concentration may be revised upwards, 

but it must never exceed the upper bound in order to keep 

the individual risk within acceptable limits. 

In identifying the lower limit the committee took into 

account that re-using industrial wastes as raw materials 

in housing construction represents a benefit to society, 

which justifies a certain increase in exposure to 

radiation. The committee recommends a value of 0.1 mSv per 

year per person for the effective dose equivalent 

associated with this additional exposure to radiation. 

This dose equivalent value represents a risk in the order 

of 10~ per year, which is small compared with other 

unavoidable risks. This value is also smaller than the 

range in the exposure to radiation from natural 

radioactivity in building materials, which the committe 

calculated as being 0.4 mSv (effective dose equivalent) 

per year for the reference situation; preliminary 

empirical data for the Netherlands point to a range from 

0.1-1 roSv per year. 

The reasoning behind the proposed upper limits is similar 

to that used for limiting the risk from artificially 

produced radiation. As a limit for the effective dose 

quivalent from artificial sources of radiation the ICRP 
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has recommended a value of 5 mSv per year per person. This 

value has recently also been adopted for the Dutch 

situation by a committee of the Netherlands Health 
4 

Council . The ICRP bases this limit on the consideration 

that a risk corresponding to 0.5 mSv per year per person 

and a distribution of risk with an upper bound of 5 mSv 

per year per person seems acceptable when compared with 

other risks that the individual can only influence to a 

small extent. 

To limit the controllable component of the dose equivalent 

resulting from the re-use of industrial waste, the 

committee has based its proposals on an additional dose 

equivalent for the reference person of 1/10 of the limit 

for exposure to artificial sources, i.e. 0.5 mSv per year. 

Finally, the committee derived the corresponding 

additional concentrations of radium and thorium by using 

the model described in chaper 5. The choice of some of the 

important parameters in this derivation is explained 

further below. In the next paragraph the procedure for 

obtaining limits for the total radioactivity concentration 

in building material will be described first. 

6.3 Totalling the radium and thorium concentrations 

In principle, the standardization of building material in 

order to limit exposure to radiation from naturally 

occurring radionuclides may be based on two quantities: 

the radioactivity concentration and the radon exhalation. 

The latter quantity (which primarily determines the 

internal dose from the inhalation of radon decay products) 

cannot be reliably measured at present. Therefore the 

committee has not proposed standards for the radon 

exhalation rate. 
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226 232 
For the present the radionuclides Ra and Th and 

their decay products are of prime importance. Therefore 

the committee felt justified in ignoring K. Further. 

the committee has totalled the concentrations of radium 

and thorium and their decay products. The model given in 

chapter 5 can be used to analyse the consequences of this 

simplification. Table 6.1 shows how much each of the two 

radionuclides is estimated to contribute to the effective 

dose equivalent of the building materials that determine 

the risk of radiation. 

Table 6.1 Contribution to the effective dose equivalent 
per year per unit radioactivity concentration 
(liSv/Bq.kg-1) for each of the building 
materials in the reference room. 

Material 
(Y,Ra) (Rn) 

"E "E "E "E 
(Ra.tot) (t.Th) (Tn) (Th,tot) 

Concrete 1.9 4.9 6.7 2.7 2.6 5.3 
Sand lime brick 0.9 1.2 2.2 1.4 0.8 2.2 
Plaster slabs 0.2 0.7 0.9 0.4 0.4 0.8 
Plasterboard 0.0 0.2 0.2 0.0 0.6 0.6 

Explanation 
HE(Y.Ra). HE(Y.Th) 

HE(Rn), HE (Tn) 

HE(total Ra) 
HE(total Th) 

contribution of external 
radiation to the effective 
dose equivalent, per unit 
radioactivity concentration 
of 226Ra and 232Tn# 

respectively. 
ditto for internal 
irradiation from +7-zRn 
decay products per unit 
radioactivity concentration 
of 226Ra and from 220Rn 
decay products per unit 
concentration of 232Th. 
respectively 
sum of the preceding two 
columns 
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It follows from the table (as can also be deduced from the 

conversion factors q given in paragraph 5.2). that the 
223 

external irradiation from Th and its decay products 
is about 50\ more than the external irradiation from 
226 

Ra and decay products. For the internal irradation 

from radon decay products, this relationship is reversed. 

except in the case of plasterboard. 

The differences between the radium and thorium 

contributions are such that totalling the radioactivity 

concentrations is justified for the purposes of the 

present investigation. Any possible errors are reduced 

further because the differences in contributions to the 

effective dose equivalent from external and internal 

exposure to radium and thorium partly compensate for each 

other. 

As mentioned before, plasterboard forms an exception. The 

inaccuracies introduced in this case are. however, small, 

as the radioactivity in this material only contributes to 

the effective dose equivalent to a small extent. 
226 

Furthermore, in general it is the radionuclide Ra and 

its decay products that are responsible for the enhanced 

radioactivity in the plasterboard. Other factors are 

important in deriving standards for plasterboard (see 

paragraph 6.4), and these effectively nullify errors 

arising from the totalling of the radium and thorium 

concentration. 

6.4 The significance and the derivation of the proposed 

standards 

The concentration of naturally occurring radionuclides in 

building materials varies greatly. This is not only true 

on a global scale, but also for the materials commonly 
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used in the Netherlands . The sane holds for the 

variation of natural radionuclides in industrial waste 

materials (e.g. phosphoric acid gypsum and fly ash). These 

variations are related to the variation in properties of 

the raw materials used and are further influenced by the 

industrial process. 

If the re-use of industrial raw materials involves 

replacing one ingredient in building material by another, 

then the distribution of radioactivity concentrations in 

building material will remain broad, although it may have 

been shifted. The limits proposed by the committee aim at 

providing an upper limit for this distribution. The limits 

pertaining to the total radioactivity are composed of a 

contribution based on the upper limit of the present 

distribution of radioactivity in common building 

materials, and a contribution related to the additional 

dose equivalent mentioned earlier. This implies that the 

average radioactivity concentrations of the materials in 

question will be lower than the recommended limiting 

values. 

The building materials that contribute appreciably to the 

radiation exposure inside Dutch dwellings are concrete, 

sand lime bricks, plaster slabs and plasterboard . A 

word should be said about concrete. For some time, 

blast-furnace slag has been used in Dutch cement and 

concrete. Recently, concrete based on so-called Portland 

fly-ash cement has also appeared on the market. In the 

present study these types of concrete have been included 

among the common building materials; they contain 10-20 

Bq/kg more radium and thorium compared with concrete from 
S 

"natural" cement . 
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Although the materials studied in ref. 5 are 

representative of the types of building materials in the 

Netherlands, the number of samples measured is too small 

to derive a statistically sound limiting value for the 

distribution of radioactivity concentrations. It is 

therefore necessary to introduce a certain margin. Taking 

into account published values relating to studies abroad, 

the committee concludes that a value between 25 and 

75 Bq/kg (depending on the specific material) can be set 

as an upper limit for the total concentration of radium 

and thorium radioacitivity in the common Dutch building 

materials (cf. table 6.2). 

Table 6.2 Derivation of limiting values for the sum of 
232„ _ 226„^ ^ . ,.,:.. Ra and Th concentrations in building 

materials 

Material Max. cone. Rise in cone. Limit set for 

(Ra + Th) in one material. the concentra

currently which would lead tion (Ra + Th) 

encountered to extra annual 

doses of 0.1 and 

0.5 mSv, respectively 

Bg/kg Bg/kg Bq/kg Bg/kg 

0.1 mSv 0.5 mSv lower upper 
1 limit limit 

Concrete 75 25 75 100 150 

Sand lime brick 50 50 200 100 260 

Plaster slabs 2C 125 575 150 600 

Plasterboard 25 ,500* 

1-175** 

j-2500* 

L J»i0** 

200 600 ,500* 

1-175** 

j-2500* 

L J»i0** 

* Value based on the radium concentration 
** Value based on the thorium concentration 
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In chapter 5. table 5.6 the radioactivity concentration 

necessary to increase the effective dose equivalent by 

0.1 mSv per year is presented. In table 6.2 the 

corresponding quantities (expressed as the sum of the 

additional radium and thorium concentrations) for 

increases in effective dose equivalent of 0.1 and 0.5 mSv 

per year are given. In deriving these figures it has been 

assumed that the radioactivity is enhanced in only one 

material at a time. 

It is difficult to determine the extent to which materials 

based on waste products will be used together. In 

recommending standards the committee has taken a certain 

combined use into account, in particular by rounding off 

the proposed upper limits downwards. The committee has 

further noted the large spread in the determining 

parameters, i.e. the radon exhalation and diffusion in the 

materials. In selecting values for these parameters the 

committee has remained on the conservative side, which 

implies that the resulting estimate of radiation exposure 

is probably generous and certainly not too low. There are 

some data for materials in which fly ash has been used 

that suggest that the radon emanation factor for these 

materials is lower than that for other materials. As such 

data are still lacking for routine uses of this material, 

however, the committee did not take the former data into 

account when proposing standards. 

Basing itself on the above considerations and taking into 

account the many uncertainties in the model parameters, 

the committee proposes the concentration limits presented 

in table 6.2. The values are rounded to multiples of 25 

Bq/kg. 
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The committee does not propose standards for materials 

that are only used in minor quantities in housing 

construction, such as plaster, tiles, floor tiles, 

insulating materials, etc. Application of the 

computational model described in chapter 5 shows that 

materials used in such minor quantities contribute little 

to the dose equivalent. This conclusion presupposes, 

however, that the quantities of these materials used and 

the ways they are applied do not change. If in future 

these materials are used in larger quantities and cover 

larger surface areas than at present, concentration limits 

should be set up with the aid of the model. 

With respect to the standards for plasterboard the 

committee notes the following. Plasterboard is a material 

that can be applied in a relatively simple way and is used 

in large quantities in renovation work by 

non-professionals ("do-it-yourself" applications). This 

material is often used in combination with other materials 

(as wall and ceiling partition). The proportion of the 

area covered by plasterboard may therefore exceed the 

value used in the model. The additional radiation dose is 

not compensated for, however, as no other building 

material is replaced. These considerations have been taken 

into account by reducing the standards for plasterboard, 

and basing the proposed values primarily on the radiation 

exposure from radium and radium decay products. 

The committee is of the opinion that only in exceptional 

cases will the use of building materials with 

radioactivity concentrations up to the upper limits lead 

to an increase in dose equivalent exceeding 0.5 mSv in a 

year. 
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The committee has further verified that the proposed 
222 

limits do not lead to Rn equilibrium equivalent 
concentrations higher than the upper limit proposed by the 
ICRP (ICRP-39. paragraph 28 (7)). This upper limit is of 

3 
the order of 100 Bq/m . According to the model, the 

contribution to the EEC from radon in building materials 
3 

will be about 30 Bq/tn - If a lower emanation factor for 

products based on fly ash had been taken into account, the 

resulting radon concentrations from these products would 

have been of the same order of magnitude as those 

resulting from corresponding building materials commonly 

in use today. 

The committee stresses that the core of its recommendation 

lies in the proposed general system of deriving standards 

for building materials. The actual figures for the norms 

derived by applying this system may have to be adjusted in 

the light of changing circumstances or new developments 

that could not be foreseen by the committee at the time 

this report was written. 

The following examples may serve as an illustration. The 

limits for concrete are based on the available data on 

radon and thoron exhalation. Preliminary studies 

suggest that the values of these parameters may differ for 

fly-ash products. If in the near future it should appear 

that for other products based on raw materials with an 

enhanced radioactivity content the actual values of one or 

more of the parameters used in deriving standards differs 

appreciably from the values used in this report, the 

limiting values for these products t>nould be adjusted. 

This can easily be done with the system presented here. 
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Given the limiting values proposed in this interim report, 

most of the phosphogypsum produced has a radioactivity 

concentration below the upper bound and might therefore be 

considered for use in housing. The actual decision to 

allow its application would depend among other factors on 

the availibility of gypsum of similar or better quality 

and price from the desulphurization of coal-flue gas. If 

such gypsum were available, the system of standardization 

recommended in this report would imply that only 

phosphogypsum with a radioactivity concentration below the 

lower limit should be permitted. Thus the raw material 

used will be the one preferred for reasons of public 

health and environmental hygiene, and the phosphogypsum 

with the present radioactivity content will not be 

utilized for housing. Apart from these considerations one 

should realize that the re-use of waste gypsum in housing 

is not a complete alternative to discharging or dumping 

this material, in view of the large quantities produced. 

Furthermore, waste products in building materials will 

still be released into the environment aft^r some time 

- be it in a different form. 

6.5 The influence of ventilation on the dose equivalent 

It follows from the data presented in chapter 4 that the 

radon concentration in outdoor air is less than that 

inside a dwelling. Replacing the air inside a dwelling 

with outdoor air will lower the exposure to radon decay 

products. 

Natural processes play an important part in the exchange 

between indoor and outdoor air. Air enters the dwelling 

through cracks, joins, ventilation grids and windows in 
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the outside walls and the roof and is removed again 

through similar openings and ventilation ducts. 

Air transport through joins and cracks in the construction 

is unintended (or involuntary) ventilation. With the aid 

of the provisions for ventilation the inhabitant can 

control the ventilation in accordance with his activities. 

In view of the exposure to radon decay products the more 

continuous adjustment through fanlights and grids is more 

important than the discontinuous ventilation obtained by 

opening large windows and doors. 

Air pressure differences across the openings in the 

building are the driving forces behind the ventilation 

process. Therefore, the determining parameters are 

meteorological, such as wind speed and direction and the 

temperature difference between the inside and the outside 

of the building. By substituting empirical data on the 

airtightness of Dutch dwelling in an air transport model 

the following representative ventilation rates have been 

derived8 (table 6.3). 

Table 6.3 Representative ventilation rates (h_1) for 
spontaneous ventilation in Dutch dwellings 

Single-family dwelling flat 

unsheltered sheltered unsheltered sheltered 

Airtight 

Normal 

Leaky 

0.8 0.7 

1.1 1.0 

2.0 1.7 

0.4 0.3 

0.6 0.6 

1.2 1.0 
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An "airtight" dwelling has usually been constructed using 

industrial building methods and paying special attention 

to the insulation. A "leaky" dwelling is an old, 

traditionally built, house. A "sheltered" dwelling is 

surrounded by other buildings of similar height, in 

contrast to "unsheltered" dwellings that may be surrounded 

by trees in an otherwise flat landscape. All values 

pertain to average weather conditions (wind speed 5 m/s 

and an outside temperature of 5°C). 

Building regulations in the Netherlands require that for 

each dwelling the occupier can control the 
9 10 

ventilation ' . These requirements are based on a 

standard for the fresh air available per person (air 
3 

exchange rate 25 m /h per person) and correspond roughly 
_i 

to a ventilation rate of about 1 h *. 

A study on the usage of ventilation provisions showed that 

about 25% of inhabitants can be characterized as less 

actively ventilating (use the ventilation provisions 

sometimes or never). The remainder are about equally 

divided in between a group of actively ventilating persons 

and an intermediate group . This study, however, does 

not provide information about the actual air exchange 

during the inhabitant's sojourn in the room and the 

corresponding exposure to radon. 

Using present-day industrial building techniques it is 

possible to construct very airtight dwellings with 

ventilation rates of a few tenths of air changes per hour. 

Such a development, however, is less desirable from the 

point of view of a hygienic indoor climate. 
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An aictightness of the dwelling corresponding to a 

ventilation rate of about 0.5 h (averaged over the 

year) is representative for the dwellings in use today. 

The extent to which more or less continuous ventilation 

control contributes to the ventilation rate is uncertain. 

As a yearly average the committee chose a value of 

0.2 h~ . leading to a total ventilation rate of 

0.7 h~ . This latter value has been used in the 

calculations. 

If energy saving or other reasons were to stimulate the 

construction of houses that are more airtight than today's 

dwellings, it would be necessary to encourage the 

inhabitants to use the provisions for ventilation more 

deliberately and intensively. Alternatively, automatic 

systems could be installed to guarantee a sufficient 

supply of fresh air. This is not only desirable in order 

to control exposure to radon decay products, but also to 

promote a healthy situation inside the dwelling in general. 
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GLOSSARY 

a-radiation radiation consisting of charged 

particles emitted by atonic nuclei, 

having the mass and charge of a 

helium nucleus 

activity number of spontaneous nuclear 

transformations per unit time 

aerosol fine distribution of a liquid or a 

solid in a gas, mostly in air 

ALARA As Low As Reasonably Achievable 

Since any exposure to radiation 

implies a certain risk, in 

publication 9. S 52 (1965), the 

ICRP recommends avoiding any 

unnecessary exposure and keeping 

all doses as low as reasonably 

achievable, given the economic and 

social circustances. This principle 

has been developed further in the 

ICRP publications 22 (1973) and 26 

(1977) 

becguerel unit of radioactivity * 1 nuclear 

transformation per second (symbol 

Bq) 

3-radiation radiation consisting of charged 

particles emitted by atomic nuclei; 

having the mass and charge of an 

electron 
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Y-radiation shortwave electromagnetic radiation 

of nuclear origin 

critical group a group in the population, which 

experiences the highest dose, 

equivalent because its members' 

activities expose them to ionizing 

radiation. A critical group has a 

homogeneous composition in terms of 

the factors that determine dose 

equivalent, 6uch as age, lifestyle, 

diet, dwelling place, etc. 

C . . concentration of element x indoors 
x.bi 

C . concentration of element x outdoors 
x,bu 

curie former unit of radioactivity 

(symbol: Ci); 1 Ci = 3.7.1010Bq 

decay constant fraction of the number of atoms of 

a radionuclide which decay per unit 

time (symbol X; unit s~ ) 

dose absorbed dose = absorbed radiation 

energy per unit mass. Symbol D; 

unit Gy • J/kg; also used in the 

sense of dose equivalent 

dose conversion factor in the dosimetric model to 

factor calculate the dose from various 

data on the exposure, the 

distribution, the amount and the 

nature of the radiation-emitting 

substances 
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dose equivalent product of the absorbed dose D and 

the quality factor Q (syabol H; 

unit Sv = J/kg) 

dose limit legal upper limit of exposure to 

radiation 

dose rate absorbed dose per unit time (symbol 

D, unit Gy/s); also used in the 

sense of dose equivalent per unit 

of time (unit Sv/s) 

effective dose dose equivalent uniformly 

equivalent distributed over the entire body, 

giving the same risk of stochastic 

effects as the actual dose 

equivalents on all organs and 

tissues together (symbol H., unit 

Sv) 

equilibrium equivalent measure of the concentration of 

concentration (EEC) radon decay products with the same 

potential energy concentration as 

an amount of radon decay products 

in equilibrium with radon 

emanation factor fraction of radon produced in a 

(building) material which diffuses 

into the pores of that material 

exhalation diffusion of radon out of the pores 

of a (building) material into the 

air 
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exhalation rate rate of diffusion of radon out of 

the pores of a (building) material 

into the air 

equilibrium factor, F ratio of the effective equilibrium 

concentration and the radon 

concentration 

genetic effect genetic changes, mainly mutations, 

caused, for example, by ionizing 

radiation 

gray unit of absorbed dose (symbol Gy; 

1 Gy = 1 J/kg) 

half-life time period in which a radioactive 

substance loses 50* of its activity 

by radioactive decay 

ICRP International Commission on 

Radiological Protection 

ionizing radiation radiation that may cause 

ionizations in irradiated 

materials, such as X-rays; 

radiation emitted by radioactive 

materials (a-, 0-. 

Y-radiation); fast ions and high 

energy elementary particles (e.g. 

from cosmic radiation) 

isotopes various types of one element having 

identical chemical properties but 

with a different relative atomic 

mass 
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justification procedure that shove that the 

benefits of a certain practice are 

greater than its drawbacks 

natural radiation ionizing radiation coning from 

natural sources - both terrestrial 

and cosmic 

plate-out precipitation of radon and decay 

products on the surfaces in a room 

quality factor. Q relative weight attached to a type 

of radiation to express the 

difference in biological effect per 

unit of absorbed dose 

radionuclide radioactive substance characterized 

by atomic mass, atomic number and 

energy level 

reference room room representative of the average 

living situation 

radiation protection system of measures to protect 

people and the environment against 

ionizing radiation 

risk chance of undesired side-effects 

risk factor probability of detriment per unit 

of dose (or dose equivalent) 

SI Systeme International 

(international system of units) 
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sievert unit of dose equivalent (symbol Sv, 

1 Sv = 1 J/kg) 

somatic effects harmful effects in the body of the 

irradiated person 

threshold dose dose below which the effect of 

interest does not occur 

unit of activity 1 nuclear transformation per second 

= 1 becquerel (Bq) (former unit 

curie, 1 pCi = 37 Bq) 

UNSCEAR United Nations Scientific Committee 

on the Effects of Atomic Radiation 

ventilation rate fraction of the total amount of air 

in a room which is replaced by 

outdoor air per unit of time 

(symbol \ : unit h~ ) 


