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ABSTRACT

Radon concentration and external dose have been measured in dwellings that contain by-products of coal-
burning for building materials. The concentrations ofmK, 232Th, 23SU and 226Ra have been determinated in the
materials. The date are analyzed according to indices frequently used for decision of utilizing the by-products.
The observed daily fluctuation of the radon concentration in dwellings might exceed a factor of 5.

INTRODUCTION

In the region of the Transdanubian Middle Mountains in Hungary there are spots where the concentrations
of radionuclide 2 3 8U in rocks and mineral coals may exceed ten to twenty-fold of the world average. The
burning up of the coal increses the radioactive concentration in the slags and fly-ashes 40-60 times
additionally. A few decades ago frequently and even recently -. in spite of the official limitation - the slags
and ashes of boilers and home stoves have been used as backfill or insulation in floors mainly in private
houses.

Around the city of Ajka the overwhelming part of the waste is limestone; due to self-flammation this lime
burnt out of the waste-heap and the burnt lime was carried away to make mortar.

In most cases the elevated concentrations of 2 3 8U in the building materials could be detected by external
dose measurements provided inside the houses. Additional information is gained from sampling and
radionuclide determination of the building elements.

Samples have been taken from the broken waste-heaps and the slags used as backfill or insulation in the
houses monitored. These samples were closed in aluminium Marinelli-beaker for 20 days prior to radiation
measurements in order to gain equilibrium caused by radon emanation.

METHODS

The concentration of 40K, 232Th, 2 3 8U and with respects of radiation impact the most significant daughter
element 226Ra, have been determined by gamma-spectrometric system of "N"-type Tennelec HPGe
detector.

An uranium ore sample, certified by the National Authority Office of Measures, was used as calibration
source.

For dose limitation control the international practice provides the 226Ra, ^ T h and 40K concentration in units
of Bq/kg with several indeces with respect to the quality of the building materials. Therefore we have used
the following ones:
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According to the regulations the upper limits of the introduced indices is 1 for building materials.

In addition to the former indices the Radium-equivalent concentration is defined as:

+ 0,086 C
K.4O

According to the regulations the upper limits of the introduced indices is 1 for building materials.

For building houses the C^Aw value is recommended only below 370. Between 370-740 the industry, over
740 only roads and railways can use them. Above 3700 it's forbidden to be used for building elements.

RESULTS

The calculated results of the refuse materials from waste-heap used for house buildings and the slag
samples of the measured buildings are got in di shown in table No.I.

Table I. gives some results of the indices fferent samples that are taken from building materials and slags
near to the cities Ajka and Tatabánya.

Sample

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

refuse from city Ajka

slag from city Tatabánya

slag from city Tatabánya

slag from city Ajka

slag from city Ajka

slag from city Ajka

slag from city Ajka

slag from city Ajka

Ra-index

1,79

1,92

2,12

2,50

7,44

7,61

7,67

9,76

10,20

4,96

7,85

3,56

3,87

11,60

13,30

14,50

Gamma-
index

0,386

0,428

0,430

0,510

1,50

1,53

1,56

1,99

2,07

1,04

1,62

0,763

0,809

2,33

2,69

2,92

H

0,426

0,548

0,331

0,397

1,09

1,08

1,20

1,59

1,53

0,962

1,42

0,819

0,755

1,65

1,95

1,98

p
^ R a ckv.

382

422

429

509

1501

1529

1556

1989

2069

1031

1621

756

805

2330

2689

2918

Table I: Includes for different samples calculated.

We measured gamma dose in rooms containing materials like these. Depending on the size of the rooms
we measured the dose between 10 to 20 spots at different heights (floor level, 0.4m and 1.0 m above floor
and on the ceiling) and it differed between 200-900 nGy/h, hence in some cases it considerably exceeded
the average values of 80-120 nGy/h.

The other source of radiation dose is the 222Rn emanating from materials containing 226Ra in high
concentration. This element and its decay products increase internal radiation dose.

Although we have measured 150-200 rooms by using grab-sampling method and 20% was found to be
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relatively high, the achieved dose
measurements.

can only be calculated after evaluating results of continuous

Several times continuous measurements were performed lasting for days or weeks by using the devices of
PYLON AB-5 set equipped with PCRD detector, which stores the hourly values. Fig. 1. shows a graph
indicating the process of change in radon concentration.
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Fig. 1: The change of radon concentration in a house.

As far as the measurements are concerned we can claim that the tenants who lived in buildings made from
these building materials, have achieved larger dose than the world average of 2.4 mSv /a. It derives partly
from the increased outer gamma radiation (0.8 - 2.4 mSv/a extra dose with a daily 12 hours spent inside).
On the other hand, the internal radiation dose mostly from the inhalation of radon and its decay products
can exceed even 10 mSv /a.

CONCLUSION

The results clearly show that unfortunately not only the regulatory proved materials were used in the
buildings. Therefore the dose from the elevated concentration of natural radioisotopes in the building
material contributes to the population living in the investigated dwellings.

More effective propaganda should be introduced to stop people using unproved by-products of coals for
building for building materials.
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