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Abstract:Indoor exposure to gamma radiation was investigated by using LiF thermoluminicent dosimeters (TLDs), which were placed within some family dwellings built with cement, mud and baked clay in some locations in Ibadan for a period of 60 days.
The study area was divided into ten zones. A total number of  75 TLDs made of LiF that gives good luminescence on heating were used to measure the indoor exposures in 75 family dwellings.

The dosimeters were first heated to 300oC( 573K) for about 16 hours in an annealing oven and then cooled at 80oC (353K) for 17 hours. The TLDs were then caliberated to read absorbed dose in microseviet (μSv) and then packaged inside polythene satchets.
Within each building, a dosimeter was hanged near the wall at a height 3m. Routine checks were made on the dosimeters regularly.

After the exposure for 60 days, the TLDs were removed from within the buildings and then read using the SOLARO 654 TLD reader.

Results show that it may be radiologically safest to live in houses built with mud.
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INTRODUCTION
The Earth and all the living things on it  are constantly been bombarded by radiation from space, similar to the drizzle of rain. Charged particles from the sun  and stars interact with the earth’s atmosphere and magnetic field to produce a shower of radiation. The dose from this source varies from place to place due to the differences in elevation and the effect of the magnetic field.
Radiative material is also found throughout nature. It is found in soil, water and vegetation. Low level of uranium, thorium and their decay products  are found 

everywhere. Some of these materials are ingested with food and water, while others, such as radon, are inhaled.

The major isotopes of concern for terrestrial radiation are uranium and its decay products, such as thorium, radium and radon.

Apart from the radiations from the above sources, the material used for building houses also are radiation sources. The level of exposure from this source depends on the type of materials used.

Recently, the phenomenon of radiation has attracted a lot of interest from concerned members of the public as well as national authorities of come countries all over the world.( Feldman,1977, Babalola and Oresegun, 1993, Chen et al, 1993).

The reason for the recent curiosity on this subject is the possibility of exposure to ionizing radiation emanating from naturally occurring radionuclides such as Potassium -40, Thorium – 232, and Uranium – 238 which accounts for about 50% of the average annual dose to human beings from all radiation sources. (UNSCEAR, 1982).
Researchers have shown that these naturally occuring radionuclides are present in our water, food, air, bodies as well as in building materials like cement, tiles, brick, muds e.t.c (Mollah et al, 1996, Ajayi et al, 1996).

The naturally occuring radionuclides present in building materials constitutes a radiative environment to live in. The climate and weather, natural ventilation of living environment, local geology, drainage pattern e.t.c determine the extent of exposure to the radioactive environment.
Since exposure to ionizing radiation is undesirable at all levels, it is therefore very important and imperative to investigate and determine the exposure level to natural radiation in any inhabited family dwelling.
This study was carried out to access the level of exposure to enviromental gamma radiation in  a variety of family dwellings as well as its epidemiological implications. 

MATERIAL AND METHOD
The study area was divided into Ten zones and all indoor measurement were taken in

inhabited houses built with cement, mud and baked clay.
Indoor exposure to gamma radiation was investigated by using LiF thermoluminicent dosimeters (TLDs), which were placed within some family dwellings built with cement, mud and baked clay in some locations in Ibadan for a period of 60 days (Paschoa et al. 1990).
A total number of  75 TLDs made of LiF that gives good luminescence on heating were used to measure the indoor exposures in 75 family dwellings. LiF TLDs were used for this study because of its general resistance to corrosion and water, good response to gamma radiation and its having no radiation – induced thermoluminescence ( TL) which interferes with measurements of low exposures. 
The dosimeters were first heated to 300oC( 573K) for about 16 hours in an annealing oven and then cooled at 80oC (353K) for 17 hours to re- establish the defect equilibrium of TL material so that it may be reused. The TLDs were then caliberated to read absorbed dose in microseviet (μSv) and then packaged inside polythene satchets. The satchets were then labelled according to the zones and types of buildings in which the TLDs were hung. Codes were used to denote the zones and building material types. For instance, a TLD in a polythene bag labelled CA1 means it was numbered 1 in zone A of the cement – sand building.
The TLDs were hung at a height of approximately 3 metres from the floor to avoid collission with the day to day activities of the  occupants of the houses.
Within each building, a dosimeter was hanged near the wall at a height 3m. Routine checks were made on the dosimeters regularly.

After the exposure for about two months, the TLDs were removed from within the buildings and then taken to the Federal Radiation Protection Services, Depatment of Physics, University of Ibadan, where they were  read with the SOLARO 654 TLD reader.

RESULTS AND DISCUSSION
Table 1  gives the summary of the distribution of the 75 TLDs in the Ten zones  into which the study area was divided on the basis of the type of building materials.
Table 2 gives the summary of the average arbsorbed dose as measured by the TLDs fixed on the walls inside different buildings in the selected locations in Ibadan. Figure 1 is the Bar chart showing the variation of the Annual Effective dose in the different building materials.
For the family dwelling which the material is cement – sand, the average indoor arbsorbed gamma dose ranged from 0.027 ± 0.005 μSv/ h  to 0.031 ± 0.006 μSv/ h, with the average of the averages being 0.0285 ± 0.0055 μSv/ h in all the sampled zones.
For the buildings with Soil as the material, the average indoor arbsorbed dose by the TLDs ranged from 0.019 ± 0.003 μSv/ h  to 0.021 ±0.004 μSv/ h . For this, the average of the averages is 0.020 ± 0.0035 μSv/ h in all the sampled two zones. 
The average arbsorbed dose in house houses with baked – clay as material is

 0.024 ± 0.002 μSv/ h.

The error quoted above are standard deviation from the mean values. This, as could be seen vary from one zone to the other depicting differeces in local geology as well as the type of soil on which the houses are built or erected. ( Adam and Lowder, 1964; Eisenbud, 1973).
Comparing the average arbsobed doses in the three types of materials, it is observed that the arbsorbed dose in cement- sand buildings of  0.0285 ± 0.0055 μSv/ h is highest. This is followed by the arbsorbed dose in buildings of baked – clay which is 0.024 ± 0.002 μSv/ h. The total arbsorbed dose in houses with soil as material is the lowest. It is 0.020 ± 0.0035 μSv/ h.

It is assummed in this work that an individual on the average spends half of his day outdoors ( outside his house) and the remaining 12 hours at home. Using 0.5 as indoor occupancy factor, the average annual effective dose equivalent in the cement- soil buildings, the soil buildings as well as the baked – clay buildings are  62.46 μSv/ y, 52.60 μSv/ y and 43.83 μSv/ y respectively.
______________________________________________________________

Wall 
material    No of
                     Zones                                     TLDs ______________ Code ______________________________________________
CS                          7                               45                                           S                             2                               24                             BC                          1                                6
Total number of TLDs    distributed  75                                               
________________________________________________________________                                       

Table 2: Terrestrial Gamma radiation absorbed dose levels in family dwellings 

               Ibadan.

_____________________________________________________________________

Zone  Wall       Sample

         material     No                  Average
                                                 absorbed dose                

                                                     (  μSv/h)

  A    CS       25                        0.027 ± 0.006

  B     CS     12                         0.031 ± 0.005

  C     CS      8                          0.029 ± 0.006

  D     S       16                          0.019 ± 0.003

  E     S         8                          0.021 ± 0.004

  F    BC       6                          0.024 ± 0.002

_____________________________________________________________________

 Total number of houses investigated     -  75

Table 3 – Average annual effective dose equivalent
	Building Materials
	         CS
	        BC
	          S

	Average annual effective dose equivalent(μSv/ y)
	        62.46
	       52.60
	      43.83


Figure 2:  Bar chart showing the variation of the Annual Effective dose in the 
                  different building materials.
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CONCLUSION

This results show that the exposure to natural radiation is highest in cement- sand buildings and lowest in soil buildings. The annual absorbed dose in the 3 types of materials is less than the 20mSv permissible dose for members of the public.

This means that within the limit of our study area, it may be safer radiologically speaking to dwell in houses built with soil(or mud) in the sense that the probability of indwellers  suffering any detrimental effects of radiation is least in houses built with soil or mud and highest in those built with cement - sand.
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