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ABSTRACT 

Natural terrestrial gamma radiation dose rates were measured with a 
high pressure ionization chamber at 70 indoor (195 site measurements) 
and 58 outdoor locations in the metropolitan Christchurch area. Based 
on these site measurements, the average gonad dose rate to the 
population from natural terrestrial gamma radiation was estimated to be 
275 i 56 microgray per annum. 



INTRODUCTION 

The human population has always been exposed continuously to natural radiation, 
and until this century, natural radiation alone. Even now, as has been pointed 
out by the United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR), "... despite the widening radioactive contamination from 
nuclear weapon tests and the increasing applications of nuclear energy and 
radioisotopes, natural sources are the main contributors to the radiation 
exposure of most of the human population and are likely to remain so in the 
foreseeable future". (UNSCEAR 1972). 

It has become the practice to assess the significance of radiation dose rates 
from man-made sources of radiation by comparing them with those from the 
natural terrestrial gamma background. Importance therefore attaches to the 
determination of the natural level and to its geographic variation. Early 
studies of natural terrestrial gamma radiation tended to give undue attention 
to a few areas of abnormally high radioactivity in Brazil and India. However, 
more recent work has been reported for more typical environments, for example 
in Italy (Cardinale, Frittelli, Lembo, Geva and Ilari 1971), Norway (Stranden 
1977)* and Ireland (McAulay and Colgan 1980). 

Previous surveys of the natural terrestrial background radiation dose rate to 
the New Zealand population have been limited to the southern North Island 
(Marsden and Watson-Monroe 1944) and to the Dunedin city area (jamieson 1966) 
and to some calculated dose rates based on radioactivity in some New Zealand 
soils. (Dobbs and Matthews 1976, Matthews 1977)' 

This present work reports on the first phase of a systematic determination of 
the dose rate on a national basis. 

Determination of the natural terrestrial gamma ray dose rate to the population, 
as distinct from the dose rate at various geographic locations, requires that 
measurements be made according to population distribution. Building materials 
act simultaneously to shield occupants of buildings from outdoor terrestrial 
sources of radiation and to provide from the natural radioactive material they 
contain, additional radiation exposure. Unless the building materials are o£ 

a composition identical to that of the surrounding terrain, dose rates within 
buildings will differ from outdoor sites. Since people spend a large 
proportion of their time indoors (Cardinale 1971, Yeates and King 1973)* this 
survey gave corresponding attention to indoor measurements. 

The principal difficulty in measuring the natural gamma background dose rate 
is its very small magnitude. Instruments normally capable of detecting dose 
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rates at this level are geiger counters, special ionization chambers and 
thermoluminescent dosemeters (TLD). TLD is convenient but the dose measurement 
is done at a base laboratory and hence transit dose becomes significant. 
Geiger counters are dependent upon the radiation spectrum. Normal ionization 
chambers are insensitive at very low dose rates and therefore need to be of 
large volame, and to increase the sensitivity further, contain an inert gas at 
high pressure. The advantage of use of an ionization chamber is its energy 
independence over the radiation spectrum and its ease of calibration. 

THE DOSfclMhTKH 

A) General Description 

The dosemeter was of the same design as that described by Spiers (1949) and 
Spiers, McHugh and Appleby (1964). It was based on a high pressure ionization 
chamber, in the form of a steel cylinder of 3*2 mm wall thickness and of volume 
5.5 litres, coupled to a battery-operated electrometer circuit. The cylinder 
was filled with a mixture of nitrogen (70$) and argon (30$) to a pressure of 
about 50 atmospheres. This mixture was claimed to give the chamber a response 
to gamma radiation independent of energy over the range O.36 - 2.0 MeV 
(Pitman). The electrometer was a simple manually nulled Townsend balance 
circuit in which a compensating potential balanced the charge accumulated by 
the chamber's central electrode. The circuit used an electrometer tube as a 
null detector. 

B) Calibration 

For measuring terrestrial gamma radiation, the dosemeter was calibrated against 
a standard 3*7 MBq, radium-226 source, because the spectrum of radium-226 is 
similar to that of the natural terrestrial gamma radiation. Spiers (1949), 
Spiers et al (1964) and Vennart (1957) used 2 2°Ra as a calibration source, but 
modified the calibration spectrum by assuming terrestrial gamma radiation to 
be equivalent to a mixture of 70$ radium-226 and 3096 iodine-131 gamma radiation. 
Their spectrum correction factor of 1.0526 was incorporated into the dose 
calculations of this report. 

With the standard radium source shielded by lead bricks to give a collimated 
beam, a series of measurements were made at different distances from the 
source with the source beam perpendicular to the chamber wall. The dose rate 
(in microgray per hour) was calculated at a specific point from the source from 
a knowledge of the source strength and the specific gamma ray constant for 
radium-226. The dose rate at various distances was then calculated by inverse 
square. At eacn point of measurement a reading was taken with and without the 
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source present. The local background and cosmic radiation response as well 
as steady leakage in the electrometer circuit was subtracted out to give net 
volts per minute. The net volts per minute were plotted against the 
calculated dose rate (L) and the straight line obtained, by least squares 
fit, (Pig. 1) had an equation 

D = 7.1228*(V m i n - 1 ) n e t - 0.005537 uGy h~ 1. 

The Pearson product correlation coefficient (r) for this equation was 0.999. 

The chamber's response to cosmic radiation was experimentally determined by 
taking a series of dose rate measurements at various atmospheric pressures, at 
high tide, over sea water at the end of a wooden jetty about 150 metres from 
the nearest land. The measured depth of water at high tide was 2.6 metres, 
and the attenuation factor for radium-226 by this water depth is between 
104 and 105 (Rees 1967), hence any contribution from the underlying sea floor 
would be negligible. 

A calculation was made to find the contribution to the background dose rate 
from the activity in the wood of the jetty and the natural activity of the sea 
water. The effect was found to be insignificant. 

Atmospheric pressures were measured with a calibrated portable aneroid 
barometer. During the calibration period, the atmospheric pressures ranged 
from 99.8 to 103*0 kPa. A minimum of four measurements were taken at each 
point. The equation of the least squares line through the measurement points 
(Pig. 2) was: 

(V min" ) c o s m i c = -0.01109* (atmospheric pressure) + 1.6855. 

The Pearson product correlation coefficient (r) for this line was O.843. Of 
the two variables in this set of measurements, atmospheric pressure is known 
accurately, hence the variation in the cosmic response equation is due to the 
variation in the cosmic ray contribution. 

The response of the chamber to radiation incident in directions other than 
normal was determined. The average response over a 47T geometry was found to 
be 0.94 of that with the calibrating radiation at normal incidence. Spiers 
et al (1964) obtained the same figure. 

The calibration of the instrument was checked at monthly intervals at three 
selected dose rates to ensure there was no change in chamber response. A 
change in the calibration factor would have implied a change in gas pressure or 
a fault in the electrometer circuit. Figures in the body of table 1, give the 
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calibration factors (in 7 min~1 uGy-'' h) for the check measurements made on 
the dosemeter system at selected dose rates. 

Table 1 Dosemeter constancy check measurements. 
Calibration f-xtors in 7 min~1 |iGy~1 h. 

Dose rate in microgray per hour from Ra-226 source 
Date 1.520 2.070 2.980 

13.10.8? 0.217 0.273 0.405 
15.11.82 0.235 0.317 0.445 

3.12.82 0.225 0.309 0.438 
21.12.82 0.216 0.281 0.422 
16.2.83 0.240 0.316 0.439 
29.3-83 0.208 0.305 0.422 

0.224 i 0 . 012 0.300 + 0.019 0., 429 i 0.015 

SDR7EY METHODOLOGY 

The survey was confined to the greater Christchurch urban area which was 
interpreted to mean, geographically, from Hal swell in the south, to Rangiora 
in the north and extending to the urban boundaries in the other directions. 
People commute from within this area to work in Christchurch city central 
area. The overall survey method was decided so that dose rate measurements 
would be taken giving appropriate attention to the proportion of time people 
spent in various locations, hence the larger proportion of measurements were 
made indoors. Measurements were also made on Christchurch inner city streets, 
some suburban streets and on a selection of beaches, parks and domains within 
the survey area. Before measurements were taken in private homes, the 
occupant's approval was sought and in the case of work places, that of the 
management was sought. 

In the final assessment of the radiation dose rate, information was required 
on the proportion of time people spent in various activities and locations. 
This was time spent at home, work, recreation and in travel. 

RESULTS 

Fifty occupied permanent private dwellings were surveyed, the age of the homes 
spanning 2-72 years. It was not possible to precisely classify homes according 
to one particular criterion because there are many variations and combinations 
of building materials. The dominant contributor and shield of gamma radiation 
was the exterior cladding material. Homes which had a combination of exterior 
cladding materials were classified according to that material of principle use 
or largest surface area. 
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Table 2 Private homes classified according to exterior cladding. 

Material Number Percentage of Total 

A Split Concrete Block * 15 30 
B Brick 11 22 
C Timber (alone) 9 18 
D Concrete Block 8 16 
E Timber/Roughcast 4 8 
P Timber/Others 3 6 

TOTAL 50 

* Known locally as Suomerhill Stone. 

Of the homes surveyed, 82^ had timber flooring, 16$ had concrete flooring and 
in one case only was there a combination of both. The most common roofing 
materials were galvanised iron or its pebble coated equivalent, 64$ of all 
homes, and tile, concrete and clay, 22j£. Other roofing materials encountered 
were corrugated asbestos, aluminium and slate. 

The internal partitions of homes visited were mainly timber framing covered 
with a gibraltar board lining 60$, while the lathe and plaster finish was 
found in 18$ of the homes, mainly of older type construction. 95$ of the 
homes surveyed were of single storey construction. 

To find if the survey sample was a typical cross-section of Christchurch urban 
homes, 765 homes were sampled and exterior details noted. This sample was 
made by driving along a preplanned route, diagonally across the geographic 
area and noting home details. This resulted in the following: 

Table 3 Analysis of sampled cross-section of Christchurch homes. 

Material Percentage of Total 

Exterior Vails: 
Wood alone 43 
Wood and others 18 
Brick 19 
Split Compressed Stone 17 
Concrete Block 3 

Hoof: 
Corrugated Iron or equivalent 63 
Tile (Concrete and Clay) 36 
Slate and others 1 
Single Storey Construction 92 
Other than Single Storey 8 
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Although the outer wall materials did not exactly match the sample taken in 
the surveyed homes, it was felt that the significance of the change in the 
final gonad dose rate would not be great. 

At each home measurement site, three rooms were sampled, a bedroom, lounge 
and the kitchen-dining area. A measurement was also taken on the lawn or an 
equivalent area outside. The net dose rates (in |iGy y~1) at the various home 
sites are summarized in table 4 and are tabulated with respect to the major 
exterior construction material. All measurements were made with the centre 
of the do seme ter about 1 metre above the measurement plane. 

Table 4 Dose rate measurements taken in 50 homes. 

Dose rate p.Gy y~1 (3 :± s) 

Material Lounge Bedroom Kitchen/Dining 
Mean for 
Home Outdoors 

Split Compressed 
Stone 293 ± 38 255 ± 42 277 ± 41 274 ± 38 331 + 41 
Brick 374 i 72 377 ± 68 370 + 71 373 ± 68 368 + 22 
Timber 310 + 39 291 i 36 295 i 31 293 1 23 334 t 26 
Concrete (i) 
Block (ii) 

304 ± 66 
522 + 84 

308 t 
398 i 

83 
107 

306 ± 58 
483 ± 65 

306 ± 25 
468 ± 79 

384 ± 33 

Timber/Roughcas t 360 ± 37 337 ± 49 338 ± 50 345 ± 45 343 ± 14 
Timber/Others 331 + 66 317 ± 58 316 + 50 322 + 66 331 + 24 
All Homes 335 ± 76 311 i 58 322 ± 73 347 ± 36 

The mean dose rate measured at the 50 domestic buildings was 329 - 69 Î Gy y~1. 

To estimate the average time spent by Christchurch people in various activities, 
a group of ten people was asked to keep a detailed diary of their movements over 
a two week period. The results obtained were as follows: 

Table 5 Summary of times spent in various activities. 

Activity and Place Percentage of Total Time 

Home indoors 63 ± 10 
Work 22 ± 4 
Indoors: Including work 87 t 4 

Excluding work 65 * 12 
Outdoors 10 ± 5 
Travel 4 ± 1 
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The figure obtained for the small Christchurch group, shows that on an 
average (for both male and female) about 20 hours per day were spent indoors. 
This figure agrees well with Yeates and King (1973) in Western Australia who 
reported 19 hours per day indoors, whilst Cardinale et al (1971) in Italy, 
based dose calculations on 18 hours per day indoors. The slight variation 
may be attributed to climatic and cultural differences. 

Table 6 gives the results of measurements taken in work buildings both single 
and multistoreyed. These work sites were chosen because a large number of 
people are housed in them for approximately 2596 of their week. 

Table 6 Dose rate results of measurements taken in various work buildings. 

Site description 
Floor Exterior walls Dose rate (|iGy y-1) 

A Concrete Concrete 341 
E Concrete Corrugated Asbestos 301 
C Concrete Concrete Block 320 
D Concrete Concrete Block 285 
E £j Concrete Concrete Block 410 E £j Concrete Concrete Block 399 
P Concrete Concrete 3rd level 

4th level 
5th level 

438, 
443, 
447, 

G Concrete Concrete 332 
H Concrete Concrete 412 
I Concrete Brick Ground floor 470 

Timber Brick 1st floor 283 
J Concrete 353 
K Concrete Brick 1st floor 

1st floor 
406 
201 

L Timber Concrete 294 
M Timber Concrete 1st floor 232 
H Concrete Brick 376 
0 Concrete Concrete 246 
P Concrete Brick 269 
Q Concrete Concrete Ground floor 

1st floor 
532 
312 

418, 349, 319, mean 381 
449, 376, 450, mean 428 
471, - , 414, mean 444 

The mean dose rate measured for work places was 350 ± 80 |iGy y~ 1. 

Table 7 lists the results of measurements made in 
within the city area. The measurements were made 
of the lift wells. 

two high rise buildings 
in the public waiting area 
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Table ? Dose rate measurements made in multistoreyed buildings. 

Building A 
Level Dose rate 

(nGy jr 1) 

B 497 
1 -
2 — 
3 418 
4 449 
5 471 
6 452 
7 509 
8 586 

Building B 
Level Dose rate 

(MGy y- 1) 

LG 471 
G 461 
1 498 
2 489 
3 474 
4 484 
5 491 

Tables 8 - 1 1 five the results of various outdoor measurements. 

Table 8 gives the results of measurements made on eight beach sites along 
the Canterbury coastline. 

Table 9a and 9b summarize measurements taken on parks and domains in the 
area surveyed. Table 9a gives the results for parks or domains close to 
the foreshore sites in table 8, table 9b lists all others. 

Table 10 gives the results of measurements taken on Christchurch city streets 
within the inner city shopping area. 

Table 11 gives the results of measurements made inside a car on some 
Christchurch suburban streets. The dosemeter position was approximately at 
gonad height, about 550 mm above the road surface. 

Table 8 Dose rate measurements taken on Canterbury beaches. 

Site Dose rate ((iGy y-1) 

Woodend 274 
Pines 328 
Spencer 306 
New Brighton 317 
South Brighton 338 
Sumner 323 
Taylors Mistake 275 
Birdlings Plat 312 

The mean of eight site measurements was 309 ± 24 Hpy y~1« 
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Table 9 Dose rate measurements taken on parks and domains. 

Table 9a 

Site Dose rate (uGy y 1 ) 

Voodend Domain 244 
Pines Beach Domain 255 
Spencer Park 262 
Rawhiti Domain 290 
St Leonard Park 331 

Table 9b 

Site Dose rate (uGy y-1) 

Ray Blank Park 369 
Burnside Park 364 
Elmvood Park 393 
Malvern Park 337 
McParlane Park 347 
Hal swell Domain 364 
Queen Elizabeth II Park 389 
Hagley Park (gardens) 330 
Hagley Park South 432 
St Albans Park 320 
The Groynes 370 
Barrington Park 336 
Centennial Park 317 
Pleasant Point Domain 265 
Warren Park 378 
Wyllie Park (Kaiapoi) 335 
Dudley Park (Rangiora) 390 
Mcleans Island 406 

The mean dose rate of 25 site measurements was 340 ± 51 uGy y-1. 



- 10 -

Table 10 Christchurch inner city street measurements. 

Site Dose rate (uGy y-"1) 

Cathedral Square 455 
(in front of Cathedral) 
Cathedral Square 325 
(behind Cathedral) 
City Mall (High Street) 
City Hall (Cashel Street) 

440 City Mall (High Street) 
City Hall (Cashel Street) 460 
Colombo Street 380 
Colombo Street 366 
Colombo Street 376 
Hereford Street 366 
Hereford Street 395 
Hereford Street 420 
Manchester Street 428 
Manchester Street 304 
Worcester Street 500 
Lichfield Street 374 
High Street 349 

The mean dose rate of 15 site measurements was 396 ± 54 |iGy y-1. 

Table 11 Dose rate measurements taken inside a vehicle on Christchurch 
suburban streets. 

Site Dose rate (uGy y _ 1 ) 

Bealey Avenue 286 
Madras Street 295 
Hills Road 243 
Shirley Road 359 
Emmett Street 285 
Manchester Street • 277 
Lichfield Street 306 
Gardiners Road 311 
Harewood Road 300 
Vairakei Road 287 
Condell Avenue 249 
Stowan Road 233 

The mean dose rate of 12 site measurements was 286 t 34 \&y y~1« 

At three selected sites on different road surfaces, measurements were taken 
inside and outside the vehicle at identical heights (about 550 mm above road 
surface), to find the shielding effect due to the mass of steel of the vehicle. 

Table 12 lists these results. 
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Table 12 Shielding effect of a vehicle over different road surfaces. 

Road Surface Shielding effect {$>) 

Vehicle A (1) Bitumen road carpet 28.4 
(2) Tar seal and aggregate stone chip 24.8 25.7 ±2.1 
(Z) Unsealed and stones 24.3 

Vehicle B (1) Bitumen road carpet 22.3 
(2) Tar seal and aggregate stone chip 24.3 23.3 ±1.0 
(3) Unsealed and stones 23.4 

This shows that the dose rate is about 25$ lower inside a vehicle than outside. 

A set of measurements was also taken to find the shielding effect of a City 
Transport Board bus on its occupants. The measurement was made over a large 
expanse of "road carpet" bitumen. The measurements were made inside the bus 
at approximate gonad height and at the corresponding height outside. 

The results showed that the shielding effect was 35• 3^ above this type of 
road surface. 

ESTIMATION OF POPULATION DOSE 

The mean gamma radiation dose rate to the population is defined using the 
formula 

n 
P £?l i i 

where D is the dose rate in air (in uGy y~ 1) to the population 
N^ .Is the fraction of time spent in the i th activity 
D^ is the dose rate measured for the i th activity (fiGy y~^). 

The adopted values of % and B^ are listed in table 13. 

Table 13 Adopted values for dose calculation. 

Mode 
N i 

( fraction of time) »i U y y " 1 ) 

Indoors 0.86 331 ± 74 
Outdoors 0.10 332 i 47 
Travel 

Car 
Bus 
Walking 
Cycling 

0.03 
0.004 
0.007 
0.007 

286 + 34 
260 
396 i 54 
396 + 54 



12 -

By substitution of the values from table 13 into the dose equation the 
value of D_ was 333 microgray (in air) per year. 

Recently the International Commission on Radiological Protection (ICRF 26) 
introduced the concept of the effective dose equivalent where the effective 
dose equivalent is defined as: 

VL, is v. weighting factor for the relative risk associated to a tissue from a 
whole body irradiation and Up is the mean dose equivalent in tissue. 

However in keeping with other reports where the genetically significant dose 
is estimated, the gonad dose rate is calculated in this report. For natural 
terrestrial gamma radiation, the calculated gonad dose rate can be taken as 
a reliable indicator of the effective dose equivalent. An average gonad 
screening or attenuation factor of 0.82 has been recommended by the United 
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR, 
1972). This value has been averaged over both sexes. 

By applying this screening factor, the mean gamma radiation dose to the gonads 
is therefore 273 microgray per year. 

The overall error in the calculation of dose was made according to the 
equation: 

S = / W^.,2 (a, - 1) + V 2 S 2
2 (ng - 1) + ... + V nS n2 (n n - 1) 

V & i - 1 
where S is the standard deviation on the dose figure D, 

W is the weighting factor of D A 

n.j_ is the total number of measurements taken in the survey 
n 1, n? • • • QQ are the number of measurements taken in obtaining 
1' 2 '* * n* 

By substitution of the relevant figures, S » + 69. 

Hence the dose rate in air to the Christchurch population is calculated to 
be 333 - ^9 microgray year" . The mean annual gonad dose rate is therefore 
273 i 56 microgray year . 

DISCPSSIOM 

The natural terrestrial gamma radiation dose to the urban population has been 
calculated to be 333 i 69 microgray (in air) per year. The mean gonad dose 
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rate is 273 ± 56 tiGy y based on a gonad screening factor of 0.82. Earlier 
UNSCEAR reports have a gonad screening factor of 0.6 based upon work by 
Spiers and Overton (1962) and O'Brien (1956). However, a more recent UNSCEAR 
recommendation (1972) recommends a screening- factor of 0.82 based on the work 
of Bennett (1970). This latter screening factor was used in the calculations 
for this report. 

Bennett also points out the possibilities of underestimation on the attenuation 
factor obtained by Spiers and O'Brien in their earlier studies. The screening 
factor also assumes that the body is standing, the gonads are 1 metre above 
ground level, and the radiation is incident uniformly from all directions. 
Marsden et al (1944) obtained an in air dose rate of 40 ± 19 mrad y~ , from 
measurements taken in the Southern North Island, corresponding to 528 (iGy y~ , 
to the gonads. Jamieson's figure of 30 mrem y~ to the gonads of the 
population of the Dunedin area, was based upon a conversion factor of O.63 
(Medical Research Council i960 Report, Spiers, 1960), but by using- the revised 
recommended UNSCEAR figure of 0.82 his measured gonad dose rate would have 
been 39 mrem y~ . 

UNSCEAR (1977) has derived an annual gonad absorbed dose from the following 
equation 

" ^ c <^Voutdoors + * C * V indoors 

where D is the annual gonad absorbed dose 
D is the respective indoor/outdoor dose rate in air 
c is a conversion factor from absorbed dose rate in air to the 
gonad absorbed dose 
q is an indoors/outdoors occupancy factor. 

From this relationship it has been estimated that the annual gonad absorbed 
dose from external terrestrial radiation is, on average, 320 uGy, and that 
95$ of the world population would receive annual gonad doses within the range 
210 to 430 nGy. The annual gonad dose to the population of urban 
Christchurch, estimated from this survey lies in the lower third of the UNSCEAR 
range. 

Jamieson's result for the Dunedin area, 32 mrem y , using a gonad screening 
factor of 0.62, shows a significantly higher annual dose rate than that 
received by the population of Christchurch. A suggested factor for the 
difference is that of basic geological structure of the region and also the 
type of building construction. These factors will obviously vary throughout 

New Zealand. In the Dunedin area, Jamieson reported that 40$ of private homes 
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were made of brick, concrete or stone. In Christchurch, however the major 
type of exterior building material is wood, brick or split concrete block 
(summerhill stone) depending- upon the age of the home and the area in which 
it is situated. The use of concrete block has been receding nationally 
(BRANZ 1962) but still appears in common usage in the construction of 
multi-unit flats (apartments) in Christchurch. 

In table 4, the list of homes built with an exterior cladding of concrete block 
has been divided into two groups, D (i) and D (ii). D (i) refers to a house 
constructed with an outer concrete block cladding 100 mm thick, while D (ii) 
refers to a flat built of 200 mm thick concrete block, the cavities filled at 
regular intervals with reinforced concrete, the whole flat built on a 150 ™ 
thick reinforced concrete floor. The measured dose rates over the whole house 
for these two categories show a significant difference, the flat having the 
higher dose rate. This could be accounted for by the increased amount of 
concrete product present and smaller room sizes than in other homes. 

The highest dose rate recorded in the survey was in a 60 year old home, which 
was constructed of double brick exterior walls with some double brick interior 
walls. The mean dose rate for this home was 563 |i6y y~ . Analysis of the 
results of the means of all measurements made in homes, showed increasing dose 
rate when going from timber, to split concrete block, to concrete, to brick 
exteriors. Rooms with interior linings of gibraltar board showed a markedly 
lower dose rate than was measured in rooms lined with lathe and plaster, for 
similar exterior claddings. Where internal refurbishing had been done, and the 
lathe and plaster removed, a lower dose rate was found. Gamma spectroscopic 
analysis of samples of the two types of linings showed the lathe and plaster to 
have at least a twenty times greater radiation dose contribution than gibraltar 
board, this being due to the natural gamma emitters in the sand of the plaster 
mixture. 

Gamma spectroscopic measurements have been made on samples of building 
materials used in the Christchurch area. The analysis of the concentrations 
of the natural gamma emitters from the uranium 238 and thorium 232 series and 
from potassium 40 will be published in another report but a list of the 
concentrations in some products is given in table 14* 



- 15 -

Table 14 Natural gamma emitting radionuclide concentrations in some 
Christchurch building materials. 

Material Concentration of radiom 
2 2 6Ba(Bq g" 1) ^ ( B q g" 1) 

iclide 

gm K kg - 1 

16.1 

Dose rate 
"index" 
(|iGy y" 1) 

Brick 5.8 i icr2 5-3 x 10" 2 

iclide 

gm K kg - 1 

16.1 850 
Concrete Block 3-3 x 10-2 3.1 x 10- 2 13.6 540 
Split Compressed 
Stone 6.4 x 10-3 2.8 x 10-3 0-5 66 
Timber 5.0 x 10-4 0.5 x 10-4 0.1 9 
Gibraltar Board 2.6 x 10-5 - 0.3 
Lathe and Plaster 2.6 x 10~ 2 2.3 x 10-2 12.0 

In high-rise buildings, reinforced concrete is the major construction material. 
Each floor is about 130-150 mm thick. The analysis of dose rate measurements 
taken on different floors of high-rise buildings appears complex and has not 
been resolved here. Each successive floor is acting both as an emitter and 
absorber of radiation, and as atmospheric pressure drops slightly through 
increasing height the cosmic contribution correspondingly increases slightly. 
Measurements taken on the higher levels in both buildings indicate dose rates 
higher than that at lower levels. From these measurements it would indicate 
that the cosmic contribution is having a greater effect on the dose rate than 
the natural radiation from the building. Further measurements and their 
analysis is considered necessary to resolve this complex situation. Fensko 
(1969) and Yeates (1972) measured gamma radiation dose rates inside rooms on 
different floors cf multi-storeyed buildings but failed to find any significant 
decline in dose rate with height. 

Measurements were made to find the radiation shielding effect of two different 
makes of automobile, (Ford-Cortina, and Mazda). No significant difference was 
found, the shielding effect being about 25$, ie the dose rate inside the 
automobile was 25$ lower thai at a comparable height outside. For a similar 
measurement in Ireland, McAulay and Colgan (1980) found the shielding effect 
to be 20$ and in Norway, Stranden (1977) established a shielding factor of 22$. 
Local measurements also found the shielding effect independent of roading 
material. A greater shielding effect of about 35$* was found from measurements 
taken on a Christchurch City Transport Board Bus (Bristol type BE), and could be 
attributed to a larger mass of machinery under the floor. 
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CONCLUSIONS 

The measured radiation dose rate to air from which was calculated the absorbed 
dose rate to the gonads of the population of the Christchurch urban area has 
been presented. The figure obtained of 273 t 5& l&y 7 to the gonads, lies 
in the lower third of the expected world wide range. 

Following on from this Christchurch survey, a nation-wide dosimetric survey is 
planned. More extensive work in using in-situ gamma spectroscopy to estimate 
the proportion of contribution to the natural terrestrial dose rate from the 
natural gamma emitting species in different types of home construction would 
be of interest and value. 
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