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small compared to those taken outdoors, the average indoor exposure has thus
been calculated from the outdoor value using an indoor - outdoor ratio. 1In
a recent survey carried out in the urban Christchurch area using a high
pressure ionization chamber, measurements were made both indoors and
outdoors and from these an estimate was made of the mean annual popul#tion

gonad dose (Chapman 1983).

In the calculation of indoor dose rates from the indoor - outdoor ratio,
account must be taken of the distribution of the radioactive materials in
the building materials and outdoors. The building materials act as both
attenuator and emitter of radiation. Beck (1972) in discussing the physics
of environmental gamma radiation fields, plots the fraction of the total
dose rate above ground against soil depth. UNSCEAR (1977) suggest that by
inference, a wall thickness of 50 g cm-=2 would absorb practically all
terrestrial radiation and that a thickness of 10 g cm.—2 is sufficient to
absorb half of it. In wooden houses, the source effect is small and the
walls are an inefficient shield against terrestrial radiation exposure.
However in homes made of stone, concrete or brick, the terrestrial gamma
radiation is effectively shielded, hence the indoor dose rate is mainly
dependent upon the concentration of the radioactive materials in these
building products. If the building materials are of local origin-then the
assumption can be made that the concentration of the natural radionuclides

in building materials will approximate their concentrations in the soil.

3.1 Relationships Between Radionuclide Concentrations and Dose Rate Index

It has been shown by other éuthors that various relationships exist between
the component radionuclide content and the dose rate index e.g. for soils
(Dobbs and Matthews 1976). These relationships also exist with the building
materials analysed for this report. The total dose rate index (ZDY) has been
plotted against the concentration; of the three contributing species in

Figures 2~4. The line for the uranium-238 series shows a linear relationship



with a Pearson correlation coefficient (r) of 0.90. The thorium—232 line
shows a linear relationship with an r value of 0.97. Both lines show the
relationship to be approximately independent of the particular material

under consideration. As other authors have shown, there is a linear
relationship between thorium and uranium concentrations, the ratio here being
(Th : U); (1 : 1;1). Dobbs and Matthews (1976) showed that for various

New Zealand soils, the ratio was approximately 1 : 1.2, these two figures

agreeing to within statistical counting errors.

Graphical plots of the potassium-40 content against 238U and 232Th content

showed no correlation. A plot of the potassium-40 content against the dose
rate index also showed a linear correlation, but the spread of values was

much greater than those of the uranium or thorium plots.

By taking into account the relationship between the uranium and thorium
series concentrations the total gamma ray dose rate index can be expressed

as

ZDY = klcRa + kZCTh + k3CK

= kICRa + 0.91 kZCRa + k3CK

(]

(k1 + 0.91 k2) CRa + k3K

where kl, k2 and k3 are dose rate indices for unit concentration and CRa’

C, are the concentrations of radium, thorium, potassium respectively.

CTh’ K

This essentially makes the equation a two compartment system and suggests
that by analysing samples for uranium, or thorium content only, along with
the potassium content, a measure of the total dose rate index can be

estimated with reasonable accuracy.

3.2 Suggested Activity Limits in Materials Used in Building

To limit the radiation dose the population would annually receive from

building materials, a number of proposed standards have been suggested. One



developed by Krisiuk in the Soviet Union is now endorsed in Norway and is
proposed as a standard in the Federal Republic of Germany. A recent

National Radiological Protection Board Bulletin (NRPB 1982) refers to an
article from the USSR on Basic Radiation Standards (BRS-76), which is based

on Krisiuk's model and specifies limits on radioactivity allowable in building

materials, In essence it is as follows:

"The specific activity of natural radionuclides in building

materials must not be higher than [ x lO—8 Ci kg-l for 226Ra,

7% 1072 ci kg™} for 23%1h or 1.3 x 1077 ci kg~ ! for *%k. For

a mixture of these radionuclides the relationship

'CRa CTh CK
—_— — = < I must be satisfied."”
1 x 10 7 x 10 1.3 x 10

C is expressed as Ci kg“l of radionuclide.

This criterion however only considers the external hazard from y radiation.
To make allowance for the radiation hazard to internal respiratory organs
due to the daughter product of radium (radon-222) and its short lived
secohdary products, it has been suggested that the acceptable maximum
concentration of radium should be reduced to half the level in the above
equation. Measurements of the activity concentrations in building materials
in the Soviet Union however showed that only a few materials would not
satisfy the above expression. In the Federal Republic of Germany, sample

analysis showed that 127% of materials tested exceeded that limit (UNSCEAR 1982).

The substitution of measured concentration values of the naturally occurring
radionuclides in Christchurch brick samples in the above expression, give it

a value approaching 0.3.

Kahn (1979) in the United States of America, derived a similar equation which
contained suggested limiting values for the concentrations of the various

radionuclide species. Other than BRS-76 limits from the USSR, it is unknown



if other countries have specific building codes covering radionuclide

concentrations.

In the USA two extreme examples of high levels of radionuclide concentrations
in building practice are reported. In Colorado during the period 1952-1966,
tailings from uranium mills were used as back fill material under houses

and also as building materials. Action was taken because of the elevated
radon concentrations rather than the external radiation dose. The other case
was in Idaho and Montana where the use of phosphate slag has been prohibited

in the making of interior wall board linings.

3.3 Dose Rate Calculations from Radionuclide Concentrations in Building
Materials

Formuale for the calculation of dose rates inside buildings from the known
concentrations of the gamma emitting radionuclides in building materials
have been reported by O'Brien (1958), Beck (1972) and Eichholz, Clark and

Kahn (1980). These equations are all similar in format.

Karpov and Krisiuk (1980) have dervied 27 and 47 geometry equations and
suggested that as well as the dése rate being dependent upon the
radionuclide concentration, wall thickness, room shape and window and door
dimensions must also be considered. The real values of the dose rates are
therefore less than the 471 equation would suggest. They also give a more
general equation for the calculation of the dose rate above a slab of

finite dimensions. Koblinger (1978) derived a Monte Carlo computer pfogrém
for equating the dose rate to other parameters. From this was calculated
the total dose rate at a room centre which was compared to measurements made
with direction and energy independent geiger-muller counting equipment.

Satisfactory agreement between the two was found.

Substitution of the measured radionuclide concentrations of samples from
parks around Christchurch into the 27 geometry dose rate equations show

agreement with measurements taken with a high pressure ionization chamber
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| metre above these surfaces, to within experimental accuracy. Some

comparisons are given in Table 2,

4, CONCLUSION

The natural gamma radioactivity of a variety of common building materials

in Christchurch, has been measured by gamma spectroscopy. Using conversion
factors from the literature, relative dose rate indices for the various
building materials were calculated and compared. An increasing order of
radioactivity concentration was found from timber to compressed limestone to
brick products. These levels are however less than the acceptable limits of

radioactivity based on some overseas criteria suggested as building standards.
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TABLE 2: Comparison of Dose Rates (nGray hr_l) Found by Two Separate

Methods
High Pressure Karpov's 27
Site Ionization Chamber Equation
A 38.4 49.0
B 40.0 32.4
C 35.4 48.0
D 40.0 62.6
E 48.0 57.0

TABLE 3: Equations for Radioactivity Concentration Calculation.

Ra (Bq) = 0.1106X = 0.0913Y - 0.0164Z + 0.0048Q
Th (Bq) = =0.0295X + 0.18834Y + 0.00442 - 0.0489Q
K (g K) = -0.0067X ~ 0.0023Y + 0.0010Z + 0.0446Q

Here X is net counts per minute in counting region of interest bounded by

channel number 180 = 222 inclusive.
Y = Net cpm in ROI channel numbers 470 - 553.
Z = Net cpm in ROI channel numbers 342 - 392.
Q = VNet cpm in ROI channel numbers 756 - 843.



RADIOACTIVE DECAY PROPERTIES OF THE *3* U SERIES

Major radiation erergies (Me V) and intensities

Historical
Nuclide narme Half-tife a 8 ¥
My Uranium | 4,51 10%y 4.15 (25%) - -
f 4.20 (715%)
'
$34Th Uranium X, ~724.1d - 0.103  (21%) 0.063  (3.5%)
l 0.i93  (79%) , 0.093 (4%)
4 Mpy Uranium X, 1.17 min - 2.29 (98%) 0.765 (0.30%)
1.001  (0.60%)
99.87% I 0.13%
3Pa Uranium Z 6.75 h - 53 (66%) 0.100 (50%)
’ 113 (13%) 0.70 (24%)
0.90 (70%)
U Uranium I1 247 10y 4.72 (28%) - 0.053 (0.2%)
l 4.77 (12%)
’.'gxm fonium 8.0 10*y 4.62 (24%) - 0.068  (0.6%)
| 4.68 (76%) 0.142 (0.07%)
¢ Ra Radium 1602y 4.60 (6%) - 0.186 (4%)
l 4,78 (95%)
?
‘U Rn Emanation 3.8234d 5.49 (100%) - 0.510 (0.07%)
l Radon (Rn)
Uro Radium A 3.05 min 6.00  (~100%) 0.33 (~0.019%) -
99.98% | 0.02%
b4 4] Radium B 26.8 min - 0.65 (50%) 0.295 (19%)
0.71 (40%) 0.352 (36%)
1 098 (6% N
UL AL Astatine ~2s 6.65 (6%) ? (~0.1%) -
6.70 (94%)
niBi Radium C 19.7 min 545 (0.012%) 1.0 (23%) 0.609 (47%)
551 (0.008%) 1.51 (40%) 1.120 (17%)
22.98% 9.02% 3.26 (19%) 1.764 (17%)
iPo Radium C' 164 us 7.69 (100%) - 0.799 (0.014%)
nnn Radium C’ 1.3 min - 1.3 (25%) 0.296 (80%)
1.9 (56%) 0.795  (100%)
2.3 (19%) 1.31 (21%)
H3Pb Radium D 21y 3.72 (.000002%) 0.016 (85%) 0.047 (4%)
l 0.061  (15%)
%3 Bi Radium E 5.014 4.65 (.00007%) 1.161 (~100%) -
~1 ! .00013% 4.69 (.00005%)
% Po Radium F 138.44d 5.305  (100%) - 0.803 (0.0011%)
wn Radium E” 4.19 min - 1571 (100%) -
iy Radium G Stable - - -




RADIOACTIVE DECAY PROPERTIES OF THE **K AND THE ***Th SERIES

Major radiarion energies (Me V) and inrensities

Historical
Nuctide name Haifdife a B ¥
had 4 1.26 10y - 132 89%® 146 (11%)
10.7% 89.3%
¥
*Ar “Ca Stable -
RITh Thorium 141 10¢y 1.95 (24%) -
| 4.01 (76%)
i
iRa Mesothorium 1 58y - 0.055 (100%) -
+
e Ae Mesothorium [{ 6.13h - 1.18  (35%) 0.34  (15%)
‘ 175 (12%) 0.908 (25%)
% 209 (12%) 0.96 (20%)
WTh Radiothorium 1910y 5.34 (28%) - 0.084 (1.6%)
! 5.43 (71%) 0.214 (0.3%)
iR Thorium X 3644 5.45 (6%) - 0.241 (3.7%)
5.68 (94%)
4iRn Emanation 553 6.29 (100%) - 0.55 (0.07%)
Thoron (Tn) ®
WPo Thorium A 0.15 s 6.78 (100%) - -
Uir Thorium B 10.64 h - 0.346 (81%) 0.239 (47%)
0.586 (14%) 0.300 (3.2%)
HIBi Thortum C 60.6 min 6.08 {25%) 1.55 (5%) 0.040 (2%)
64.0% 16.0% 6.09 (10%) 226 (55%) 0727 (1%)
” 1.620 (1.8%)
UPo Thorium C' 304 ns 8.78 (100%) - -
B 1l 4 Thorium C* 3.10 min - 1.28  (25%) 0511 (23%)
1.52  (21%) 0.583 (86%)
1.80  (50%) 0.860 (12%)
2.614 (100%)
331Pb Thorium D Stable - - -
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" Figure

Figure

Figure

1.

Typical x-ray spectrum with regions of interest shown for

radionuclide concentration calculation.

Radium=~226 concentration plotted against the dose rate index.

Thorium=-232 concentration plotted against the dose rate index.

Potassium=40 concentration plotted against the dose rate

index.
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