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& The concentrations of potassium, thorium, uranium, and radium, and the relative

radioactivity of building materials used in the United Kingdom are described.
Particular attention is paid to a potential building material, m\mcly, calcined gypsum
prepared as a byproduct in the manufacture of supcrphosphdtc fertilizers. The radio-
activity of this gypsum material varies according to its origin but is likely to exceed

that of any other building material.

The wide scale use of this material has to be

considered in relation to both somatic and genetic radiation dose of individuals and

large populations.

Introduction

IVCRE ASES IN THE DOSE from ionizing

radiations to which mankind may be ex-
posed are frequently discussed in relation to
that received from the natural background.!
This consists of radiation received from radio-
nuclides within the body and from sources
external to the body; external radiation arises
principally from cosmic rays and from the
local +y-rays from various radionuclides—for
example *°K, U, and Th, together with
daughter products?® present in the ground, air,
and building materials.

materials used in the building mdustry is not
available.

A mean dose rate for the local = ray back--

ground of ~70 = 10mR /y*-3 within rooms is
typical for houses constructed of conventional
‘building materials such as brick, concrete,
and wood. Significantly higher and lower
dose rates than the mean have been recorded ;
they reflect the concentration of the naturally
occurring radioactive elements in the raw
materials, In a few instances, radioactive
ores have been used for building purposes,
givinv rise to high dose rates®® within build-
ings. '

This paper reports the concentrations and
" total relative radioactivity of the principal
naturally occurring radionuclides present in
the common building materials used in the
United Kingdom and also considers some new

At present a com-
prehensive evaluation of the radioactivity of

materials, such as waste product gypsum and
calc silicate bricks. Waste product gypsum is
produced as a residue in the manufacture of
superphosphate fertilizer from some natural
sedimentary phosphate ores and at present
has no coramercial value. The crude ore also
contains significant amounts of uranium in
ethbnum with daughter decay products; as
a result of industrial processing, radium is
retained within the waste product gypsum
while uranium passes to the superphosphate
fertilizer. In the United Kingdom, waste
product gypsum is used in the manufacture
of V5-inch-thick plasterboard, but in this form
it is only of marginal importance in terms of
the total radiation received by individuals
within houses due to the small thickness and
the corresponding small contribution to the
radioactivity within a house. Recently, the
building industry has considered the manu-
facture of 3-inch preformed blocks of waste
product gypsum -for the construction of in-
ternal walls which could result in a signifi-
cant increase in the radiation level within
houses. The possibility also exists of utilizing
the gypsum in reclaiming sulfuric acid and
producing cement as a by-product from the
residue. In this process, gypsum is mixed
with 20% shale and 5% coke, which is then
nodularized by heating in a rotary kiln at
1450° to 1500°C. Oxides of sulfur are re-
moved to produce sulfuric acid; volatile ra-
dium daughter products such as *'°Pb and
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#9Po might be transferred to the sulfuric
acid, resulting in an enhancement of radio-
activity in products hitherto of very low ra-
dioactivity. The detrital nodularized clinker
is then ground in a ball mill to produce
cement. The manufacturc of superphosphate
fertilizer and cement from natural ores is
often very desirable in many developing coun-
tries. Apart from sedimentary phosphate ore,
some countries have convenient resources of
magmatic carbonate rock® containing phos-
phate ores such as apatite. It is well known
that such deposits are associated with urani-
um and thorium mincralization, often to ore
grade, and thus the manufacture of building
materials from such ores should be consid-
ered in relation to radiation levels.

The data presented in this paper cannot
be used to estimate radiation dose rates re-
ceived by individuals within rooms,; as other
parameters, such as size of room, geometry,
and thickness of walls, have to be taken into
account. However, the data do present in-
formation that permits a valid comparison
of the relative radioactivity of different ma-
terials.

Materials and Methods

The materials used in this study were sup-
plied directly from the manufacturer and are
representative of the types of building ma-
terial that are produced and used in the
United Kingdom.

1. Clay bricks (~9 X 4 X 3 inches) manu-
factured by simple treatment of natural sedi-
mentary clays. Samples were obtained from
ten of the main brick pits in the UK, and
sampling is probably adequate, as the con-
centration® of K, Th, and U in UK clays is
fairly constant.

2. Calc silicate bricks (9 X 4 X 3 inches)
manufactured by an autoclave process of
various aggregates (granite, flint, gravel)
mixed with quicklime. The concentration of
K, U(Ra) and Th in granite> and other
rock aggregates is likely to vary considerably
with source materials, and adequate sampling
has not been attempted. However, when
flint is used as an aggregate, the sampling is
probably adequate, as the concentration of
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K, U(Ra) and Th in these materials is {air-
ly constant.

3. Granite: “brick” cut from natural
stone. Large variations in the concentration
of U, Ra, and Th arc to be expected for
granites, and the concentration of these ele-
ments can vary considerably for different
granites and for different facies within a
single granite.? No attempt has been made
to sample granite adequately; five samples
were obtained from Aberdeen quarries (Kem-
nay, Peterhead, Bennachie, Creetown, Rubis-
law) and two from Devon (De Lank, Mer-
rivale).

4. “Granite” aggregate bricks. Granite
agaregate is often used as a commercial term
to cover any hard rock aggregate. The sam-
ples that have been examined contained ag-
gregate of granite, shale, and dolerite from
quarries in S.W. England.

5. Type A gypsum (calcium sulfate). This
type of gypsum is produced as a by-product
in the manufacture of superphosphate ferti-
lizer from imported natural sedimentary phos-
phate rock; samples were obtained from three
manufacturers.

6. Type A gypsum produced from mag-
matic carbonatite ore obtained from South
Africa.

7. Type B gypsum (anhydrite) : a product
that is mined in the United Kingdom from
sedimentary, ores. Samples were obtained
from eleven pits; they represent nineteen
gypsum products.

8. Aerated Portland cement blocks. Port-
land cement is produced by clinkering a mix-
ture of calcium carbonate (chalk, limestone)
with argillaceous materials such as clay, marl,
or shale which is then ground to a fine pow-
der. Other common cements, such as lime
cements produced from calcined chalk or
limestone, have not been studied, but the
total radioactivity will be very low. The ra-
dioactivity of cement will depend on the
concentration of U, Th, and K in marl and
shale. '

9. Clinker produced from Type B gypsum
for the manufacture of cement.

10. Fly ash: blocks manufactured from a
mixture of coal clinker, ash, and cement.
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Two types of preduct were examined, but
beeause of variations in the concentration of
the natural radionuclides in coal ash, sam-
pling is not considered to be representative.

11. Rock wool, silica \\'ootlz;p‘r_cpared by
the fusion of the natural materials—for ex-
ample, flint aplite—and used extensively for
thermal insulation of buildings. The concen-
tration of K, Th, and U in these materials
depends on the types of raw materials used.

12, Vermiculite: a potassium mica used
for thermal insulation.

13. Phosphate ore. Samples of crude ores
from which by-product gypsum may be de-
rived were obtained from nine overseas mines.

The concentration of potassium, radium,
and thorium in the samples was determined
by conventional v-ray spectrometry;!® that of
uranium was determined by the delayed neu-
tron method.”* A direct measurement of the
concentration of uranium in the samples was
undertaken in order to estimate the extent
to which radioactive equilibrium was estab-
lished in the uranium series—that is, U-Ra—
particularly for samples such as Type A gyp:
sum, which had undergone wet chemical pro-
cessing. Radioactive equilibrium between
222Th and its daughter was not considered
necessary, as any wet process likely to disturb
-equilibrium between parent 23*Th and subse-
quent daughter products (??*Ra, 22*Th,
22¢Ra) is not likely to be of importance. It
is known that radium is not.lost in the pro-
cessing of the relevant samples. Radioactive
equilibrium between thoron and its daughter
is readily achieved because of the short half-
lives of the various daughter decay products.

In order to compare the relative radioac-
tivity of materials that contain *°K, Th, and
U, a common index is required in order that
the sum of the activities of the various radio-
nuclides may be added in similar units.’? For
this purpose, the activities have been ex-
pressed as radium equivalents in which the
concentrations of the various radioelements
are given in terms of the concentration of
radium which gives the same <-ray emission
per gram. The numbers of v-ray quanta per
disintegration of *°K, Ra, and Th are 0.y,
2.17,% and 2.81% so that the following rela-
tions are calculated: 1 gm of K is equivalent
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to 42 pCi of **°Ra, and 1 pCi of Th is equiv-
alent to 1.29 pCi of ***Ra. The justification
for use of the radium equivalent calculated
in this way in the present discussion is that
the radiation dose will bear a simple relation-
ship to the radium equivalent, since the mean
energies of photons from K, Th, and U are
all about 1 MeV; furthermore, the absorp-
tion coefficient for photons in materials of
low atomic number, such as are used in build-
ing materials, changes very little with photon
energy at energies around 1 MeV; for ex-
ample, the mass energy absorption coefficient
is about 0.03 cin*/gm for granite, clays, cc-
ment, sandstone, and-gypsum.

Results

The mean-concentrations of K, U, Th, and
Ra in various types of building materials,
together with a mean value for different
phosphate ores, are given in Table I.

In order to compare the relative <y-ray
emission of different building materials, the
total specific activity in terms of radium’
equivalent is given in Table II, together with
the relative specific activity of the materials
compared with the most radioactive product,
Type A waste product gypsum. Problems of.
parent and daughter radioactive equilibrium
for the U and Th series have not been
studied in detail, but the following U/Ra
values, in terms of specific activity, have

* been calculated from the data: gypsum Type

A, 0.6; gypsum Type B, 0.1-1; phosphate ore
rock, 0.8-1; bricks 1-2; granite 1-2.

Discussion

The mean concentration of the naturally
occurring radionuclides in building materials
varies considerably, which is in accord with
the individual geochemical characteristics of
the raw material. The nature of the building
industry relies on the use of local materials,
and the concentration of K, Th, and ‘U in
building materials is often very similar to
that present in the local regional environ-
ment, - I

The mean radium equivalent expressed in
pCi/gm for conventional building materials
(clay bricks, calc silicate bricks, flint aggre-
gate bricks, and gypsum Type B) at present
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Tarprre I
The Mecan Concentration of the Naturally Occurring Radionuclides for
Various Building Materials

SNO. (ny Ve
i amples U Ra et Th K
Material Analyzed (ppm) (pplr}\',‘*}; ‘5«;; o (ppm) (%)
Clay bricks 23 9.6 += 3.2 1.4 = 0.7 11.2 = 39 21 *1.0
Calc silicate bricks
- (rock aggregate) ’
china clay 3 85 + 1.1 1.4 = 04 1.0 = 05 2.7 =04
.Calc silicate bricks
(gravel aggregate) - 5 082+ 016 020+ 015 0.8+ 1.2 1.2 *02
Calc silicate bricks
(flint aggregate) 5 0.58 = 0.24 0.06 £ 0.004 1.38x 0.19 0.0f = 0.08
Granite aggregate '
bricks (reformite) 3 4.5 = 3.4 03 = 03 3.2 £ 05 20 1.0
Granite “‘bricks’’ 7 19.0 = 21 24 % 135 205 £22.1 3.5 *=0.7
Phosphatc ore
source material for
ype A gypsum) 14 92 %32 39 =12 13 = 6 0.9 =06
Gypsum Type A
(waste product super-
phosphate fertilizer) 6 10.7 = 7.1 213 %= 1.8 43 % 3.8 0.21 %053
Gypsum Type A from
carbonatite ores 1 nda 32 = 0.5 59 x 0.6 nd
Gypsum Type B
natural gypsum UK 69 1.2 = 14 063 074 1.9 = 40 048 + 048
Cement from Type B 1 nd 0.2 0 0
gypsum 1 nd 5.6 14 0
Concrete block/fly ash
(type 1) 3.8 0.2 8.6 1.9
Concrete block/fly ash
(type 114 3.7 8.5 1.8
Concrete block/fly ash
y (type 3) 1 37 1.4 11.2 0.7
Aerated concrete 2 1.2 2.4 3.2 2.2
Rock wool 1 3.8 0 0 0
Silica wool 1 2.7 0 0 0
Vermiculite -
(potassium mica) 1 0.3 2.5 0 4.6

aNot determined.

in use within the United Kingdom varies by
a factor of 12. The highest values are found
for the most commonly used building ma-
terial, clay bricks. The radium equivalent of
the waste product gypsum (Type A) is
greater by a factor of ~4 than the mean
value for the clay bricks and is ~14 times
"as great as that for gypsum Type B. The
radium equivalent of granite is twice that of
clay bricks, and, although in the past granite
has been used for building purposes, because
of transportation and high production costs
this material is normally restricted to areas
in which natural outcrops of suitable rock
occur. Although true “granite” houses are
now rarely constructed, increasing use is made
of crushed granite as an aggregate in concrete

and in the manufacture of composite bricks.

Although the vy-ray dose within buildings
will bear a relationship to the radium equiv-
alent, the actual dose rate will depend, in a
complex manner, on the following: thick-
ness, density, atomic number, and disposition
of walls; area of habitable space, various oc-
cupancy factors; and the concentration of
radon, thoron, and daughter products in
room air. The mean atomic number of the
walls has a small effect, but the density of
materials is more important in determining
the extent to which the building structure
affords some measure of shielding from <-rays
arising from the environment outside the
building. Further shielding of important or-
gans (gonads, bone marrow) of the body is
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Tavre 11
Vatues for the Radium Equivalent for Various
Building Materials

Mean L
Radium Equivalent  Relativea Specific

Material (pCi/gm) Raditim Equivalent
(v\psum 'I\m A 17.0 1.0
Granite bricks 6.9 0.4
Clay bricks 3.8 0.2
Granite aggregate

bricks 1.6 0.1
UK gypsumt Type B 1.2 0.07
Calc silicate bricks 0.8 0.05
Flint aggregate

bricks 0.3 0.02

aRelative to Type A gypsum.

also afforded by overlying tissues. Therefore,
the dose within buildings cannot be esti-
mated, although it would be possible to as-
sess risks if there were to be a substantial in-
crease,
pxesumabb be applied to the gcnexal use of
such materials.

According to the United Natlons Scientific
Committee on the Effects of Atomic Radia-
tion,’® the overall radiation dose to import-
ant radiosensitive tissues from natural back-
ground amounts to 100 mR/y. This includes
50 mR/y from #-rays, 25 mR/y from radio-
nuclides within the body, and 25 mR/y from
cosmic rays. Measurements® of radiation dose
to the important tissues, within houses, in the
United Kingdom mdlcate the followmcr dose
rates attrlbutable to terrestrial sources: 40 to
60 mR/y for brick houses, 40 to 70 mR/y
for stone houses, and greater than 80 mR/y
for particular granite houses. Although these

data do not represent adequate sampling for

all UK building materials, it is apparent that
the radiation dose to sensitive tissues from
building materials is an important component
of the total radiation dose that man receives
from the naturally occurring radionuclides.
Although «-ray emission has been considered
in this paper, other radiation must also be
considered within buildings; B-ray emission
is an important component of the radiation
dose from many building materials, but the
human body is infinitely deep to B-rays. No
consideration has been given to radiation («,
B, <) from decay products of the U and Th
series that are invariably present in the air
of rooms, because concentrations cannot ba
predicted from a knowledge of the concen-
trations of K, Th, and U(Ra) in building

in which case somc restraint would

" 1. Medical Research Council:

’ 4. Geyu, M., and S. Lorcu:~

. 8. Menzer, R.
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materials.
man,

Apart from radiation exposure to
radiation emitted from building ma-
terials may place limitations on the storage
of photographic film, particularly when lon0
storage times are involved.

It is. apparent that the radioactivity of
building materials varies considerably, and it
would scem prudent to investigate the radio-
activity of new building materials, While it
is not practical to determine the radiation
dose delivered to people within buildings from
measurements of the radioactivity of building
materials, it still seems desirable to monitor
the relative radioactivity of new building
materials and to relate them to the radiation
dose measured within buildings by appropri-
ate dose rate instruments. A study concern-
ing the radiation dose within buildings con-
structed of various materials is presently being
carried out at the Radxolomcal . Protection
Service.
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Metal Production Increases

Despite slow-down in industrial activity in 1970, the overall picture in metal
production was a continued increase. Aluminum demands slowed markedly,
nevertheless, the output was still 29 higher than in 1969. Imports of bauxite
and alumina rose markedly during 1970 indicating an anticipated increased
production of aluminum in 1971. Domestic mine production of recoverable
copper increased 119% over 1969 to a total of 1.7 million ton establishing a
record for the second consecutive year. Arizona continues to be the leading pro-
ducer with 50% of the total output. Production of lead from domestic ores
also continued upward primarily due to mine developments in Missouri resulting
in a 15% increase over the preceding year. Missouri accounts for 75% of the
total domestic production. Although the smelter output of slab zinc declined
in 1970, the mine production of zinc ore increased slightly over 1969. Primary
mercury production fell 5% below the 1969 level. Production of gold and silver

-increased 39, and 59 respectively despite some decrease in the consumption of
P y aesp p

these metals. Iron ore production rose 195 to 88.3 million tons. United States
continues to account for the major share of world production of iron ore pellets,
which constitutes 649 of the domestic iron ore shipments.

Blacklung

The Federal Coal Mine Health and Safety Act required that chest roentgeno-
grams be taken for all coal miners to check for blacklung (coal workers’ pneu-
moconiosis). Approximately 5200 miners have been x-rayed so far, and most
of the x-rays have been processed. Evidence of blacklung has been found in
387 miners. The Act also provides that miners who are found to have black-
lung may elect to be transferred to mine areas where they will be less exposed
to the coal dust causing this disease. Miners electing to transfer are entitled to
work in a mine area where the respirable dust concentration is no more than 2
mg per cubic meter of air. Legal maximum for coal mines is 3 mg per cubic
meter of air, except where temporary waivers have been granted. According
to the law, transfers must be “for such period or periods as may be necessary
to prevent further development of such disease . .. ” In addition, all coal miners
must be periodically checked during their entire career and may be transferred
to less dusty working places wherever evidence of blacklung is found. The med-
ical examination program is conducted under the direction of the Department
of Health, Education, and Welfare. Of the 387 miners thus far found to have
blacklung only 42 have elected to be transferred.
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