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SUMMARY: Indoor radioactive pollutants such as radon and its daughters (Po-218 and Po-214) have been
found to pose grave health hazards in the indoor environments. Radium-226, radon's immediate parent is pres-
ent in significant concentrations in building materials, and recycled industrial waste products (such as
cements). Radon, besides being emitted by different building materials, has been found to enter the houses
through (a) the underlying soil or rocks and (b) through the water, drainage, and natural gas connections. The
inhaled radon has been found to cause radiation damage to the lungs due to its alpha activity. Radon daughters,
Po-218 and Po-214 are found to be even more dangerous than radon itself. They attach themselves to dust par-
ticles present in air, some of which enter the lungs. A fraction of the aerosols so produced are either retained by
lungs or enter the blood stream. Radon and its daughters have been found to contribute at least 60% of the dose
received by an individual from the natural radiation sources. The danger of indoor radon and its daughters is
even higher in energy-saving houses and those having poor ventilation systems. The present paper gives a brief
overview of the health hazards linked to these important indoor radio active pollutants. Some remedial and pre-
ventive actions have been described and recommendations for safer designs of new buildings and houses have
also been suggested.
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Physics

INTRODUCTION

The area of Bohemian Alps in the early 16th century,

became known to contain a disease called, 'Bergkrankheit'

or 'mountain disease' (1). The disease has now been rec-

ognized as the 'lung cancer' and is believed to be caused

by a 'radioactive gas', emitted by 'uranium ores' or to be

more precise by 'radium'. This radioactive gas, now called

'radon' was discovered in 1900 by Ernst Dorn (2), who

named it 'Radium Emanation Gas'. It was later renamed as

'nitron'. The present name 'radon' was first used in early

1920s. By 1950, the role of radon as a lung cancer agent

became fairly established (1-21).

Almost every material around us contains some ura-

nium impurity (a few parts per million). Uranium undergoes

radioactive decay, producing a wide spectrum of daughter

products (Figure 1). Radon is the sixth member of the

series. It fills the spaces in the host materials (soil, sand,

rocks, gravels, etc.). It may succeed in escaping out of the

construction material and get mixed with the indoor air. If it

escapes to a confined space such as a basement of a

building or a room with limited ventilation, the concentra-

tion of radon may become fairly high (1-11). It has been

estimated that among the natural radiation sources, radon

and its daughters contribute the maximum annual dose

which may ultimately cause lung cancer (1-20).

It has been established now that we are exposed to

airborne combustion products, volatile toxic chemicals,

and different types of radioactive pollutants (1-8). The

greatest exposure to the above mentioned pollutants does

not take place outdoors but rather indoors. Measurements

carried out to determine the indoor levels of different pollu-

tants have indicated that the health hazards linked with

breathing the indoor air can far exceed the previously
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determined limits for controlling pollutants in the outdoor air.

INDOOR RADIOACTIVE POLLUTION

Experience shows that radon (Rn-222) and thoron

(Rn-220) along with their daughter products are the most

important indoor radioactive pollutants (1-27). Radon-222

is the immediate daughter of Radium-226, produced in the

decay series of U-238 (Figure 1). The half-life of radon is

equal to 3.824 days. This value though is not enough to

allow the transport of radon by diffusion to appreciable dis-

tances, it is helpful in radon's partial emanation from build-

ing materials and soil. The amount of radon so emanated

succeeds in migrating several meters. The influx of radon

is a function of parameters such as permeability of the

underlying soil and geological-, meteorological- and struc-

ture- factors (28-33). 'Stack Effect' is primarily responsible

for the movement of radon in a building's shell, its sub-

structure, walls and roof, by infiltrating through various

openings, particularly around windows and doors and pen-

etrations along with pipes and wiring (7,8,31). The concen-

trations of radon daughters depend on the amount of

airborne particles and the pattern of air movement in a par-

ticular building (7,31), influencing the radiation dose. The

variability in entry rates, and ventilation rates is the cause

of a very wide range of concentrations for radon and its

daughters from a few Bq/m3 of air to more than 10.000

Bq/m3 with an average level of about 50 Bq/m3.

HEALTH HAZARDS

Studies carried out during the last two decades or so

indicate that inhalation of these radioactive elements

causes severe health problems (34-37). Since radon has a

relatively long half life, its health hazard is relatively less

than what can be expected from its short lived daughters:

Po-218 (half life~3 minutes), Pb-214 (half life~27 minutes),

Bi-214 (half life~20 minutes), and Po-214 (half life~164

µs). Po-214, daughter of Bi-214 decays to Pb-210, having

a relatively long half life of 22.3 years, is eliminated from

the lungs before it decays significantly. Experience shows

that most of the radon daughters attach themselves

quickly to ambient aerosols (38). Po-218, the immediate

daughter of radon at first, exists as a free and highly mobile

ion or atom but within about 20 seconds (under normal

environmental conditions), it loses its independence and

attaches itself to water vapors, oxygen, trace gases, and

dust particles (7, 8, 38). The estimates of the risks posed

by radon and its daughters to the underground miners

were extrapolated to their indoor levels and it was found

that the average indoor concentration of radon in USA cor-

responds to a chance of causing lung cancer of about 0.4

percent. Indeed, hundreds of thousands of people living in

houses in some countries that have high radon levels

receive as large an exposure of radiation yearly as the

people living in the vicinity of the Chernobyl nuclear power

plant did in 1986. The average indoor level represents a

radiation dose which is about three times larger than the

dose most people get from X-rays and other medical prod-

ucts in the course of their lifetimes.

It has been estimated that among the doses received

due to natural radiation sources, radon causes the maxi-

mum (about 69%) radiation dose (Figure 2). The radioac-

tive pollutants such as radon and its daughters have

received considerable media coverage during the last

couple of decades. American Press produced headlines

such as 'Colorless Odorless Killer', 'Beast in the Base-

ment', 'Buyer Beware Radon Tests', 'Man Gets Free Gas

Here', and 'Radon Lawsuits Feared'. The British Press

came out with headlines such as, 'Search for Death

Houses', 'Cancer Gas Guinea Pigs', 'Action Over Killer

Gas', 'No Radon Found In Homes', and 'Watch for Radon

Cowboys'.

Figure 1: 'Uranium Decay Series', showing radon (the only

gaseous member of the series) and its daughter prod-

ucts. The radon family is an important source of indoor

radioactive pollution.
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MEASUREMENT METHODS OF INDOOR

RADIOACTIVE POLLUTANTS (39-61)
Measurement of radon
Grab sampling: This method is based upon the collection of

discrete samples of air without radon decay products over a short

time, followed by the measurement of its decay products. The

concentration is measured by methods such as a scintillation

flask, two filters, an ionization chamber, etc.

Continuous monitoring: Air is continuously sampled free

of radon decay products and measurements are made continu-

ously at fixed intervals of time using (a) electrostatic convergence

of 'Po-218' with scintillators or semiconductor detectors, and (b)

continuous flow of the filtered air into a scintillation flask, coupled

with a photo-multiplier tube.

Integrating measurements: It is a long term measurement

of radon levels in containers in which radon enters free of its

decay products. The detectors used include (a) Solid State

Nuclear Track Detectors (SSNTD) Figure 3, (b) thermo lumines-

cence dosimeters, (c) activated charcoals, and (d) electrets.

Measurement of radon daughter products
Grab sampling: The technique is based upon the collection

of radon daughter products on filters and the measurement of the

radiations emitted from them. Most of the methods are used for

alpha particle measurements. Some of them are based upon the

measurement of gamma rays while very few are used for beta

measurements. A brief description of the commonly applied sys-

tems is given below.

(a) One-count method: Here the Potential Alpha Energy

Concentration (PAEC) is estimated. The uncertainty is usually 10-

20%. Such systems are usually applied in underground mines.

(b) Two-count method: The method estimates PAEC in a rel-

atively shorter period of time. It has lower uncertainty than the

'one-count method'.

(c) Three-count method: Here the PAEC is measured much

more accurately as compared to both the above mentioned two

methods. The three-count method can further be divided into (i)

alpha-gross counting and (ii) alpha-spectroscopy methods.

(i) Alpha-gross counting method: This method counts the

alpha particles emitted from Po-218 during the specified counting

intervals.

(ii) Alpha-spectroscopy method: In this method alpha activ-

ity from Po-218 and Po-214 is obtained. It is the most accurate

method, however, the instrumentation is relatively expensive.

SOME EUROPEAN SURVEYS FOR THE MEA-

SUREMENT OF INDOOR RADON LEVELS

In the past, a number of countrywide surveys have

been carried out for the measurement of radon levels (63-

95). The table given below shows some of these values.
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Figure 2: The annual dose due to different natural radiation

sources. It is quite evident that the annual dose

received due to radon (and its daughters) is the high-

est and, thus, a grave health hazard.

Figure 3: A set of two figures showing two passive type dosime-

ters for radon concentration measurement. (A) shows a

polythene bag type dosimeter. Here only radon perme-

ates through the plastic bag while its daughters present

in the atmosphere are filtered out. Tracks are produced

by radon (and its daughters produced inside the

dosimeter) decaying in the volume of the dosimeter. (B)

shows the sketch of a permeation sampler having

detector positioned at the closed  end and a membrane

placed on its open end.
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Country/(Area) Radon Concentration
(Bq/m-3)

Austria (Salzburg) 15

Hungary 26

Denmark-Single Apts. 70

Denmark-Flats 82

Norway 160

Sweden 101

Finland 90

U.K. (Cornwall) 390

U.K. (Devon) 210

Ireland 45

Germany 40

Switzerland 225

(Acceptable Radon Level=50-150 Bq/m-3)

MEASUREMENTS IN PAKISTAN

The Pakistan Institute of Nuclear Science and Tech-

nology (PINSTECH) developed and employed an environ-

mental system for the measurement of radon in some

selected houses of Islamabad and Rawalpindi and the sur-

rounding areas. To start with, a survey plan for radon mon-

itoring was prepared. Then volunteers were invited from

various localities of Rawalpindi and Islamabad. Most of the

people showed their willingness for monitoring of their

houses. The dosimeters (enclosed in plastic envelopes-

Figure 3a) were handed over to the individuals and were

fixed at the recommended points in the rooms. After an

exposure of about 8-10 weeks, the detectors were

retrieved and chemically etched for 90 minutes in 6N

NaOH, kept at 50°C. Track density was converted into

radon concentration (Bq/m3) by applying the conversion

factor for the detectors in the box type dosimeters (93-95).

It was found that the average value of radon concen-

tration in stores was the highest when compared with other

category of rooms. The radon concentration in the lounges

was lower than that found in the bed rooms. The results

agree with the fact that less ventilated places have more

radon concentrations. The second highest value of radon

concentration was found in a kitchen. In Rawalpindi and

Islamabad, people use natural gas for cooking. The natu-

ral gas might have transported the underground radon with

it. The other sources of radon in kitchen are water and the

drainage holes. The kitchen doors and indoors are usually

kept closed in winter. Therefore, radon concentration may

be on the higher side. In winter, the bed rooms and the sit-

ting rooms are closed at night and are open at day time,

showing low radon concentration.

REMEDIAL AND PREVENTIVE ACTIONS

Studies carried out to devise ways and means of con-

trolling the radioactive pollutants has produced some useful

results (7, 8, 96-98). Certain types of 'surface coatings' and

'sealing of cracks' in the basement floor and walls can con-

siderably reduce the radon levels. Reductions achievable

with different sealants show, that even the easily applied

paint coast reduce emanation by 30-70% (latex paint) and

50-90% (epoxy paint). The remedial programmes under-

taken on these lines have produced quite satisfactory

results. An increase in ventilation is found to be very effec-

tive in reducing the concentration of radon and its decay

products in the indoor air (7, 8, 96-98). However, increase

in ventilation costs in terms of increased heating expendi-

ture. A way out to this problem is the use of a mechanical

ventilation system with heat recovery. If the above

described measures fail to reduce the indoor radon con-

centration sufficiently, diversion of soil gas has to be consid-

ered. Active soil ventilation can be achieved by the use of a

fan to draw or force soil gas away from the home. Some

safety measures against indoor radon build up are (7, 8):

1. To avoid the presence of (a) 'cracks' in the walls of

the floor and (b) 'leaky skirting'.

2. To avoid 'loose floor-wall' joints and 'loosely-fitted'

pipes.

3. To install sewerage pipes through 'effective' water

traps.

4. To employ an efficient ventilation system.

5. To employ a system of 'pumping out' the 'sub-soil

gas' under the foundation.

6. To employ a piping system for providing 'easy path'

to the 'sub-soil gas' from the 'lower earth layers' of the

foundation.

7. To 'seal off' the foundation by means of special foils

or sheets.

8. To 'employ a degassing system' for 'foundation

drainage'.

In order to avoid build up of indoor radon in the new

constructions, the following recommendations have been

made (7, 8, 98).
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1. Building materials with strong radon exhalation

should be avoided in the construction of new

buildings/houses.

2. Construction on potentially dangerous ground

should not be recommended/allowed in any case.

3. The latest experience shows that it should be pos-

sible to construct new dwellings such that radon ingress

from the ground can be prevented without radical depar-

ture from the conventionally followed building practices: a

ventilated crawl space is likely to be sufficient in this

regard.

CONCLUDING REMARKS

One may draw the following conclusions from the

above brief description of indoor radioactive pollutants:

1. The pollution problem in the Islamic world has

assumed significant importance. This problem has

received recognition throughout the world and the govern-

ment agencies have become aware of the need to control

it. The world summit in Rio de Janeiro will greatly help in

finding solutions of this explosive problem.

2. The issue of radioactive pollutants has been a sub-

ject of considerable importance for the whole world right

from the era of the second world war. Whereas much

efforts have been made in controlling pollution emanating

from industrial scale waste disposal of radioactive materi-

als, relatively lesser attention has been focused on areas

like pollution due to radon and its daughter products.

3. The effect of radon pollution on human health (lung

cancer) has been fairly established. Surveys have shown

definite relation between lung cancer and elevated radon

dose intakes.

4. Presence of radon in households and public places

due to a variety of reasons has been discovered and stud-

ied. The risk of the continuous presence of radon in usual

human dwellings on human health warrants more public

awareness. Remedial measures must be adopted to avoid

the risk of deaths due to over exposures of radon.
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