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1.0 INTRODUCTION

Using TASTRAK plastic detectors pupils and the public can study the low level background radiation
surrounds them in their everyday lives. TASTRAK provides school science teachers with educationa
material to assist them in the teaching of radioactivity within the context of the National Curriculum a
Post-16 science courses. The use of TASTRAK means that radioactivity can be studied without usin
artificial radioactive sources.

For example, Radon gas is an important source of natural background alpha-radiation and one that «
scope for pupil investigation. Using TASTRAK, pupils aged 7 and upwards are able to test the level (
background alpha-radiation and the radioactive gas radon present in their own environment by const
a simple yoghurt pot detector. They each receive a visual record of this radioactivity on their piece of
TASTRAK plastic. This approach can be adapted to suit a wide range of pupils throughout primary a
secondary schools.

1.1 HISTORY OF SURVEYS OF MEASURING RADIOACTIVITY WITH TASTRAK

1983 Introduced to Year 9 pupils at Portway School, Shirehampton, Bristol.
On going yearly measurements of alpha-radioactivity from walls in the home made by Year 9
and Year 6 pupils at Portishead Primary School, North Somerset.

1987 First ever National Survey of total alpha-activity in soil and radon emanating from the the soil
sponsored by the Institute of Physics -146 secondary schools took part.

1988 Second National Survey sponsored by the Institute of Physics - 750 schools took part.

1989 First ever Local Survey by primary school pupils - 174 pupils of Brookside Primary School, St
Somerset measured radon in their homes and found a large radon "hotspot”. Findings substa
by National Radiological Protection Board.

1990 First ever County Survey by 3,000 Cumbrian primary school pupils measuring radon in their h
Also County Surveys by 600 primary school pupils in Leicestershire and Northamptonshire.

1991 First ever National Survey of radon in the domestic water supply - 500 UK primary
and secondary schools took part.
1991 First International Link between school pupils measuring radon in their homes -

Portway School, Shirehampton and School 155 in Kiev, Ukraine compared the radon levels ir
homes and this encouraged scientific communication between pupils.

1993 Soil samples collected from the environment around Chernobyl. They were analysed

for plutonium and TASTRAK slides were made available for schools in the autumn.

1994 First ever National Survey of measuring radon daughters attracted to VDU and TV screens - :
UK schools took part.

1995 First ever Local Survey by Portway school pupils at attempting to measure alpha-radioactivity
the radon daughters in the atmosphere - the levels are related to the concentration of the Polc
isotopes, e.c?1%o0 and?14Po, in the air.

The versatility of TASTRAK has enabled school students to particpate in several unique surveys. Th
listed in the table above. The results obtained by schools always contribute to research into radon ar
radiation levels across the country and help towards a greater understanding of radon and natural al

radioactivity as an environmental issue. Any measurement can be donated to a national data base.
No names or addresses would be released; just a six figure grid reference number from the Ordnanc

maps to indicate the area where the measurement was carried out.
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2.0 BACKGROUND INFORMATION ABOUT RADON

2.1 SOME HISTORY

In December 1984 a worker at a nuclear power plant near Philadelphia, in the USA, arrived at work
off the radiation alarms. It was discovered that the source of the radioactivity he was carrying was r
the nuclear plant, but from the home he lived in. This was the start of an investigation into the le
natural background radioactivity in homes across the USA, beginning with those known to be bu
rocks containing uranium. It turned out that the source of the radiation was alpha-particles from radc
his home.

Radon is a natural radioactive gas produced by the natural radioactive decay of uranium and thorit
uranium and thorium are ubiquitous in the ground and the important isotogé%Jaaad?32Th. The decay
chains for both these nuclides are given in Appendix 6.1. In terms of radioadf®ityand232Th are in
approximately equal abundance and are also in approximate activity equilibrium with their daughter
At a given site in the ground, however, the levels of uranium and thorium present depend on local (
For example, in Britain, carbonaceous shales contain about 65 ppm uranium; igneous rocks abou
uranium and 45 ppm thorium; and all granites 4 to 5 ppm uranium and 15 ppm thorium. Within b
uranium and thorium decay chains the element Rn, an inert gas, is prottRadcommonly known as
radon, is produced from the decay’#Ra in the’”*®J decay chain, antf°’Rn, commonly known as thoror
is produced from the decay #fRa in the’”*’Th decay chain. The dispersion of these gases in the grot
quite different owing to their different half lives, 3.8 days for radon compared with 55s for thoron.

In contrast to thoron, radon is able to move considerable distances from its parent during its lifetim
diffuse readily out of surface soil into the atmosphere and into the basements and living areas of hi
terms of environmental alpha-radioactivity, it is #38 decay chain and radon that are considered t
more important than th&2Th decay chain and thoron. In dry non-metallic solids and still air, the move
of radon is purely by diffusion, whereas in the ground the situation is more complex. Here the move
by a combination of diffusion and convection or pressure-driven flow.

Uranium should not be thought of as simply being present in rocks deep underground. Its presence
even in very small to the amount of radon rising to the surface and into the air above.

2.2 THE DISTRIBUTION OF RADON ACROSS THE UK

Radon released from underground sources may or may not readily reach the surface. Thus, houses
granite areas in the South West are known to have elevated radon concentrations, but the associi
not appear to hold for Scottish granites.

This is partly due to the generally lower uranium concentrations present, but principally because

granites are less fractured than those in South West England. Rocks that are porous are known t(
radon easily and high radon concentrations are found at the surface from comparatively small

concentrations in the ground. Here, a classic example is the association of high radon hous
limestones, for instance, in Derbyshire, North Yorkshire, and parts of Somerset. Radon transpol
surface is also governed by the dryness of the soil. Radon concentrations above dry soil have been
be five times greater than in the same soil that is water-saturated.
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CAVITIES IN WALLS
GAPS IN FLOORBOARDS
CONSTRUCTION JOINTS

CRACKS IN WALLS

CHACKS IN SOLID FLOOR

GAPS AROUND

ey

RADIOACTIVE RADON GAS

2.3 RADON LEVELS IN HOUSES

The prediction of radon levels in a given home is extremely difficult. Basically, radon is drawn in
house by virtue of the reduced pressure of the air inside due to domestic heating. Along with
majority of radon is drawn into the house through the floor via small cracks and gaps between hea
water pipes. It also permeates through small cracks in the walls and is present in the water supply.
drawn into every house in small amounts with no measurable partial pressure. The short half-life ¢
and its continuous production from within the ground are responsible for such small quantities that ¢
to high levels of radioactivity. To put it in very simple terms, the house acts as a box placed over th
catch the radon giving rise to much higher levels of the gas indoors than out in the open where it ¢
into the atmosphere.
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As radon decays it emits alpha-particles which can damage human tissue cells through ionisation. |
alpha-particles which can be measured to give an indication of how much radon is present in the air
house. The level of radioactivity is measured in units called Becquerels per cubic metre of afj.(Bq m
The average level of radon in a house in the UK is around 20 Banih the current action limit set by tt
National Radiation Protection Board (NRPB) is 200 B¢f. nThis is the level above which it i
recommended that action be taken to reduce the radon level in the house.

Despite the preoccupation of the public and the media with man-made radiation, the simple fact
that, for the population as a whole, the biggest single source of radiation exposure is that from
radiation. At least 50% of this originates from naturally occurring radon gas. In the average British hc
radiation dose received by the occupants from radon is equal to that from all other sources put toge
Institute of Local Authority Environmental Health Officers (IEHO) investigation into the levels of rad
homes discovered that there were houses in the UK that harboured radon levels so high that the
exposure to the occupants would exceed the legal limit for exposure of workers in the nuclear inc
limit set at 50 milli-Sieverts per year (50 mSv y8arAccording to the IEHO survey in 1987/8, 230,0
houses nationally had radon levels above 200 Bavith 59,000 above 400 Bg#frand 10,700 above 1,00
Bg n3. These figures are only estimated and all school results contribute to a greater understal
national radon levels. In previous years schools using the DIY radon detector based on our TA
plastic have, on occasions, found levels of radon above 200 Bdfter repeating the tests teachers h:
then referred these instances to the local environmental health department or to the NRPB.

2.4 SEASONAL VARIATIONS OF RADON LEVELS

Variations in house heating and ventilation and of weather conditions affecting the ground itself, r
wide fluctuations of radon levels with time in any one house. In general, radon levels are higher at n
in the winter when windows and doors remain closed. For example, on average, the radon level in a
July is about one half of that in January. This can be seen in the diagram below which shows radc
for a living room (ground floor) and a bedroom (1st floor) in a UK house.

The DIY radon kit only measures radon levels over a six day period and this gives a very short t
result which is an approximate indication of the radon level for that time of year. The same house re
few weeks later would give a different result. Schools that repeat their radon tests over a period of t
obviously need to take this into account.

However, it is possible to use a table for converting short term ground floor living room measureme
approximate average radon levels in houses.

For example, a radon measurement of 143 BdgnMarch when repeated in June may only give 92 By |
Therefore, the seasonal variation of levels needs to be taken into account and this can be act
multiplying each result by the appropriate factor from the table below. Radon levels also vary consi
from one house to another in the same road. It should not be assumed that a measurement made in
is any indication of the leveh neighbouring houses.
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Seasonal variation in levels of radon in houses

Date of Reading Multiplication Factor  Date of Reading Multiplication Factor

January 0.60 July 1.35
February 0.62 August 1.24
March 0.69 September 1.01
April 0.72 October 0.88
May 0.93 November 0.73
June 1.05 December 0.68
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2.5 EXAMPLES OF MEASURES TO REDUCE THE AMOUNT OF RADON IN HOUSES

For the householder concerned about radon the first step must be to have a radon level measureme
action is only necessary where values are above the NRPB action limit of 20¢.Bfjthe radon level
measurement was carried out over a few days then the advice must be, before spending money
remedial measures, to have a radon level measurement carried out over at least a 3-month pe
properly qualified laboratory, such as TASL or NRPB. If remedial measures are required then a
qualified and knowledgeable builder/installer should be consulted to carry out the necessary r
measures.

Natural Ventilation

Keeping windows open simply replaces indoor air containing radon with outdoor air. This method
really practicable for reasons of security and efficiency of home heating and may also, perversely
higher radon readings in certain circumstances.

Forced Ventilation
This also replaces indoor air containing radon with outdoor air, but fans are used to maintain a des
exchange rate independent of weather conditions.

Sealing Cracks and Openings

As stated before radon can pass through any opening in a floor or wall which touches the soil. It ¢
the house through openings around utility pipes, joints between basement floors and walls, the hol
top row of concrete blocks and tiny cracks and openings, such as pores in concrete blocks, not easil
the eye. Sealing such cracks and openings is often an important preliminary step when other me
used. Special membranes for floors are now being marketed in the UK for radon sealing purposes.

Regulations for new buildings

Government guidelines for reducing the amount of radon that can get into new buildings are
existence.

Page7 of 27



Teacher's Notes

3.0 TASTRAK: A PLASTIC TRACK DETECTOR FOR TEACHING
RADIOACTIVITY IN SCHOOLS
3.1 TASTRAK

The diagram below shows a piece of TASTRAK plastic (actual size is approx 25mm square) as pref
school use, marked with a 1cm square and an identification number.

TASTRAK plastic is a material which is sufficiently sensitive to alpha-radiation that it will readily re
the natural background alpha-activity in the environment, both in the air from radon and its daughter
soils from uranium and thorium and their daughter nuclei. TASTRAK is a rigid transparent plastic v
which is quite inert. It is formulated from a monomer that is the basis of a plastic widely used in indu
its transparent and other physical properties. A number of years ago nuclear scientists discovere(
material was a highly sensitive and selective recorder of nuclear particles. In nuclear science and te
its use has grown rapidly with many diverse applications from medicine to nuclear fusion.

An important feature of TASTRAK is its ease of handling. It is inert and safe to handle, insensitive t
X-rays, gamma-rays, beta-particles, and sea level cosmic rays, but will readily record alpha-partic
protons. Charged nuclear particles, when entering the plastic, create permanent damage along th
which may be revealed by chemical etching. Each track is enlarged to form a conical etch pit
microns in size, and thus a permanent visible record of the detected particle may be viewed usin
projector or microscope.

When the TASTRAK is first bought, it will arrive enclosed in a radon-proof bag. Place this bag imme
into a freezer or the freezer compartment of a refrigerator. This action will prevent a short shelf-life
the TASTRAK is ready to use, carefully cut the radon-proof bag open and remove the number o
required from the inner plastic bag. The removal procedure is best done by holding the edge:
TASTRAK. This will prevent the faces having grease marks. Re-seal both bags in order to keep tl
pieces from exposure to the air. The TASTRAK can now be placed where it is needed; e.g. the
yoghurt pot.

It is usual to expose the face containing the identification number to the radiation source.

3.2 MEASURING ALPHA-RADIOACTIVITY USING TASTRAK

TASTRAK is so sensitive it readily records natural background alpha-radioactivity from the n
abundance of uranium and thorium and their daughter nuclei such as radon. This avoids bringing pt
contact with man-made sources.

Uranium and thorium are present everywhere in our environment, in soils, rocks, walls, paper, gl
many other materials. A small slide of TASTRAK hung in air or held against a wall will record abc
alpha-particles per chper day from the alpha-decay of these elements and their daughter nuclei. In s
figure is somewhat higher.

The first secondary teaching trials using TASTRAK were carried out between 198®&@dinder the
direction of Dr. Geoff Camplin, then Head of Science of Portway School, Bristol.délsag 1986, thdirst
primary teaching trials were carried out at Portishead Primary School, Portishead, under the guidanc
Hallett.

In this trial, pupils each had their own piece of TASTRAK which they took home and placed in a s
location, such as against a wall. One week later, the plastics were collected and returned tc
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University for processing (see Appendix 6.4). The plastic was etched and returned to the school. Pu
then able to see where the alpha particles had been in their own plastic by using a micros
magnification of x100 or x200, depending on the exposure, was used to count the tracks made «
particles. The track count on the plastic was converted to alpha-particle activity-{Baskugg the equatior
in experiment 4.2 The plastic could be attached to the pupil's notebook and kept as a permanent rec
Processing the plastic in a different way now means that measurements can be read using a slide
This makes counting of the tracks easier, more reliable and removes the need to have micr
However, if the track structure needs to be preserved, then etching must be done in a way ¢
microscope can be used instead of the slide projector. It is essential that rhe microscope field of

calibrated if numerical work is to be compared and used as scientific data in a National survey.

3.3 MEASURING RADON USING TASTRAK

In 1989 primary schoolchildren scored a major scientific first by discovering a previously unknown
'hot spot' in Somerset. A single radon measurement in the town of Street gave an unusally high re
1300 Bq n? but this was not followed up by the authorities. In response to local concern Portway Sec
School pupils helped 198 Brookside Primary Schoolchildren (aged 7-11) carry out a survey of rado
in their homes using the yoghurt pot detector. The results yielded a sizeable radon 'hot spot’ over p
town with up to 15% of houses above the recommended National Radiological Protection Board acti
of 200 Bg m®. The graphs below illustrate the difference in the distribution of radon measurements
homes of Portway and Brookside schoolchildren. Below 200 Bgthe radon distributions look similal
but in the Brookside case many readings above 200 Banu extending to 1079 Bgtwere found.

The presence of this radon 'hot spot' in Street has since been confirmed in more detailed measuren
exercise by Brookside Primary Schoolchildren made an important scientific discovery and also
awareness of radon and its health effects in the local area.

Schoolchildren across Britain have participated in a number of national surveys using TASTRAK
detectors. During 1990, 56 primary schools across Cumbria used TASTRAK to measure the radon
the homes of their pupils to provide over 3000 individual test results. At the time this was the highes
survey carried out in the UK. Allowing for seasonal variations, the results showed an average
concentration of 30 Bqg 1 with only 27 readings being above the 200 Bijewel.

In 1991, the first ever national survey of radon in domestic water supplies was carried out by school
from 504 schools. The radon levels were measured using a simple detector described in Expet
section 4.9. Full information and results of the survey have been published in Allen et al, 1993. In sL
all the radon levels were low, with most falling in the range 0-2"Bcpll the readings were below th
NRPB action limit of 100 Bgi and the majority were below the US action limit of 11 Bq |

Brookside and Portway Radon Distributions
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4.0 EXPERIMENTS USING TASTRAK

4.1EXPERIMENT 1: MEASUREMENT OF ALPHA-ACTIVITY

The bare plastic detector may be used to study natural background activity in a variety of locatio
TASTRAK may be hung in the air, placed against materials such as paper, glass brick, etc. Expos
days or longer and view under a microscope. It is important to note which face of the plastic det
against the solid material.

4.2 EXPERIMENT 2: MEASUREMENT OF ALPHA-ACTIVITY OF SOIL

This experiment may be carried out alongside experiment 1, and is also described in detail in Cam|
(1988). The gross alpha-activity of the soil is measured by inserting the plastic directly in the soil as
below; a plant marker indicates its location. Expose for six days and view under a microscope.

TASTRAK in Sall

The soil activity in Bq kg may be estimated using:
activity in Bq kgt = (12 x N)/T
whereN is the track countper cnandT is the exposure time in days.

4.3 EXPERIMENT 3: INVESTIGATION OF GEOLOGICAL SAMPLES.

Expose the TASTRAK against polished samples of uranium and thorium-bearing minerals for bet
and 14 days and view under a microscope.

Note: Please observe precautions for handling and preparation of minerals which may conte
concentrations of uranium and thorium.
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4.4 EXPERIMENT 4: MEASUREMENT OF RADON DAUGHTERS ATTRACTED TO A VDl
TELEVISION SCREEN.

At least two pieces of TASTRAK plastic are required for this experiment. Stick one piece of TASTR
the face of a VDU screen, number side out, using Sellotape across the corners. (Any type of ¢
monitor or television which has a build up of a static charge can be used for this experiment.) Hang 1
piece of TASTRAK in the air in another part of the room nearby using sellotape and cotton. Do nc
the numbered face. Make a note of the numbers on the plastic and their location. If possible leave tl
switched on for 48 hours continuously to give time for the particles to collect. After 48 hours re-wi
two pieces of plastic in foil, package them carefully and return them for processing. View with
projector.

TASTRAK fixed to the TV screen

(A third plastic can be placed in a yoghurt pot radon detector and left undisturbed for six days so
radon concentration can be compared - see experiment 4.1).

This experiment is designed to measure radon daughters in normal room air which plate-out on a
television screen by virtue of the fact that VDU screens carry a static electric charge and tt
preferentially attract the radon daughters.

During radioactive decay radof?Rn, will transform to another elemefifPo, called a radon daughte
2180 is also radioactive similarly emitting an alpha-particle and transformiftfRb. This sequence c
events continues until stable 1ed®¥Pb, is formed. (See Appendix 5.1.1.) The immediate daughtéf&wf
have short half-lives, less than 20 minutes, and for this reason they are known as radon sh
daughters. Of thesé®Po and'4Po emit alpha-particles.

Radon short-lived daughters are present in air along with radon. However, their behaviour diffe|
radon because they are invariably ionic which means they tend to attach themselves to natura
particles in air. These particles in turn stick to surfaces sualalés and ceilings, a process known as ple
out. In this experiment it is assumed that the static charge on the screen transfesarfatbeof thelastic
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stuck to the screen face such that the plastic itself also becomes charged. This charge attracts
particles, which are recorded on the plastic. Students could expect to find around 3 times as mar
particle tracks on the screen plastic than on that hung in the air; the average value for this ratio in «
survey to measure radon daughters attracted to VDU and television screens was found to be 2.6.

4.5 EXPERIMENT 5: MEASUREMENT OF THE ENVIRONMENTAL LEVELS OF ALPHA-ACTIVITY
A piece of TASTRAK plastic (which can have a hole in one corner if required) is attached to the t
1.5m garden cane using a drawing pin or Blu-tac, as shown in the diagram below.

TASTRAK attached to a cane

The plastic should be mounted horizontally (with the number facing upwards), ideally about 1.5m ak
ground in the open air unshielded by trees, walls etc. If a garden cane is not available, a wooden
post would suffice, but it is best to avoid concrete, brick or stone objects as these contain natural bau
radioactivity. The plastic should be left undisturbed for six days. After processing, view with a
projector.

The TASTRAK records the total airborne alpha activity and activity from particles which
gravitationally settled on its surface. This includ&®o which is emitted in vehicle exhaust fumes. In t
experiment we are unable to separate these components and suggest that teachers convert th
activity into units of Becquerels per square metre (B. m
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4.6 EXPERIMENT 6: MEASURING THE EFFECT OF AEROSOLS IN ELECTRIC FIELDS

This experiment uses the TASTRAK as a detector of alpha-particles which are emitted from radon d:
attached to dust particles which get affected by the electric field close to a wire carrying a current.
can be seen with either DC or AC fields. The theory of how this happens is still being developet
University of Bristol by a team of research scientists known as the Human Radiation Effects Group
by Professor Denis Henshaw. A large piece of TASTRAK can be used instead of the small square
this is placed under two wires carrying mains electricty or against two wires carrying a small dc cu
high voltage (2000V). The plastic detector must be flat against the wires. After about a few de
detector can be processed and the alpha-paticle tracks analysed. There should be two lines of hig
tracks where the wires were against the TASTRAK detector. This demonstrates that electric field
those aerosols present in the air which have radon daughters attached to them. These then simulate
of electric fields concentrating aerosols.

Alpha tracks in TASTRAK when placed near AC fields

4.7 EXPERIMENT 7: RADON DETECTION

The detector shown below is constructed using a yoghurt pot, cling film, Blu-tac and the TASTRAK
(described below). It is only used ¢éstimate radon levels in the home and to investigate the differel
between bedroom, living room and cellar levels. The TASTRAK is exposed for six days and viewec
slide projector. Accurate and reliable radon measurements should be carried out by a professional k
as TASL or NRPB.
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Please remember that this experiment is only for educational puposes and that the level calculated
shot". Although it may bear some correlation to a longer term measurement, high measurements a
Bqgn® should be repeated before any action is taken. TASL or NRPB should be informed and then
reperesentative longer term measurement can be obtained.

Construction of the Radon Detector

Make sure you have the following materials readily available.

* TASTRAK in a radon proof bag.
Do not open until you are ready to carry out the experinment

» A clean undamaged empty yoghurt pot, cylindrical in shape, measuring about 70mm in heig
and 50mm diameter.
(Brand names such as MUNCH BUNCH, CHAMBOURCY, EDEN VALE FRENCH STYLE
and SKI are typical of this type of yogurt pot, often sold in packs of four.)

* An elastic band.
* Some cling film.
* Some blu-tac.

1. Place a small piece of Blu-Tac inside the yoghurt pot on the bottom in the centre.

2. The TASTRAK is taken out of the radon proof bag as instructed on the unpacking informatic
sent previously by e-mail. (Keep the plastic bag and the radon proof bag safe for later)
Try to hold the plastic using edges so that no finger prints are placed onto the flat surfaces.

3. Make a note of the identification number and then carefully place the TASTRAK over the blt
tac at the bottom of the yoghurt pot.
Use the non-pointed end of a pencil or biro to secure the TASTRAK to the Blu-Tac.

Do not press hard on the plastic detector:
it is brittle and you will need to remove it again after exposure!
The identification number should be facing upwards and readable

4. Carefully place a piece of cling film over the mouth of the yoghurt pot and keep its position
with an elastic band. DO NOT tear the cling film whilst fitting the elastic band.

Radon detector for Air
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Exposing the Detector to Air

1.

abkowbd

o

Make a note of the start time and date, and place of the detector.

Leave for6 days

Make a note of the finishing time and date.

Carefully remove the elastic band and cling film.

Remove the TASTRAK; remember to try and keep your fingers away from the measuring
suface.

Place the TASTRAK in a clean plastic bag and then inside the radon proof bag, seal with
sellotape and store it overnight in a freezer or refrigerator.

. The exposed TASTRAK can be left here until you are ready to etch it.

Reading the Detector

1.

w

After the appropriate etching procedure, either place the TASTRAK into a cardboard slide (<
mm size) and place carefully into a slide projector (the 4 hr etch), or view through a
microscope (the 1hr etch).

. Count the number of tracks seen in the 1 cm scribed square.
. This is the radon activity in Bgfwhen the exposure is for 6 days.

Please use the appropriate on-line form to donate your measurement to the National Surve)

4.8 EXPERIMENT 8: DETECTION OF RADON IN SOIL.

Use the yoghurt pot detector, inverted over the soil, to measure the emanation of radon from the soil
soil location should be chosen, and the detector covered with a polythene sheet to protect it from rail
prevent it from being blown away. Expose the detector for six days and view with a slide projector.

Radon Detector for Soil.
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4.9 EXPERIMENT 9: MEASURING RADON IN WATER

Radon is very soluble so it is also present in water supplies. During 1991 a test was devised using a
pot detector inside a 5009 coffee tin to measure the radon level of a water sample. This test was car
by primary and secondary schools across the UK to provide the first national data on radon levels in
water supplies.

Collecting the water to be tested needs to be done in a particularly careful manner. First select a tap
connected to a mains water supply without a water softener. Then run the tap for a few moments to «
fresh mains supply. Next completely fill a clean container with water and seal the top (ensure the wa
as little contact with air as is possible). Water should be tested for radon immediately after collecting.
How to construct a detector for radon in water.

1.

5.

Construct a yoghurt pot detector.

2. Line the inside of a 500g coffee tin with cling film to prevent rusting.
3.
4. Pour 500ml of the water sample onto the clingfilm in the coffee tin and place the lid with the

Use a double sided sticky foam pad to fix the yoghurt pot base to the tin lid.

detector in place onto the tin, close tightly.
Leave the tin undisturbed for six days then dismantle, etch and read the plastic.

Radon in water is measured in units of Becquerels per litre {Bq |
For an exposure of 6 days our calibration yields:

Water activity (Bq ) = (Count per crhron TASTRAK)/36.6

Radon Detector for Water
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5.0 FURTHER INFORMATION

Initially two organisations carried out national radon testing in Britain, the NRPB and Track An
Systems Limited at the University of Bristol on behalf of the IEHO. In 1990, in response to a perceive
for radon measurements, the NRPB introduced a scheme for commercial measurements and a r
companies, including Track Analysis Systems Ltd. now offer commercial radon measurements
carrying out a national survey, the NRPB have concentrated most of their subsequent efforts in the
radon areas namely in Cornwall, Devon and Somerset. The IEHO published its third national st
1991.

A most interesting result of the IEHO surveys is the observation of the phenomenon of radon ‘hc
which refers to a geographical locality where genuinely high radon levels are found over and ab
general spread. The UK average radon concentration of 20 Big wbviously made up of a spread
readings including some very high ones.

The first national IEHO survey carried out in 1987/8 found high radon areas in South and Mid-Glan
parts of the West Midlands, Staffordshire and Cumbria. This was in addition to areas of the Sout
Derbyshire and Southern Scotland already identified by the NRPB. The results of a second nation
survey in 1988/9, published in January 1991, found 20 previously unknown 'hot-spots' all over the !
highest value found was over 3,200 B¢f im a property in Shropshire. Several surveys undertake!
schoolchildren have also revealed a number of previously unknown radon ‘hot-spots',see graph of B
school in Section 3.3)

5.1 FURTHER READING

J. E. Allen, G. C. Camplin, D. L. Henshaw, P. A. Keitch and J Perryman 1993.
"A UK national survey of radon in the domestic water supply."

Physics Education. Vol 28, No. 3, p173-177.

G. C. Camplin, D. L. Henshaw, S Lock and Z Simmons 1988.
"A National Survey of Background Alpha-Particle Radioactivity."
Physics Education. Vol 23 p212-217.

K. D. CIiff, B. M. R. Green and P. R. Lomas 1992.

"Domestic Radon Remedies."

Radiation Protection and Dosimetry. Vol 45 No. 1-4 p599-601.
DoE pamphlet,"The Householder's Guide to Radon".

B. M. R. Green, K. D. Cliff, J. C. H. Miles and P. R. Lomas 1992.

"Radon Studies in UK Homes."
Radiation Protection and Dosimetry. Vol 45 No. 1-4 p519-522.
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D. L. Henshaw 1993.
"Radon Exposure in the Home: its Occurrence and Possible Health Effects."
Contemporary Physics Vol 34 No.1 p31-48.

D. L. Henshaw, J. Perryman, P. A. Keitch, J. E. Allen and G. C. Camplin 1993.
"Radon in domestic water supplies in the UK."
Radiation Protection and Dosimetry. Vol. 46, No. 4 p285-289.

HMSO 1985.
"Exposure to radon: lonising radiations regulations."”
London: HMSO

J. S. Hughes, K. B. Shaw and M.C. O'Riordan 1988.
"Radiation exposure of the UK population - 1988."
Review (NRPB-R227) (HMSO, London).

The House of Commons Environment Committee 1990-1991.
"Sixth Report, Indoor Pollution, Vol | and II." HMSO London.

R. Hyland and J. Gunn 1994,

"International comparison of cave radon concentrations identifying the potential alpha radiation 1
British cave users."

Health Physics 67 (2) 176-179.

IEHO 1988.
Institute of Environmental Health Officers Report of a survey of radon in homes 1987/88 (Chadwick
48 Rushworth Street, London SE1 OQT.)

IEHO 1989.
Institute of Environmental Health Officers Report of a survey of radon in homes 1988/89

NRPB, 1990a.
"Board Statement on limitation of human exposure to Radon in Homes."
Documents of the NRPB Vol. 1 No. 1. (HMSO £5.00 ISBN 0-89591-322-X)

NRPB 1990b.

"Board Statement on emergency reference levels; Radon affected areas: Cornwall and Devon." Dc
of the NRPB Vol.1 No. 4.
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NRPB 1992.
Radon affected areas: Derbyshire, Northamptonshire and Somerset.”
Documents of the NRPB Vol. 3 No. 4.

NRPB 1993.
"Radon affected areas: Scotland, Northern Ireland."
Documents of the NRPB Vol 4 No. 6.

NRPB 1990.
"Radon at a glance”
(Chilton: NRPB)

NRPB 1990.
"Radon Questions and Answers"
(Chilton: NRPB)

J. Porstendorfer 1984
"Behaviour of radon daughter products in indoor air."”
Radiation Protection and Dosimetry. 7 107-113.

UNSCEAR 1988
"Sources, effects and risks of ionising radiation."
(United Nations, New York)

UNSCEAR 1993
"Sources and effects of ionising radiation.”

(United Nations, New York)

A. N. Ross, J. D. C. Brown, G.C. Camplin and D. L. Henshaw.

"Use of TASTRAKM solid state nuclear track detectors in schools as educational tools for the teac

radioactivity in the curriculum.”

Rio Follow-up Conference in Eger, Hungary, 22nd-27th August 1994 and Workshop on Harmonise
East-West Radioactive Pollutant Measurement, Standardisation of Techniques and Consideration
Economic Factors in Budapest, Hungary, 28th August-2nd September 1994.

A. D. Wrixton, B. M. R. Green, P. R. Lomas, J. C. H. Miles, K. D. Cliff, E. A. Francis, C. M. H. Discol

C. James, and M. C. O'Riordan 1988.
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NRPB R190 London: HM Stationary Office.
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6.0 APPENDICES
6.1. APPENDIX 1. DECAY CHAINS

Useful natural decay chains showing alpa and beta decay

Uranium Decay Chain
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Thorium Decay Chain
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6.2 APPENDIX 2. TRACKS IN TASTRAK PLASTIC
This appendix describes the basic features of TASTRAK as a nuclear track detector. It is intenc
teacher's guide to the use of the material.

6.2.1 Track Formation
When a charged nuclear particle enters the plastic it creates a trail of radiation damage along its pat

as a latent track, shown schematically below.

Creating an Alpha-patrticle Track

This may be revealed by etching the plastic in a suitable reagent such as NaOH. Immersion in NaOF
in bulk etching of the material at a characteristic rate known as the bulk etching,rately a few
microns per hour.

Along the track axis, however, where the radiation has damaged the structure of the polymer, etchini
proceeds at a higher rate proportional to the degree of structural damage sustained by the plastic. Tl
referred to as the track etching rate denoted by he faster etch rate along the track causes the growth
conical etch pit, Figure 2, which may be enlarged to a size suitable for viewing under an optical micrc

The latent track is revealed by virtue of the track etching rate being greater than the bulk etchingf rate
the nuclear particle enters the plastic surface at a dip dntjlen for a conical etch pit to be formed, the

vertical component of the track etching rate must be greater than the bulk etching rate, that is:

Visind >V ....... Q)
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Figure 2: Etching an Alpha particle Track

This simple relationship is fundamental to an understanding of track revelation in TASTRAK as a ft
of particle dip angle and ionisation, and of the parameters of the etching process such as etch
concentration and temperature. If equation (1) is not satisfied,

i.e. when V;sind >V,

then the latent track is said to be "below threshold for track etching". This means that the plastic pos¢
cut-off angle for detection of a particle of given track etch rate.

The conical etch pit may be described by its half argle,

From Figure 2;

sine=V, /V,

ore=sin?t (V, /Vy) = cosect (Vp V) .......... (2)
Note that the half angle of the cone also defines the cut-off angle for detection.
6.2.2. Alpha-patrticle tracks in TASTRAK

In the majority of applications, TASTRAK is used to record tracks of alpha-particles. At natural ener¢
9 MeV, these patrticles have a range of about 30-100 mm in air or 30-70um (microns) in TASTRAK.
the example considered in Figures 1 and 2, the track etch rate along alpha-particle tracks in TAS
not constant; the rate increases with decreasing particle range. Like all charged nuclear particles tt
energy lossdE/MX, increases as the particle slows down, reaching a peak (the Bragg peak) close to
of the particle range. The growth of etch pits along the alpha-particle tracks in TASTRAK is shc
Figure 3. The etched track grows initially with a cone-like structure. The track walls are curved bece
track etching rate increases with decreasing particle range. When the etching reaches the end of tr
range the track isaid to be "etched out". All further enlargement of the track now proceeds as a re
bulk etching - the track is said to be "over-etched". Continued over-etching enlarges the track but g
the cone-like structure is destroyed. Eventually, only a spherical remnant remains.
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Figure 3: Growth of an etched Alpha Particle Track.

If TASTRAK is used to detect radioactivity in the environment, for example in soil, not all decays will
adjacent to the plastic surface. This leads to a distribution of particles with varying dip angle and resi
range in the plastic. An etch which removes a fixed amount of bulk material will therefore reveal tracl
different shape and size when viewed. In all such practical situations, therefore, a suitable etching tir
to be chosen for revealing tracks that may be easily seen and counted under a microscope. The DIY
an etching procedure that enables the tracks to be viewed and counted using a slide projector. This i
available under the free etching service for schools.

The fact that the plastic detects alpha-decays from a finite height above the plastic surface, that is, a
depth in the sample, enables the track count in units of tracks per square centimetre per unit time to
converted to activity per unit mass of material. The equivalent or nett thickness of material sampled |
plastic has been calibrated and found to be 7.34 um for a 6.3 MeV alpha-particle. This energy corres
21P0, a common alpha-emitter in the environment.

The relation between track count and activity is then given by:

Activity in Bq kgt = (12 x N)/T......(3)

whereN is the alpha-particle count per €necorded on the plastit,the exposure time in days (Bq is the
Becquerel; that is, one decay per second.)

Note that this relation is independent of the density of the medium, rather it depends on the density ¢
TASTRAK plastic which is 1300 kg

Teachers might like to prove relation (3) as an exercise. (Strictly speaking the sampling thickness als
depends on the electronic stopping power of the medium compared with the plastic. However, this
safely be ignored in all but the most precise work). The usual background activities fall in the range =
3000 Bqg kg'. Although numbers in the thousands may sound high, one should remember that they ai
kilogram of material. In solids, alpha-particles travel only a few tens of microns, so in fact there is ver
surface activity. An average surface activity seen by the plastic is around 10 trackd per day. In soils
this may be somewhat higher.
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Etched TASTRAK plastic showing alpha particle tracks

6.2.3.Geometrical Construction of Etch Cones

It is very instructive to construct an etch cone using compasses and a ruler.
Figure 4: Geometrical Construction of an Etch Cone
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Refer to Fig 4. and choose a suitable scale for your construction.
Draw a lineAArepresenting the initial, pre-etch plastic surface. Draw eéBBparallel toAA and a distance
D representing the bulk surface removed during etching. For an etcitand,bulk etch rat¥, then

D=WI/T

Draw a lineOT representing the trajectory of the traversing nuclear particle. Make A@glapproximately
6C°. This is the dip angld of the particle with respect to the plastic surface. Suppose that the track et
is three times greater than the bulk etch rate, th& is,3V,. Therefore, alon@T insert pointC such that
OC = 34T =3D.

Taking O as the centre, describe a circle of radiu®raw linesCD andCE to the circle which are tangen
at the pointd andE. Finally, firm in the lineBFCGRB This is the post-etch surface outlining the etct
cone.

6.3 APPENDIX 3. ETCH PROCESSING TASTRAK.

Due to the hazardous nature of the etching process and current health and safety regulations, it is
to make a risk assessment for your school. The etching process requires the exposed pieces of TAS
be:

* washed in distilled water and dried in warm air

* placed in solution of 6.25 molar NaOH for 1 hour &i®&r use with a microscope OR placed
in solution of 6.25 molar NaOH for 4 hours aP@8for use with a slide projector

» make sure the pieces are kept from sticking to each other - suggest suspending individually
"individual clothes on a washing line".

* thoroughly washed again in distilled water again and allowed to dry on some tissue paper.
It is better if each piece of TASTRAK is supended in the solution and then kept suspended after was
and drying.
Then the TASTRAK can be viewed using a slide projector or a microscope.
If you have problems with any part of the process please contact Dr Geoff Camplin. (mailto: camplini
clara.co.uk)

6.4 APPENDIX 4. AVAILABILITY OF TASTRAK.

TASTRAK plastic is manufactured by Track Analysis Systems Ltd at Shirehampton, Bristol. It is sold
world-wide to specialist nuclear researchers, but it cannot be ordered in small quantities. Dr Geoff Ci
who is supported by the Institute of Physics, can obtain the pieces you require, Please order from hi
site. The address is

http://www.camplin.clara.co.uk/PRT/Tastrak/index.htm

This document has been compiled by Professor Denis L. Henshaw and Dr. Geoff Camplin in the
Department of Physics at Bristol University, Bristol
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