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1. Basic Characteristics of
Radioactivity and Radon

Radon spectrum; 400 nm - 700 nm
Creative Commons CC0 1.0



Periodic Table:

Radon (Rn) characteristics

Radioactive Elements

1 2
H He
1.008 Atomic 4.003
Hydrogan Number Helium
3 4 5 [ 7 8 9 10
Li ||Be SYMBOL B||C|N|O| F|Ne
6.94 9.012 10.81 12.011 14.007 15.999 18, 9_98 20.180
Lithium Beryllium Atomic Welght* Baron Carbon Nitrogen Oxygen Fluorine Meon
11 12 Name 13 14 15 16 17 18
Na| Mg Al|[Si|| P | S |Cl|Ar
22.990 24.305 26.982 25.085 30.974 32.06 35.45 39.948
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chiorine Argon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K| Cal|/Sc| Ti| V |Cr|Mn|Fe|Co|Ni|Cu|/Zn|Ga|Ge||As| Se| Br| Kr
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 56.933 58.693 63.546 65.38 69.723 72.630 74.922 78.971 79.904 83.798
Potassium Calcium Scandium Titanium Vanadium Chromium | | Manganese Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium gromine Krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|| Y ||Zr ||Nb||Mo| Tc|Ru||Rh||Pd||Ag||Cd| In|Sn||Sb|| Te| I |[Xe
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum| | Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimeny Tellurium lodine Xenon
55 56 72 73 74 75 76 77 78 79 80 81 82 83 . 84 85 86
Cs| Ba|>||Hf | Ta||W [Re|Os| Ir| Pt ||Au||Hg| Tl Pb| Bi| Po| At | R
132.905 137.327 71 178.49 180,948 183,84 186.207 190.23 102,217 195,084 196,967 200.582 204.38 207.2 208.980 (200) (210) (222)
Cesium Barium Hafrium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gald Mercury Thallium Lead Blemuth Polenium Astatine Radon
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr |[Ra |8~ Sg Hs| Mt| Ds||Rg|/Cn Fl |Mc|/Lv || Ts | Og
(223) (226) 103 (267) (268) (271) (270) (269) (278) (281) (282) (285) (286) (289) (289) (. ) (294) (294)
Francium Radium Rutherforgium| | Dubnium | | Seabergium Bohrium Hassium Meitnerium | [Darmstadtium] t P Nihonium Fleravium | | Mascovium | |Livermerium| | Tennessine | | Oganessen
Lanthanid 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
anthanide
series | L@ ||Ce || Pr||Nd|[Pm|Sm| Eu||Gd| Tb | Dy|Ho| Er [ Tm| Yb| Lu
138.905 140.116 140.908 144,242 (145) 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.045 174.967
Actinid 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
ctinide
seriee |AC || Th||Pa|| U ||[Np|/Pu{/Am|Cm| Bk| Cf || Es | [Fm|Md| No|| Lr
(227) 232.038 231.036 238.029 (237) (244) (243) (247) (247) (251) (252) (257) (258) (: ) (266)

*() indicates the mass number of the longest-lived isotope.

Credit: https://www.epa.gov/radiation/radiation-sources-and-doses

Based on NIST 2017 Periodic Table

Colourless gas

Odourless gas

Tasteless gas

Naturally occurring
Radioactive

Inert, does not chemically
react (Noble gas)

20 radioactive isotopes
known



https://www.epa.gov/radiation/radiation-sources-and-doses

Simple model
of an atom

 Atom comprised of:
* Nucleus
Protons (+)

Neutrons (neutral

e Electrons (-)

O neutron - neutral

© proton - positive

electron - negative

J nucleus

in orbit




Relative
penetrative power
of radiation -

» Radioactive atoms can give \ i S concrete
>

off four types of ionizing alpha
radiation: beta \_g
._ ;,,y |

alpha particles, gamma

beta particles,
gamma rays, and

neutrons.

* Each type of radiation has
different properties




Where radon is found in the UK

Radon forms by radioactive decay of other elements
(uranium and thorium) and is mostly found in areas where
the rocks have a higher uranium content such as:

igneous rocks like granite (e.g. parts of Scotland & Cornwall)
rocks intruded by igneous rocks like granite (e.g. Cornwall)
dark, organic-rich shales (e.g. Wales)

limestones (e.g. Carboniferous Limestone in Derbyshire)

sedimentary rocks containing phosphate minerals (e.g.
Northamptonshire Sand)

Radon occurs in rock, soil, water, air, the buildings we live in
and underground in caves, mines and tunnels.
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Geology of Great Britain

| Quaternary (Alluvium)
Paleogene / Neogene (Tertiary)
Cretaceous

I Lower Cretaceous
middle/upper Jurassic

I lower Jurassic

I upper Triassic

I lower Triassic

I upper Permian

I lower Permian

upper Carboniferous (Coal
Measures)

I middle Carboniferous
I lower Carboniferous (limestone)
I Devonian

Ordovician / Silurian
I Cambrian

Neoproterozoic
. Proterozoic (upper Precambrian)
I Lewisian (lower Precambrian)

l granite

I Paleogene volcanics

GEOLOGICAL MAP OF
GREAT BRITAIN
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UK granite samples



Periodic table detail

Po At Rn

polonium\decays to _/ radon

emits an alpha
particle 2n, 2p

Radioactive
decay of radon



Percentage remaining
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Number of half lives

The meaning
of half-life

* Half life is the time required for
half of the original number of
atoms to decay

* |tis not the time for all the
atoms to decay



Half lives of
radon isotopes

* Rn-219 4 secs
* Rn-220 55 secs
* Rn-222 3.8 days

All other isotopes have half
lives less than 15 hours,
and many are seconds or
fractions of seconds.




Radon
measurement
units

A4

a

The concentration of radon in the air is measured in
units of becquerels per cubic metre (Bg m3).

One Bg equals one disintegration per second.
n.b. The Action Level (AL), the level at which the UK

Health Security Agency recommends that radon
levels should be reduced in homes, is 200 Bq m.



Percentage of homes at
or above the Action Level

UK Survey results =

— England & Wales =

* % of houses above UK Action Level of
200 Bg m?3
* Highest numbers in granite-rich regions

© Crown copyright. All rights reserved [Health Protection Agencyf| 100016969][2007]
Radon potential dassification © Health Protection Agency and British Geological Survey copyright [2007]

Credit: https://www.ukradon.org/radonmaps/



https://www.ukradon.org/radonmaps/

Percentage of homes at
or above the Action Level  Radon probability area

UK Survey results — Scotland E -

* % of houses above UK Action Level of
200 Bg m3

* Highest numbers in granite-rich regions

Credit: https://www.ukradon.org/radonmaps/



https://www.ukradon.org/radonmaps/

Percentage of homes at
or above the Action Level

UK Survey results =
B 3
— Northern Ireland —d

- Greater than 30

* % of houses above UK Action Level of
200 Bg m?3

* Highest numbers in granite-rich regions

Credit: https://www.ukradon.org/radonmaps/



https://www.ukradon.org/radonmaps/
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2. Health Effects of Radon
and its Decay Products

Radon spectrum; 400 nm - 700 nm
Creative Commons CC01.0



Radon decay
/ products (RPDs):

¥ v characteristics

= a * Source of cell damage in lungs

.

'

',—
-

e Short-lived products most
significant

‘ . * Have static charges
‘:\ ) * Chemically reactive
\ et w * Solid particles

R L - * Heavy metals
Alpha decay

Credit: Inductiveload CC BY-SA 3.0



Radon is a known human carcinogen

Alpha particles from the radon decay products can damage lung tissue

Lung cancer is the main health effect. Globally radon is the second
commonest cause of lung cancer in smokers and the primary cause of
lung cancer in non-smokers.

Historical background:
An “unknown” lung disease in the 1400s

Identified in 1879 in autopsies of European miners as lung cancer lymphosarcoma

Excess lung cancer deaths observed in uranium miners in US, Czechoslovakia,
France and Canada

Excess lung cancer deaths in other underground miners in Newfoundland, Sweden,
Britain, France, China and US



How lungs are affected by radon

 Radon (RDPs) breathed in

e Radon exhaled

(ST

(@

 RDPs remain stuck to lung tissue

N

* Po-218 and Po-214 emit alpha
particles

&
)

* Alpha particles strike lung cells
causing physical and/or chemical
damage to DNA
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Increasing accumulative exposure

Excess lung
cancer risk:
studies on miners

* Linear
* No threshold
* |ndicates no safe level

 Many homes can provide
similar cumulative exposures



Sources of
radiation to the

UK population

Radon is by far the greatest
single source.

The UK Action level (AL) is
200 Bg m=3 A lifetime at
this level would cause lung
cancerin 1in 30 people.

radon, 48%

UK exposure to radiation 2012

medical, 16%

terrestrial gamma
rays, 13%

cosmic rays, 12%

radionucleides, 11%
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3. Radon Entry and Behaviour

Rd ptm400m700m



Radon ent ry Pathways for radon to enter a building:

rq} * Pores, cracks and fissures in
underlying soil and rock
ke * Loose fill beneath foundations
\  Along utility/service trenches
Radon ‘ * Along water drainage systems

Ra diu?

Level of radon in a building depends on:

 Concentration of uranium in the soil or

underlying rocks Uranium
* The ease of transport into the building

* The ventilation rate of the building



Entry route:
Diffusion-movement of radon through materials

e Caused by concentration
Low concentration gradients
of radon e Generally, a low entry rate
Rn j j Rn

High concentration of radon




Entry route:
Emanation-radon released from material surfaces

Rocks and other building materials can
contain uranium and radium

Radon created on surface can be
emitted into room

Rate depends on radium/uranium
content and surface area




How entry is affected
by building features
{

Extraction t
system

Ennsn.

Exhaust systems such as extractor
fans can increase the amount of
outside air and soil gas entering the
house and increase radon entry

Openings between floors in a
building encourages upward

movement of warm, light air -
this enhances the stack effect



Factors affecting radon concentrations




Radon
concentrations
from soil gas vary
between locations




Why radon concentrations differ in nearby houses

Cellar increases

9as penetraton High Rn strong LOW RN

Sandy source Clay

Differences depend on:

 How they are constructed

* How close they are to the
sources

* The underlying soil composition

* The different airflow patterns
(through cracks and pores in
the rocks, soil & buildings)




Fate of indoor radon

products

unattached
fraction

\

attached
dust particles

to

Y

attached

to

external objects

o/




Fate of indoor radon (continued)

Cadon)

Radon decay
products

N {
% A
|
\
|
!
|

A K
airborne
breathable
measurable

\_ J

~N
plated-out

non-breathable
non-measurable

.

y,

N.B. Plated-out: this refers to the percentage of RPDs that get attached to surfaces.



This ratio describes the
fraction of RDPs that are
suspended in the air

and therefore measurable,
to the total RDPs created

ER = Measured RDPs
Total RDPs

Equilibrium ratio (ER)

—

Plated-out RDPs

@ &
.s\ d RDPs
uspendac S
L]
- &®

Factors affecting equilibrium ratio:

Air circulation — this increases
plate-out thereby decreasing ER

Electronic air filters — decrease
the RPDs attached to dust
particles thereby decreasing ER

Suspended dust, smoke —
increase sites for RPDs so fewer
plate-out on walls

Recent ventilation — means
inadequate time for RPDs to
have been formed

ER varies from 0.3 to 0.7



Average contributions from radon sources in
US homes

Emanation
from building

F‘j 2-5% .{

1
Soil Gas |' anfusnon
85 20% I 4%

Soil containing radon sources
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4. Radon Mitigation Strategies

Rd ptm400m700m



Radon mitigation strategies

* Reduce radon entry
By collecting radon prior to entry into the building and discharging
it to a safe location

By modifying building and sealing entry points

 Reduce radon concentrations after entry
By dilution with increased ventilation

By filtering radon and RDPs from the air
n.b. These methods work best when they are fan assisted

In July 2010 the Health Protection Agency (HPA) (now Public Health England,
PHE) issued advice (HPA, 2010), recommending that radon exposure should be

reduced where the annual average radon concentration exceeds the Action
Level (AL) of 200 Bg m=3 and ideally to below the Target Level (TL) of 100 Bq m-3.



Examples of methods to reduce radon entry:
1. Radon sump

| pipe

* Protection added during new build.

e Suitable for areas with a greater radon potential.

loose fill

sump concrele

* Radon sump is a small, bucket sized, cavity under
the floor with an electric pump drawing air from
it.

* Vents the radon gas outside the building where it
Credit: quickly dissipates.

https://www.ukradon.org/information/reducelevels



https://www.ukradon.org/information/reducelevels

Examples of methods to reduce radon entry:
2. Natural under-floor ventilation

~_ ) Wa” ~_

e Suitable for homes with a
suspended ground floor suspended floor
with a space underneath.

u u u U u u

* Good ventilation of this
space can reduce indoor
radon concentrations.

vent— airflow

 Works best if fan assisted.

Credit:

https://www.ukradon.org/information/reducelevels



https://www.ukradon.org/information/reducelevels

Examples of passive remedial measures used to

reduce radon levels

Passive sump:

Small space or void under a concrete capping
or a membrane. The void is connected to an
exit pipe, normally extending above the
roofline, so the radon in air under the
building is extracted.

Sealing radon entry routes:

Sealing gaps in floors, joins between walls
and floors and gaps where service pipes
penetrate the floor could reduce radon gas in
the building.

Passive or natural under-floor ventilation:
Airflow to the under-floor space increased by
clearing and/or adding more air bricks. This
dilutes concentration of radon gas entering
the building.

Natural ventilation of living spaces:
Ventilation is improved using fresh air vents,
such as trickle ventilators in windows or vents
through walls. This dilutes the radon
concentration in the building.

Advantages of passive measures:

e Require little maintenance

e Environmentally friendly

* No running costs.

Disadvantages of passive measures:

* Less effective than powered
systems, but reduction may be
sufficient to reduce radon levels.
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Did you know?

\{ o Earth scientists:
+* provide an understanding of geological structures, rock types &
their radon potential and the associated hazard.

¢ evaluate the radon potential of an area and show this information on maps.

¢ study combinations of data from:

- geological maps

- soil surveys

- stream surveys showing radon levels in surface waters that can be
matched to uranium distributions and fault & fracture patterns

- airborne geophysical surveys: gamma-ray spectrometry instruments
mounted on aircraft measure natural radiation of potassium, thorium and
uranium emitted from surface rocks & soil. (These data help them to map
indoor radon)

- radioactivity maps
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Further information

~ Information about radon
~ https://www.ukradon.org/information/
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Radon maps:
https://www.ukradon.org/radonmaps/

Technical solutions to radon protection in new build and existing dwellings in
radon affected areas
https://www.bre.co.uk/page.jsp?id=1626

Information on radon and reports from the Centre for Radiation, Chemical and
Environmental Hazards (CRCE)
https://www.gov.uk/government/collections/radon

Radon spectrum; 400 nm - 700 nm
Creative Commons CC0 1.0
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