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COURSE OUTLINE

I. Fundamentals of radon physics: review
II. Radon research in geology
III. Radon research in radiation biology
IV. Radon research in medicine
V. Radon research in health physics

Earth & Planetary Science
Radon research in multi disciplines  ‐
summary
Student Presentations 
Radioactivity Laboratory demonstration
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DETAILED COURSE WORK
The course work involves the following:

1. January  17, 19, 22, 24, 26   1‐3 PM
5 sessions each of 2 hours         ‐ 25%

2. Study assignments – 4               ‐ 20%
3. Project

Literature Survey – Writing a report ‐ 30%
4.        Project  Presentation ‐ 25%

Required percentage to pass this course  is 95%
Grading: P/F
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Session 1
Radon &

Radiation Physics
Review 
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Session 1                                         January 17, 2007

Objective  1 of 2
1. Radioactivity and Radiation Review

1.1 Alpha, Beta and Gamma radiation
1.2 Ions and ionizing radiation

2. Radon characteristics –
Uranium 238 decay series

3.  Radon decay products –
Radon 222 decay sequence
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Session 1                                         January 17, 2007

Objective  2 of 2
4. Dynamic Equilibrium
5. Equilibrium Ratio
6. Measurement Units

6.1 Picocuries per liter &
Becquerel per cubic meter

6.2 Working Level and Working Level Month
7. Facts of Radon – An Overview
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--

and-Planetary-Sciences/12-091January--IAP--
2006/LectureNotes/index.htm Session2a.pdf

http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
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1. Review of radioactivity and radionuclides concepts

Atomic Nucleus
Material             

Compounds  

Elements

Atoms

(Neutrons + Protons) + Electrons
{Nucleus}

Element  X is depicted by
A                           A  = Mass Number    

X                        N  = Neutron Number 
Z     N                     Z  =  Atomic Number

(Proton Number)
A  =  Z + N
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1. Review of radioactivity and radionuclide concepts …

Radio-isotopes & Radio-nuclides

Mass                        Charge
Neutron 1.008665 u No electrical charge
Proton 1.007277 u Positive charge
Electron 0.000548 u Negative charge

(Ref: Basic Nuclear Engineering, A. R. Foster and R. L. Wright, Jr., 
Appendix B, pp 461)

Nuclides: Characterized by atomic number Z  and mass number A.

Isotope – Same Z number, but different N.
59         60

Ex:   Co,        Co.
27   32  27   33

Nuclides: Stable and Radioactive
Radioactive Nuclides: Naturally occurring and Artificially produced .                    
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1. Review of radioactivity and radio-nuclides concepts …

1.1 Alpha, beta and gamma radiation

Alpha decay followed by gamma decay:

4
Alpha particle is He  .

2     2
234                              230

U                 Th +  α + γ .
92   142          90     140

234 230
The unstable  isotope      U   decays to    Th by alpha and

92                        90 
gamma radiation. The atomic number decreases by 2 and 

mass number by 4. 
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Alpha decay of 234U to 230Th

Table 1:   Alpha decay of 234U to 230Th (shown in the format of chart of nuclides).
The atomic number Z reduces by 2. 
The neutron number N reduces by 2.
The mass number A reduces by 4.
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1.1 Alpha, beta and gamma radiation …

Beta decay followed by gamma decay.
Beta particle is electron ejected by excited nuclei. 
Their charge can be positive or negative.

40K                    40Ca    +  β + γ.
19    21            20     20

The radioactive isotope 40K   decays to 40Ca 
by beta and gamma radiation. Neutrinos are 
also emitted. A neutron is transformed  into 
proton. The atomic number increases by 1 
and mass number remains unchanged.                     

1. Review of radioactivity and radio-nuclides concepts …
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Beta decay of 40K to 40Ca

Table 2:  Beta decay of 40K to 40Ca (shown in the format of chart of nuclides).
The atomic number Z increase by 1.
The neutron number N reduces by 1.
The mass number A remains unchanged.
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1.1 Alpha, beta and gamma radiation …

Gamma rays (γ) are emitted when an excited nucleus de-excites, 
by the transition from an excited energy state to a lower energy
state. Gamma-rays have well defined energies and their emission 
often is accompanied by nuclear reactions and nuclear decays.

Alpha particles (α) are 4He particles with two protons and two 
neutrons. The atomic number (Z) of the resultant nucleus is 
reduced by two units, the mass number is reduced by 4 units.

Negative Beta particles (β-) or negatrons are emitted when 
neutron is transformed into a proton during the nuclear 
transformation.  
Negative beta particles are electrons formed during nuclear
transformation, hence are of nuclear origin.

The atomic number (Z) of the resultant nucleus is one unit greater, 
but the mass number is unchanged.

1. Review of radioactivity and radio-nuclides concepts …
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Figure 1: Gamma and beta decay scheme of 60mCo and 60Co.
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Figure 2: Pictorial depiction of simultaneous alpha, beta and gamma emissions
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1. Review of radioactivity and radio-nuclides concepts …

Atoms normally contain the same number of 
electrons in orbit as protons in the nucleus. 
This provides an overall neutral charge to the 
atom. 
Ions are formed when radiation in the form of 
alpha, beta and /or gamma and X-rays knock 
out an electron from an atom along the travel 
path. This results in free electron (of negative 
charge) and a positive ion.

1.2 Ions and ionizing radiation
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1. Review of radioactivity and radio-nuclides concepts …

1.2 Ions and ionizing radiation …

This ionization is hazardous to health.
Ionization of atoms and molecules of human 
cells can cause damage to that cell.
Ionization of water molecules within or 
surrounding cells can result in the formation 
of hydrogen peroxide – a poison to cell.
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NORM - Naturally Occurring Radioactive 
Material. Radon is naturally radioactive gas.

TENORM -Technologically-Enhanced 
Naturally Occurring Radioactive Material.

1. Review of radioactivity and radio-nuclides concepts …
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2. Uranium Decay Series2. Uranium Decay Series
Uranium 238  “Parent”
Protoactinium 234
Uranium 234
Thorium 230
Radium 226
Radon 222
Polonium 218
Lead 214
Bismuth 214
Polonium 214
Lead 210
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3. RADON DECAY sequence3. RADON DECAY sequence

226Ra
222Rn…
...206Pb

Courtesy of 
Environmental 
Protection Agency, 
USA



January 17, 2007: IAP 2007: 12.091      Session 
1: P. ILA 21

3. RADON PROGENY3. RADON PROGENY
““Radon Decay ProductsRadon Decay Products””

Decay products of 222Rn
Eight decay steps yield α,  β & γ
Electrically charged: attracted to surfaces 
including particulate
Can  be inhaled and cause exposure

Courtesy of Environmental Protection Agency, USA
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4. Dynamic Equilibrium

Radon enters a building. Radon is a 
radioactive gas, so it constantly decays into 
its daughter products (RDPs). Also, radon 
may not be entering the building at a 
constant rate, for example with intermittent 
ventilation or movement in the building.
Also, the RDPs that are getting generated 
inside the building, part of them may be 
suspended in the air within, some percentage 
may settle on the surfaces.
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4. Dynamic Equilibrium …

Once the radon entry rate into a building 
changes, time is needed for radon and RDP 
levels to stabilize. Otherwise their 
concentrations may be constantly changing.
12 hours is normally sufficient  time frame for 
reaching the dynamic equilibrium. Dynamic 
equilibrium is the steady state of radon and 
RDP levels within the environment. 
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5. Equilibrium Ratio Assumption5. Equilibrium Ratio Assumption

The The RDPsRDPs are metallic, radioactive and are metallic, radioactive and 
highly electrostatic. So, not all highly electrostatic. So, not all RDPsRDPs
created from the decay of radon will remain created from the decay of radon will remain 
in air (environment). A percentage will get in air (environment). A percentage will get 
attached to the surfaces called plate out. attached to the surfaces called plate out. 
Some will be ventilated out. The relationship Some will be ventilated out. The relationship 
between indoor radon air and the radon between indoor radon air and the radon 
decay products is called the Equilibrium decay products is called the Equilibrium 
Ratio (ER).Ratio (ER).
ER varies from 0.3 toER varies from 0.3 to 0.70.7



January 17, 2007: IAP 2007: 12.091      January 17, 2007: IAP 2007: 12.091      
Session 1: P. ILASession 1: P. ILA 2525

5. Equilibrium Ratio (ER) 5. Equilibrium Ratio (ER) ……

Usually the equilibrium ratio is not Usually the equilibrium ratio is not 
measured when radon is measured when radon is 
tested/measured.tested/measured.
ER factor is usually assumed.ER factor is usually assumed.
ER factor is useful in the conversion of ER factor is useful in the conversion of 
pCipCi/L to working level (WL) units./L to working level (WL) units.
pCipCi/L = (WL x 100) / Equilibrium Ratio /L = (WL x 100) / Equilibrium Ratio 
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Units of Radiation Dose and ExposureUnits of Radiation Dose and Exposure

Radioactivity is measured in unit of Radioactivity is measured in unit of 
disintegration per second (disintegration per second (dpsdps).).
1 Becquerel  is 1Bq = 1 1 Becquerel  is 1Bq = 1 dpsdps
1 Curie is 1Ci = 3 x 101 Curie is 1Ci = 3 x 1010 10 dpsdps

6. Measurement Units
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Units of Radiation Dose and ExposureUnits of Radiation Dose and Exposure

The amount of radiation is usually referred to as The amount of radiation is usually referred to as DoseDose..
DoseDose is different from is different from ExposureExposure..
The quantities and units of Radiation Dose and Exposure The quantities and units of Radiation Dose and Exposure 
are not simple but are complex involving various are not simple but are complex involving various 
parameters such as type of radiation, absorbed dose (D), parameters such as type of radiation, absorbed dose (D), 
quality factor (Q), any modifying factor (N), etc.quality factor (Q), any modifying factor (N), etc.
After going through an evolution in a period of more than After going through an evolution in a period of more than 
a half a century, the current units designated by SI a half a century, the current units designated by SI 
((SystSystèèmeme International)International)
Unit of Dose Equivalent is  1Sievert = 1 Unit of Dose Equivalent is  1Sievert = 1 SvSv (1 Joule/kg)(1 Joule/kg)
Unit of Dose is 1 Gray = 1Gy (1 Joule/kg)Unit of Dose is 1 Gray = 1Gy (1 Joule/kg)
1 1 GyGy = 100 = 100 radrad; 1 ; 1 radrad = 0.01 Joule/kg= 0.01 Joule/kg
1 1 SvSv = 100 = 100 remrem; 1 ; 1 remrem =  =  radrad x quality factorx quality factor
Note: Note: radrad refers to any material and any radiation.refers to any material and any radiation.

6. Measurement Units …
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6.1 6.1 pCipCi/L and Bq/m/L and Bq/m33

Radioactivity is measured in units of disintegrations per 
second (dps).

Units of Activity
1 Becquerel (Bq) = 1 disintegration per second
1 Curie (Ci)         =  3.7 x 1010 disintegrations per second
1 picoCurie (pCi) = 0.037 disintegration per second 

Radon concentration is measured in pCi per liter of air (or 
water) or Becquerel per meter cubed.
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6.2 Working Level (WL) & 6.2 Working Level (WL) & 
Working Level Month (WLM)Working Level Month (WLM)

1 Working Level (WL) is any combination of short1 Working Level (WL) is any combination of short--
lived radon decay products in one liter of air that lived radon decay products in one liter of air that 
will result in the ultimate emission of 1.3 x 10will result in the ultimate emission of 1.3 x 1055 MeVMeV
of potential alpha energy. of potential alpha energy. 

This number is chosen based on the fact that This number is chosen based on the fact that 
approximately the alpha energy released from the approximately the alpha energy released from the 
decay products in equilibrium with 100 decay products in equilibrium with 100 pCipCi of of 
Radon 222.Radon 222.

1 WL = 2.08x101 WL = 2.08x10--55 JmJm33

Radon  Daughter Products are measured in WLRadon  Daughter Products are measured in WL
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6.2 Working Level (WL) & 6.2 Working Level (WL) & 
Working Level Month (WLM) Working Level Month (WLM) ……

Dose to workers in work place environment is Dose to workers in work place environment is 
calculated in units of concentrations of radon calculated in units of concentrations of radon 
daughter products, namely Working Level units.daughter products, namely Working Level units.

WLM is the exposure dose in working level months for WLM is the exposure dose in working level months for 
the exposure period. The exposure dose in WLM is the exposure period. The exposure dose in WLM is 
calculated from the equation:calculated from the equation:

WLM (Working Level Month Exposure)  =WLM (Working Level Month Exposure)  =
WL x Exposure Time (in hours) /  (170 (hours/month) )WL x Exposure Time (in hours) /  (170 (hours/month) )

WhereWhere
WL = pCi/L x Equilibrium Ratio / 100WL = pCi/L x Equilibrium Ratio / 100
Note:  While reporting the Note:  While reporting the WLMsWLMs,  the value of ,  the value of 
equilibrium  ratio should always be reported.equilibrium  ratio should always be reported.
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Frequently Asked Questions (Frequently Asked Questions (FAQsFAQs) about Radon) about Radon

What is radon?What is radon?
Radon is a radioactive element Radon is a radioactive element 

Atomic Number 86Atomic Number 86

There are between 20 and 28 radioThere are between 20 and 28 radio--isotopes of radon isotopes of radon -- 20 cited in the 20 cited in the 
chemical summary, 28 listed in the table of isotopes.chemical summary, 28 listed in the table of isotopes.
Sources: Condensed Chemical Dictionary, and Handbook of CheSources: Condensed Chemical Dictionary, and Handbook of Chemistry mistry 
and Physics, 69th ed., CRC Press, Boca Raton, FL, 1988.and Physics, 69th ed., CRC Press, Boca Raton, FL, 1988.

Three well known isotopes of radon areThree well known isotopes of radon are::
222                222                

RnRn called   Radon; halfcalled   Radon; half--life 3.824 dlife 3.824 d
86      13686      136
220                220                

RnRn called   called   ThoronThoron; half; half--life  55.6 slife  55.6 s
86     13486     134

219                219                
RnRn called   called   ActinonActinon; half; half--life 3.96 slife 3.96 s

86     13386     133



January 17, 2007: IAP 2007: 12.091      January 17, 2007: IAP 2007: 12.091      
Session 1: P. ILASession 1: P. ILA 3232

Radon is Radon is ……

Toxic, colorless, odorless and radioactive  Toxic, colorless, odorless and radioactive  
noble gasnoble gas

Denser than airDenser than air

Naturally occurring radioactive gasNaturally occurring radioactive gas

Ubiquitous in nature: Ubiquitous in nature: Being or seeming to Being or seeming to 
be everywhere at the same timebe everywhere at the same time
Member of Uranium decay seriesMember of Uranium decay series

Direct decay product of  RadiumDirect decay product of  Radium--226226

Decays to daughter radioactive elementsDecays to daughter radioactive elements
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Why is Radon important?Why is Radon important?
Radon is present everywhere, all around us.Radon is present everywhere, all around us.

Radon Radon 
cannot be seen with naked eye,cannot be seen with naked eye,
cannot be smelled, cannot be smelled, 
cannot be aware easily of its presence .cannot be aware easily of its presence .

Radon Radon 
becomes harmful to health at unacceptable becomes harmful to health at unacceptable 
concentration levels.concentration levels.
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Harmful Radon Daughter 
Products (RDPs)

Radon 222 has a half-life of 3.8 d.

Radon 222 decays to a series of four radioactive decay products:
Polonium 218 (half-life 3.05 m)
Lead 214 (half-life 26.8 m)
Bismuth 214 (half-life 19.8 m)
Polonium 214 (half-life  163.7 micro s)

These decay product isotopes are heavy metals. Of the four decay
products, especially Polonium 218 and Polonium 214 are the
main sources of health hazard because they emit alpha rays. 

Alpha particles, even though cannot penetrate skin, they are
about 20 times more damaging than other type of ionizing 
radiation when deposited internally, for example by inhalation.
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Radon is measured in picoCuries per liter of air 
(pCi/L). While no level of radon exposure is 
considered safe, EPA has set an action level at 
4 pCi/L.

If radon test in a home shows levels at or 
above 4 pCi/L, the home should be fixed.

How Is Radon Measured?How Is Radon Measured?
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How much is too much?How much is too much?

Action Guide  (4 pCi/L)Action Guide  (4 pCi/L)

Consider Action  (2 Consider Action  (2 -- 4 pCi/L)4 pCi/L)
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7. Facts of Radon 7. Facts of Radon –– An OverviewAn Overview

http://ocw.mit.edu/OcwWeb/Earthhttp://ocw.mit.edu/OcwWeb/Earth----
AtmosphericAtmospheric----andand--PlanetaryPlanetary--
Sciences/12Sciences/12--091January091January----IAPIAP----
2006/LectureNotes/index.htm2006/LectureNotes/index.htm
Session2a.pdfSession2a.pdf
http://www.epa.gov/radon/radonqa1.htmlhttp://www.epa.gov/radon/radonqa1.html
(URL verified January 31, 2007)(URL verified January 31, 2007)

http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://ocw.mit.edu/OcwWeb/Earth--Atmospheric--and-Planetary-Sciences/12-091January--IAP--2006/LectureNotes/index.htm
http://www.epa.gov/radon/radonqa1.html
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Summary

I Talked about
Alpha, Beta and Gamma radiation
Ions and ionizing radiation
Uranium 238 decay series
Radon 222 decay sequence
Radon, Thoron and Actinon isotopes
Radon Daughter Products
pcI/L and Bq/m3 ; WL and WLM
Action level for radon
Dynamic Equilibrium and Equilibrium Ratio
Parameters that effect the action level
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Internet key words

radon, radon progeny, decay chain 
series, radon potential, radon daughter 
products, radon risk, dynamic 
equilibrium, equilibrium ratio,
action levels, working level WL,
working level month WLM
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