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First The Fine PrintFirst, The Fine Print…

The information and opinions presented here are solely those
of the presenter and do not necessarily represent those of
CCornell University.

All information is freely available in the public domain and 
presented in the interest of public education.presented in the interest of public education.



My GoalsMy Goals

 Provide an understanding of what radiation is Provide an understanding of what radiation is

 Explain terms and definitions you will come p y
across

 Give points for comparison Give points for comparison

 Review some data about drillingReview some data about drilling

 Help with “Where do we go from here?”



Tonight’s Discussion
Part 1

Th The atom
 Protons, neutrons, and electrons – OH MY!

 What is radiation?

 How do we measure radiation?

 Where does radiation come from? Where does radiation come from?

 How does radiation affect me? How does radiation affect me?



Tonight’s Discussion
Part 2

 What is in the shale?

 What is around drill sites?

 What could get into water?

 What if I have radon in my home?

 Questions?



High Tech Content WarningHigh Tech Content Warning

High tech content will have 

in the upper right corner



The AtomThe Atom

 Basic model Basic model
 Central nucleus surrounded by electrons

 Nucleus
 Protons – +1 electric chargeg
 Neutrons – 0 charge



The AtomThe Atom

 Electrons Electrons
 “Cloud” around the nucleus
 Have a -1 chargeHave a 1 charge
 Much smaller than proton or

neutron
 There is one electron in “orbit”

for each proton in the nucleus



The AtomThe Atom
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The AtomThe Atom
 Number of protons determines the element

 1 proton = Hydrogen
 86 protons = Radon

88 protons Radi m 88 protons = Radium
 92 protons = Uranium

 Number of neutrons determines the isotope
 U-238 – 92 protons, 146 neutrons
 U-234 – 92 protons, 142 neutrons

 Isotopes are a different “flavors” of an element Isotopes are a different flavors  of an element



Atoms Are Building BlocksAtoms Are Building Blocks
 Remember the basic model of the atom?

 Groups of atoms make molecules by sharing electrons



Atoms Are Building BlocksAtoms Are Building Blocks
 Large groups of molecules make up cellsg g p p

 Large groups of cells make up different organs

 Groups of organs make up US!



What is RadiationWhat is Radiation

 Radiation – is energy emitted by objects Radiation is energy emitted by objects

 Examples Examples
 Radio – antennas emit RF radiation
 Microwave ovens – microwave radiationMicrowave ovens microwave radiation
 Hot objects – ovens emit IR heat radiation
 The Sun – visible and UV light radiationg

 Atoms – emit particle and x-ray radiation



What is RadiationWhat is Radiation

 ALL types of radiation can be harmful at ALL types of radiation can be harmful at 
inappropriate levels
 Too much IR – heat burns
 Too much UV – sun burn, increased risk skin 

cancer
 Too many x-rays – increased risk of cancers

Th h d d th d The harm depends on the dose



What is RadiationWhat is Radiation

 Two categories of radiation Two categories of radiation
 Non-ionizing   or
 Ionizing (also called nuclear radiation)Ionizing (also called nuclear radiation)

 Non-ionizing – cannot directly break g y
molecules apart

 Ionizing – can break molecules apart



What is RadiationWhat is Radiation



Four Major Types of RadiationFour Major Types of Radiation
 Alpha (  – high energy particle from heavy radioactive p (  g gy p y

elements, high dose internally (U, Th, Ra)

B t (  ) l t f l f li ht di ti Beta (  ) – electron from nucleus of light radioactive 
elements (H-3, C-14, K-40)

 Gamma or x-ray (  – high energy light beyond the UV

 Neutron ( n ) – particle emitted from fission or high Neutron ( n ) – particle emitted from fission or high 
energy reactions (reactors, high energy accelerators)



What is RadiationWhat is Radiation

Exposure to radiation does not make youExposure to radiation does not make you 
radioactive



How Do We Measure 
Radioactivity

 Inches and centimeters to measure distance …

 Radioactive material
 USA uses Curies ( Ci )
 US DOT and international – Becquerels ( Bq )

 1 Curie = 37 billion decays per sec 1 Curie = 37 billion decays per sec

1 1 1 Becquerel = 1 decay per sec



Radioactivity UnitsRadioactivity Units
 Scientific notation review

 Pico p – 1 trillionth, 10-12

 Nano n – 1 billionth, 10-9

S
M

A
L

 Micro  or u – 1 millionth, 10-6 

 Milli m – 1 thousandth, 10-3

LLE
R

 Kilo k – 1 thousand, 103

 Mega M – 1 million, 106

LA
R

GMega M 1 million, 10
 Giga G – 1 billion, 109

 Terra T – 1 trillion, 1012

G
E

R



Radioactivity UnitsRadioactivity Units

 Familiar scientific notation examples Familiar scientific notation examples

5.25 inch Floppy
360 kB

360 000 b

3.5 inch Floppy
1.44 MB

1 440 000 b

Hard Drive
640 GB

640 000 000 000 b360,000 bytes 1,440,000 bytes 640,000,000,000 bytes



Radioactivity UnitsRadioactivity Units

 Radioactivity examples Radioactivity examples

Check Source
1 Ci

0 000 001 Ci

Lab and Hospital Sources
5 mCi

0 00 Ci

Irradiator
1 to 50 kCi

1 000 0 000 Ci0.000 001 Ci 0.005 Ci 1,000 to 50,000 Ci



Radioactivity UnitsRadioactivity Units

 Relative scale of radioactivity levels Relative scale of radioactivity levels

MilliCuries
Curies

Ci
mCi

Moderate Amount
Moderate Hazard

Ci
Large Amount

Potentially Large Hazard

MicroCuries
Ci

Small Amount
Generally Low Hazard

PicoCuries
pCi

Enviro
Levels

KiloBecquerel
kBq

Small Amount
Generally Low Hazard

MegaBecquerel
MBq

Moderate Amount

GigaBecquerel
GBq

Large Amount

Becquerel
Bq

Enviro
Levels

Moderate Hazard Large Amount
Potentially Large Hazard



Some Conversion Factors

1 pCi  =  0.04 decays / sec

1 decay / sec  =  27 pCi

1 Bq = 1 decay / sec1 Bq   1 decay / sec

1 ppm =  1 milligram / kg

1 U 238 b1 ppm U-238  = about
12 decay / sec per kg
336 pCi / kg
5 decay / sec per lb5 decay / sec per lb
147 pCi / lb

1 g  =  $1 bill
2 5 12.5 g  =  1 new penny



Radioactivity UnitsRadioactivity Units

 Half-life – T1/2 Half life T1/2
 Amount of time for ½ of activity present to 

decay awaydecay away
 Widely varying from less than 1 sec to billions 

of yearsof years

Cs-137          30.07 years H-3           12.3 years
Tl-201 3.04 days C-14            5700 years
Rn-222            3.8 days U-238 4,470,000,000 yrs



Radioactivity UnitsRadioactivity Units
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Radioactivity UnitsRadioactivity Units

 Activity is NOT an indication of source Activity is NOT an indication of source 
physical size
 1 Ci of Co-60 = 0.03 ounces (short half-life)( )
 1 Ci of Th-232 = 10 tons (very long half-life)

 Short half-life = more intense radiation
 Long half-life = longer to wait for it to g g

disappear



Radiation Dose UnitsRadiation Dose Units

 Radiation dose measured using Radiation dose measured using
 Radiation Equivalent Mammal  – rem
 1 rem = 1000 millirem 1 rem = 1000  millirem

 International units International units
 Seivert – Sv

100 1 S 100 rem = 1 Sv



Radiation Dose UnitsRadiation Dose Units

 NRC and NYDOH dose limits NRC and NYDOH dose limits
 Rad workers – 5000 mrem / yr total
 General public 100 mrem / yr total General public – 100 mrem / yr total
 Medical exposures NOT counted

 Environmental release limits from DOH and 
DECDEC
Air and water
DEC limits effluents to 50 mrem / yry



Our Background Radiation 
Environment

 Our world and universe are naturally radioactiveOur world and universe are naturally radioactive

R di ti i t tl b i d dR di ti i t tl b i d d Radiation is constantly being producedRadiation is constantly being produced

 More than 60 naturally occurringMore than 60 naturally occurringMore than 60 naturally occurringMore than 60 naturally occurring
radioactive elements, few are significantradioactive elements, few are significant

Th jTh j Three major sourcesThree major sources
 Cosmic Cosmic –– from spacefrom space
 Terrestrial Terrestrial –– from the earthfrom the earth
 ManMan--made made –– artificially madeartificially made



Our Background Radiation 
Environment

 Idaho State UniversityIdaho State University
 http://physics.isu.edu/radinf/natural.htmhttp://physics.isu.edu/radinf/natural.htm

 Cosmic radiationCosmic radiation
 Our Sun and every star is a nuclear fusion reactorOur Sun and every star is a nuclear fusion reactor

 High energy radiation interacts with ourHigh energy radiation interacts with our
atmosphereatmosphere

 Global source of CarbonGlobal source of Carbon--14 and14 and
HydrogenHydrogen--33



Our Background Radiation 
Environment

 CarbonCarbon--14 14 
 In all living things In all living things –– including humansincluding humans

About 6 pCi / gram in organic matterAbout 6 pCi / gram in organic matter About 6 pCi / gram in organic matterAbout 6 pCi / gram in organic matter
 Humans contain about 0.1 Humans contain about 0.1 Ci (100,000 pCi) (3700 Ci (100,000 pCi) (3700 

decays/sec)decays/sec)

 HydrogenHydrogen--3 (Tritium)3 (Tritium)
 All water contains some HAll water contains some H--3, drinking water3, drinking watergg

less than 270 pCi/L (10 d/sec per L)less than 270 pCi/L (10 d/sec per L)
 Ocean water about 0.02 pCi/LOcean water about 0.02 pCi/L
 EPA limit 20,000 pCi/L (about 1% of background dose)EPA limit 20,000 pCi/L (about 1% of background dose)EPA limit 20,000 pCi/L (about 1% of background dose)EPA limit 20,000 pCi/L (about 1% of background dose)



Our Background Radiation 
Environment



Our Background Radiation 
Environment

 Terrestrial radiationTerrestrial radiation
 Radioactive elements are part of our planetRadioactive elements are part of our planet

 Primarily UraniumPrimarily Uranium--238 and Thorium238 and Thorium--232 in rocks and 232 in rocks and 
soils, and Potassiumsoils, and Potassium--4040

 Great variation in concentrationsGreat variation in concentrations

 Decay of U andDecay of U and ThTh creates radium and radoncreates radium and radon Decay of U and Decay of U and ThTh creates radium and radoncreates radium and radon

 Potassium is important for human healthPotassium is important for human health







U-238 Concentration

Th-232 Concentration





Our Background Radiation 
Environment

 Why are UWhy are U--238 and Th238 and Th--232 important?232 important?
 Both live for a very long timeBoth live for a very long time

UU--238   238   –– 4,470,000,000  yr  half4,470,000,000  yr  half--lifelifeyy
ThTh--232 232 –– 14,100,000,000  yr  half14,100,000,000  yr  half--lifelife

 Both have several decay products that are radioactiveBoth have several decay products that are radioactive

 Both create Radium and RadonBoth create Radium and Radon

 More about Radon later….More about Radon later….







Our Background Radiation 
Environment

 UU--238238
 Average soil concentration is about 2 Average soil concentration is about 2 ppmppm, granite is , granite is 

about 2 to 20 about 2 to 20 ppmppm, and richer deposits up to 50 , and richer deposits up to 50 –– 1000 1000 
ppmppm

 A 10 ft x 10 ft x 1 ft deep garden contains about 12 A 10 ft x 10 ft x 1 ft deep garden contains about 12 Ci Ci 
(440 600 d/sec) using the(440 600 d/sec) using the avgavg soil concentrationsoil concentration(440,600 d/sec) using the (440,600 d/sec) using the avgavg soil concentrationsoil concentration

 Granite counter tops Granite counter tops –– wide variation in U content and wide variation in U content and 
radon release, limited testing generally not found issuesradon release, limited testing generally not found issues, g g y, g g y

 In humans In humans –– about 30 pCi (1 d/sec) of U and Ra, about about 30 pCi (1 d/sec) of U and Ra, about 
3 pCi of 3 pCi of ThTh



Our Background Radiation 
Environment

KK 4040 K K -- 4040
 In soil, about 20 pCi/gmIn soil, about 20 pCi/gm

 Potassium is important for human healthPotassium is important for human health Potassium is important for human healthPotassium is important for human health

 1/100 of 1% of all Potassium is K1/100 of 1% of all Potassium is K--4040

 We contain about 0 12We contain about 0 12 Ci (4 400 d/sec)Ci (4 400 d/sec) We contain about  0.12 We contain about  0.12 Ci (4,400 d/sec)Ci (4,400 d/sec)

 Salt substitutes are Salt substitutes are KClKCl, 1 g packet = 433 pCi, 1 g packet = 433 pCi

S f d t ll hi h i P t i ( d R di )S f d t ll hi h i P t i ( d R di ) Some foods are naturally high in Potassium (and Radium)Some foods are naturally high in Potassium (and Radium)

Banana Brazil Nuts Carrots White 
Potatoes Beer Red Meat Raw Lima 

Beans

K-40 3 520 5 600 3 400 3 400 390 3 000 4 640(pCi/kg)
3,520 5,600 3,400 3,400 390 3,000 4,640

Ra-226 
(pCi/kg)

1 1000 -
7000 0.6 - 2 1 – 2.5 ------ 0.5 2 - 5



Our Background Radiation 
Environment

 ManMan--made sourcesmade sources
 Medical and health careMedical and health care Medical and health careMedical and health care

 Diagnostic xDiagnostic x--rays (dental, chest, etc.)rays (dental, chest, etc.)

 Treatment, radiotherapyTreatment, radiotherapy

 Nuclear medicineNuclear medicine

 The largest contributor to our backgroundThe largest contributor to our background



Radiation Sources in Health CareRadiation Sources in Health Care
 X-ray, accelerators



Radiation Sources in Health CareRadiation Sources in Health Care
 Sealed sources

 Co 60 Ir 192 Co-60, Ir-192

 Radioactive materials
 F-18 F 18
 Tc-99m
 I-131
 Tl-201



Our Background Radiation 
Environment

 Business and industrialBusiness and industrial
 RadiographyRadiography

 Process controls (e.g. thickness, level, Process controls (e.g. thickness, level, 
flow control)flow control)flow control)flow control)

 Research and developmentResearch and development



Radiation Sources in IndustryRadiation Sources in Industry
 Radioactive material sources

 Cs-137, Co-60, AmBe, Ir-192

3 Million Curies Co-60



Radiation Sources in IndustryRadiation Sources in Industry
 Unsealed sources

 Po-210, Am-241, H-3



Radiation Sources in IndustryRadiation Sources in Industry
 Research and development



Our Background Radiation 
Environment

 Consumer products examples
 Smoke detectors – Am-241
 Jewelry, cloisonne – U
 Antique glass – U
 Old watches, clocks – Ra-226
 Old tube-type TV power supplies – x-rays
 Some dishware (Fiestaware) U Some dishware (Fiestaware) – U
 Camping gas lantern mantels – Th
 Tobacco products – U, Pb, Po Tobacco products U, Pb, Po





Our Background Radiation 
Environment

About 360 mrem/yr
in the US total

About 240 mrem/yr
from natural

NRC BEIR VII 2006



Our Background Radiation 
Environment

2009



About 360 mrem / yr
in the US

See also: 

// / /http://www.epa.gov/rpdweb00/
understand/calculate.html

for EPA’s on-line calculatorfor EPAs on line calculator



How Does Radiation Affect MeHow Does Radiation Affect Me

 Ionizing radiation effects have immediate Ionizing radiation effects have immediate 
and long term parts

 At high doses, immediate effects are most 
importantp

 At low doses, long term risks are importantg p

 Environmental exposures are low dosep
(the focus of this talk)



How Does Radiation Affect MeHow Does Radiation Affect Me

 Ionizing radiation can break molecules Ionizing radiation can break molecules 
apart 

 Breaks can happen anywhere in the cell 
and/or DNA

Simple Cell Model



How Does Radiation Affect MeHow Does Radiation Affect Me
 Cells make and break molecules under veryCells make and break molecules under very 

controlled conditions as part of life

 Radiation breaks molecules uncontrollably

 High levels of uncontrolled breaks causes 
damage to cells

 We are constantly exposed to background 
radiationradiation



How Does Radiation Affect MeHow Does Radiation Affect Me

 Cells have repair mechanisms Cells have repair mechanisms

 Very high ability for complete repair Very high ability for complete repair

 Some cells die Some cells die

 Even fewer cells have defective repairs in Even fewer cells have defective repairs in 
DNA leading to risk of cancer



How Does Radiation Affect MeHow Does Radiation Affect Me
 Overall cancer

risk from radiation

 Of 100 people 42 Of 100 people, 42
will develop cancer

 One cancer (star)
may result from
10 000 millirem10,000 millirem
above natural 
background, 

l di dexcluding radon
BEIR VII 2006



How Does Radiation Affect MeHow Does Radiation Affect Me

 National Research Council BEIR VII June 
2006

Overall cancer incidences uncertainties ± x2 to x3 Overall cancer incidences, uncertainties ± x2 to x3
 1 to 3 in 1000 per rem above background – 0.3% risk
 420 in 1000 from all other causes – 42% risk

 Cancer deaths
 American Cancer Society 2005 2009 American Cancer Society 2005 – 2009
 Approx 34% of incidence rate, averaged
 Approx 66% overall survival rate



How Does Radiation Affect MeHow Does Radiation Affect Me

 Radon risk

EPA Citizens Guide
To Radon 2005



How Does Radiation Affect MeHow Does Radiation Affect Me

 Radon risk

EPA Citizens Guide
To Radon 2005



How Does Radiation Affect MeHow Does Radiation Affect Me
Radiation vs. Other Health Risks

Health Risk Health RiskAvg Days
Life Lost

Avg Days
Life Lost

S ki 20 i tt 2370 (6 5 ) M di l di (US ) 6Smoking 20 cigarettes
per day

2370 (6.5 yrs)

Overweight 20% 985 (2.7 yrs)

Medical diag x-rays (US avg) 6

All catastrophes 3.5

All accidents combined 435 (1.2 yrs)

Auto accidents 200

1 rem occupational dose 1

Home accidents 95

Drowning 41

Nat BKG Radiation (calc) 8



How Does Radiation Affect MeHow Does Radiation Affect Me
Radiation vs. Other industries

Health Risk Health RiskAvg Days
Life Lost

Avg Days
Life Lost

All I d t i 74 C t ti 302All Industries 74

Trade 30

Construction 302

Mining & Quarrying 322

Manufacturing 43

Service 47

0.65 rem/yr for 30 yrs (calc)
(1984)

20

0.23 rem/yr for 30 yrs (calc) 7

Government 55

Transp & Utilities 164

(2003)

Agriculture 277



How Does Radiation Affect MeHow Does Radiation Affect Me

Short List of 1 in 1 Million Risk of Dying



What Is In The ShaleWhat Is In The Shale

 Definitions vary

 NORM – Naturally Occurring Radioactive 
Material – as nature intended

 TENORM – Technologically Enhanced Naturally 
O i R di ti M t i l h ti itOccurring Radioactive Material – human activity 
that changes the natural presence or 
concentration of NORMconcentration of NORM



What Is In The ShaleWhat Is In The Shale

 Black shale contains Uranium and Thorium

 Some reports state Marcellus contains higher 
levels of U than other shales
(e g Resnikoff in http://www rwma com/Marcellus Shale Report 05-18-(e.g. Resnikoff in http://www.rwma.com/Marcellus Shale Report 05 18
2010.pdf)

Al K 40 d U d d Also present are K-40 and U decay products 
(see the decay chain presented earlier)



What Is In The ShaleWhat Is In The Shale

 U-238 content Resnikoff et al

 1 ppm U-238 = 0.7 pCi/g, 83 ppm = 58 pCi/g

 Soil avg about 2 ppm, avg background in cores 4 ppm

P i i R di Primary concern is Radium



What Is In The ShaleWhat Is In The Shale

Wh i R di f h ? Why is Radium of such concern?
 Soluble in waters used in drilling

 Continues to evolve in brine water effluent over life of well

 Behaves like Calcium in the body – bone seeker

 Emits high dose alpha radiation

 Bone marrow is radiation sensitive Bone marrow is radiation sensitive

 Retained in the body for a very long time

 Plates out creating scale buildup and possible external 
exposure concern



What Is In The ShaleWhat Is In The Shale

 K-40 content

 NY DSGEIS range 14 to 23 pCi/g NY DSGEIS range 14 to 23 pCi/g

 Recall 433 pCi/g in salt substitute Recall 433 pCi/g in salt substitute

 K-40 not a concern
 Non-radioactive decay product (decays to Argon)
 Much higher levels in human environment

Much lower hazard beta radiation Much lower hazard beta radiation



What Is Around Drill SitesWhat Is Around Drill Sites

 Drill sites
 NY DSGEIS surveyed 28 sites, essentially 

b k d l di ti l lbackground general radiation levels
 External gamma dose rates from scale build up at 

mature oil sites ranges up to 30 mrem/hr (IAEAmature oil sites ranges up to 30 mrem/hr (IAEA 
TCS40)

 Cuttings – U and Th remain in mineral formations as 
lid l bilitsolids, very low mobility

 Concern remains with Radium in produced waters Concern remains with Radium in produced waters



What Could Get Into WaterWhat Could Get Into Water

 EPA drinking water standard

EPA 2001



What Could Get Into WaterWhat Could Get Into Water

 Radium and Radon naturally found in well water 
from U close to ground water sources

 Radium will go where hydrofracturing chemicals 
will gowill go

 Proper techniques preventing chemical Proper techniques preventing chemical 
contamination will also address radiological 
contaminationcontamination



TENORM WastesTENORM Wastes
 No doubt – a serious concern

 DEC Draft study lacking dose assessments and pathway 
analysis – DEC April 1999 NORM study should be done 
f M ll ifor Marcellus region

 Realistic modeling of waste production and thorough 
evaluation of all disposal methods (1999 study onlyevaluation of all disposal methods (1999 study only 
mentions road spreading as most common)

 Use actual experience from other oil and gas producing Use actual experience from other oil and gas producing 
states – find the best practices

 The technology exists for safe handling and disposal The technology exists for safe handling and disposal



RadonRadon

 Radon Radon
 Naturally occurring radioactive gas

 From the decay of Radium

Od l d l l Odorless and colorless

 Decay products more important than gas itself Decay products more important than gas itself

 Decay products emit alpha radiation leading to high 
d t l tidose to lung tissue



RadonRadon

 EPA Radon action level
 4 pCi / L of air
 LONG TERM AVERAGE

 Perform several short term tests or one long term test Perform several short term tests or one long term test
 More info to come



RadonRadon

 Radon
 4 pCi/L is 370 mrem/yr to lung (UNSCEAR2000)

 Assumes 7000 hrs occupancy (80%)

 40% equilibrium with decay products (ICRP65)

 Alpha quality factor of 20



NYS DOH











RadonRadon

 Soil is a grainy Soil is a grainy 
mixture of minerals, mixture of minerals, 
organic material and organic material and 
waterwater

 Soil grains have Soil grains have 
large surface areaslarge surface areasgg

 Radon near grain Radon near grain 
surface contributessurface contributessurface contributes surface contributes 
to free radon gasto free radon gas



RadonRadon

 Moisture content Moisture content 
importantimportant

 0% ~30% enhances 0% ~30% enhances 
RnRn emanation, over emanation, over ,,
~30% emanation ~30% emanation 
decreasesdecreases

 Typical surface Typical surface 
emanation rateemanation rateemanation rate emanation rate 
~0.5 ~0.5 pCipCi/sec per m/sec per m22



RadonRadon

 In stagnant soil gas space In stagnant soil gas space RnRn diffuses diffuses 
1 1 –– 2 meters before decay2 meters before decay

 Most indoor Most indoor RnRn comes from 10’s of comes from 10’s of 
meters awaymeters awayyy

 Subsoil pressure gradients causeSubsoil pressure gradients cause RnRn Subsoil pressure gradients cause Subsoil pressure gradients cause RnRn
movementmovement



RadonRadon

 General trendsGeneral trends
 Soil density Soil density ↑   ↑   →→ emanation rate ↓emanation rate ↓yy ↑↑ ↓↓
 Rock/soil fissures or cracks ↑   Rock/soil fissures or cracks ↑   →→

emanation rate ↑emanation rate ↑
 Atmospheric Atmospheric prespres ↑   ↑   →→ emanation rate ↓emanation rate ↓
 Wind speed Wind speed ↑   ↑   →→ emanation rate emanation rate ↑↑pp ↑↑ ↑↑

 Typical outdoor concentration Typical outdoor concentration ypyp
0.1 0.1 –– 0.3 0.3 pCipCi/L/L



RadonRadon

S bS b il di b lkil di b lk SubSub--soil pressure gradients cause bulk soil pressure gradients cause bulk 
RnRn movement into the home, not movement into the home, not 
diffusiondiffusiondiffusiondiffusion

 Houses with basements more Houses with basements more 
susceptible due to large surface area susceptible due to large surface area 
contact with soilcontact with soil

 Chimney effect primary causeChimney effect primary cause
 Furnace boiler fireplaces general heatingFurnace boiler fireplaces general heating Furnace, boiler, fireplaces, general heating, Furnace, boiler, fireplaces, general heating, 

etc.etc.



RadonRadon

L. Wind





RadonRadon

 EPA has foundEPA has found
 AvgAvg basement ~0.5 basement ~0.5 –– 2.5 2.5 pCipCi/L/Lgg pp
 Drinking (well) water ~240 Drinking (well) water ~240 pCipCi/L/L

 RoughlyRoughly 10001000 –– 10,000 pCi/L10,000 pCi/L in waterin water Roughly Roughly 1000 1000 10,000 pCi/L 10,000 pCi/L in water in water 
yields 1 pCi/L yields 1 pCi/L in airin air

 Natural gas ~20Natural gas ~20 pCipCi/L/L Natural gas ~20 Natural gas ~20 pCipCi/L/L
 Overall ~95% from soils/rocks, ~5% from Overall ~95% from soils/rocks, ~5% from 

t d i tht d i thwater, and minor other sourceswater, and minor other sources



RadonRadon

 Outdoor RadonOutdoor Radon
 Not a concern Not a concern –– rapid dilution in air around rapid dilution in air around pp

drilling and waste sitesdrilling and waste sites

 Radon in gasRadon in gas
 Not a concern Not a concern –– follows gas and combustion follows gas and combustion 

productsproducts
 Leaking gas lines more hazardousLeaking gas lines more hazardous
 Leaking CO more hazardousLeaking CO more hazardous



Measuring RadonMeasuring Radon

 RnRn gas measured in gas measured in pCipCi per liter per liter of of airair
 RnRn decay products measured in Working decay products measured in Working 

Levels (WL)Levels (WL)
 Borrowed from mining industryBorrowed from mining industry

1 WL t t l t ti l1 WL t t l t ti l ti l i i fti l i i f 1 WL = total potential 1 WL = total potential  particle energy emission of particle energy emission of 
1.3x101.3x1055 MeV = 100 MeV = 100 pCipCi/l Rn/l Rn--222 in equilibrium222 in equilibrium

 Cumulative exposure WL Month (WLM) is 1 WL forCumulative exposure WL Month (WLM) is 1 WL for Cumulative exposure WL Month (WLM) is 1 WL for Cumulative exposure WL Month (WLM) is 1 WL for 
170 170 hrshrs (occupational)(occupational)

 1 WL for public at home for 16 1 WL for public at home for 16 hrhr/day, 30 days is /day, 30 days is 
equivalent of ~3 WLMequivalent of ~3 WLM



Measuring RadonMeasuring Radon

 Because Because RnRn is a gas, decay products are is a gas, decay products are 
particulate, EPA assumes 40% particulate, EPA assumes 40% 

ilib iilib iequilibriumequilibrium
 1 WL = 250 1 WL = 250 pCipCi/l of Rn/l of Rn--222 in homes222 in homes

44 CiCi/l 0 016 WL/l 0 016 WL 4 4 pCipCi/l = 0.016 WL/l = 0.016 WL
 EPA assumes ~40%, research shows wide EPA assumes ~40%, research shows wide 

variability closer to ~20%variability closer to ~20%variability, closer to 20%variability, closer to 20%
 Charged decay products plate outCharged decay products plate out
 Recall that decay products more importantRecall that decay products more important Recall that decay products more important Recall that decay products more important 

than than RnRn gas itselfgas itself



Radon EffectsRadon Effects

 Attached vs. unattached fractionsAttached vs. unattached fractions
 First decay product PoFirst decay product Po--218 may attach to 218 may attach to y py p yy

ambient particles, remain unattached, or ambient particles, remain unattached, or 
plate out onto surfacesplate out onto surfaces

 If attached, ~0.1 If attached, ~0.1 –– 0.5 0.5 m particle sizes, m particle sizes, 
inhaled and retained in nasalinhaled and retained in nasal--pharyngeal pharyngeal 

iiregionregion
 If unattached, more hazardous, drawn in If unattached, more hazardous, drawn in 

deeper attaches todeeper attaches to trachotracho bronchial regionbronchial regiondeeper, attaches to deeper, attaches to trachotracho--bronchial region bronchial region 



Radon EffectsRadon Effects

 Upper bronchial bifurcations site of Upper bronchial bifurcations site of 
exposureexposure
 Site of most unattached depositionSite of most unattached deposition
 Most dose from PoMost dose from Po--218, Po218, Po--214  214  ’s  ’s  ––,,

penetrates mucosal liningpenetrates mucosal lining
 Basal cells under epithelium appear to be Basal cells under epithelium appear to be 

site of cancer inductionsite of cancer induction



Radon RiskRadon Risk

 Only effect attributed toOnly effect attributed to RnRn is lungis lung cancercancer Only effect attributed to Only effect attributed to RnRn is lung is lung cancercancer

EPA Assessment of Risks from Radon in Homes
[EPA 402-R-03-003] 

Never smoker less than 100 cigarettes



Radon RiskRadon Risk

 Some points:Some points:
 Smoking is Smoking is synergisticsynergisticgg y gy g

 Risk estimates vary by factor of 2 to Risk estimates vary by factor of 2 to 33

 RnRn--220 (220 (thoronthoron) less concern, shorter half) less concern, shorter half--
lifelife



Radon TestingRadon Testing

 Measure Measure RnRn or or decay decay products?products?
 Decay products responsible for lung doseDecay products responsible for lung dosey p p gy p p g
 RnRn pCipCi/L /L less less dependent dependent on building on building 

occupation or use, may give better estimate occupation or use, may give better estimate 
of hazardof hazard

 Calibration devices available for Calibration devices available for RnRn, not , not 
decay productsdecay products

RR t ffi i t f it ffi i t f i RnRn measurement sufficient for screeningmeasurement sufficient for screening



Radon TestingRadon Testing

 How to measureHow to measure
 Follow manufacturer’s instructionsFollow manufacturer’s instructions
 Highest readings in lowest living levelHighest readings in lowest living level
 Basements are NOT a living level, unless Basements are NOT a living level, unless g ,g ,

capable of being finished or finished for such capable of being finished or finished for such 
purposepurpose

 Homes right next to each other can have Homes right next to each other can have 
dramatic Radon differencesdramatic Radon differences



Radon TestingRadon Testing

 Professional Professional 
electronic detectorelectronic detector
 Draws air samples for Draws air samples for 

1 1 –– 2 days2 days
 Grab sample Grab sample –– short short 

term measurementterm measurement

No product endorsement is implied



Radon TestingRadon Testing

 Charcoal canistersCharcoal canisters
 Most common, cheapMost common, cheap
 Short term test, 2 Short term test, 2 –– 5 days5 days
 Avoid humid days and rooms like Avoid humid days and rooms like 

kitchens and bathskitchens and bathskitchens and bathskitchens and baths
 Seal thoroughly and return promptly, Seal thoroughly and return promptly, 

time is importanttime is important
 RnRn adsorbed, adsorbed, decay decay products products 

equilibrateequilibrate, perform gamma spec, perform gamma spec
A il bl t d d t fA il bl t d d t f NYSNYS Available at reduced cost from Available at reduced cost from NYS NYS 
DOHDOH

No product endorsement is implied



Radon TestingRadon Testing

Al h k hAl h k h Alpha track etchAlpha track etch
 Long term integration Long term integration possiblepossible

1 1 –– 12 months12 months
 Unaffected by Unaffected by environmentenvironment

 Alphas Alphas leave tracks in leave tracks in plasticplasticpp pp
 Counting tracks per area calibrated Counting tracks per area calibrated 

back to back to concentrationconcentration

 Version available for waterVersion available for water
 About $30 About $30 eaea (Radon Testing Corp (Radon Testing Corp 

of Americaof America –– RTCA)RTCA)of America of America RTCA)RTCA)

No product endorsement is implied



Radon TestingRadon Testing

El t i i i t tiEl t i i i t ti Electronic passive integratingElectronic passive integrating
 Electrets and solid stateElectrets and solid state
 Short to long termShort to long term
 RnRn decay detected decay detected 

l i ll d d dl i ll d d delectronically and recordedelectronically and recorded
 EPA assumptions built in to EPA assumptions built in to 

idid RR iiprovide provide RnRn or in some or in some 
electronic devices WLelectronic devices WL

 Similar placement to charcoalSimilar placement to charcoal Similar placement to charcoalSimilar placement to charcoal

No product endorsement is implied



Radon MitigationRadon Mitigation

 Mitigation methodsMitigation methods Mitigation methodsMitigation methods
 Remember EPA action level is Remember EPA action level is long termlong term

average over 4 average over 4 pCipCi/L /L –– do more than 1 short do more than 1 short a e age o ea e age o e pCpC // do o e a s odo o e a s o
term testterm test

 See EPA web site for a large amount of See EPA web site for a large amount of 
i f i i di f i i d i i ii i iinformation on measuring and information on measuring and mitigationmitigation

 Start with leastStart with least invasive least costinvasive least cost andand retestretest Start with least Start with least invasive, least cost invasive, least cost and and retestretest

 Goal: reduce pressure differencesGoal: reduce pressure differencesGoal: reduce pressure differences Goal: reduce pressure differences 
between inside and outsidebetween inside and outside



Radon MitigationRadon Mitigation
 Do first:Do first:
 Ventilate basements and Ventilate basements and crawlspacescrawlspaces

 Supply outside air (e.g. 4 inch flexible pipe) Supply outside air (e.g. 4 inch flexible pipe) 
to furnace, fireplace and/or dryer to furnace, fireplace and/or dryer locationlocation

 Seal all cracks and Seal all cracks and joints joints –– caulkcaulk, , groutgrout

 Cover and seal sumps, all bare Cover and seal sumps, all bare soilsoil

 ReRe--testtest



Radon MitigationRadon Mitigation

 Try second:Try second:
 Pressurize house (fansPressurize house (fans))(( ))

 Seal / paint cinderblock, Seal / paint cinderblock, poured and brick poured and brick 
walls with epoxy paint, cement paint, etc.walls with epoxy paint, cement paint, etc.

 Fill block wall openings at Fill block wall openings at toptop

RR t tt t ReRe--testtest



Radon MitigationRadon Mitigation
 Try third:Try third:

 SubSub--slab slab ventilationventilation

 Foundation Foundation ventilationventilation

 Both reduce pressure under Both reduce pressure under 
slab or crawl space below slab or crawl space below 
th t ith t i b tb tthat in that in basementbasement

 Fan blows gas Fan blows gas outsideoutside

 ReRe--testtest



Radon MitigationRadon Mitigation

 For For waterwater
 Activated Activated charcoal charcoal filters, filters, 

reverse osmosis for Radonreverse osmosis for Radonreverse osmosis for Radon reverse osmosis for Radon 
and Radiumand Radium

 Aerate or charcoal filtration Aerate or charcoal filtration 
for Radonfor Radon



Radon MitigationRadon Mitigation

 Other methodsOther methods
 Air ionizers or ion generators can be very Air ionizers or ion generators can be very g yg y

effective for attached and unattached decay effective for attached and unattached decay 
products products –– charges particulates to attract charges particulates to attract 
dd d td tdecay decay productsproducts

Ai filt l t t ti filtAi filt l t t ti filt ff ti fff ti f Air filters or electrostatic filters Air filters or electrostatic filters –– effective for effective for 
attached decay productsattached decay products



Radon Final CommentsRadon Final Comments

 Test now before drilling startsTest now before drilling starts
 Base line to monitor future changesBase line to monitor future changesgg
 Find and fix high Radon levelsFind and fix high Radon levels

 Test air and waterTest air and water



Final CommentsFinal Comments

 Radiation is naturalRadiation is natural

 While Marcellus shale is richer in U than While Marcellus shale is richer in U than 
others, a lot more radioactivity is present others, a lot more radioactivity is present , y p, y p
in the environment naturallyin the environment naturally

 Radium is the primary concern for waste Radium is the primary concern for waste 
disposaldisposaldisposaldisposal



Final CommentsFinal Comments

 Drilling technology is mature Drilling technology is mature –– proper proper 
technique protects ground watertechnique protects ground water

 Incidents will occur Incidents will occur –– technology exists technology exists gygy
to address impactsto address impacts

 Further study of PA Further study of PA envenv monitoring and monitoring and 
additional pathway analysis neededadditional pathway analysis neededadditional pathway analysis neededadditional pathway analysis needed



Th k YThank You !!!
Questions ???Questions ???

Jeff Leavey, CHP
Northeast Health Physics

Cortland, NY,
certhp@optonline.net 


