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Earth’s crust is radioactive



Radioactivity in deep earth

"The decay of uranium, thorium, and 
potassium-40 in the Earth's mantle is 
thought to be the main source of heat 
that keeps the outer core liquid and 
drives mantle convection, which in 
turn drives plate tectonics."

Biever, Celeste (27 July 2005). First measurements of Earth's core radioactivity
New Scientist. "Potassium-40 heats up Earth's core". physicsweb. 7 May 2003. 
http://en.wikipedia.org/wiki/Uranium#Prehistoric_naturally_occurring_fission

http://en.wikipedia.org/wiki/Uranium#Prehistoric_naturally_occurring_fission


What is radioactivity?

process where an unstable nucleus loses 
energy by splitting and emitting radiation





Common points

1. radioactivity cannot be switched off

...unlike X-rays

2. the residual heat from radioactive decay was a 
prime factor in  the Fukushima and Chernobyl  
nuclear disasters

3.most regulatory regimes deal with radiation and not 
radioactivity 

4. radioactivity can be lethal. Pierre Joliot and Marie 
Curie were both killed by radioactivity



Radioactivity from Fracking 

◼ (a) gases, liquids and solids 

◼ (b) produced waters, sludges, pipeline scales

◼ (c) radioactive tracers

◼ NB: methane gas for homes is contaminated 
with radon gas - can’t separate them





Radioactivity in Earth’s Crust

◼ Average ~1,400 becquerels per kg

◼ ie ~1,400 disintegrations per second 

◼ uranium-238 

◼ thorium-232

◼ potassium-40

◼ have extremely long half-lives - near the 
Earth’s age - 4.6 billion years



Radionuclides in earth’s crust

◼ often called ‘NORM’ 

◼ Naturally-Occurring Radioactive Material

◼ sounds reassuring, but it’s dangerous

◼ Why? Three reasons

(a) long decay chains,

(b) presence of radon-222 and radium-226, 

(c) presence of polonium-210



Uranium decay chain



radon-222 and radium-226

“Since Rn and Ra are among the most radio-
toxic substances existing, causing lung and bone 
cancer at relatively low concentrations…special 
attention must be devoted to their appearance in 
nature.” 

Choppin GR et al. Radiochemistry and Nuclear 
Chemistry. Butterworth–Heinemann Ltd. Oxford 1995. 
page 108 (main US college textbook on radiation)



Polonium-210

used in the murder of Russian dissident    
Alexander Litvinenko in London, 2006



Polonium-210

◼ the Po-210 used to kill Litvinenko did 
not come from NORM:  

◼ most likely came from reprocessing 
spent nuclear fuel

◼ but chosen for its lethal properties

◼ extremely radiotoxic – a few 
milligrams in a cup of tea will kill



Radio
nuclid

Natural gas 
Bq/m3

Produced 
water Bq/L

Hard scale  in 
pipes Bq/kg

Sludge 
Bq/kg

U-238 trace 500 5 - 10

Ra-226 up to 1,200 15,000,000 800,000

Po-210 0.08 1,500 160,000

Pb-210 0.02 190 75,000 1,300,000

Radioactivity levels in oil/gas wells
*IAEA 2003, Safety Report Series 34.International Atomic Energy Agency, 2003, Radiation Protection and the Management 
of Radioactive Waste in the Oil and Gas http://www-pub.iaea.org/MTCD/publications/PDF/TRS419_web.pdf

http://www-pub.iaea.org/MTCD/publications/PDF/TRS419_web.pdf


Radioactive scale in pipes
~16 mSv/a to workers



Radioactive Wastes 
from Fracking



Radon Levels - Bq/m3
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*IAEA 2003, Safety Report Series 34.International Atomic Energy Agency, 2003, Radiation Protection and the Management 
of Radioactive Waste in the Oil and Gas http://www-pub.iaea.org/MTCD/publications/PDF/TRS419_web.pdf

http://www-pub.iaea.org/MTCD/publications/PDF/TRS419_web.pdf


Radium-226 levels in water
compare left table with right table

FRACKING SITES Ra-226
Bq/Litre

DRINKING WATER liRa-226
Bq/Litre

US Marcellus shale 
discharge water

90 
(median)

US EPA maximum limit 
in drinking water 

0.185

Other US sites 
discharge water

30 
(median)

German maximum limit 
for water in baby foods

0.125

Cuadrilla in 
Lancashire flowback
water

14 - 90 California State public 
health goal in drinking 
water

0.0019

Airth, Scotland 
discharge waters 

231 
(one 

sample)

Background US average 
in drinking water

~0.001



Health Effects

◼ Cancers
◼ https://www.gov.uk/government/news/review-of-potential-public-health-impacts-from-shale-gas-extraction

◼ High levels of radon in nearby homes
◼ https://www.jhsph.edu/news/news-releases/2015/increased-levels-of-radon-in-pennsylvania-homes-correspond-to-onset-of-

fracking.html

◼ Endocrine disruption
◼ https://academic.oup.com/endo/article-

abstract/159/3/1277/4841948?redirectedFrom=fulltext

◼ Many disparate effects https://www.sciencedirect.com/science/article/pii/S0048969716327322

◼ http://concernedhealthny.org/wp-content/uploads/2018/03/Fracking_Science_Compendium_5FINAL.pdf

https://www.gov.uk/government/news/review-of-potential-public-health-impacts-from-shale-gas-extraction
https://www.jhsph.edu/news/news-releases/2015/increased-levels-of-radon-in-pennsylvania-homes-correspond-to-onset-of-fracking.html
https://academic.oup.com/endo/article-abstract/159/3/1277/4841948?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0048969716327322
http://concernedhealthny.org/wp-content/uploads/2018/03/Fracking_Science_Compendium_5FINAL.pdf




Official Guidance
From the EA

◼ https://consult.environment-agency.gov.uk/onshore-oil-and-
gas/onshore-oil-and-gas-regulation-information-
page/user_uploads/2017-ea-environmental-controls-factsheet-2.pdf

◼ https://www.gov.uk/government/publications/onshore-oil-and-gas-
exploration-and-extraction-environmental-permits

◼ https://consult.environment-agency.gov.uk/onshore-oil-and-gas/onshore-
oil-and-gas-regulation-information-page/user_uploads/2017-ea-water-
factsheet.pdf

◼ https://consult.environment-agency.gov.uk/onshore-oil-and-gas/onshore-
oil-and-gas-regulation-information-page/user_uploads/2018-ea-waste-
factsheet.pdf

◼ https://assets.publishing.service.gov.uk/government/uploads/system/uploa
ds/attachment_data/file/329744/PHE-CRCE-002_for_website_protected.pdf

◼ https://pubs.usgs.gov/of/2012/1159/ofr2012-1159.pdf

◼ https://assets.publishing.service.gov.uk/government/uploads/system/uploa
ds/attachment_data/file/335821/Final_strategy_NORM.pdf

https://consult.environment-agency.gov.uk/onshore-oil-and-gas/onshore-oil-and-gas-regulation-information-page/user_uploads/2017-ea-environmental-controls-factsheet-2.pdf
https://www.gov.uk/government/publications/onshore-oil-and-gas-exploration-and-extraction-environmental-permits
https://consult.environment-agency.gov.uk/onshore-oil-and-gas/onshore-oil-and-gas-regulation-information-page/user_uploads/2017-ea-water-factsheet.pdf
https://consult.environment-agency.gov.uk/onshore-oil-and-gas/onshore-oil-and-gas-regulation-information-page/user_uploads/2018-ea-waste-factsheet.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/329744/PHE-CRCE-002_for_website_protected.pdf
https://pubs.usgs.gov/of/2012/1159/ofr2012-1159.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/335821/Final_strategy_NORM.pdf


Health Effects (US)

◼ http://ehp.niehs.nih.gov/123-A186/

◼ http://ehp.niehs.nih.gov/1408855/

◼ http://pubs.acs.org/doi/abs/10.1021/ez5000379

◼ http://pubs.acs.org/doi/abs/10.1021/es402165b

◼ https://www.washingtonpost.com/news/to-your-
health/wp/2015/04/09/rise-of-deadly-radon-gas-in-pennsylvania-buildings-
linked-to-fracking-industry/?utm_term=.4e4e7e51ecee

◼ http://www.slideshare.net/MarcellusDN/usgs-study-of-marcellus-shale-
wastewater-radioactivity-levels

◼ https://www.amazon.co.uk/Human-Environmental-Impact-Fracking-
Fracturing-ebook/dp/B00U2VGU2O/ref=sr_1_1/262-7654081-
5669336?s=books&ie=UTF8&qid=1538755445&sr=1-
1&keywords=9781440832604

◼ file:///C:/Users/My%20computer/Documents/BACKUP/Documents/EPA%20f
racking%20HFDWA_MAIN_REPORT.pdf

◼ http://ehp.niehs.nih.gov/122-a50

http://ehp.niehs.nih.gov/123-A186/
http://ehp.niehs.nih.gov/1408855/
http://pubs.acs.org/doi/abs/10.1021/ez5000379
http://pubs.acs.org/doi/abs/10.1021/es402165b
https://www.washingtonpost.com/news/to-your-health/wp/2015/04/09/rise-of-deadly-radon-gas-in-pennsylvania-buildings-linked-to-fracking-industry/?utm_term=.4e4e7e51ecee
http://www.slideshare.net/MarcellusDN/usgs-study-of-marcellus-shale-wastewater-radioactivity-levels
https://www.amazon.co.uk/Human-Environmental-Impact-Fracking-Fracturing-ebook/dp/B00U2VGU2O/ref=sr_1_1/262-7654081-5669336?s=books&ie=UTF8&qid=1538755445&sr=1-1&keywords=9781440832604
file:///C:/Users/My computer/Documents/BACKUP/Documents/EPA fracking HFDWA_MAIN_REPORT.pdf
http://ehp.niehs.nih.gov/122-a50


Public Health England

◼ In 2014 PHE warned “If the natural gas 
delivery point were to be close to the 
extraction point... radon present in the 
natural gas would have little time to decay 
… there is therefore the potential for 
radon gas to be present in natural gas 
extracted from UK shale.“

◼ https://www.gov.uk/government/news/review-of-
potential-public-health-impacts-from-shale-gas-
extraction

◼

https://www.gov.uk/government/news/review-of-potential-public-health-impacts-from-shale-gas-extraction


Radioactive Releases from 
Nuclear Power Reactors 

◼ ~1,000 x greater than fracking

◼ If worried about fracking...should also be 
worried about nuclear power



Other Disadvantages of 
Fracking 

• Noise, increased traffic

• Environmental despoilation

• Carbon emissions: methane is a fossil fuel

• Chemical pollutants - liquids and gases

• Possible contamination of aquifers

• Earth tremors, landslips





Fracking near Bolsover?

◼ request baseline studies before any drilling

◼ request copies of any Authorisations by EA

◼ request estimates of radium levels in 
discharge waters, in sludges, in pipework

◼ request estimates of radon gas conc’ns in 
methane and in produced water

◼ request estimates of radioactive tracers
proposed to be injected into wells



UK Faculty of Public Health

The President, Professor John Middleton, stated in 
2017 “The Faculty... calls for... an immediate 
moratorium on fracking due to potential health 
hazards from air pollution and water contamination; 
these include toxins linked to increased risks of 
cancer, birth defects and lung disease.” 



Cicero 
Roman Consul, Statesman, Legislator 

(106 BC – 43 BC)

“Salus populi suprema lex esto.”

the safety of the people is the supreme law



Thanks for your attention

Credits to Dr Marvin Resnikoff, 
John Busby, Dr David Lowry


