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   Dedication  

To Richard (Dick) Toohey who studied 

the Radium Dial Painters while at ANL. 



Evolution of Radiological Sciences  

Discovery 
 

X rays, Radioactivity  

and Radium c1900 

Application 
 

Medicine and Industry 

 

Protection  
 

Workers, public and  

environment [ICRP 1928] 
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   U-238 Decay Chain 

> 



Ra-226 Decay Scheme 



   Radiation and Biological Effects 



   Radiation Measurement 



   Average Radiation Exposure in US 
Note: Radium-226 Decays to Radon-222 



   Discovery of Po and Ra in 1898 

M Curie coined the term: 
‘radio-active’  

Vanity Fair ‘Spy’ Series - 1904 



Book - Radium City 

Radium City: A History of 

America’s First Nuclear Industry  
 

By Joel O. Lubenau and Edward R. Landa 

About the Book 

 

In 1921, Marie Curie, recipient of Nobel Prizes in physics and 

chemistry and co-discoverer of radium, visited the U.S. to 

receive a gift of one gram of radium from the women of America. 

Costing $100,000, the gift was presented to her by President 

Harding at the White House. A Pittsburgh enterprise, Standard 

Chemical Company, founded by James J. and Joseph M. 

Flannery, produced the radium. After receiving the gift, Marie 

Curie travelled to western Pennsylvania to see the company’s 

and radium production and refining plants. 

 

“Radium City” is the story of how the two brothers, undertakers-

turned-industrialists, founded the first and largest American 

company to produce radium and the company’s legacies. 

https://www.heinzhistorycenter.org/research/publications/  

https://www.heinzhistorycenter.org/wp-content/uploads/2022/08/Radium-City.pdf  

https://www.heinzhistorycenter.org/research/publications/
https://www.heinzhistorycenter.org/wp-content/uploads/2022/08/Radium-City.pdf
https://www.heinzhistorycenter.org/wp-content/uploads/2022/08/Radium-City.pdf
https://www.heinzhistorycenter.org/wp-content/uploads/2022/08/Radium-City.pdf
https://www.heinzhistorycenter.org/wp-content/uploads/2022/08/Radium-City.pdf
https://www.heinzhistorycenter.org/wp-content/uploads/2022/08/Radium-City.pdf


M Curie in Philadelphia May 1921 

https://www.youtube.com/watch?v=QqfD9dYNnFM 



   Cancer Treatment c1935 



   Early Reference Books on Radium 

^ Radium Bomb 



   US Radium (NJ) & Luminous Paint 

ZnS(Ag) +  

Ra-226 = 

von Sochocky  

Hammer 
1902 

1915 

NJ Radium  

Girls >  

US Radium (NJ)  

US EPA 

Superfund 
Site, ~$40M 



Radium Dial Painters in NJ 
Dr. Harrison S. Martland 

https://en.wikipedia.org/wiki/Harrison_Stanford_Martland 



Radium Industry in IL 

Radium Girls in Ottawa, IL (c1935) 

https://www.hmdb.org/m.asp?m=202329  

https://www.hmdb.org/m.asp?m=202329


   Early Radium Study in PA 

c1940 Geiger-Mueller Counter > 

^   1938 Ottawa, IL  

‘Radium Poisoning’ case.  



  Major EPA Superfund Rad Cleanup 

 US Radium / SLC Site in Bloomsburg, PA 

c2001 ^ c2002 > 

2015/16 “waste dumps” ^ 

Onsite: Ra-226, H-3, Cs-137, Sr-90, Am-241  



   Early Radium Industry 

 Watch & Clock Faces 

 Aircraft Gauges 

 Industrial 
Radiography 

 Static Eliminators 

 Misc. of Devices 
Ra Appl. Co. (CA), c1928 

Radon Breath Analysis 

US Radium in PA (c1955) > 

Ra Mus. Exhibit (PA), 1922  ^ 



  Radium Studies at MIT and ANL 

https://publications.anl.gov/anlpubs/1994/11/16311.pdf 



   Evolution of Radiation Standards 

Focus on external hazards from 
Ra-226, and thresholds to prevent 
such effects. 



   Internal Radiation Exposure 

Ra-226, no limits for internal intake. 



Radiation Protection (RP) in USA 

History of Radiation Protection standards 

and regulation in the U.S. 

https://www.nrc.gov/docs/ML0504/ML050400427.pdf 



“Radium Girls” Books 

1997 2017 



“Radium Girls” Play by D.W. Gregory 

Radium Girls written  

by D.W. Gregory  May 2000 

 

D.W. Gregory is best known for RADIUM 

GIRLS, her most produced play, with 

nearly 3,000 productions throughout the 

U.S. and abroad. She is currently 

developing a musical version with 

composer Steven M. Alper and lyricist 

Sarah Knapp. 



  Ongoing Radium Studies 

By Nicole E. Martinez, et al. 

Link to 2021 article above: https://doi.org/10.1080/09553002.2021.1917785  

https://doi.org/10.1080/09553002.2021.1917785
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• Justification 

 

• Optimization [ALARA] 

 

• Limitation  
 

 

> Existing Conditions 

 

> Planned Scenarios 

 

> Emergencies 

ICRP RP Recommendations 

ICRP 2 ICRP 26/30 

ICRP 60 ICRP 103 



       Radiation Protection in USA 

 
Radiation Control in PA 

DEP: X rays, 

Accelerators, 

Radon, and  

Radioactive 

Materials & 

Emerg. Prep. 



  RP Regulations, Limits & Standards 

Public  100 mrem/yr; 500 mrem/yr; 3 mrem/yr from a NPP  

   25 mrem/yr any one source, LLRW disposal, and clean-ups 

                  4 mrem/yr [drinking water], 5 pCi/L Ra-226 plus Ra-228 

                  4 pCi/L ‘action level’ for radon in home, business & school 

Patients   very few dose limits; e.g., 300 mrad per view with mammography 

Worker                                5,000 mrem/yr whole body 

   15,000 mrem/yr lens of eye 

   50,000 mrem/yr  skin / extremity / organ 

Worker’s embryo / fetus   500 mrem; and less than 

                                            50 mrem/month  (none for patient’s fetus) 

Emergency Workers  5,000 to 25,000 mrem (can allow >25,000 mrem, if 

planned for life saving or securing critical property.) 

Note: always keeping doses ‘as-low-as-reasonably-achievable’ [ALARA] 



   Future of Radiation Protection 

The EO 14300, Section 5(b) Regarding the 

LNT Model and ALARA…  



   Future of Radiation Protection 

The EO 14300, Section 5(b) Regarding the 

LNT Model and ALARA…  



   Medical Radiation Therapy Today 

< Ir-192 HDR Brachytherapy  

Radiation Therapy (close) 

I-125 or Pd-103  

seeds 

Cs-137 LDR Brachytherapy (LDRB) c1975  

Ophthalmic RT for  

uveal melanoma > 

 LRDB 



   Medical Radiation Therapy Today 

< Photon 

 & electron 

Radiation Therapy 

Proton > 

< Future – Heavy Ion? 

 ^ Superficial X-ray  

    radiation  therapy 



   The Legacy of M Curie and Radium 



   Conclusion 

The discovery, production, and use of radium impacted 
the health of many workers and members of the public 
before its ill effects were fully understood.  
 
However, radium and other radioactive materials have 
also been used safely for decades to treat and cure 
cancer in medicine. They are used in research and 
industry, as well as being of significant value to society!   
 
Is radium a miracle or menace? 

 
Both are true, but in my view, the ‘miracle’  
side outweighs the ‘menace’ aspects.  



   Other Radiation Transgenerational Issues  

• Nuclear Weapons 
• Atomic Veterans 
• Radioactive Fallout 
• Uranium Mines 
• Health Effects 
• Legacy Site Cleanups 
• Nuclear Power Plants 
• Spent Nuclear Fuel 
• Low-level Rad. Waste 
• NPP Accidents  
• Emergency Response 
• Radioactive Wastes 
• Radium from ‘fracking’ 



Thank you! 

Questions? 


