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Radium properties
Ra-226: member of U-238 decay chain, 
physical half-life of 1620 years, alpha emitter, 
parent of Rn-222
Ra-228: (also referred to as mesothorium), 
member of Th-232 decay chain, 5.8 –yr half-
life, beta emitter, but with alpha-emitting 
progeny
Both are bone-volume seekers
Ra-228 deposits about 2.5 x as much alpha 
energy in bone as dose Ra-226 
Gastrointestinal absorption of each about 
20%
Gamma-ray dose rate from Ra-226 = 0.8 mR
per hour per mCi at 1 meter



Dial-painting industry
Waterbury, CT

Waterbury Clock Co.
Studied by Evans at MIT

East Orange, NJ
Radium Dial, Inc.
Studied by NJ State Health Dept.

Elgin, Ottawa, Peru, LaSalle, IL
Elgin Watch Co. and Radium Dial, Inc.
Elgin State Hospital: iatrogenic cases
Studied by ACRH and ANL-E











Radium health effects
First noted by Dr. Theodore Blum, a NJ 
dentist in the early 1920’s
“Radium jaw” analogous to “phossy
jaw”
Quantified by Dr. Harrison Martland, 
pathologist in Orange NJ
Numerous trials and stories on the “girls 
doomed to die” in the late 1920’s











A simple safety standard
Don’t eat the paint
Brush-tipping was forbidden as an 
unsafe labor practice by the U. S. 
Department of Labor in 1929
No dial workers from the 1930’s on had 
significant intakes of radium, but were 
followed up because of external gamma 
exposure





Why study radium?
Robley ratios:

Pu toxicity in man/Ra toxicity in man = 
Pu toxicity in dog/Ra toxicity in dog

Dog studies:
ANL-E, Utah, UC Davis, ITRI, Colorado 
State, Hanford

Human study: consolidated at the ANL-E 
Center for Human Radiobiology (CHR) in 
1969



The CHR Radium Project
Total population (est.) 6,000
Names 5,000
Located 3,500
Measured 2,500
(includes some deceased cases)



Measurement protocol
Whole body count

may include 7-position scan

Radon breath measurement
Work history
Medical exam and hx
Skeletal x-ray survey



Human Studies Considerations

Radium project under the oversight of 
ANL-E “Human Subjects Committee”
Annual review by the Committee
Annual report provided by the project
Benefit of medical exam and small 
honorarium ($50) to subject
Risks to subjects:

Claustrophobia from whole-body count
Discomfort from radon breath 
measurement
X-ray survey of skeleton



CHR Whole-Body Counter at ANL-E

























Entry at First Exposure
Radium measured Yes No
Number 759 476
Mean start date 1922.7 1922.1
Mean start age 19.0 21.5
Deaths:

With Ra tumor 47 27
Other observed 188 267
Other expected 308 152
Obs./Exp. 0.61 1.76





Malignancies observed
Bone tumors:

Osteosarcomas
Chrodrosarcomas
Giant cell tumors

Head Carcinomas:
Sinuses
Mastoids

Nothing Else!
No excess leukemias
No other excess solid tumors





Bone Tumor Incidence
Ra intake, µCi Cases Bone tumors
More than 2500 16 4
1000 -- 2499 22 15

500 -- 999 18 8
250 -- 499 32 9
100 -- 249 27 2

Less than 100 644 0



Bone sarcoma in Radium dial painters

Linear scale Log scale

Ottawa U – I.  - International Centre for Low-Dose Radiation Research (Jan 2002)













Radium standard
No health effects noted in radium DPs
with retained Ra-226 < 1.0 µCi
Throw in a safety factor of 10
MPBB for Ra-226 = 0.1 µCi



Plutonium standard
Total alpha energy per decay of parent:

Ra-226 = 12 MeV
Pu-239 = 5 MeV about a factor of 2

All Pu alpha energy deposited on bone 
surface, most Ra energy deposited in 
bone volume, about a factor of 5
100 nCi x 2/5 = 40 nCi



What about “deadly plutonium”
In a follow-up of several dozen Los Alamos 
workers with plutonium intakes (mostly via 
contaminated wounds), one osteosarcoma of 
the pelvis was observed.
However, if plutonium had been used instead 
of radium in the dial-painting industry, no 
cancers would have been observed, due to 
extremely low absorption (0.001%) from the 
gastrointestinal tract.



For more information
http://www.orau.org/ptp/collection/radiolumine
scent/radioluminescent.htm

This site has photos of radioluminescent items in the 
PTP historical collection and some excellent articles 
on the paint and the painters

http://www.rerowland.com/dial_painters.htm
Radium in Humans: a Review of U.S. Studies. 
R. E. Rowland, ANL/ER-3, 1994
“Deadly Glow” Ross Mullner, Univ. of Chicago 
Press

http://www.orau.org/ptp/collection/radioluminescent/radioluminescent.htm
http://www.orau.org/ptp/collection/radioluminescent/radioluminescent.htm
http://www.rerowland.com/dial_painters.htm
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