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Dollars and Sense: 
An Analysis of Shielding Design in Diagnostic 

Imaging 

Rebecca M. Marsh, Ph.D. 

! .ǊƛŜŦ IƛǎǘƻǊȅΧ 

1895 

ñThe first thing Mr. Hawks noticed was a drying of the 

skinò followed by swelling and a deep burn 

After two weeks: ñskin all came off the hands,ò 

fingernails stopped growing, and the hair on the 

exposed parts of his hands, face, and head fell out. 

ñMr. Hawks first tried covering his hand with vaseline 

and then putting a glove onéaffording no protection 

whatever.ò 
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ñHis personal appearance certainly bears out his 

statementò 

1896 ÅMinimize exposure time 
 
ÅPlace the tube no less than мнέ 

from the patient 
 
ÅRub vaseline into the skin 

 
ÅCover areas not to be exposed  

The Frank Balling Case 

Wakarusa Public Library 

Lawsuit, seeking $25,000 for radiation damage from 
radiographs. 

1897 

1899 

άΧǘƘŜ ǘƛƳŜ Ƙŀǎ ƴƻǿ ŀǊǊƛǾŜŘ ǿƘŜƴ ǘƘŜ ŀōǳǎŜ ƻŦ ǘƘƛǎ  
God-ƎƛǾŜƴ ŜƴŜǊƎȅ ǎƘƻǳƭŘ ōŜ ŎƻƴǘǊƻƭƭŜŘΦέ 

Rollins, Electrical Review 1900 

1900 

Public Domain 
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Rollins, Electrical Review 1900 

Enough lead should be used so that a 
7-minute exposure does not fog the 

plate. 

10 R/day tolerance dose 

1900 
1901 

Å²ŜŀǊ άƴƻƴ-radiableέ ƎƭŀǎǎŜǎ  
 
ÅShield the x-ray tube 

 
ÅShield the patient 

Rollins suggested the use of leaded glass 
goggles at least 1cm thick 

Brodsky & KathrenΣ άIƛǎǘƻǊƛŎŀƭ 5ŜǾŜƭƻǇƳŜƴǘǎ ƻŦ wŀŘƛŀǘƛƻƴ {ŀŦŜǘȅ tǊŀŎǘƛŎŜǎ ƛƴ wŀŘƛƻƭƻƎȅΣέ RadioGraphics 9(6): 1989, pp.1267-75. 

1902 1903 

X-Ǌŀȅǎ ƛƴŘǳŎŜ ǎǘŜǊƛƭƛǘȅ ƛƴ ǊŀōōƛǘǎΧ 
 
ΧŀƴŘ ƛƴ ƘǳƳŀƴǎΦ 

Albers-Schonberg 

HE Schmidt: 
"My efforts to obtain this information by a 
questionnaire have thus far yielded but very 
discouraging results." 

1903 

ÅColor changes in the skin 

ÅHair loss 

ÅPartial loss of sensation 

ÅExtreme itching, pustules 

ÅSkin loss, extensive ulceration 

ÅPain and suffering 

ARRS Fourth Annual Meeting, via Forgotten Books 

1903 

About 1/3 of prominent operators and instrument dealers have hands 
which have been more or less severely injured. 

άCƻǊ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ Ǉŀƛƴ ŀƴŘ ǎǳŦŦŜǊƛƴƎΧƴƻ language, sacred or 
profane, is adequate. The sting of the honey bees or the passage of a 
renal calculus, is painful enough, but are comparative pleasures, 
ōŜŎŀǳǎŜΧǘƘŜȅ ƘŀǾŜ ŀ time limitationΦέ 

ARRS Fourth Annual Meeting, via Forgotten Books 



2/24/2016 

4 

1903 

ÅVision impairment 

ÅHeadache 

ÅIndigestion 

ÅSore throat 

ÅInfection 

Åά¢ƘŜ ǎŜȄǳŀƭ ǇƻǿŜǊ ǿƛƭƭ ōŜ ǘŜƳǇƻǊŀǊƛƭȅ ƭƻǎǘΦέ 

ÅFlying fragments of glass 

ÅDerangement?  

ÅCancer 
ARRS Fourth Annual Meeting, via Forgotten Books 

1903 

ARRS Fourth Annual Meeting, via Forgotten Books 

 tƛǘƪƛƴΩǎ ǇǊŜŎŀǳǘƛƻƴǎΥ 
 

ÅbŜǾŜǊ ŀƭƭƻǿ ǘƘŜ ǳǎŜ ƻŦΧƳȅ ōƻŘȅ ŦƻǊ ƻǘƘŜǊǎ ǘƻ ƭƻƻƪ ǘƘǊƻǳƎƘΦ 

ÅNever adjust the tube while it is in operation 

ÅNever use my hand as an X-radiometer 

ÅWear safety X-ray gloves 

ÅWear glasses 

ÅWear an office coat with extra long sleeves, lined with foil   

ÅStay out of the X-ray field 

1904 

Thomas Edison & Clarence Dally 

Clarence Dally dies  
of metastatic skin cancer 

1911 ς 1914:  

198 cases of radiation-induced malignancy and 54 
deaths  

.ǊƻŀŘōŜƴǘ ŀƴŘ IǳōōŀǊŘΣ ά{ŎƛŜƴŎŜ ŀƴŘ tŜǊŎŜǇǘƛƻƴ ƻŦ wŀŘƛŀǘƛƻƴ wƛǎƪέΣ RadioGraphics (12) 1992.  

By 1934: 
Over 200 radiologists 
had died from radiation-
induced malignancies 

Mihran Krihor Kassabian, MD 

1915: British Roentgen Society adopts radiation protection 
guidelines 

1) Enclose the x-ray tube in a protective box made of lead 
 

2) The worker should remain behind a protective wall or 
cubicle during the exam 

http:// antiquescientifica.com/catalog20.htm 

Brook War Hospital  
Woolwich, London 

 c. 1916 

1915: British Roentgen Society adopts radiation protection 
guidelines 

1) Enclose the x-ray tube in a protective box made of lead 
 

2) The worker should remain behind a protective wall or 
cubicle during the exam 

1921: British X-ray and Radium Protection Committee Report 
No. 1 

1922: American Roentgen Ray Society 
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1923: British X-ray and Radium Protection Committee Report 
No. 2 

Å /ƻƴǘǊƻƭ ōƻƻǘƘ ǎŎǊŜŜƴǎ ǎƘƻǳƭŘ ōŜ ŀǘ ƭŜŀǎǘ оΩсέ ǿƛŘŜΣ тΩ ƘƛƎƘ ŀƴŘ 
ǎƘƻǳƭŘ ŜȄǘŜƴŘ ǘƻ ǿƛǘƘƛƴ мέ ƻŦ ǘƘŜ ƎǊƻǳƴŘ 

Å Work time: 
Å < 7 hours a day 

 
Å Sundays and 2 half-days 

off each ǿŜŜƪΣ άǘƻ ōŜ 
spent as much as possible 
out of doorsέ 
 

Å Annual holiday of 1 month 
or 2 separate fortnights 

 

ÅάIn order to be able to calculate the thickness of the 
ǇǊƻǘŜŎǘƛǾŜ ƳŀǘŜǊƛŀƭΧǘƘŜǊŜ Ƴǳǎǘ ōŜ ƪƴƻǿƴ ǘƘŜ ŘƻǎŜ ǿƘƛŎƘ 
an operator can, for a prolonged period of time, tolerate 
ǿƛǘƘƻǳǘ ǳƭǘƛƳŀǘŜƭȅ ǎǳŦŦŜǊƛƴƎ ƛƴƧǳǊȅΦέ 

 
Å Recommended that exposure be limited to 1/100th of the 

erythema dose in a 30-day period (~ 600 mSv/year) 

1925: American physicist Arthur Mutscheller 

(m
S

v)
 10Ω ŦǊƻƳ ǘƘŜ ·-ray tube: 

     1.2mm Pb (rad rooms)  
     1.8mm Pb (fluoro rooms) 

ÅRecognized implications of exposure to employees and the 
public in areas adjacent to the x-ray room 

1927: British X-ray and Radium Protection Committee Report 
No. 3 1928: International Congress on Radiation introduces the unit 

of Roentgen 

1930s 
Tolerance Dose ς A level below which injury will not appear 
 
Å 500 mSv/year (ACXRP & NCRP 1931, 1934) 

 
Å 250 mSv/year (NCRP 1936, AXCRP, 1936) 

(m
S

v)
 

1931: NCRP Report No. 1 

 
ÅAll x-ray rooms (except for dental radiography) or booths 

shall be lined with at least 0.5mm sheet lead or equivalent 
material... 
 

ÅThis may be omitted only on outside walls and sides 
adjacent to unoccupied rooms. 
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1931: NCRP Report No. 1 (continued) 

 
Åά9ǾŜǊȅ ŀǎǎƛǎǘŀƴǘΣ ǘŜŎƘƴƛŎƛŀƴΣ ŀƴŘ ƻǇŜǊŀǘƻǊ ǎƘƻǳƭŘ ōŜ ƎƛǾŜƴ 

at least four weeks vacation a year with at least 2 weeks of 
ǘƘƛǎ ŎƻƴǎŜŎǳǘƛǾŜƭȅ ŀƴŘ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊ ƳƻƴǘƘǎΦέ 

 

1941 
Limits placed on ingested radium Ą Safety Factor of 10 
  

https:// en.wikipedia.org/wiki/ Radium_Girls#/media/File:USRadiumGirls-Argonne1,ca1922-23-150dpi.jpg 

1940s and 1950s:  
NCRP Reports from 1949-1960 

 

Å  Introduced the concept of benefit vs risk (ALARA) 

  

 

1948: 150 mSv/year 
 
1957: 50 mSv/year 
(ICRP) 
 
1958: 50 mSv/year 
(NCRP) 

(m
S

v)
 

1950s ς Radiation-induced genetic effects  
 
ÅData from atomic bomb survivors 

 
ÅEarly analysis indicated a change in the ratio of males to females born 

to survivors. 
 
Å (Later analyses showed the early  

assessment of bomb survivor data  
was incorrect) 

Wikipedia Commons 

1958 
NCRP: lifetime: years as an adult x 50 mGy 
  public: 5 mGy/year 

 
1960 
Federal Radiation Council 
 public: 5 mGy/year to an individual 
  1.7 mGy/year average annual dose to a population 

(m
S

v)
 

1960s ς Cancer risk 
 
Å Risk of genetic effects had been over-estimated 
 
Å Atomic bomb data showed increased cancer risk 
Å Do low levels of radiation cause cancer?? 

 
Philosophical shift 
 
compliance with dose limits  
      
 
  emphasis on reducing overall cancer risks 
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1960s 
ICRP: 
 
1. Justification 
Å No new use of radiation unless there is a net positive 

benefit 
 

2. Optimization 
Å ALARA, taking into account economic and social factors 

1977: ICRP Publication 26 - Risk-based Philosophy 
 

 
 

 
 
 
 

Å Incremental risk of death in safe industries? 
     1 in 10,000 per year 

 
ÅAtomic bomb survivor data: 
     Risk of death from radiation-induced cancer: 1 in 10,000 per 10 mGy 

1977: ICRP Publication 26 - Risk-based Philosophy 
 

 
 

 
 
 
 

Å Incremental risk of death in safe industries? 
     1 in 10,000 per year 

 
ÅAtomic bomb survivor data: 
     Risk of death from radiation-induced cancer: 1 in 10,000 per 10 mGy 

 
Å ICRP:  
     Maximum annual dose limit of 50 mGy/year  
     (assuming that the average dose would be < 10 mGy/year) 

1980s 
Estimates of doses to atomic bomb survivors were decreased 
 
Incidence rates for some cancers was higher than previously 
thought 
 
Risk coefficient calculated as 4 per 10,000 per 10 mGy. 
 
1990 
ICRP: 100 mGy over any 5-year period; 
 50 mGy in any one year 
 
 Public limit: 1 mGy/year (averaged over any 5-year period)
           

(m
S

v)
 

What About the Shielding? NCRP 49 NCRP 147 




