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• More BASIC that the Basic 
Safety Standard,

• More BASIC than the basic 
recommendation



HOT Topic in Occupational Radiation Protection 

• Cataract



Unlike Patients where…….. 



Goal 

• 100% protection of staff against cataract
• Is it achievable: Yes
• Is it documentable: Yes



Goal in effect, not in steps & actions



Radiation effects- 100% success

• Carcinogenic: No
• Genetic: No
• Skin injuries: May be ??



What is cataract

Clouding or opacification of the natural lens of the 
eye and obstructing the passage of light 



What effect does it have?

• When light passes through 
the cataractous lens, it is 

• diffused or scattered, 
resulting in blurred or 
defocused vision

Easily treatable condition -surgery



Cataract- Age related

• Most cataracts appear with advancing age after 
45 years. 

• Smoking, diabetes, and excessive exposure to 
sunlight 





Mechanism: Photochemical or Thermal 

• High frequency microwave electromagnetic 
radiation from mobile phones and other modern 
devices has the potential to damage eye tissues, 
but its effect on the lens epithelium is unknown 
at present. 

• E. Bormusov et al., Non-Thermal Electromagnetic 
Radiation Damage to Lens Epithelium. Open Ophthalmol 
J. 2008; 2: 102–106
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• Cortical
• Nuclear
• Posterior SubCapsular (psc)
• Mixed

Major Cataract Subtypes



Eye Lens

• It is a unique organ in that it is nonvascular 
• Has no loss of cells over the lifetime, 
• Thus there is no mechanism for the removal 

of damaged cells.



History of radiation cataract

• Documented within 1 year of Roentgen’s 
discovery of X rays

• H. Chalupecky, Ueber die wirkung der 
Roentgenstrahlen. Centralblatt fuer 
praktische Augenheilkunde (J. Hirschberg 
Ed.), pp. 386–401. Veit, Leipzig, 1897.



• However, cataract was long thought to result 
from only high doses of radiation to the lens of 
the eye. 

• This was based on data from early cyclotron 
workers with cataract after substantial 
neutron doses and

• with early Japanese A-bomb studies that 
reported excess cataracts among those who 
received over 2–3 Gy.



Up to early 1950’s

• W. Rohrschneider, Beitrag zur entstehung und 
morphologie der ro¨ntgenstrahlenkatarakt. Klin. 
Monatsbl. Augenheilkd. 81, 254–259 (1928).

• A. U. Desjardins, Action of Roentgen rays and radium 
on the eye and ear. Am. J. Roentgenol. 26, 643–679 
(1931).

• P. J. Leinfelder and H. D. Kerr, Roentgen-ray cataract: 
An experimental, clinical, and microscopic study. Am. J. 
Ophthalmol. 19, 739–756 (1936).

• D. G. Cogan and K. K. Dreisler, Minimal amount of x-
ray exposure causing lens opacities in the human eye. 
AMA Arch. Ophthalmol. 50, 30–34 (1953).





• G. R. Merriam and E. Focht, A clinical study of 
radiation cataracts and the relationship to dose. 
Am. J. Roentgenol. Radium Ther. Nucl. Med. 77, 
759–785 (1957).

• G. R. Merriam and E. F. Focht, A clinical and 
experimental study of the effect of single and 
divided doses of radiation on cataract 
production. Trans. Am. Ophthalmol. Soc. 60, 35–
52 (1962).



Beliefs based on data in late 1950’s

• Cataract has a dose threshold 
• The severity increased and the latency decreased 

as the radiation dose increased above that 
threshold

• Latent period was strongly inversely correlated 
with dose and that there was no cataract 
induction below 2 Gy.



Other major papers that influenced

• M. D. Nefzger, R. J. Miller and T. Fujino, Eye 
findings in atomic bomb survivors of Hiroshima 
and Nagasaki: 1963–1964. Am. J.Epidemiol. 89, 
129–138 (1969).

• M. Otake and W. Schull, Radiation-related 
posterior lenticular opacities in Hiroshima and 
Nagasaki atomic bomb survivors based on the 
DS86 dosimetry system. Radiat. Res. 121, 3–13 
(1990).





What is New?

Lens opacities being reported at 
dose levels below the currently 
mentioned threshold in ICRP



• Inspection of the Merriam and Focht papers 
shows that the observation periods after 
irradiation were mostly quite short (average of 8 
years)

• They studied only 20 individuals who had 
estimated lens doses under 2 Gy, 



More Recent Studies

• A. Minamoto, H. Taniguchi, N. Yoshitani, S. 
Mukai, T. Yokoyama, T. Kumagami, Y. Tsuda, 
H. K. Mishima, T. Amemiya and M. Akahoshi, 
Cataract in atomic bomb survivors. Int. J. 
Radiat. Biol. 80, 339–345 (2004).

• F. A. Cucinotta, F. K. Manuel, J. Jones, G. 
Iszard, J. Murray, B.Djojonegro and M. Wear, 
Space radiation and cataracts in astronauts. 
Radiat. Res. 156, 460–466 (2002).



More Recent Studies

• E. Nakashima, K. Neriishi and A. Minamoto, A 
reanalysis of atomic bomb cataract data, 2000–
2002: A threshold analysis. Health Phys. 90, 
154–160 (2006).



Most Recent Papers 2010

• Shore RE, Neriishi K, Nakashima E. Epidemiological studies 
of cataract risk at low to moderate radiation doses: (not) 
seeing is believing. Radiat Res. 2010 Dec;174(6):889-94. 

• Blakely EA, Kleiman NJ, Neriishi K, Chodick G, Chylack LT, 
Cucinotta FA, Minamoto A, Nakashima E, Kumagami T, 
Kitaoka T, Kanamoto T, Kiuchi Y, Chang P, Fujii N, Shore 
RE. Radiation cataractogenesis: epidemiology and biology.
Radiat Res. 2010 May;173(5):709-17.
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• a second AHS study examined the prevalence of 
cataract surgeries among 3,761 study subjects 
55–57 years after the bombings, in which 479 
surgical-cataract cases were documented (33). 
The study subjects were primarily 0–35 years old 
at exposure



Strength of newer studies over earlier ones

• Negative aspects of earlier studies: 
• short follow-up periods, 
• failed to take into account increasing latent periods 

with decreasing doses, 
• relatively few subjects with doses below a few Gy.

• Positive aspects of newer studies: Long follow-
up, larger numbers, lower doses 



Why longer follow-up?

• The latent period is dependent on the rate at 
which damaged epithelial cells undergo aberrant 
differentiation (fibergenesis) and accumulate in 
the PSC region of the lens cortex . 
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Active collaborators
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IAEA Cataract 



Overview of studies

• A-Bomb survivors- Not in occupational settings
• Chernobyl workers- acute exposure 
• Air Crew
• Medical occupational 

• NIH
• IAEA studies 
• Unpublished from others 
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Cataract Staging: Merriam & Focht &, 1962



Epidemiological evidences



• Lens opacities which may or may not lead to  
cataract 

• Surgically operated cataracts among medical 
occupational group ???



Epidemiologists
Occupational risks
(difficulty with dose)

Radiation Protection professionals
•Good at dose estimations
•Training to prevent
•Capability to solve the problem
•Monitoring of effectiveness of RP actions
•Regulatory support 
•-ve: not good in epidemiological context

Few tens of thousands



Summary

• Clear that cataract is possible at doses below the 
currently accepted threshold

• Larger scale studies in occupational settings
• Actual cataract demonstration

• With typical doses in occupational settings
• With dose estimates
• Long term follow up 

CHALLENGE to this group!!!!!!





Thank you

M.Rehani@iaea.org
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