
Q4: Radiation Carcinogenesis  

Radiation carcinogenesis is the process by which exposure to ionizing radiation leads to the 

development of cancer due to genetic and cellular damage. It is one of the most important late 

biological effects of radiation and has significant implications in medical, occupational, and 

environmental radiation exposure. Ionizing radiation such as X-rays, gamma rays, alpha particles, 

beta particles, and neutrons interacts with biological tissues and produces DNA damage. This 

damage occurs by two mechanisms: direct action and indirect action. In direct action, radiation 

directly ionizes DNA molecules causing singlestrand breaks, double-strand breaks, base damage, 

and chromosomal aberrations. In indirect action, radiation interacts with water molecules present 

in cells, producing free radicals such as hydroxyl (OH•) and hydrogen (H•) radicals, which 

subsequently damage DNA and other cellular components. If the damaged DNA is not correctly 

repaired, permanent mutations occur. These mutations may activate oncogenes, inactivate tumor 

suppressor genes (such as p53), or impair DNA repair genes, leading to loss of normal cell cycle 

control. As a result, affected cells undergo uncontrolled proliferation and eventually form 

malignant tumors. Radiation carcinogenesis is classified as a stochastic effect, meaning that the 

probability of cancer increases with increasing radiation dose, but the severity of cancer is 

independent of dose. There is no definite threshold dose, and even low doses of radiation can 

potentially induce cancer, although the risk is small. A characteristic feature of radiation-induced 

cancer is the latent period, which may range from several years to decades between radiation 

exposure and clinical appearance of cancer. For example, leukemia typically appears within 510 

years, while solid tumors such as breast, lung, and thyroid cancers may take 10–40 years to 

develop. Different tissues show different radiosensitivities. Rapidly dividing and less 

differentiated tissues are more susceptible to radiation-induced carcinogenesis. Common 

radiation-associated cancers include leukemia, thyroid cancer, breast cancer, lung cancer, bone 

cancer, skin cancer, and liver cancer. Alpha-emitting radionuclides deposited in bone can cause 

bone sarcomas, while radioactive iodine increases the risk of thyroid cancer. Several factors 

influence radiation carcinogenesis, including radiation dose, dose rate, linear energy transfer 

(LET), age at exposure, tissue type, and genetic susceptibility. Children are more sensitive than 

adults, and high-LET radiation has a greater carcinogenic potential.  



Q 5: Cataract Genesis (Formation of Cataract) A cataract is caused by loss of transparency of the 

crystalline lens due to structural and biochemical changes in lens proteins. The main mechanisms 

involved are:  

1. Protein Denaturation and Aggregation The lens contains soluble crystallin proteins. Aging, 

radiation, UV light, diabetes, or chemicals cause denaturation of these proteins. Denatured proteins 

aggregate and scatter light, producing lens opacity.  

2. Oxidative Stress Free radicals damage lens proteins and cell membranes. Reduced levels of 

antioxidants (e.g., glutathione) increase oxidative damage. This leads to protein cross-linking and 

clouding of the lens.  

3. Radiation-Induced Cataract Ionizing radiation damages lens epithelial cells. Causes DNA 

damage and abnormal cell differentiation. Results in posterior subcapsular cataract.  

4. Osmotic Imbalance In diabetes, excess glucose converts to sorbitol. Sorbitol accumulation 

increases osmotic pressure. Lens fibers swell and rupture, causing opacity.  

5. Loss of Lens Fiber Organization Normal lens transparency depends on orderly fiber 

arrangement. Any disruption causes light scattering and cataract formation.  

6. Reduced Lens Metabolism Aging decreases nutrient transport and ATP production. Leads to 

degeneration of lens fibers.  

Q 6: Permissible exposures Permissible exposure refers to the maximum safe levels of ionizing 

radiation that individuals can be exposed to without harmful effects such as cancer, genetic 

mutations, or radiation sickness. The term "permissible exposure" is used to describe the dose 

limits set to protect people from the adverse effects of radiation. Several regulatory bodies around 

the world establish radiation safety standards and set permissible exposure limits based on 

scientific research and public health guidelines. Some of the most prominent regulatory bodies 

include:  

i. International Commission on Radiological Protection (ICRP) The ICRP provides 

recommendations on radiation protection and safety standards for various exposure 

scenarios.   



ii.  U.S. Environmental Protection Agency (EPA) The EPA sets radiation dose limits for 

the general public and provides guidelines for radiation protection in various 

environments, including the environment and nuclear plants.  

iii.  U.S. Nuclear Regulatory Commission (NRC) The NRC regulates nuclear power plants 

and radiation workers, providing standards for radiation exposure in occupational 

settings. National Council on Radiation Protection and Measurements (NCRP) The 

NCRP provides recommendations for radiation protection, including exposure limits 

for various situations. Workers in radiation-related occupations, such as those in 

nuclear medicine, radiology, and nuclear power plants, are exposed to higher levels of 

radiation than the general public. However, their exposure is regulated to minimize the 

risk of harmful effects. The permissible dose limits for radiation workers are typically 

higher than those for the general public, but still designed to ensure safety.  

The key limits for radiation workers are:  

i. Annual Limit for Whole Body Exposure: The permissible exposure limit for the 

whole body is typically set at 50 millisieverts (mSv) per year.  

ii.  Cumulative Dose: The cumulative dose is calculated as (N-18) × 10 mSv, 

where N is the worker's age in years. For example, a 40-year-old worker should 

not receive more than (40-18) × 10 mSv = 220 mSv over their career.  

iii.  Other Specific Limits: Separate limits are also set for skin, hands, and feet 

(typically 500 mSv per year) and for specific tissues like the lens of the eye, 

which has a limit of 150 mSv per year due to its heightened sensitivity to 

radiation.  

iv. Annual Limit for Whole Body Exposure: The permissible exposure for the 

general public is typically set at 1 millisievert (mSv) per year, excluding natural 

background radiation.  

v. Radiation from Medical Procedures: Exposure from medical procedures (such 

as X-rays or CT scans) is typically accounted for separately. However, efforts 

are made to minimize these exposures through techniques like shielding and 

dose reduction.  



vi. Exposure from Environmental Sources: Natural background radiation, which 

varies by location, is considered separate from permissible exposure limits. 

However, in areas of high natural background radiation (such as areas with high 

levels of radon gas), public exposure is carefully monitored. 


