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Abstract 

Radiation exposure is increasingly relevant in medical, environmental, and 
occupational contexts, bringing both benefits and health risks. This review evaluates 
the health impacts of ionizing and non-ionizing radiation, highlighting short- and long-
term effects on human tissue and genetic material. Additionally, this paper discusses 
mechanisms of radiation protection, focusing on regulatory limits, shielding techniques, 
and advancements in personal protective equipment. Comprehensive understanding 
of these effects and protection strategies is crucial to reducing radiation-related risks, 
especially in medical and industrial settings where exposure is frequent.
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INTRODUCTION

Radiation is energy transmitted through space in the form of 
waves or particles, and it is commonly categorized into ionizing 
and non-ionizing radiation based on its energy and ability to 
ionize atoms. Ionizing radiation, such as X-rays and gamma 
rays, has enough energy to remove tightly bound electrons from 
atoms, leading to molecular changes and DNA damage [1]. Non-
ionizing radiation, including ultraviolet (UV), microwaves, and 
radiofrequency, lacks sufficient energy to cause ionization but 
can still pose health risks, especially with prolonged exposure [2].

With the increasing use of radiation in medicine, industry, 
and telecommunications, understanding the health risks and 
protective mechanisms is essential. Studies have shown that 
while radiation can be beneficial in medical treatments such as 
cancer therapy, exposure to high doses or prolonged low-level 
exposure can result in adverse effects, including cancer, genetic 
mutations, and other health issues [3]. This review aims to 
explore the spectrum of radiation health effects and examine 
current and emerging methods of radiation protection.

HEALTH EFFECTS OF RADIATION

Ionizing Radiation

Ionizing radiation has significant biological effects due to its 
high energy, which can cause cellular and molecular damage.

A.	 Acute Effects

Acute exposure to high doses of ionizing radiation can lead 

to immediate health effects, known as acute radiation syndrome 
(ARS), characterized by nausea, fatigue, skin burns, and, in severe 
cases, death [4]. ARS is commonly observed in radiation accidents 
or unshielded exposure to large doses of radiation.

B.	 Chronic Effects

Long-term exposure to ionizing radiation, even at low doses, 
is associated with an increased risk of cancer, cardiovascular 
disease, and cataracts [5]. Studies of atomic bomb survivors 
and nuclear industry workers show a clear correlation between 
radiation exposure and cancer incidence, particularly for 
leukemia, thyroid cancer, and lung cancer [6].

C.	 Genetic and Reproductive Effects

Ionizing radiation can cause mutations in DNA, leading to genetic 
disorders. These mutations can be passed on to future generations, 
raising concerns about genetic instability in populations exposed 
to radiation over multiple generations [7].

Non-Ionizing Radiation

Non-ionizing radiation, such as UV radiation, poses different 
health risks, often associated with long-term exposure rather 
than immediate effects.

D.	 Effects of Ultraviolet (UV) Radiation

UV radiation is the primary cause of skin cancer and 
premature aging of the skin. Chronic exposure to UV radiation 
increases the risk of melanoma and other skin cancers by causing 
DNA mutations [8].
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E.	 Effects of Radiofrequency and Microwave Radiation

Although radiofrequency and microwave radiation do not 
ionize atoms, they can cause tissue heating and are associated 
with thermal damage, especially in high exposures. The 
International Agency for Research on Cancer (IARC) has classified 
radiofrequency electromagnetic fields as possibly carcinogenic 
(Group 2B), linking them to a potential increased risk of glioma 
[9].

Radiation Effects on Specific Organs

The impact of radiation varies based on the organ system 
exposed, with the following effects observed in specific organs:

·	 Brain and Central Nervous System: High doses can lead to 
radiation necrosis and    cognitive impairment [10].

·	 Cardiovascular System: Low to moderate exposure may 
increase the risk of heart disease and stroke [5].

·	 Reproductive System: Radiation can impair fertility and 
cause genetic mutations that affect offspring [11].

RADIATION PROTECTION MECHANISMS

Principles of Radiation Protection

Radiation protection is based on three primary principles: 
time, distance, and shielding. Minimizing exposure time, 
maximizing distance from radiation sources, and using adequate 
shielding are fundamental to reducing exposure [2].

Regulatory Dose Limits

Regulatory bodies, including the International Commission 
on Radiological Protection (ICRP), and the Environmental 
Protection Agency (EPA), set dose limits to protect workers and 
the public. These limits are based on epidemiological data and 
aim to minimize cancer risks while allowing beneficial uses of 
radiation [2].

SHIELDING MATERIALS

Shielding materials, such as lead for gamma rays and concrete 
for neutron shielding, are critical in reducing radiation exposure. 
Recent advancements include the development of lighter, flexible  
materials, such as lead-free composites for use in wearable 
protective garments [12].

PERSONAL PROTECTIVE EQUIPMENT (PPE)

Personal protective equipment, such as lead aprons, thyroid 
shields, and radiation-attenuating gloves, provide additional 
protection, especially in medical settings where healthcare 
workers are frequently exposed to diagnostic imaging equipment 
[13].

BIOLOGICAL COUNTERMEASURES

Emerging research focuses on biological countermeasures, 
including radio protective agents and antioxidants that can 
mitigate the harmful effects of radiation at the cellular level. 

Amifostine, for example, is a radio protective agent used in 
radiation therapy to protect healthy tissues from damage [14].

CONCLUSION

Radiation exposure presents both acute and chronic health 
risks, necessitating comprehensive protection mechanisms to 
safeguard public health. Ionizing radiation’s effects are more 
pronounced due to its DNA-damaging capabilities, increasing 
cancer and genetic mutation risks, whereas non-ionizing 
radiation poses risks associated with prolonged exposure. 
Effective radiation protection strategies, including time, distance, 
shielding, and personal protective equipment, are essential, 
especially for medical professionals and radiation workers. 
Further research into biological protective agents could offer 
promising avenues for enhanced protection in high-exposure 
scenarios.

REFERENCES
1.	 Hall EJ, Giaccia AJ. Radiobiology for the Radiologist. Lippincott 

Williams & Wilkins. 2018.  

2.	 ICRP (International Commission on Radiological Protection). 
The 2007 Recommendations of the International Commission on 
Radiological Protection. ICRP Publication 103. 2007.

3.	 Brenner DJ, Hall EJ. Computed tomography-an increasing source of 
radiation exposure. NEJM. 2007; 357: 2277-2284.

4.	 Mettler FA, Mahesh M, Bhargavan CM, Chambers CE, Elee JG, Frush 
DP, et al. Patient Exposure from Radiologic and Nuclear Medicine 
Procedures in the United States: Procedure Volume and Effective 
Dose for the Period 2006–2016. Radiol. 2020; 295: 2.

5.	 Little MP, Azizova TV, Bazyka D, Bouffler SD, Cardis E, Chekin S, et 
al. Systematic review and meta-analysis of circulatory disease from 
exposure to low-level ionizing radiation and estimates of potential 
population risk. Environ Health Perspect. 2012; 120: 1503-1511.

6.	 Preston DL, Ron E, Tokuoka S, Funamoto S, Nishi N, Soda M, et al. 
Solid cancer incidence in atomic bomb survivors: 1958-1998. Radiat 
Res. 2007; 168: 1-64.

7.	 Mothersill C, Seymour CB. Radiation-induced bystander effects--
implications for cancer. Nat Rev Cancer. 2004; 4: 158-164.

8.	 Narayanan DL, Saladi RN, Fox JL. Review: Ultraviolet radiation and 
skin cancer. Wiley. 2010.

9.	 Baan R, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, 
Benbrahim-Tallaa L, et al. Carcinogenicity of radiofrequency 
electromagnetic fields. Lancet Oncol. 2011; 12: 624-626.

10.	 Greene-Schloesser D, Robbins ME, Peiffer AM, Shaw EG, Wheeler 
KT, Chan MD. Radiation-induced brain injury: a review. Front Oncol. 
2012; 2: 73.

11.	 Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV. Impact of 
radiofrequency electromagnetic radiation on DNA integrity in the 
male germline. Int J Androl. 2005; 28: 171-179.

12.	 Ma Q. Development of lead-free radiation shielding materials. J 
Applied Radiation and Isotopes. 2016; 109: 33-40.

13.	 Bushberg JT, Seibert JA, Leidholdt EM, Boone JM. The essential 
physics of medical imaging. Lippincott Williams & Wilkins. 2011.

14.	 Citrin DE, Mitchell JB, Schneider CJ. Mechanisms of normal tissue 
injury from irradiation. Semin Radiat Oncol. 2010; 20: 218-225.

https://shop.lww.com/Radiobiology-for-the-Radiologist/p/9781496335418?srsltid=AfmBOoolzAhIjyLa9P8ycUG-VetiCBgTOGnwzmTwn8sIOE3SMFcT1JRp
https://shop.lww.com/Radiobiology-for-the-Radiologist/p/9781496335418?srsltid=AfmBOoolzAhIjyLa9P8ycUG-VetiCBgTOGnwzmTwn8sIOE3SMFcT1JRp
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://pubmed.ncbi.nlm.nih.gov/18046031/
https://pubmed.ncbi.nlm.nih.gov/18046031/
https://pubs.rsna.org/doi/10.1148/radiol.2020192256
https://pubs.rsna.org/doi/10.1148/radiol.2020192256
https://pubs.rsna.org/doi/10.1148/radiol.2020192256
https://pubs.rsna.org/doi/10.1148/radiol.2020192256
https://pubmed.ncbi.nlm.nih.gov/22728254/
https://pubmed.ncbi.nlm.nih.gov/22728254/
https://pubmed.ncbi.nlm.nih.gov/22728254/
https://pubmed.ncbi.nlm.nih.gov/22728254/
https://pubmed.ncbi.nlm.nih.gov/17722996/
https://pubmed.ncbi.nlm.nih.gov/17722996/
https://pubmed.ncbi.nlm.nih.gov/17722996/
https://pubmed.ncbi.nlm.nih.gov/14964312/
https://pubmed.ncbi.nlm.nih.gov/14964312/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-4632.2010.04474.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-4632.2010.04474.x
https://pubmed.ncbi.nlm.nih.gov/21845765/
https://pubmed.ncbi.nlm.nih.gov/21845765/
https://pubmed.ncbi.nlm.nih.gov/21845765/
https://pubmed.ncbi.nlm.nih.gov/22833841/
https://pubmed.ncbi.nlm.nih.gov/22833841/
https://pubmed.ncbi.nlm.nih.gov/22833841/
https://pubmed.ncbi.nlm.nih.gov/15910543/
https://pubmed.ncbi.nlm.nih.gov/15910543/
https://pubmed.ncbi.nlm.nih.gov/15910543/
https://pubmed.ncbi.nlm.nih.gov/28524933/
https://pubmed.ncbi.nlm.nih.gov/28524933/
https://pubmed.ncbi.nlm.nih.gov/28865514/
https://pubmed.ncbi.nlm.nih.gov/28865514/

	Review on the Health Effects of Radiation and Its Protection Mechanisms
	Abstract
	Introduction
	Health Effects of Radiation 
	Radiation Protection Mechanisms 
	Shielding Materials 
	Personal Protective Equipment (PPE) 
	Biological Countermeasures 
	Conclusion
	References

