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Abstract:

Radiation exposure is a prevalent concern in modern society due to its various applications in medicine, industry, and
technology. This research paper aims to provide a comprehensive analysis of radiation dose absorption in the human
body. The paper covers the sources of radiation, its interaction with human tissues, methods of measuring radiation
dose, and the potential health effects of excessive exposure. By understanding the principles of radiation dose
absorption, individuals can make informed decisions regarding safety measures and risk mitigation strategies.

1. Introduction: Radiation is the emission of energy as electromagnetic waves or particles. It exists in various forms,
including ionizing radiation (such as X-rays, gamma rays, and particles) and non-ionizing radiation (such as visible
light, radio waves, and microwaves). While radiation has numerous beneficial applications, such as medical imaging and
cancer treatment, improper exposure can pose health risks. Therefore, understanding the process of radiation dose
absorption in the human body is crucial for ensuring public safety.

2. Sources of Radiation: Radiation sources can be categorized into natural and artificial sources. Natural sources
include cosmic radiation from space, radioactive elements in the Earth's crust, and radon gas. Artificial sources
encompass medical procedures (X-rays, CT scans, radiotherapy), industrial applications (nuclear power, radiography),
and consumer technologies (cell phones, microwave ovens).

1. Natural Sources:

e Cosmic Radiation: High-energy particles from space constantly bombard the Earth. This radiation comes from
sources like the sun and other stars.

e Terrestrial Radiation: Radioactive elements like uranium, thorium, and radon are present in the Earth's crust and
emit radiation.
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e Internal Radioactivity: Humans ingest and inhale trace amounts of radioactive elements, which can become
incorporated into body tissues.
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2. Artificial Sources:

e Medical Imaging: X-rays and gamma rays are used in diagnostic procedures such as X-ray radiography,
fluoroscopy, computed tomography (CT) scans, and nuclear medicine.

o Radiotherapy: High-energy radiation is used to treat cancer cells. Techniques include external beam radiation and
brachytherapy.

e Nuclear Power: Nuclear reactors produce controlled fission reactions that release energy in the form of radiation.
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e Industrial Applications: Radiography is used for inspecting materials and structures in industries like
manufacturing and construction.

e Consumer Electronics: Devices like microwave ovens, cell phones, and Wi-Fi routers emit non-ionizing radiation.
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e Air Travel: Airplane passengers are exposed to higher levels of cosmic radiation at higher altitudes.
3. Environmental Sources:

e Radon Gas: Radon is a radioactive gas released from soil and rocks. It can accumulate in buildings and pose an
inhalation hazard.

¢ Nuclear Fallout: Nuclear weapons testing and accidents like Chernobyl and Fukushima release radioactive particles
into the environment.

e Naturally Occurring Radioactive Materials (NORM): Certain industries, like mining and oil extraction, can
concentrate radioactive materials from the Earth's crust.

4, Consumer Products:

e Smoke Detectors: Some ionization smoke detectors contain a small amount of radioactive material to detect smoke
particles.
e Exit Signs: Certain exit signs use tritium, a radioactive isotope of hydrogen, to produce illumination.

5. Miscellaneous Sources:

e Food and Water: Trace amounts of naturally occurring radioactive elements can be found in food and drinking
water.

e Building Materials: Some building materials, like granite, contain trace amounts of radioactive elements that can
contribute to indoor radiation levels.

o Medical Isotopes: Radioactive isotopes are used in various medical tests and treatments.

It's important to note that while radiation is a natural phenomenon and has many beneficial uses, excessive exposure can
lead to health risks. Regulations and safety measures are in place to ensure that radiation exposure remains within
acceptable limits for both the general population and workers in radiation-related industries.

3. Interaction of Radiation with Human Tissues:

When radiation interacts with human tissues, it can deposit energy, leading to ionization and excitation of atoms and
molecules. lonizing radiation has enough energy to remove tightly bound electrons from atoms, creating ions and free
radicals. These charged particles can damage cellular components, including DNA. Non-ionizing radiation, while
generally lower in energy, can still cause tissue heating and induce biological effects under certain conditions.

1. lonizing Radiation:

e X-rays and Gamma Rays: These high-energy photons have sufficient energy to ionize atoms and molecules. When
they pass through human tissues, they can interact with atoms, causing the removal of tightly bound electrons. This
ionization can lead to the creation of charged particles, such as ions and free radicals, which can damage cellular
structures, including DNA.

e Charged Particles (Alpha and Beta Particles): Alpha particles are large and positively charged, while beta
particles are smaller and negatively charged. Due to their size and charge, alpha particles interact strongly with matter
and have a short range. They can cause significant damage to nearby cells. Beta particles penetrate deeper into tissues
and can cause ionization along their path.

2. Non-lonizing Radiation:

e Ultraviolet (UV) Radiation: UV radiation has enough energy to cause electronic transitions in molecules, leading to
the formation of free radicals that can damage DNA and other cellular components. Prolonged exposure to UV radiation
can lead to skin damage and increase the risk of skin cancer.
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Fig3: Penetration of the solar ultraviolet radiation (UVR) into the skin. According to the wavelength, the UVR is
classified into three categories: UVA, UVB, and UVC. UVC is blocked by the ozone layer, UVB can penetrate into the
epidermis, and UVA can penetrate up to the dermis.(Ansary TM, Hossain MdR, et al)

e Microwaves: Microwaves primarily interact with water molecules in tissues, causing them to vibrate and generate
heat. The heating effect is the basis for the use of microwaves in cooking and certain medical therapies.

o Radiofrequency Radiation (RF): RF radiation, produced by devices like cell phones and Wi-Fi routers, can cause
slight heating in tissues due to the vibration of charged particles. The current consensus is that RF radiation at typical
exposure levels does not cause significant biological effects.
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Fig2: Demonstration of Electromagnetic spectrum, showing various properties across the range of frequencies and
wavelengths, with corresponding wave amplitudes

3. Effects on Cellular DNA:

e The most critical interaction of radiation with human tissues occurs at the cellular level, especially with DNA
molecules. lonizing radiation can directly damage the DNA structure, causing breaks or modifications. Cells have repair

mechanisms to fix this damage, but if the damage is severe and repair mechanisms fail, it can lead to mutations or cell
death.
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4. Acute vs. Chronic Effects:

e Acute effects occur shortly after high-dose radiation exposure and can include radiation burns, radiation sickness,
and even death in extreme cases.

e Chronic effects occur after prolonged exposure to lower doses of radiation and include an increased risk of cancer
and genetic mutations. These effects may not manifest until years or even decades after exposure.

5. Tissue Sensitivity:

o Different tissues have varying sensitivities to radiation. Rapidly dividing cells, like those in the bone marrow and
gastrointestinal tract, are more sensitive due to their higher metabolic activity and greater susceptibility to DNA damage.

6. Health Implications:

e The biological effects of radiation exposure depend on the dose, type of radiation, and the individual's overall health.
Acute high-dose exposures can lead to immediate health issues, while chronic exposures can increase the risk of cancer
and other long-term health problems.

In medical contexts, the interaction of radiation with tissues is carefully controlled to achieve the desired therapeutic or
diagnostic effects while minimizing potential harm. Radiological protection standards are in place to ensure that
radiation exposure remains below safe limits for both patients and medical personnel

4. Measurement of Radiation Dose: Radiation dose is quantified using several units, such as the gray (Gy) and the
sievert (Sv). The gray measures the amount of energy absorbed per unit mass, while the sievert takes into account the
biological effects of different types of radiation. Dosimeters, such as Geiger-Muller counters, thermoluminescent
dosimeters (TLDs), and ionization chambers, are used to measure radiation exposure accurately.

1. Gray (Gy): The gray is the Sl unit of absorbed dose. It represents the amount of energy (joules) absorbed by one
kilogram of matter. It quantifies the physical energy deposited by radiation in a material.

2. Sievert (Sv): The sievert is the Sl unit of equivalent dose, which accounts for the biological effects of different types
of radiation. The equivalent dose is obtained by multiplying the absorbed dose (in gray) by a radiation weighting factor
that represents the relative biological effectiveness of the radiation type. The sievert quantifies the potential biological
harm caused by radiation.
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Dosimeters are devices used to measure radiation exposure accurately. Several types of dosimeters are employed in
various settings:

1. Geiger-Muller Counter: This handheld device detects ionizing radiation, primarily beta and gamma radiation. It's
commonly used for radiation surveys and in situations where quick measurements are necessary.

2. lonization Chamber: An ionization chamber measures the ionization of air caused by radiation. It's used for
accurate measurements in radiation therapy and diagnostic radiology.

3. Thermo luminescent Dosimeter (TLD): TLDs are small devices that contain crystals sensitive to ionizing
radiation. When exposed to radiation, the crystals store energy. Heating the TLD releases this stored energy in the form
of light, which can be measured to determine the radiation dose.

4. Film Badge: A film badge is a wearable dosimeter that contains photographic film. The film darkens upon exposure
to radiation, and the degree of darkening corresponds to the radiation dose.

5. Optically Stimulated Luminescence Dosimeter (OSLD): Similar to TLDs, OSLDs measure radiation dose by
detecting the light emitted from a material when exposed to radiation. They offer advantages like reusability and better
dose precision.

6. Personal Electronic Dosimeter (PED): PEDs are portable devices that continuously monitor and display an
individual's radiation dose in real-time. They are commonly used by workers in radiation-prone environments.

5. Factors Affecting Radiation Absorption:

Several factors influence how radiation is absorbed by the human body, including the type of radiation, energy level,
exposure duration, and the specific tissues exposed. Different tissues have varying levels of sensitivity to radiation. For
example, rapidly dividing cells, like those in the bone marrow and digestive system, are more vulnerable to radiation
damage.

1. Type of Radiation: Different types of radiation have varying penetration abilities and energy levels. For instance,
alpha particles have a high positive charge and interact strongly with matter, making them less penetrating but highly
ionizing. In contrast, gamma rays have high energy and can penetrate deeper into tissues.

2. Energy of Radiation: Higher-energy radiation can penetrate deeper into tissues, potentially affecting organs and
cells located beneath the skin. Lower-energy radiation, like alpha particles, can be stopped by a sheet of paper or even
the outer layer of skin.

3. Exposure Duration: The longer the exposure to radiation, the greater the total energy deposited in the tissues. Acute
high-dose exposures can lead to immediate effects, while chronic low-dose exposures can have long-term health
consequences.

4. Tissue Density and Composition: Tissues with higher density, like bones, attenuate (absorb) radiation more
effectively due to increased interactions with atoms. Tissue composition also matters, as certain elements are more
effective at absorbing radiation than others.

5. Radiation Angle and Distance: The angle at which radiation enters the body affects the amount of tissue it
traverses and the energy deposited. Additionally, distance from the radiation source plays a role in determining the dose
received, following the inverse square law.

6. Shielding: Shielding materials like lead and concrete can absorb and block radiation. This is commonly used in
radiation therapy and nuclear facilities to protect individuals from excessive exposure.

7. Biological Variability: Different tissues have varying sensitivities to radiation. Highly proliferative tissues like bone
marrow and gastrointestinal epithelium are more sensitive due to their rapid cell division and higher metabolic activity.
8. Radiation Source and Energy Distribution: Radiation sources emit a spectrum of energies. Understanding the
energy distribution is crucial in estimating the dose to specific tissues.

6. Health Effects of Radiation Exposure:

The health effects of radiation exposure can range from deterministic effects (occurring above a certain threshold dose)
to stochastic effects (occurring randomly, with a probability proportional to dose). Deterministic effects include
radiation burns, acute radiation syndrome, and organ damage. Stochastic effects involve the increased risk of cancer and
genetic mutations. The linear no-threshold (LNT) model is often used to estimate the potential risk of low-level radiation
exposure.

1. Deterministic Effects: Deterministic effects, also known as non-stochastic effects, occur when there is a threshold

dose below which no significant effect is observed. Above this threshold, the severity of the effect increases with
increasing dose. Examples include radiation burns, acute radiation syndrome (ARS), and organ damage.
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o Radiation Burns: High doses of radiation can cause skin burns similar to thermal burns. These burns can be painful
and may take a long time to heal.

e Acute Radiation Syndrome (ARS): ARS occurs after exposure to very high doses of radiation over a short period.
Symptoms include nausea, vomiting, fatigue, and, in severe cases, bone marrow suppression, bleeding, and organ
failure.

e Organ Damage: Certain organs, such as the thyroid, gonads, and bone marrow, are more sensitive to radiation and
can suffer significant damage if exposed to high doses.

2. Stochastic Effects: Stochastic effects are probabilistic and occur randomly, without a threshold dose. The
probability of these effects occurring increases with the radiation dose but does not affect the severity. The two main
stochastic effects are cancer and genetic mutations.

e Cancer: lonizing radiation can damage DNA, potentially leading to the development of cancerous cells. The risk of
developing cancer increases with higher cumulative doses of radiation. Common radiation-induced cancers include
leukemia, thyroid cancer, and various solid tumors.

e Genetic Mutations: High doses of radiation can induce mutations in the DNA of reproductive cells. While the risk
of such mutations is relatively low, they can be passed on to future generations.

7. Radiation Protection and Safety:

Minimizing radiation exposure is a priority in various fields. This involves adhering to the principles of time, distance,
and shielding. Workers in radiation-prone environments must follow safety protocols, wear appropriate protective gear,
and be regularly monitored for radiation exposure. Medical professionals carefully balance the benefits of diagnostic or
therapeutic procedures with potential risks.

1. ALARA Principle: The ALARA principle stands for "As Low As Reasonably Achievable." It guides radiation
protection efforts to keep radiation doses as low as possible while taking into account technological, economic, and
societal factors.

2. Time, Distance, and Shielding: Radiation safety follows three key principles:

e Time: Minimize the time spent in a radiation area to reduce cumulative exposure.

¢ Distance: Maintain a safe distance from radiation sources to decrease radiation intensity.

¢ Shielding: Use appropriate materials (e.g., lead, concrete) to shield against radiation.

3. Occupational and Public Exposure Limits: Regulatory bodies like the International Commission on Radiological
Protection (ICRP) and the International Atomic Energy Agency (IAEA) establish exposure limits for radiation workers
and the general public. These limits ensure that radiation exposure remains within safe bounds.

4. Personal Protective Equipment (PPE): Workers in radiation-prone environments wear PPE such as lead aprons,
gloves, and protective eyewear to reduce exposure. PPE is also used in medical procedures like fluoroscopy and nuclear
medicine.

5. Quality Assurance: In medical settings, quality assurance programs ensure that radiation-producing equipment
functions properly and delivers accurate doses. This minimizes the risk of overexposure to patients and healthcare
professionals.

6. Radiation Monitoring and Dosimetry: Regular monitoring of radiation exposure is crucial for workers in radiation
environments. Dosimeters, such as TLDs and electronic personal dosimeters, measure individual exposure and provide
real-time information.

8. Conclusion:

Understanding radiation dose absorption in the human body is essential for maintaining public health and safety. With
the growing use of radiation-based technologies, the responsible use and management of radiation exposure are crucial.
Continued research into the effects of radiation, advancements in dosimetry, and improved safety measures will
contribute to mitigating potential risks associated with radiation exposure.
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