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Understanding the radioactive decay of 790Sr (strontium-90) is essential for
comprehending its impact on health, environment, and its various
applications. Strontium-90 is a radioactive isotope produced during nuclear
fission, notably in nuclear reactors and atomic weapons. Its decay process
involves the emission of a high-energy beta particle, which plays a
significant role in its biological effects and radiological safety
considerations. Additionally, strontium’s chemical similarity to calcium
influences its behavior in biological systems and environmental processes.
This article explores the decay characteristics of 7~90Sr, its chemical
properties, and the implications of its radioactive nature.

Understanding 7~90Sr and Its Radioactive Decay

What Is 790Sr?

Strontium-90 (790Sr) is a radioactive isotope with a half-life of
approximately 28.8 years. It is produced during nuclear fission processes,
especially as a byproduct of uranium and plutonium fission in nuclear
reactors and atomic bombs. Due to its relatively long half-life and high-
energy emissions, 790Sr is a significant concern in nuclear waste management
and environmental contamination.

Decay Mode of ~90Sr

The primary decay mode of 790Sr is beta decay:

- Beta decay process: 790Sr - "90Y + - + v'e

- Decay product: Yttrium-90 (790Y), which is also radioactive

- Type of particle emitted: Beta particle with an energy of approximately 2.8
MeV

The Significance of the 2.8 MeV Beta Particle

The beta particle emitted during "90Sr decay is a high-energy electron. Its
characteristics include:

- Energy: Approximately 2.8 MeV, which is relatively high for beta particles
- Penetration depth: Can penetrate human tissue up to a few millimeters,



causing cellular damage
- Biological impact: Capable of inducing DNA damage, increasing cancer risk
upon internal exposure

The emission of this energetic beta particle makes "90Sr a potent
radiological hazard, especially when ingested or inhaled.

Decay Chain and Radioactive Behavior of ~90Sr

Decay Chain Overview

~90Sr undergoes beta decay to form 790Y, which itself is radioactive:
- Step 1: 790Sr - "90Y + B"™- + v e (half-life: 28.8 years)

- Step 2: "90QY - "90Zr + B"- + v e (half-life: ~64 hours)

- Stable end product: 790Zirconium (~90Zr), a stable isotope

This decay chain results in the emission of high-energy beta particles during
both decay steps, contributing to its radiological hazard.

Radioactive Properties and Environmental Persistence

- Half-life: 28.8 years, allowing it to persist in the environment for
decades

- Mobility: Soluble in water, enabling widespread environmental distribution
- Bioaccumulation: Tends to accumulate in bones and teeth due to its chemical
similarity to calcium

Chemical Similarity to Calcium and Its
Biological Implications

Why Is Strontium Chemically Similar To Calcium?

Strontium and calcium are both alkaline earth metals, sharing several
chemical properties:

- Atomic numbers: Calcium (20), Strontium (38)

- Electronic configuration: Both have two valence electrons, leading to
similar chemical behaviors

- Ionic radii: Strontium ions (Sr2*) are similar in size to calcium ions
(Ca2+), facilitating substitution in biological and mineral structures



Impact on Biological Systems

Because of this similarity, strontium can mimic calcium within biological
systems:

- Bone incorporation: Strontium readily replaces calcium in bones and teeth

- Biochemical interactions: Can be taken up by bones, leading to localized
radiation doses

- Health implications:

- Positive uses: Therapeutic applications such as strontium-89 in bone cancer
treatment

- Risks: Internal contamination with 790Sr can lead to bone cancer and
leukemia due to radiation exposure

Environmental Behavior and Mobility

In the environment, strontium behaves similarly to calcium:

- Soil chemistry: It can be absorbed by plants, entering the food chain

- Water solubility: Soluble forms enable widespread contamination

- Remediation challenges: Its chemical similarity complicates removal from
contaminated sites

Health and Safety Considerations

Radiation Exposure Pathways

Human exposure to "90Sr generally occurs through:

- Ingestion: Contaminated food and water

- Inhalation: Dust containing "90Sr particles

- Wound contamination: Less common but possible in radiological accidents

Biological Effects of ~90Sr

Due to its chemical affinity for calcium, ~90Sr accumulates primarily in:
- Bones and teeth: Where it remains for years

- Bone marrow: Exposure increases risk of leukemia

- Cellular damage: Beta radiation induces DNA mutations, increasing cancer
risk

Safety Measures and Regulations

- Monitoring: Regular testing of environmental and food samples
- Containment: Proper storage of nuclear waste containing ~90Sr
- Remediation techniques:

- Chemical separation

- Phytoremediation



- Barrier construction

Applications of Strontium-90 and Its Decay
Products

Medical Uses

- Radioisotope therapy: Strontium-89 is used to treat bone metastases due to
its affinity for bone tissue
- Diagnostic tools: Limited use in certain imaging procedures

Industrial and Environmental Uses

- Radioactive sources: Used in radiation gauges and
thickness measurements

- Environmental monitoring: Tracking nuclear
contamination

Challenges and Concerns

- The long half-life and high-energy beta emissions
make ~90Sr both useful and hazardous

- Strict regulations govern its use, storage, and
disposal to minimize environmental and health risks

Conclusion

The decay of 790Sr through the emission of a 2.8 MeV
beta particle is a critical aspect of its
radioactive behavior, influencing its environmental
persistence and biological effects. Its chemical
similarity to calcium enables it to mimic calcium in
biological systems, leading to potential health
hazards like bone cancer and leukemia upon internal



exposure. Understanding the chemistry, decay
mechanisms, and safety measures associated with
~90Sr is essential for managing its risks and
harnessing its applications responsibly. Continued
research and regulation are vital to mitigate the
dangers posed by this radioactive isotope while
exploiting its beneficial uses in medicine and
industry.

Frequently Asked Questions

What type of decay does Strontium-90 undergo, and
what is the energy of the emitted beta particle?

Strontium-90 undergoes beta decay, emitting a beta
particle with an energy of approximately 2.8 MeV.

Why is Strontium-90 considered hazardous in nuclear
waste management?

Because it emits high-energy beta particles and has
a relatively long half-life, making it a significant
radiological hazard if not properly contained.

How does the chemical similarity between Strontium
and Calcium affect their behavior in biological
systems?

Their chemical similarity causes Strontium to mimic
Calcium, leading it to incorporate into bones and



teeth, which can pose health risks from radiation
exposure.

What are common methods used to detect and measure
the beta radiation emitted by Strontium-907?

Beta radiation from Strontium-90 is typically
measured using scintillation counters, Geiger-Miiller
counters, or liquid scintillation counting
techniques.

How can the decay of ~90Sr impact environmental
safety and human health?

Decayed ~90Sr can contaminate soil and water, and
its incorporation into bones can increase the risk
of radiation-induced health issues such as cancer.

What is the significance of the 2.8 MeV beta
particle emission in the context of nuclear medicine
or radiation therapy?

While high-energy beta emitters like ~90Sr are used
in certain radiation therapy applications, their
high energy and radioactivity require careful
handling and are primarily used in industrial or
radiological contexts rather than direct medical
treatments.



Additional Resources

~90Sr Decays With The Emission Of A 2.8 MeV Beta
Particle. Strontium Is Chemically Similar To Calcium

In the realm of nuclear science and environmental
safety, understanding the decay processes of
radioactive isotopes is fundamental. Among these,
Strontium-90 (~90Sr) stands out due to its notable
presence in nuclear waste and its biological
implications. This isotope decays by emitting a
high-energy beta particle with an energy of
approximately 2.8 MeV, a process that has
significant consequences for both the environment
and human health. Interestingly, strontium shares
chemical properties with calcium, which influences
how it behaves in biological systems and the
environment. This article delves into the detailed
mechanisms of ~90Sr decay, the implications of its
chemical similarity to calcium, and the broader
impact of its presence in our world.

Understanding ~90Sr: An Overview

What Is Strontium-907?

Strontium-90 is a radioactive isotope of the element
strontium, which belongs to the alkaline earth
metals group in the periodic table. It is produced



as a fission product during nuclear reactions,
notably in nuclear reactors and atomic bomb
detonations. Because of its long half-life (~28.8
years), 790Sr remains in the environment for
decades, making it both a concern for nuclear waste
management and a potential health hazard.

Sources of 790Sr

- Nuclear Fallout: After nuclear weapons tests,
significant amounts of ~90Sr were dispersed
globally.

- Nuclear Reactor Waste: Spent nuclear fuel contains
~90Sr, which can leach into the environment if not
properly contained.

- Accidental Releases: Incidents such as the
Chernobyl or Fukushima disasters have released ~90Sr
into surrounding ecosystems.

The Decay Process of "90Sr

Radioactive Decay Mechanics

Radioactive decay 1s a spontaneous process whereby
an unstable nucleus transforms into a more stable
configuration, emitting radiation in the process.
For ~90Sr, this decay primarily occurs through beta



decay:
~90Sr -» "90Y + B™- + 0.0005 MeV
In this process:

- The nucleus of 790Sr emits a beta particle (an
electron, denoted as B™-).

- The emission occurs when a neutron in the nucleus
converts into a proton, increasing the atomic number
by one while the mass number remains unchanged.

- The resulting isotope is Yttrium-90 (~90Y), which
is itself radioactive and decays further.

Beta Emission: The 2.8 MeV Electron

The beta particle emitted during "90Sr decay
possesses an energy of approximately 2.8 MeV, making
it a high-energy electron. This high energy has
important implications:

- Penetration Depth: The 2.8 MeV beta particles can
penetrate human tissue to a depth of a few
millimeters, depending on the material, which makes
internal exposure particularly hazardous.

- Ionization Potential: As they traverse matter,
these electrons cause ionization, damaging
biological molecules such as DNA, which can lead to
mutations or cell death.

Decay Chain and Its Significance



The decay chain of 790Sr is particularly noteworthy
because:

- Generation of ~90Y: The initial beta decay
produces ~90Y, which is also radioactive with a
half-life of about 64 hours.

- Subsequent Decay: "90Y decays further by emitting
a beta particle with a higher energy (about 2.28
MeV), contributing to the overall radiation dose.

- Stable Endpoints: Eventually, the decay chain
leads to stable isotopes, but the intermediate
radioactive phases pose environmental and biological
risks.

Biological Implications of ~90Sr

Chemical Similarity to Calcium

One of the most concerning aspects of 790Sr is its
chemical behavior, which closely resembles that of
calcium. This similarity arises because:

- Atomic Structure: Both elements are alkaline earth
metals with similar valence electron configurations.
- Chemical Properties: They tend to form similar
compounds, such as hydroxides and carbonates.

- Biological Incorporation: The body confuses ~90Sr
with calcium, leading to its incorporation into
bones and teeth during growth and remodeling.



Pathways of Exposure

Humans can be exposed to ~90Sr through various
routes:

- Inhalation: Breathing contaminated dust particles.
- Ingestion: Consuming contaminated food or water,
especially dairy products or plants grown in
contaminated soil.

- Dermal Contact: Less significant but possible in
certain environments.

Biological Effects and Risks

The incorporation of ~90Sr into bones leads to:

- Bone Marrow Damage: Beta radiation damages the
marrow, impairing blood cell production.

- Increased Cancer Risk: Prolonged exposure elevates
the risk of bone cancer and leukemia.

- Genetic Damage: Ionization of DNA can cause
mutations, potentially leading to hereditary
effects.

Environmental Impact and Safety Measures

Environmental Persistence



Due to its half-life and chemical properties, ~90Sr
persists in the environment:

- Soil Contamination: It can bind to soil particles,
especially in calcium-rich soils.

- Bioaccumulation: Plants absorb ~90Sr, which then
moves up the food chain.

- Water Contamination: Leaching into groundwater is
possible, complicating remediation efforts.

Remediation Strategies

Managing ~90Sr contamination involves several
approaches:

- Containment and Storage: Secure storage of nuclear
waste to prevent leaching.

- Chemical Separation: Using processes like ion
exchange or precipitation to remove ~90Sr from
waste.

- Bioremediation: Employing plants or microbes
capable of absorbing or immobilizing ~90Sr.

- Dietary Interventions: Administering calcium or
other agents to compete with ~90Sr uptake in humans.

Regulatory Standards and Monitoring

International agencies, such as the International
Atomic Energy Agency (IAEA), set limits for 790Sr in
food and water. Continuous monitoring and strict



safety protocols are essential to minimize human
exposure, especially in areas affected by nuclear
accidents.

Conclusion: The Dual Nature of "90Sr

Strontium-90 exemplifies the complex interplay
between nuclear technology and environmental health.
Its high-energy beta decay, coupled with its
chemical mimicry of calcium, makes it a unique
challenge in both nuclear physics and public health.
Understanding its decay process, biological
behavior, and environmental pathways is crucial for
developing effective safety measures and remediation
strategies. As nuclear technology advances and
legacy waste persists, ongoing research and
vigilance remain vital to mitigate the risks
associated with 790Sr, ensuring that its presence
does not translate into long-term health hazards for
future generations.
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