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Neutron activation analysis can check hair for the presence of various elements, revealing significant
information about an individual's exposure to environmental toxins, dietary habits, and even potential drug
use. This non-destructive analytical technique leverages the unique properties of neutrons to identify and
quantify trace elements found in hair samples. In this article, we will explore the principles of neutron
activation analysis (NAA), its applications in forensic science, environmental studies, and health assessments,

and the specific elements that can be detected through hair analysis.

Understanding Neutron Activation Analysis

Neutron activation analysis is a highly sensitive and reliable method used for determining the composition
of various materials, including biological tissues like hair. NAA operates on the principle of irradiating the
sample with neutrons, causing certain nuclei to become unstable and emit gamma radiation. The emitted
gamma rays are then measured, providing a spectrum that can be analyzed to identify and quantify the

elements present in the sample.

Principles of NAA

1. Neutron Irradiation: The hair sample is placed in a neutron source, where it is bombarded with neutrons.

This process can occur in a nuclear reactor or a neutron generator.

2. Radioactive Isotope Formation: Some of the stable isotopes in the hair absorb neutrons and become
radioactive isotopes. Each element has a unique neutron capture cross-section, which determines how

likely it is to capture a neutron.

3. Decay and Gamma Emission: As the radioactive isotopes decay, they emit gamma rays. The energy

levels and intensities of these gamma rays are characteristic of specific elements.

4. Spectroscopic Analysis: A gamma-ray spectrometer detects the emitted radiation and produces a
spectrum. The peaks in this spectrum correspond to different elements, allowing for their identification and

quantification.



Advantages of Neutron Activation Analysis

- Sensitivity: NAA can detect elements present in concentrations as low as parts per billion (ppb).
- Non-destructive: The method does not alter the sample, allowing for further testing if necessary.

- Simultaneous Multi-element Detection: NAA can analyze multiple elements at once, making it efficient

for comprehensive studies.

- Minimal Sample Preparation: Hair samples require little preparation, preserving their integrity.

Applications of Neutron Activation Analysis in Hair Testing

Neutron activation analysis has a broad range of applications when it comes to analyzing hair samples.

Below are some of the key areas where NAA is particularly valuable:

Forensic Science

In forensic science, NAA is utilized to determine the elemental composition of hair samples, which can
provide insights into a person's history or exposure to certain substances. The following are specific

applications in forensic investigations:

- Drug Testing: NAA can identify the presence of drugs or drug metabolites in hair. This is critical in legal

cases, as hair can provide a historical record of drug use over months.

- Toxicology: Forensic experts can analyze hair samples for heavy metals and toxic elements, such as lead,

arsenic, or mercury, which can indicate poisoning.

- Geolocation: The elemental signature of hair can help forensic scientists determine the geographical origin

of a person based on environmental exposure to specific trace elements.

Environmental Monitoring

NAA is also instrumental in environmental studies, particularly in assessing exposure to pollutants. Hair

samples can reveal:

- Heavy Metal Exposure: Analysis can show chronic exposure to heavy metals from polluted



environments, occupational hazards, or contaminated water sources.

- Nutritional Studies: NAA can be used to analyze the nutritional status of individuals by measuring

essential trace elements like zinc, selenium, and copper in hair.

- Ecosystem Studies: Researchers can monitor the health of ecosystems by analyzing hair from wildlife to

track environmental changes and pollution levels.

Health Assessments

Hair analysis through NAA has potential applications in health assessments, particularly in understanding a

person's nutritional and exposure history:

- Nutritional Deficiencies: By examining trace element levels in hair, health professionals can identify

deficiencies or excesses in an individual's diet.

- Chronic Illness Monitoring: NAA can assist in monitoring chronic illnesses related to heavy metal toxicity

or nutritional imbalances.

- Personalized Medicine: Understanding an individual's elemental profile can help tailor dietary and health

recommendations.

Elements Detected Through Hair Analysis

Neutron activation analysis can detect a wide range of elements in hair. The following is a list of some

common elements that are frequently analyzed:

1. Trace Elements:
- Magnesium (Mg)
- Calcium (Ca)

- Sodium (Na)

- Potassium (K)

2. Heavy Metals:
- Lead (Pb)

- Mercury (Hg)

- Arsenic (As)

- Cadmium (Cd)

3. Nutritional Indicators:



- Zinc (Zn)

- Selenium (Se)
- Copper (Cu)

- Iron (Fe)

4. Other Elements:
- Chlorine (Cl)
- Bromine (Br)
- Manganese (Mn)

- Strontium (Sr)

Each of these elements can provide valuable insight into an individual's health, environmental exposures,

and lifestyle choices.

Limitations of Neutron Activation Analysis

While NAA is a powerful tool, it is important to acknowledge some limitations:

- Cost and Accessibility: The equipment needed for NAA, such as neutron sources and spectrometers, can

be expensive and not widely available, limiting access to this technique.

- Interpretation of Results: High concentrations of certain elements in hair may not always indicate toxicity

or exposure; factors such as hair growth rate and external contamination can influence results.

- Sample Size: In some cases, a larger sample size may be necessary to obtain statistically significant results,

which can be challenging with hair samples.

Conclusion

In conclusion, neutron activation analysis can check hair for the presence of numerous elements, providing
essential insights into an individual's health, environmental exposure, and lifestyle. Its applications in
forensic science, environmental monitoring, and health assessments highlight the technique's versatility
and importance. Although there are limitations to consider, the unique advantages of NAA, such as its
sensitivity and non-destructive nature, make it a valuable tool in modern analytical chemistry. As research
continues to evolve, the role of neutron activation analysis in understanding human biology and
environmental interactions will only grow, paving the way for more comprehensive health and safety

assessments.



Frequently Asked Questions

What elements can neutron activation analysis detect in hair samples?

Neutron activation analysis can detect trace elements such as arsenic, mercury, lead, and other heavy

metals in hair samples.

How does neutron activation analysis work in analyzing hair?

Neutron activation analysis works by irradiating the hair sample with neutrons, causing certain elements
to become radioactive. The emitted gamma rays are then measured to identify and quantify the elements

present.

Why is hair an effective medium for neutron activation analysis?

Hair is an effective medium because it can store trace elements from the environment and the body over

time, providing a historical record of exposure to various substances.

Can neutron activation analysis be used to assess dietary exposure through
hair analysis?

Yes, neutron activation analysis can be used to assess dietary exposure by detecting elements that

accumulate in hair due to dietary intake over time.

What are the advantages of using neutron activation analysis for hair

testing?

The advantages include high sensitivity, the ability to detect multiple elements simultaneously, and

minimal sample destruction.

Is neutron activation analysis safe for testing hair samples?

Yes, neutron activation analysis is considered safe for testing hair samples as it involves non-invasive

techniques and does not harm the sample significantly.

‘What industries utilize neutron activation analysis for hair testing?

Industries such as forensic science, environmental monitoring, and toxicology utilize neutron activation

analysis for hair testing to assess exposure to harmful substances.



‘What limitations does neutron activation analysis have in hair testing?

Limitations include the requirement for specialized equipment, potential interference from other elements,

and the need for careful sample handling to avoid contamination.
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