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Abstract: Hair analysis offers a non-invasive, long-term matrix for detecting drug use extending back months, with applications in
forensic, clinical, and occupational contexts. This review examines drug incorporation mechanisms, the critical role of washing
(decontamination) protocols, and interpretational challenges. Advances such as micro-segmental analysis and metabolite-based
differentiation improve accuracy, but limitations persist, including external contamination, cosmetic treatments, physiological variability,
and lack of harmonized protocols. The review also discusses forensic casework where hair evidence played a decisive role. Strategies for

improving reliability are highlighted.
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1.Introduction

Forensic  toxicological analysis includes diverse
applications such as explosives detection [1], [2], pesticide
detection [3], heavy metal detection, and fingerprint
detection [4], each contributing to the comprehensive
examination of trace evidence in criminal investigations.
Hair toxicology has gained prominence due to its ability to
provide retrospective information on substance use. Unlike
blood and urine, which reflect recent drug exposure, hair
can retain analytes for weeks to months, depending on the
hair length. This makes it particularly valuable in forensic
cases involving chronic drug use, drug-facilitated crimes,
and postmortem toxicology. Drugs enter hair primarily
through blood capillaries that supply the follicle, but sweat
and sebum can also contribute. Consequently,
interpretation  must  consider  potential  external
contamination and inter-individual variability [5], [6].

2.Hair Analysis as Evidence

Hair analysis is used in a variety of forensic applications,
including criminal justice drug testing, child custody cases,
and sports doping control. Segmental analysis allows
reconstruction of drug intake timelines. For example, a 6
cm-long hair strand can provide a 6-month drug use history.
Micro-segmental analysis (MSA) has further advanced this
field, enabling near-daily resolution of drug exposure [7].
In a recent case, investigators successfully used hair
analysis to confirm a suspect's claim of single-dose
ingestion of a sedative, providing strong forensic
corroboration [8].

3.Limitations of Hair Analysis
A. External Contamination and Washing Protocols

External contamination from drugs in the environment
poses a significant challenge. Contaminants can bind to the
hair shaft, potentially leading to false-positive results.
Decontamination protocols—such as washing with organic
solvents or surfactants—aim to remove these residues, but
no universal standard exists. The efficacy of washing

depends on the drug’s chemical nature and the hair matrix

[11].
B. Distinguishing Ingestion from Contamination

To differentiate true ingestion from passive exposure,
forensic scientists increasingly focus on detecting phase 11
metabolites—conjugated forms that indicate metabolic
processing. Their presence in hair implies systemic
absorption and biotransformation, strengthening the
argument for actual ingestion [9].

C. Physiological and Analytical Variability

Hair characteristics vary widely between individuals.
Melanin content influences drug binding, with darker hair
typically retaining higher concentrations of basic drugs.
Cosmetic treatments such as bleaching or dyeing can alter
drug levels by degrading analytes or modifying hair
structure. These factors complicate both qualitative and
quantitative interpretations [6], [10].

D. Lack of Harmonized Protocols

Despite  several  professional guidelines, global
harmonization is lacking in sampling techniques, extraction
protocols, and result interpretation. This variability
introduces inconsistency across laboratories and can
undermine the legal admissibility of results [5].

4.Conclusion

Hair analysis is a valuable forensic tool, offering long-term
detection and temporal profiling of drug intake. However,
challenges such as contamination, cosmetic interference,
and procedural inconsistencies limit its accuracy. Emerging
techniques—Ilike micro-segmental analysis and metabolite
confirmation—enhance reliability. Future efforts should
prioritize protocol standardization and integration of
metabolomics to ensure greater confidence in forensic
casework.
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