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Horizon Scan
Detecting Compositions of Unregulated Substances: A Horizon Scan of Emerging Drug-Checking Technologies

Key Messages

What Is the Issue?
	Canada continues to experience a toxic drug crisis driven by an increasingly complex and rapidly changing unregulated drug supply.

	Drug-checking services help identify substances and contaminants in unregulated drug samples, supporting harm reduction and public health responses.

	In response to the ongoing toxic drug crisis, new drug-checking technologies (DCTs) are emerging. Further research could help determine how these technologies might complement established options to address existing challenges — such as detecting low-concentration substances, novel psychoactive substances, and complex drug mixtures — and improve access to drug-checking services.


What Are the Technologies?
	Many emerging DCTs are portable, hand-held, or field-deployed, and are designed for use outside traditional laboratory settings while still offering the potential for high analytical performance.

	Emerging DCTs include portable Raman spectroscopy, surface-enhanced Raman spectroscopy, near-infrared spectroscopy, infrared spectroscopy combined with machine learning, portable mass spectrometry, sensor-based technologies, and multitechnology approaches.

	We searched key resources, including journal citation databases, and conducted a focused internet search for relevant evidence published since 2011.


What Is the Potential Impact?
	Initial studies suggest emerging DCTs may improve the detection of low-concentration substances, contaminants, novel psychoactive substances, and complex drug mixtures.

	Portable devices may expand access to drug-checking services in underserved communities as well as mobile, rural, remote, and event-based settings.

	Emerging DCTs may provide timely and detailed information about substance compositions, contaminants, and novel psychoactive substances. This information may support people who use drugs, harm-reduction services, health care providers, public health agencies, and surveillance programs in identifying trends in the unregulated drug supply.

	No single technology demonstrated advantages across all analytical and operational areas. Although emerging technologies demonstrate encouraging analytical performance, the technologies differ in sensitivity, portability, analysis time, training requirements, dependence on reference libraries, costs, and implementation needs.

	Combining emerging technologies with complementary established technologies may improve substance detection compared with relying on a single technology alone.


What Else Do We Need to Know?
	This Horizon Scan complements a 2026 Canada’s Drug Agency Health Technology Review by providing an overview of emerging DCTs and early evidence on their potential applications. The previous review evaluated established DCTs, while this Horizon Scan highlights technologies that are still evolving and where evidence remains limited. Emerging DCTs may complement, rather than replace, established DCTs and laboratory-based methods, which continue to play an important role in drug-checking services, including the identification and confirmation of novel or unexpected substances.

	Several emerging DCTs have been evaluated in community drug-checking settings, particularly in Canada; however, evidence is still limited for many technologies and consists largely of preliminary studies.

	More studies are required to better understand the accuracy, reliability, costs, and real-world implementation of these technologies. Further, evidence synthesis with critical appraisal will be necessary to provide conclusive statements about their performance.

	Decision-makers may need to balance analytical performance with feasibility, workforce capacity, infrastructure requirements, costs, and equitable access when considering implementation.


Abbreviations
AI

artificial intelligence


DCT

drug-checking technology


FTIR

Fourier-transform infrared


GC-MS

gas chromatography–mass spectrometry


HPLC

high-performance liquid chromatography


IR

infrared


LOD

limit of detection


MDMA

3,4-methylenedioxymethamphetamine


NIR

near-infrared


NPS

new psychoactive substance


PS-MS

paper spray mass spectrometry


PSI-MS

paper spray ionization mass spectrometry


SERS

surface-enhanced Raman spectroscopy


Purpose and Scope
We conducted this Horizon Scan to inform decision-making about emerging drug-checking technologies (DCTs) that may support harm-reduction services in Canada. The main objective was to identify and provide a high-level overview of emerging DCTs, including how they work, available evidence on their performance, and key implementation considerations. We also prioritized the following additional objectives:
	Explore the potential role of emerging DCTs within drug-checking and harm-reduction services in Canada.

	Summarize broader considerations related to the use of emerging DCTs, including cost; operational requirements; acceptability; privacy; regulatory context; and access in rural, remote, and underserved communities.


Members of the National Drug Checking Working Group reviewed the project plan and provided feedback on technologies of interest. They also identified considerations relevant to drug-checking services in Canada.
An information specialist conducted a customized literature search on May 1, 2026, balancing comprehensiveness with relevance of multiple sources and grey literature. Additional studies were identified through handsearching and reviewing the reference list of included studies. Further details are provided in the Methods section (Appendix 1).
What Is the Issue?
Canada continues to experience a severe and evolving toxic drug crisis.1 Unregulated drugs include unexpected contaminants and new psychoactive substances (NPSs) such as synthetic opioids, benzodiazepines, veterinary sedatives, and stimulants, and can be lethal even in low quantities. The unregulated drug supply also changes rapidly, particularly within the unregulated opioid supply, where new contaminants and NPSs continue to emerge. Recent examples identified by Canadian drug-checking programs include medetomidine, etodezitramide, cychlorphine, and nefopam.2 Exposure to unexpected substances can increase the risk of adverse effects, including sedation, respiratory depression, loss of consciousness, drug toxicity, and death, particularly when people are unaware of the substances present or their concentrations.3 This highlights the need for harm-reduction interventions to include approaches and technologies that can identify unexpected and emerging substances in the unregulated drug supply.4,5 In Canada, DCTs are analytical tools used within drug-checking services to support harm reduction and public health activities.6,7 They identify expected and unexpected substances in unregulated drug samples, helping people who use drugs and service providers to make more informed decisions, and supporting efforts to prevent drug-related harms and deaths related to drug toxicity.6 Aggregated drug-checking data also support surveillance by identifying trends in the unregulated drug supply, detecting contaminants and NPSs and informing public health responses.6,8 These technologies vary by program and available resources, but commonly include Fourier-transform infrared (FTIR) spectroscopy, immunoassay test strips, and laboratory-based confirmatory testing.6,9 They also differ in their analytical capabilities, infrastructure requirements, turnaround times, and costs.9
To date, the published evidence base primarily focuses on established DCTs, particularly immunoassay-based test strips and FTIR spectroscopy.9 Immunoassay test strips are relatively affordable, portable, and feasible to implement in community settings. They are designed to detect a targeted substance and are often used alongside other DCTs that provide information about the broader composition of a sample. For example, a fentanyl test strip can detect fentanyl but would not detect xylazine if it were present in the sample. FTIR spectroscopy can identify a wide range of substances in a mixture and is supported by comprehensive reference libraries. However, its performance may be reduced when target substances are present at low concentrations or within complex multicomponent samples.9 In this Horizon Scan, emerging DCTs refer to technologies that are newly applied or have limited adoption in drug-checking settings, with an evolving evidence base for this use.
A 2026 Canada’s Drug Agency (CDA-AMC) Health Technology Review9 aimed to evaluate evidence on test accuracy, limit of detection (LOD), repeatability, reproducibility, cost-effectiveness, and cost and operational considerations for DCTs. The review found that accuracy varied by substance and context, and that multitool approaches (i.e., combining multiple DCTs) can improve sensitivity and reduce false-negatives. The review highlighted that emerging technologies, such as portable gas chromatography–mass spectrometry (GC-MS) and surface-enhanced Raman spectroscopy (SERS), may improve accuracy. This review also identified an important research gap, wherein evidence on emerging DCTs remains limited and fragmented, including their feasibility and real-world applications. At the same time, there remains a need for technologies that provide broader substance detection, improved sensitivity for trace compounds, and faster turnaround times. There is also a need for technologies that are feasible for use in community, mobile, event-based, rural, and remote settings.6,9 This Horizon Scan complements the previous review by focusing specifically on emerging and next-generation DCTs. This scan synthesizes peer-reviewed and grey literature to primarily describe emerging technologies, identify early evidence and implementation experiences, and summarize their potential role in addressing current limitations of established DCTs. The Horizon Scan was also undertaken in response to strong interest in emerging technologies beyond those evaluated in the previous review. This interest was expressed by the National Drug Checking Working Group, the Canadian Centre on Substance Use and Addiction (which co-chairs the Working Group), peer reviewers, and provincial jurisdictions.
In this rapidly evolving field, a range of emerging DCTs are being developed to address these limitations and aim to:
	improve the detection of low-concentration substances

	enhance characterization of complex mixtures

	reduce reliance on centralized laboratory infrastructure

	provide advanced drug-checking services outside traditional laboratory environments and therefore have greater feasibility for deployment in community, mobile, rural, and remote settings.


How Are DCTs Used in Canada?
Several jurisdictions in Canada offer drug-checking services as part of broader harm reduction and to prevent death related to toxicity strategies. Community-based organizations, public health agencies, and harm-reduction programs provide these services in a variety of settings. These include supervised consumption sites, community health organizations, outreach programs, mobile services, and community events (e.g., music festivals). The DCTs used in these settings have not been assessed by Health Canada to determine their safety, effectiveness, or quality for the purpose of drug checking.10
The potential benefits of emerging DCTs depend on how they are implemented within drug-checking services. For example, concerns about privacy, legal consequences, or interactions with law enforcement may prevent some people from accessing services. Programs such as Ontario’s Drug Checking Community operate through exemptions from Canada’s Controlled Drugs and Substances Act,11 allowing the handling and transfer of controlled substances for drug-checking purposes. The program accepts anonymous sample submissions through participating community-based organizations. Results and samples are intended for public health and harm-reduction purposes and cannot be used for punitive, legal, regulatory, or compliance activities.12 Additional factors, including transparent communication about technology limitations and uncertainty, quality assurance processes, and meaningful engagement with people who use drugs and community partners may influence trust, acceptability, and service uptake. When appropriately implemented, emerging DCTs may also reduce reliance on centralized laboratory infrastructure and support broader public health surveillance and harm-reduction efforts.9,10 The broader ethical and governance considerations related to the implementation of drug-checking services are beyond the scope of this Horizon Scan.
Despite increasing adoption, access to drug-checking services remains uneven across Canada. Many rural, remote, and northern communities have limited access to advanced analytical technologies because of infrastructure, staffing, cost, and logistical challenges.6,9 Emerging DCTs are gaining interest among harm-reduction organizations, public health agencies, community service providers, and policy-makers. They may offer improved portability, sensitivity for trace substances, turnaround times, and accessibility compared with currently used technologies. As these technologies continue to evolve, they may improve access to harm-reduction services in communities facing geographic, stigma-related, and health service barriers. They may also support timely monitoring of the unregulated drug supply.
How Are Emerging DCTs Used in Canada?
In Canada, community harm-reduction and drug-checking programs are piloting, implementing, and evaluating several emerging DCTs. Although some of these technologies are already being used, they are considered emerging because their adoption remains limited, implementation is still evolving, and evidence supporting their use continues to develop. British Columbia and Ontario have been particularly active in assessing technologies such as portable and miniature mass spectrometry systems, SERS, portable Raman spectroscopy, and machine-learning approaches integrated with infrared (IR) spectroscopy.13-18 For example, a network of machine learning–enabled Raman spectrometers was deployed across 10 Ontario community organizations and generated real-time drug-checking results from more than 7,700 samples over 14 months.19 Community drug-checking programs have also independently evaluated technologies including Scatr's Series One (portable Raman), Spectra Plasmonics' Amplifi ID (SERS), and Waters' RADIAN ASAP mass spectrometry system.20 These emerging DCTs aim to improve detection of low-concentration substances, contaminants and NPSs, and complex drug mixtures in real-world harm-reduction settings.13-18 However, published information on the implementation of emerging DCTs across many regions and communities in Canada remains limited, representing an important evidence gap.6,13
How Do Emerging DCTs Work?
This section summarizes the emerging DCTs identified in the literature. These include emerging spectroscopy technologies (portable Raman, SERS, near-infrared [NIR] spectroscopy, and IR spectroscopy combined with machine learning), portable mass spectrometry, sensor-based technologies, and approaches that combine multiple emerging DCTs. For each technology, we describe how it works and provide a high-level summary of the available evidence. We did not systematically synthesize or critically appraise the evidence.
Sensitivity, specificity, and LOD are commonly used measures to describe the performance of DCTs. Sensitivity refers to the ability of a technology to correctly identify the presence of a substance when it is actually present. A highly sensitive test will detect even small amounts of the target substance.21 Specificity refers to the ability of a technology to correctly identify when a substance is not present. A highly specific test will rarely give a false-positive for a substance that is not actually in the sample.21 LOD refers to the smallest amount or concentration of a substance that a technology can reliably detect.22 In this Horizon Scan, reported sensitivity, specificity, and LOD values are relative to the reference standard or comparator used in each individual study and should be interpreted within that study's context.
Refer to Table 2 and Table 3 in Appendix 2 for a detailed summary of studies that reported accuracy outcomes or LOD for emerging DCTs.
Emerging Spectroscopy Technologies
Portable Raman
How Does It Work?
Portable Raman spectroscopy uses laser light to measure the vibrational characteristics of molecules. When the laser interacts with a sample, a small portion of the scattered light shifts in wavelength according to the chemical composition of the substance. The instrument compares the resulting spectrum with reference libraries to identify compounds present in the sample.23
Several portable Raman systems have been developed for drug-checking and forensic applications.24 Traditional Raman instruments typically rely on spectral matching against onboard libraries, whereas newer systems incorporate machine-learning algorithms to improve identification of complex mixtures.19 For example, the Scatr Series One, a portable Raman device developed in Canada, combines Raman with cloud-based machine-learning analysis to identify substances commonly found in Canada’s unregulated drug supply.13
Evidence
We identified 2 studies, both evaluating the Scatr Series One in Canadian drug-checking settings.19,20 Overall, results from these initial studies reported the technology correctly identified (sensitivity) most samples containing fentanyl, cocaine, methamphetamine, and 3,4-methylenedioxymethamphetamine (MDMA). In the largest study (1,083 samples), the device detected fentanyl, cocaine, methamphetamine, and MDMA in more than 90% of samples containing these substances (sensitivity) and correctly identified nearly all samples without them (specificity). However, performance was lower for benzodiazepines (72%) and xylazine (59%).19 Findings from Toronto’s Drug Checking Service showed that the technology correctly identified (sensitivity) fentanyl, cocaine, methamphetamine, or MDMA in up to 90% of samples. However, sensitivity ranged from less than 10% to 48% for some fentanyl analogues, benzodiazepines, veterinary tranquilizers, and some emerging substances (e.g., medetomidine and bromazolam).20
Portable Raman technologies may have a reduced ability to detect substances present at low concentrations. One study reported a fentanyl LOD of approximately 1% in reference standard mixtures containing caffeine and/or mannitol.19 Toronto’s Drug Checking Service reported fentanyl detection at concentrations as low as 0.10%, although detection was inconsistent at low concentrations.20
Surface-Enhanced Raman Spectroscopy
How Does It Work?
SERS is an emerging form of hand-held Raman spectroscopy designed to address Raman’s limitations, including difficulty detecting low-concentration substances or identifying components within mixtures.25-27 It uses metallic nanostructures (typically gold, silver, or copper) to amplify Raman signals from drug molecules. The metallic nanostructures also reduce fluorescence interference that can affect standard Raman measurements.28 Commercial SERS platforms, such as the Spectra Plasmonics Amplifi ID, use disposable nanoparticle-coated substrates that are mixed with a sample before Raman analysis to enhance detection of trace substances.20
Evidence
These initial studies conducted in drug-checking settings reported varying performance across target substances. Sensitivity ranged from 79% to 96% for fluorofentanyl, bromazolam, xylazine, and etizolam, while specificity ranged from 86% to 96%.18,29,30 Findings from Toronto's Drug Checking Service evaluating the Spectra Plasmonics Amplifi ID suggest that performance may vary substantially by substance. Correct identification rates (sensitivity) were 84% for fentanyl and 64% for para-fluorofentanyl, but lower for bromazolam (48%) and xylazine (35%).20
Available studies suggest that SERS can detect fentanyl, fentanyl analogues, xylazine, and etizolam at low concentrations.18,31 Reported LODs varied across substances, sample types, and experimental conditions. Several studies reported LOD in the ng/mL or nanomolar range, including 0.20 ng/mL for pure fentanyl, 0.35 ng/mL for 4-fluoroisobutyryl fentanyl, and 4.4 ng/mL for cyclopropyl fentanyl.31,32 Fentanyl was also detected (LOD) in heroin and cocaine mixtures at concentrations as low as 0.05% and 0.10%, respectively.31
Portable NIR Spectroscopy
How Does It Work?
The literature describes portable NIR systems as rapid, nondestructive, and suitable for field deployment. NIR helps operators identify sample composition by producing a spectral “fingerprint.” The device produces the fingerprint by measuring how molecules in the sample absorb NIR light, typically across wavelengths from approximately 740 to 2,600 nm.
Recent literature explores the use of chemometric and machine-learning models to identify and sometimes quantify substances.33 The studies applied machine-learning approaches to improve detection of complex mixtures.33-35
Examples of available portable NIR devices in the literature include the MicroNIR OnSite-W 1700, Powder Puck, SCiO handheld spectrometer, and smartphone-integrated NIR sensors.35,36
Evidence
From initial results of the identified studies, portable NIR technologies have demonstrated sensitivity and specificity above 90% for identifying cocaine, heroin, methamphetamine, MDMA, cannabis, and ketamine.33-38 Across studies, more than 90% of samples were correctly identified (sensitivity), with some studies reporting sensitivity approaching 100% for cocaine, heroin, and cannabis.33-38 These initial findings suggest that machine-learning and chemometric approaches (statistical and computational methods used to analyze chemical data) may improve the analysis of complex drug samples.33 However, most studies evaluated seized drug samples in forensic settings rather than community drug-checking services. As a result, the performance, feasibility, and operational requirements of these technologies in real-world harm-reduction settings remain uncertain. Limited evidence exists on the ability of portable NIR technologies to detect low-concentration substances, coloured samples, and complex mixtures commonly encountered in community drug-checking settings.33-38
IR Spectroscopy With Machine Learning
How Does It Work?
IR spectroscopy measures how a sample absorbs infrared light and produces a spectrum that reflects its chemical composition. Drug-checking services often use IR spectroscopy because it is rapid, portable, and nondestructive, and requires minimal sample preparation.
Interpreting spectra from complex drug mixtures can be challenging, particularly when substances are present at low concentrations.15,39 Machine learning can help find patterns in IR spectra that may not be obvious through conventional library matching or manual interpretation. Machine-learning models are trained using spectra from samples with known compositions and can then identify substances or estimate their concentrations in unknown samples.15,40
Researchers have evaluated several machine-learning approaches, including neural networks, random forests, k-nearest neighbours, and regression models. These approaches may improve detection of low-concentration substances and automate parts of the analysis process. They may also support more consistent interpretation across drug-checking services.15,40
Evidence
Overall, these emerging studies suggest that machine learning may improve the detection and quantification of substances in complex drug mixtures.15,39,40 In drug-checking settings, machine-learning models correctly identified (sensitivity) bromazolam and para-fluorofentanyl in 87% to 93% of samples, depending on the model used.40 Another study reported that machine learning–assisted IR spectroscopy correctly identified (sensitivity) MDMA in 79% of samples and fluorofentanyl in 61% of samples, while correctly ruling out (specificity) these substances in 97% to 100% of samples that did not contain them.15 Machine-learning models have also been used to estimate fentanyl concentrations in drug mixtures, with 1 study reporting a fentanyl LOD of 0.35%.39
Portable Mass Spectrometry
How Does It Work?
Portable mass spectrometry technologies include portable GC-MS, miniature mass spectrometry systems, and portable paper spray mass spectrometry (PS-MS). Although these technologies use different sampling and ionization approaches, they all rely on mass spectrometry to identify substances based on their unique chemical signatures. FTIR, Raman, and NIR spectroscopy estimate substance identity based on interactions with light. In contrast, mass spectrometry analyzes the chemical components directly, supporting more specific substance identification.16,41
GC-MS separates a sample into its individual components before mass spectrometry analysis, which may improve detection of contaminants and NPSs in complex drug mixtures.16 In contrast, PS-MS analyzes samples directly from a paper substrate using a solvent and electrical voltage to generate ions for mass spectrometry analysis, reducing sample preparation and analysis time.41,42
Recent advances have enabled smaller and portable mass spectrometry systems that can be used outside traditional laboratory settings. These technologies often include automated substance libraries and software-assisted analysis to support faster interpretation of results while maintaining portability.41
Evidence
Results from initial studies suggest portable mass spectrometry may detect low-concentration substances and characterize complex drug mixtures.14,17,20,42,43 In 1 study, portable GC-MS correctly identified (sensitivity) 100% of heroin and cocaine samples and detected fentanyl in 95% of samples.14 Another portable GC-MS system achieved a 90% detection rate (sensitivity) for synthetic opioids in screening-kit samples.42 However, performance varied by substance and technology. For example, Toronto’s Drug Checking Service reported high correct identification rates (sensitivity) for cocaine, methamphetamine, and MDMA (95% to 100%), but lower rates for fentanyl-related compounds (64% to 84%), benzodiazepines (48%), and xylazine (35%).20
Evidence from community drug-checking settings showed that portable mass spectrometry identified substances that FTIR and test strips missed, particularly at low concentrations.43 They also demonstrated the ability to detect fentanyl, fluorofentanyl, carfentanil, and etizolam at ng/mL concentrations, suggesting potential utility for identifying contaminants and NPS in drug samples.17
Sensor-Based Technologies
How Do They Work?
Sensor-based technologies are emerging portable analytical tools. They combine high analytical sensitivity with compact, field-deployable instrumentation and relatively low operating costs. Emerging sensor-based technologies increasingly incorporate nanomaterials; molecularly imprinted polymers; graphene derivatives; carbon nanotubes; MXenes; and metal-organic frameworks to enhance sensitivity, selectivity, and analytical performance.44-46
Sensor-based technologies use different sensing mechanisms to detect specific target substances or classes of substances (e.g., heroin, fentanyl, MDMA). Electrochemical sensors detect substances by measuring electrical signals generated when a target analyte interacts with an electrode surface. When an electrical potential is applied, oxidation or reduction reactions occur, producing measurable changes in current, voltage, or impedance that can be used to identify and quantify the target substance.45,47,48 DoseCheck is a drug-checking technology developed in Canada that applies voltammetry, an electrochemical sensing technique, in a portable, smartphone-connected platform to estimate the composition and concentration of substances in drug samples.13 Immunosensors are another type of sensor-based technology that use antibodies, aptamers, or other molecular recognition elements to selectively bind target analytes. They convert a binding event into an electrochemical, optical, or colourimetric signal to measure and interpret.45,46 Aptamer-based biosensors are a related emerging technology that uses synthetic DNA or ribonucleic acid (RNA) molecules rather than antibodies and may offer advantages in stability, shelf life, reproducibility, and manufacturing scalability.45
Although these technologies show promise for portable drug checking, most are at the proof-of-concept or early implementation stage. No eligible studies evaluating DoseCheck technologies were identified in this Horizon Scan.
Evidence
Results from 2 initial studies suggest electrochemical sensors may provide sensitive and targeted detection of priority substances, including opioids and MDMA, with low limits of detection and the ability to quantify analytes.49,50 In 1 study, an electrochemical sensor correctly identified (sensitivity) 88% of heroin samples and correctly identified (specificity) 100% of samples that did not contain heroin.50 In another study conducted in a festival drug-checking setting, the NarcoReader correctly identified (sensitivity) 100% of MDMA-positive samples and had a 70% specificity for correctly identifying samples that did not contain MDMA.49
Both studies reported low LOD.49,50
Portable Robotic High-Performance Liquid Chromatography
How Does It Work?
Portable robotic high-performance liquid chromatography (HPLC) systems are designed to automate sample preparation and chromatographic analysis in a compact format. Like conventional HPLC systems, they separate compounds before detection, which may improve the identification of complex mixtures and low-concentration substances while expanding access to chromatographic analysis outside traditional laboratories.13
Evidence
We did not identify any eligible studies evaluating this technology.
Combining Emerging DCTs
How Does It Work?
Multitechnology approaches combine 2 complementary analytical techniques in sequence to improve substance identification and address limitations of individual technologies. Both identified studies paired Raman spectroscopy with portable mass spectrometry, allowing samples to be analyzed using 2 independent methods. Raman spectroscopy provides rapid molecular fingerprinting and can be performed directly on samples, whereas mass spectrometry requires sample preparation but provides highly specific chemical identification and improved sensitivity for detecting low-concentration substances.51,52
Evidence
Two identified studies combined Raman-based technologies with portable mass spectrometry to leverage the complementary strengths of each approach.51,52 One study integrated SERS and paper spray ionization mass spectrometry (PSI-MS) on a single platform using a dual-purpose plasmonic paper substrate, allowing the same sample to be analyzed by both techniques.52 The other combined a hand-held Raman spectrometer with a transportable mass spectrometer, using Raman spectroscopy for initial screening and mass spectrometry for confirmatory analysis when contaminants or low-concentration substances reduced Raman performance.51
These initial studies suggested that combining complementary technologies may improve substance identification by pairing rapid screening with more sensitive confirmatory analysis.51,52 Both studies reported high analytical performance in forensic evaluations.51,52 In 1 study, the combined approach reported 100% overall accuracy. In the other study, the approach reported a 99.8% correct identification rate.51,52 However, neither study provided a direct comparison of sensitivity and specificity against each individual technology alone.
Refer to Table 3 in Appendix 2 for a detailed summary of studies on combining emerging DCTs.
Considerations for Emerging Technologies
This section summarizes key considerations for emerging DCTs beyond analytical performance. Table 1 compares the technologies across implementation and operational factors from the identified evidence to help understand their potential advantages and limitations. The considerations are organized into the following categories: factors that may affect performance, portability and infrastructure requirements, analysis time, sample preparation requirements, sample destruction, dependence on libraries or software, artificial intelligence (AI), and other considerations. We extracted the information from the identified evidence, and not all emerging DCTs had information representing each consideration category. Whether these considerations represent an advantage or a limitation may vary depending on the characteristics, intended use, and implementation context of each technology.
Across emerging DCTs, common advantages included rapid analysis, portability, and reduced infrastructure requirements compared with laboratory-based methods.17,19,27,37,49 Among them, SERS, portable mass spectrometry, sensing technologies, and IR combined with machine learning may also improve LOD of low-concentration substances, contaminants and NPSs, and complex drug mixtures.14,50,53 The ability to identify NPSs varied across technologies. Portable mass spectrometry and multitechnology approaches may identify NPSs.20,51 Spectroscopy-based technologies and portable robotic HPLC may also identify NPSs when supported by updated reference libraries or machine-learning models.13,16,19,20,40 In contrast, sensor-based technologies are generally limited to detecting predefined substances or classes of substances.50 Common limitations varied across technologies and included dependence on reference libraries, calibration models, or training datasets; challenges identifying novel substances and complex mixtures; and the need for ongoing updates to software, machine-learning models, or reference libraries.15,37,40,42,45 Although evidence is limited, implementation and sustainability may be influenced by maintenance, repair processes, technical support, software requirements, reference library updates, ongoing quality assurance, and training.54 Additional data and evaluation of these data are needed to understand their implementation and operational requirements.17,49,51,52
Table 1: Summary of Considerations for Emerging DCTs
	Emerging spectroscopy technology
	Advantages
	Limitations

	Emerging spectroscopy technologies

	Portable Raman
	Portability and infrastructure requirements: Portable and field deployable; supports use in community-based, mobile, rural, and lower-resource drug-checking settings, with less infrastructure required13
Analysis timea: Provides rapid results13
Sample preparation requirements: Minimal sample preparation13
Sample destruction: Nondestructive13
AI: Machine learning–enabled systems may improve identification of complex mixtures and evolve as databases expand19
	Detecting NPSs: May detect known NPSs included in the reference library but has limited ability to identify newly emerging or previously uncharacterized substances; performance depends on library updates, sample composition, and analyte concentration19,20
Factors that may affect performance:
	Accuracy may decline with complex mixtures and low-concentration substances51

	Susceptible to fluorescence interference for dark powders and coloured tablets45


Portability and infrastructure requirements: May require internet connectivity and proprietary software19
Dependence on libraries or software: Requires reference libraries and software updates45

	SERS
	Factors that may affect performance:
	Can detect trace-level compounds27,53

	Reduced fluorescence interference compared with conventional Raman, which may improve analysis of coloured drug samples and complex matrices55


Portability and infrastructure requirements:
	Portable and field deployable27,56

	Some systems (e.g., Spectra Plasmonics’ Amplifi ID) provide remote technical support (“reachback” service) to assist operators with sample analysis; however, reachback results are retrospective and may differ from results generated at the point of care20


Analysis timea: Provides rapid results27
Sample preparation requirements: Some SERS substrates have been reported to remain stable for up to 4 weeks, potentially reducing the need for frequent substrate preparation and specialized laboratory conditions56
AI: Machine learning–enabled approaches may support interpretation of complex spectra18
	Detecting NPSs: May detect known NPSs; detection of newly emerging substances depends on reference libraries or trained models13
Factors that may affect performance:
	Accuracy may decline when analyzing complex mixtures, particularly when multiple substances are present at varying concentrations;56 may have difficulty distinguishing structurally similar compounds (specificity)56

	Dependence on testing conditions, including nanoparticle characteristics, solution chemistry, laser wavelength, and target analyte properties, which can affect performance and reproducibility16

	Potential analyte competition effects, whereby interactions between substances in complex mixtures may influence detection (for example, increasing fentanyl concentrations were reported to reduce the detectability of etizolam because of competitive adsorption on gold nanoparticles)29


Sample preparation requirements: Requires sample preparation and quality control procedures56
Sample destruction: Unlike conventional Raman spectroscopy, SERS may require sample preparation that alters the tested portion of the sample56
Dependence on libraries or software: Standard Raman libraries may have limited applicability, requiring customized libraries, method development, and validation for specific substances and testing environments16

	Portable NIR
	Portability and infrastructure requirements: Portable and field deployable37
Analysis timea: Provides rapid results37
Sample preparation requirements: Requires minimal sample preparation and does not require reagents or solvents37
Sample destruction: Nondestructive; some systems can analyze samples through packaging, reducing sample handling and potential exposure risks for operators36,38
Other: Generates no chemical waste and consumes relatively little energy compared with laboratory-based analytical methods37
	Detecting NPS: May detect known NPS included in the reference library. Newly emerging substances may not be identified until the library is updated.16
Factors that may affect performance: Accuracy may decline when analyzing low-concentration substances, coloured samples, or complex mixtures36,37
Dependence on libraries or software: Requires high-quality reference libraries and calibration models; substances not included in reference libraries, including some novel psychoactive substances, may not be identified33,37
Other: Most evidence comes from forensic rather than drug-checking settings33-38,57

	IR spectroscopy with machine learning
	Factors that may affect performance: May improve identification of complex mixtures compared with conventional aproaches15,40
Portability and infrastructure requirements:
	Portable and field deployable17,41

	Can build on existing IR infrastructure and may reduce reliance on highly trained personnel15


Analysis timea: Provides rapid results45
Sample preparation requirements: Requires minimal sample preparation45
Sample destruction: Nondestructive analysis45
Digital health and AI: Machine learning–enabled approaches may improve identification of low-concentration substances in complex mixtures, support automated spectral interpretation, and improve transparency and trust in model outputs through explainable AI approaches15,40
	Detecting NPS: May identify known NPS if they are included in the training data. Detection of newly emerging substances depends on model updates.40
Factors that may affect performance:
	Accuracy may decline when analyzing novel substances or mixtures that differ from the training data15,40

	Remains limited by underlying IR detection capabilities and may not reliably detect substances present at low concentrations (sensitivity)39,40


Dependence on libraries or software: Requires large, high-quality training datasets and ongoing model updates15,40
Other: Resources are required for model development, maintenance, and quality assurance15

	Other technologies

	Portable mass spectrometry
	Detecting NPSs: May detect known and emerging NPSs20
Factors that may affect performance:
	May detect low-concentration substances and contaminants and identify fentanyl analogues, benzodiazepines, and other potent substances in complex drug mixtures14,16

	Provides detailed chemical information that can increase confidence in substance identification16


Portability and infrastructure requirements: Smaller and more portable designs may support deployment outside traditional laboratories and use in field settings17
	Portability and infrastructure requirements: Requires specialized training for operation, maintenance, and results interpretation14,16
Analysis timea: Provides relatively rapid results compared with laboratory-based methods; however, analysis time may be longer than FTIR, Raman spectroscopy, and test strips16
Sample preparation requirements: Requires more sample preparation than FTIR, Raman spectroscopy, and test strips16
Sample destruction: Destructive analysis16
Dependence on libraries or software: Requires comprehensive and regularly updated reference libraries to identify emerging substances and novel analogues42
Other:
	Higher equipment, maintenance, and operational costs than FTIR, Raman spectroscopy, and immunoassay test strips16,41

	Most evidence comes from forensic settings; further evaluation needed to determine its performance in routine community drug-checking services17,20



	Sensor-based technologies
	Factors that may affect performance: May complement other DCTs through detection of targeted substances at low concentrations44
Portability: Portable and field deployable44,46,48
Analysis timea: Results may be available within minutes using small sample volumes48-50
Infrastructure requirements: May require less specialized equipment and training than laboratory-based technologies44,46,48
Digital health and AI: Increasingly incorporate smartphone applications, automated software, digital readout systems, and machine-learning algorithms to support interpretation and reduce reliance on the expertise of specialists44-46
	Detecting NPSs: May detect targeted NPSs if designed for those substances; cannot identify previously unknown substances50
Factors that may affect performance:
	Complex mixtures and emerging substances may affect performance45

	Typically designed to detect specific target substances and may not identify unexpected drugs, contaminants and NPSs, or all sample components47-49


Sample preparation requirements: Usually require more sample preparation than FTIR, NIR, or Raman spectroscopy, and destroy part of the sample during testing45
Sample destruction: Destructive analysis; part of the sample is typically consumed during testing45
Other:
	Long-term maintenance, replacement, and quality assurance costs remain uncertain45

	Most technologies are still at an early stage of development and require further evaluation before widespread implementation47-49



	Portable robotic HPLC
	Factors that may affect performance: Separates complex mixtures before detection, which may improve identification and quantification of low-concentration substances and contaminants13
Portability and infrastructure requirements: Developed for field deployment and requires less laboratory infrastructure than conventional HPLC58
Analysis timea: Robotic sample preparation may improve consistency and reduce operator time while standardizing workflows13
Other:
	Reduced solvent consumption and waste compared with conventional laboratory HPLC systems58

	Robotic sample preparation may improve reproducibility and reduce operator variability13


	Sample preparation requirements: Requires sample preparation, solvent handling, and chromatographic separation before analysis13
Detecting NPSs: May support identification of NPSs when appropriate analytical methods and reference standards are available13
Sample destruction: Destructive58
Other: No eligible studies evaluating this technology in drug-checking settings were identified

	Combining emerging DCTs
	Detecting NPSs: May improve detection of known and emerging NPSs51
Factors that may affect performance: May improve confidence in substance identification by using complementary strengths of different technologies (for example, Raman spectroscopy can support noncontact analysis through packaging, while mass spectrometry may improve sensitivity for complex mixtures and trace substances);51 may support onsite confirmation of controlled substances using multiple independent analytical approaches52
Portability: Combining complementary emerging technologies may improve field-based drug analysis and reduce reliance on centralized laboratory testing52
	Factors that may affect performance: Performance in harm-reduction settings involving complex mixtures, trace contaminants, and NPSs remains uncertain51,52
Portability and infrastructure requirements:
	Infrastructure requirements may be greater than for individual technologies51,52

	May require multiple instruments, increasing operational complexity and training requirements51,52


Other:
	Cost may be greater than for individual technologies51,52

	Limited evidence is available, with studies conducted primarily in forensic rather than community drug-checking settings51,52




AI = artificial intelligence; DCT = drug-checking technology; HPLC = high-performance liquid chromatography; IR= infrared; NIR = near-infrared; NPS = new psychoactive substance; SERS = surface-enhanced Raman spectroscopy.
Note: If a consideration category is not listed for a technology, that consideration was not described in the identified literature.
aAnalysis time refers to the time required for a technology to analyze a prepared sample and generate a result.
Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/EH0129.
What Does It Cost?
We identified limited cost information for emerging DCTs, and the costs vary across technologies. Software requirements, consumables (e.g., test strips, reagents), maintenance, training needs, reference library management, technical support, staffing, and administrative requirements may all influence implementation and operational costs.6,9 Manufacturer survey data from the previous review by CDA-AMC9 showed that purchase agreements for spectroscopic technologies often included software updates, library management, technical support, online support, and warranties. Operational requirements and costs varied across technologies. Manufacturers also reported that training requirements ranged from minimal to moderate, depending on the technology and expertise required for spectral interpretation and data analysis.9
	Portable Raman devices have been reported to cost approximately US$10,000 to US$60,000, although additional expenses may include software licences, database subscriptions, library development, calibration, maintenance, cloud-based analytical support, staff training, and administrative activities related to quality assurance and library management.59 Scatr Series One has been estimated to cost approximately CA$120,000 (approximately US$85,000) plus annual software and service fees.13

	SERS may be a lower-cost alternative to laboratory-based analytical methods such as GC-MS and LC-MS, although specific device costs were rarely reported. Spectra Plasmonics’ Amplifi ID, a portable SERS system, has been estimated to cost approximately CA$20,000 to CA$30,000 and requires ongoing purchases of disposable SERS substrates as well as staff time for training and operation.13

	NIR spectroscopy may offer cost advantages because hand-held devices are generally smaller and less expensive than many FTIR or Raman-based systems, although implementation requires development and maintenance of appropriate reference databases and chemometric models.35 One report estimated the cost of the NIRLAB FIELDLAB at €10,800 (approximately CA$17,300) for the instrument, with an additional €1,200 (approximately CA$2,000) annual software subscription per application area or library.13 Ongoing costs may include software support, database maintenance, staff training, and administrative oversight.

	IR spectroscopy combined with machine learning may require lower implementation costs than some other emerging technologies because machine-learning models can be implemented using existing IR infrastructure, reducing the need for additional hardware investments.15,40 However, there may be additional costs associated with model development, validation, software integration, database management, technical support, staff training, and model maintenance.15,40

	Portable mass spectrometry systems are likely the most expensive among emerging technologies, with 1 estimate suggesting acquisition costs of approximately CA$200,000 to CA$300,000. Additional costs may include software development, calibration, maintenance, consumables, technical support, specialized staffing, and administrative requirements related to quality management and instrument operation.13

	Sensor-based technologies have been described as relatively low-cost alternatives to laboratory-based analytical methods, although specific device costs were not reported.44,46,48 These technologies generally require less specialized infrastructure and may have lower maintenance, staffing, training, and administrative requirements than laboratory-based approaches.


The available cost estimates presented previously may not reflect current market conditions because the cost data were collected and reported at different times, including earlier years. Actual costs are likely to vary over time because of inflation, technological advancements that may affect production costs and product capabilities, software licensing fees, and changes in manufacturing and distribution costs. Organizations considering implementation should seek updated pricing from vendors.
Who Might Benefit?
People who use unregulated drugs are intended as the primary beneficiaries of drug-checking services. By providing information about the composition of unregulated substances, drug-checking services can help individuals identify unexpected or potent compounds, contaminants, and NPSs to support informed substance use. This may be important given the increasing prevalence of highly potent synthetic opioids, benzodiazepines, veterinary sedatives, and novel psychoactive substances in the Canadian unregulated drug supply.6,9
Drug-checking information may also benefit harm-reduction workers, health care providers, public health authorities, and community organizations by improving awareness of changes in the local unregulated drug supply. This information may support efforts to prevent deaths related to toxicity. In addition, surveillance data generated through drug-checking programs can inform public health alerts, service planning, policy development, and resource allocation.6
Emerging DCTs may be particularly valuable for communities that currently have limited access to comprehensive drug-checking services — including rural, remote, and underserved regions — as well as mobile and event-based harm-reduction programs. Technologies that improve sensitivity, broaden substance detection, and reduce reliance on centralized laboratory infrastructure may expand access to timely drug-checking information across diverse settings.9,14,60
More broadly, the topic aligns with jurisdictional priorities to strengthen harm-reduction efforts and address the health and social impacts of the toxic drug crisis, including pressures on emergency departments and other health services.
Looking Ahead
This Horizon Scan provides a high-level summary of emerging DCTs, including portable Raman, SERS, NIR spectroscopy, IR spectroscopy combined with machine learning, portable mass spectrometry, sensor-based technologies, and combining emerging DCTs. A common trend across these technologies is the development of smaller, more portable, and field-deployable devices that may expand access to drug-checking services in community, mobile, rural, and remote settings.
Overall, the available evidence from these initial studies suggests that some emerging DCTs may improve the detection and identification of trace substances, contaminants, NPSs, and complex drug mixtures. Key findings include the following:
	SERS, machine learning–assisted approaches, portable mass spectrometry, and combinations of emerging technologies showed positive initial findings in early evaluations.

	No single technology appeared capable of meeting all drug-checking needs.

	Each technology involved trade-offs related to analytical performance, portability, analysis time, operational complexity, training requirements, dependence on reference libraries or databases, and cost.

	Combining emerging technologies with complementary established technologies may help address some limitations of individual technologies and improve confidence in substance identification.


Future research may focus on:
	evaluating emerging DCTs in community drug-checking services and other real-world harm-reduction settings

	assessing implementation considerations, including sustainability, maintenance requirements, staffing needs, workforce training, and operational costs

	comparing multitechnology approaches with single-technology approaches

	exploring the social, ethical, economic, and regulatory implications of adopting emerging DCTs.


Drug-checking services should also consider how they communicate results to people who use these services when implementing emerging DCTs. The British Columbia Centre on Substance Use published guidance in August 2026 that recommends communicating drug-checking results and harm-reduction information clearly and in a person-centred manner, including setting expectations about the capabilities and limitations of DCTs.61
This Horizon Scan is not a comprehensive systematic review and did not include a formal critical appraisal of the identified evidence. The available evidence provides early insights into the performance and potential use of emerging technologies in real-world drug-checking programs. However, evidence remains limited and additional research is needed to evaluate their implementation, long-term performance, and use across diverse settings. Although we searched multiple databases and supplemented these searches with handsearching, citation searching, and expert input, some relevant studies may have been missed. We also identified limited evidence on implementation; economic considerations; acceptability among people who use drugs and service providers; and broader social, ethical, and regulatory considerations.
Considerations for Decision- or Policy-Making
In addition to analytical performance, decision-makers may wish to consider implementation factors, such as training requirements, maintenance and repair processes, software and library support, ongoing operational costs, and the ability of technologies to adapt to emerging substances.10
Understanding the limitations of individual technologies — including sensitivity, specificity, and LOD; reference library coverage; and their ability to detect low-concentration, novel, or unexpected substances — is important for accurate interpretation and communication of results. Emerging evidence also suggests that combining complementary technologies may improve confidence in substance identification and may have potential applications in the analysis of complex drug samples.16,45 Future standards for drug-checking services could consider the use of complementary technologies. In forensic drug analysis, the American Society for Testing and Materials and the Scientific Working Group for the Analysis of Seized Drugs recommend 2 independent analytical techniques for substance identification, an approach that may be relevant given the increasing complexity of the unregulated drug supply.62,63
AI and machine-learning approaches are increasingly being explored to support the analysis and interpretation of data generated by DCTs.19,39,40 These approaches may improve the ability of some technologies to identify substances, interpret complex spectra, and detect patterns in large datasets.19,40 However, integrating AI into drug-checking services may introduce additional considerations and underscore existing considerations, including:
	data privacy and management (e.g., appropriate use of collected information, safeguarding service user autonomy and confidentiality, preventing unauthorized access or misuse, and data sovereignty)

	technical security (e.g., protecting systems and data from unauthorized access or security breaches)

	transparency, explainability, and interpretability (i.e., the extent to which an AI-enabled system’s behaviour, logic, and outputs can be understood and meaningfully interpreted by end users)64,65

	control and user autonomy (i.e., the extent to which individuals and organizations can meaningfully influence, monitor, and challenge the use of outputs from AI-enabled digital health technologies)66

	algorithmic bias (when AI-enabled systems perform differently across various individuals or groups, leading to outcomes that are unfair, inaccurate, or inequitable)67

	postdeployment monitoring.68


These considerations may influence trust, accountability, and the responsible implementation of AI-supported DCTs. A detailed assessment of AI governance and digital health technology considerations was outside the scope of this Horizon Scan. Further research is needed to understand how machine learning–supported approaches can be implemented in ways that maintain trust and align with the goals of harm-reduction services. Forthcoming national guidance for AI in mental health and substance use health care may also provide relevant guidance on the safe, equitable, and ethical evaluation and implementation of AI-enabled health care services and solutions.69
Broader considerations related to regulation and health technology assessment may also be relevant. Limited regulatory oversight and the absence of standardized evaluation processes may create challenges for organizations selecting technologies for harm-reduction services. Independent evaluation and transparent assessment processes may help support informed technology adoption and implementation decisions.10,70
This Horizon Scan complements the existing CDA-AMC health technology review by focusing on emerging DCTs that have not yet been widely adopted or fully evaluated. While the health technology review assessed the evidence for currently available technologies, this Horizon Scan highlights innovations that may address existing limitations, such as broader substance detection, improved sensitivity for trace compounds, faster turnaround times, and greater feasibility for community and remote settings.10
As the unregulated drug supply continues to evolve, the ability of both established and emerging DCTs to identify a broad range of substances and adapt to newly emerging compounds remains important. Continued independent evaluation will be needed to determine their role in future drug-checking services.10,70
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Project Planning
Prior to project initiation, CDA-AMC sought feedback from National Drug Checking Working Group members. We requested feedback on the project scope, priority technologies, implementation considerations, and evidence gaps. Feedback was received from individuals involved in drug-checking and harm-reduction services from multiple Canadian jurisdictions, including:
	a harm-reduction manager in Prince Edward Island

	a social worker with a mobile clinic in Quebec

	a drug-checking training coordinator in British Columbia

	someone who works in a leadership capacity at a drug-checking service in Ontario.


Their input provided insight into current drug-checking practices, implementation considerations, and evidence needs across Canada, helping to inform the scope and focus of this Horizon Scan.
Participants highlighted the importance of considering practical implementation factors in addition to analytical performance, including:
	device maintenance, repair processes, and service disruptions associated with equipment failures

	the distinction between training to operate a technology and training to deliver comprehensive drug-checking services

	the role of software, automated data interpretation, and reference libraries in supporting accurate results, including the ability to adapt to novel substances through library updates

	ongoing operational costs, including consumables (e.g., reagents, sample preparation materials), staffing, and administrative requirements, in addition to upfront equipment costs


Literature Search Strategy
An information specialist conducted a literature search on key resources including MEDLINE, Embase, the Cochrane Database of Systematic Reviews, the International HTA Database, the websites of health technology assessment agencies in Canada and major international HTA agencies, as well as a focused internet search. The search approach was customized to retrieve a limited set of results, balancing comprehensiveness with relevance. The search strategy comprised both controlled vocabulary, such as the US National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. Search concepts were developed based on the elements of the research questions and selection criteria. The search was completed on May 1, 2026, and limited to English-language documents published since January 1, 2011. The main search concepts were drug checking and emerging trends. Results from ClinicalTrials.gov were excluded and retrieval was limited to the human population. A second search using the same limiters was completed on May 6, 2026. The main search concepts were drug checking tests and illicit substances. The search strategies are available on request.
Authors also identified relevant studies through handsearching of reference lists, and suggestions from subject matter experts. They also conducted targeted web searching throughout the study selection process to find relevant publications that were not captured by database indexing or search strategies. They used the same eligibility criteria as records retrieved from database and grey literature searches.
Selection Criteria
One author screened search results and reviewed the full texts of potentially relevant publications. We included studies and reports that described an emerging DCT intended for detecting compositions of unregulated substances and contaminants. We also included primary studies, review articles, reports, and relevant grey literature that provided information on the performance, feasibility, implementation, costs, or potential impact of emerging DCTs.
The draft Horizon Scan underwent internal review by CDA-AMC staff, including Ethics and Scientific Advisors and Strategic Partner in Inclusion, Diversity, Equity, and Accessibility (IDEA). Following internal review, we posted the draft report for public feedback and shared with the National Drug Checking Working Group and other interested parties.
Appendix 2: Study Characteristics and Main Findings
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Table 2: Summary of Characteristics and Findings of Studies on Emerging DCTs That Reported Accuracy Outcomes or Limit of Detection
	Study citation, setting, country
	Target substances (number of samples analyzed)
	Drug-checking technology (manufacturer) and confirmatory test
	Relevant findings by drug

	Emerging spectroscopy technology: Portable Raman

	Aliyari et al. (2026)19
Setting: Drug-Checking Service
Country: Canada
	Fentanyl, methamphetamine, cocaine, MDMA, benzodiazepines, xylazine in street samples (1,083)
	Raman spectroscopy (Scatr Series One) with machine learning
Confirmatory test: HPLC-MS
	Fentanyl
Accuracy: 90.73%
Sensitivity: 92.86%
Specificity: 87.45%
LOD: 1%
Xylazine
Accuracy: 97.73%
Sensitivity: 58.82%
Specificity: 98.76%
Benzodiazepines
Accuracy: 96.71%
Sensitivity: 72.00%
Specificity: 98.92%
Methamphetamine
Accuracy: 98.10%
Sensitivity: 92.68%
Specificity: 98.84%
MDMA
Accuracy: 99.86%
Sensitivity: 100%
Specificity: 99.85%
Cocaine
Accuracy: 99.12%
Sensitivity: 93.33%
Specificity: 99.53%

	Toronto’s Drug Checking Service (2026)20
Setting: Drug-Checking Service
Country: Canada
	Unregulated drug samples (217) expected to contain high potency opioids (165), veterinary tranquilizers (79), benzodiazepine-related drugs (54), simulants/psychedelics/ dissociatives (86), and other noteworthy drugs (9)
	Raman spectroscopy (Scatr Series One) with machine learning
Confirmatory test: GC-MS and/or LC-HR-MS
	Fentanyl
Sensitivity: 77%
LOD: able to detect at 0.10% but inconsistently detected at higher concentrations
Ortho-methylfentanyl
Sensitivity: 0
LOD: Not detected
Para-fluorofentanyl
Sensitivity: 0
LOD: Not detected
Protodesnitazene
Sensitivity: 0
LOD: NA
Xylazine
Sensitivity: 0
LOD: Not detected
Medetomidine
Sensitivity: 5%
LOD: Not detected
Bromazolam
Sensitivity: 6%
LOD: 6.25%
Desalkylgidazepam
Sensitivity: 0
LOD: NA
Ethylbromazolam
Sensitivity: 0
LOD: NA
Alprazolam
Sensitivity: 0
LOD: NA
Methamphetamine
Sensitivity: 95%
LOD: NA
MDMA
Sensitivity: 95%
LOD: NA
Cocaine
Sensitivity: 95%
LOD: NA
Ketamine
Sensitivity: 91%
LOD: NA
Phenacetin
Sensitivity: 11%
LOD: NA

	Emerging spectroscopy technology: SERS

	Toronto’s Drug Checking Service (2026)20
Setting: Drug-Checking Service
Country: Canada
	Unregulated drug samples (217) expected to contain high potency opioids (165), veterinary tranquilizers (79), benzodiazepine-related drugs (54), simulants/psychedelics/ dissociatives (86), and other noteworthy drugs (9)
	SERS (Spectra Plasmonics Amplifi ID)
Confirmatory test: GC-MS and/or LC-HR-MS
	Fentanyl
Sensitivity: 84%
LOD: able to detect at 0.09% but inconsistently detected at higher concentrations
Ortho-methylfentanyl
Sensitivity: 0
LOD: Not detected
Para-fluorofentanyl
Sensitivity: 64%
LOD: 0.20%
Protodesnitazene
Sensitivity: 0
LOD: NA
Xylazine
Sensitivity: 35%
LOD: able to detect at 0.27% but inconsistently detected at higher concentrations
Medetomidine
Sensitivity: 18%
LOD: able to detect at 0.16% but inconsistently detected at higher concentrations
Bromazolam
Sensitivity: 48%
LOD: able to detect at 0.36% but inconsistently detected at higher concentrations
Desalkylgidazepam
Sensitivity: 0
LOD: NA
Ethylbromazolam
Sensitivity: 0
LOD: NA
Alprazolam
Sensitivity: 17%
LOD: NA
Methamphetamine
Sensitivity: 100%
LOD: NA
MDMA
Sensitivity: 95%
LOD: NA
Cocaine
Sensitivity: 95%
LOD: NA
Ketamine
Sensitivity: 87%
LOD: NA
Phenacetin
Sensitivity: 11%
LOD: NA

	Martens et al. (2025)18
Setting: Drug-checking service
Country: Canada
	Xylazine, bromazolam, fluorofentanyl in illicit opioid samples (50)
	SERS (Resolve portable Raman by Agilent technologies) with machine learning
Confirmatory test: PS-MS
	Flurofentanyl
Sensitivity: 79%
Specificity: 88%
Xylazine
Sensitivity: 92%
Specificity: 88%
Bromazolam
Sensitivity: 84%
Specificity: 88%

	Dogruer et al. (2024)56
Setting: Forensics
Country: US
	Fentanyl and fentanyl analogues from Cayman Chemical; Purchased xylazine from Sigma Aldrich; Cocaine and heroin from street samples (number of samples NR)
	SERS (Thermo Scientific TruNarc Raman spectrometer)
Confirmatory test: NA
	Fentanyl
LOD: 34 mcg/mL

	Dogruer et al. (2024)32
Setting: Forensics
Country: US
	Fentanyl analogues from screening kits (number of samples NR)
	SERS (Jasco benchtop Raman spectrometer with bimetallic nanostars)
Confirmatory test: NA
	4-fluoroisobutyryl fentanyl
LOD: 0.35 ng/mL
Cyclopropyl fentanyl
LOD: 4.4 ng/mL

	Martens et al. (2024)30
Setting: Drug-checking service
Country: Canada
	Bromazolam and Xylazine in opioid street samples (50)
	SERS (Resolve portable Raman spectrometer, Agilent technologies)
Confirmatory test: PS-MS
	Xylazine
Sensitivity: 92%
Specificity: 96%
Bromazolam
Sensitivity: 88%
Specificity: 88%

	Gozdzialski et al. (2022)29
Setting: Drug-checking service
Country: Canada
	Etizolam in opioid samples (509)
	SERS (Portable Raman spectrometer Resolve, Agilent Technologies)
Confirmatory test: PS-MS
	Etizolam
Sensitivity: 96%
Specificity: 86%

	Smith et al. (2021)71
Setting: Field settings (e.g., drug checking, first response)
Country: Australia
	Fentanyl in drug mixtures (number of samples NR)
	SERS (Portable resolve spatially offset Raman spectrometer, Agilent technologies)
Confirmatory test: NA
	Pure fentanyl hydrochloride
LOD: 3.1 nM

	Wang et al. (2021)31
Setting: Forensics
Country: US
	Fentanyl in heroine and cocaine mixtures (number of sample NR)
	SERS (model NR)
Confirmatory test: NA
	Pure fentanyl
LOD: 0.20 ± 0.06 ng/mL
Fentanyl in heroin mixtures: detected at 0.05%
Fentanyl in cocaine mixtures: detected at 0.10%

	Emerging spectroscopy technology: Portable NIR spectroscopy

	Saez Hernandez et al. (2026)33
Setting: Forensics
Country: Spain
	Cocaine (787), MDMA (188), and THC-related products in 2,413 seizure samples
	Portable NIR (MicroNIR Onsite W 1700 Hand-held Spectrometer) with chemometric models
Confirmatory test: GC-MS and GC-FID
	Cocaine, MDMA, and THC
Global accuracy: 97%
MDMA (KNN)
Sensitivity: 98%
Specificity: 100%
Cocaine (KNN)
Sensitivity: 99%
Specificity: 100%
THC Marijuana (KNN)
Sensitivity: 95%
Specificity: 99%
THC Resin (KNN)
Sensitivity: 98%
Specificity: 99%

	Fursman et al. (2024)35
Setting: Portable drug testing
Country: Australia
	Crystalline methamphetamine HCl (314), cocaine HCl (184), heroin HCl (81)
	Portable NIR (MicroNIR Onsite W 1700 from Viavi Solutions Inc.)
Confirmatory test: NR
	Heroin
Accuracy: 99.2%
Sensitivity: 91.3%
Crystalline Methamphetamine HCI
Accuracy: 98.4%
Sensitivity: 96.6%
Cocaine
Accuracy: 97.5%,
Sensitivity: 93.5%

	Kranenburg et al. (2022)36
Setting: Forensics
Country: Netherlands
	Cocaine, MDMA, amphetamine, ketamine in glass vials (608)
	Portable NIR (Multipixel NIR sensor 850 to 1,700 nm)
Confirmatory test: NR
	Mixture of cocaine, amphetamine, ketamine, and MDMA
Overall classification accuracy: > 90%
MDMA in ecstasy tablets
Accuracy: 91%
Sensitivity: 94%
Specificity: 88%

	Kranenburg et al. (2022)38
Setting: Forensics
Country: Netherlands
	Heroin, methamphetamine, MDMA, cocaine, ketamine, and other substances in seized coloured powders (181), seized tablets (71) and case samples in plastic bags (236).
	Portable NIR (Powder Puck analyzer [1,300 to 2,600 nm] using a MEMS-based miniaturized Michelson interferometer)
Confirmatory testing: GC-MS
	Cocaine
Sensitivity: 97.6% (Sensitivity > 97% was maintained when scanning directly through plastic packaging)
Specificity: 99.6%
“Similar rates were obtained for MDMA, methamphetamine, ketamine and heroin.”

	Coppey et al. (2020)37
Setting: Forensics
Country: Switzerland
	Cocaine (2,047), heroin (600), cannabis (660) in street samples
	Portable NIR (MicroNIR Onsite W 1700 from Viavi Solutions Inc.)
Confirmatory test: GC-MS
	Heroin
Sensitivity: 99.8%
Specificity: 100%
Cocaine
Sensitivity: 99.4%
Specificity: 100%
Cannabis
“All cannabis specimens identified as cannabis-positive and no false positives were detected.”

	Kranenburg et al. (2020)35
Setting: Onsite detection
Country: Netherlands
	Cocaine from case samples (76)
	Portable NIR (Pocket-size SCiO hand-held NIR spectrometer, version 1.2)
Confirmatory test: GC-MS
	Cocaine-positive samples Sensitivity: 97.2%

	Emerging spectroscopy technology: IR spectroscopy with machine learning

	Jai et al. (2026)40
Setting: Drug-checking service
Country: Canada
	Bromazolam (3,214), para-fluorofentanyl (3,569)
	Attenuated total IR spectrometer (Agilent 4500a, Agilent Technologies) with machine learning (neural network, random forest model)
Confirmatory test: PS-MS
	Para-Fluorofentanyl (neural network)
Accuracy: 93%
Para-Fluorofentanyl (random forest)
Accuracy: 87%
Bromazolam (neural network)
Accuracy: 92%
Bromazolam (random forest)
Accuracy: 82%

	Gozdzialski et al. (2023)15
Setting: Drug-checking service
Country: Canada
	MDMA and fluorofentanyl (7,091)
	Infrared spectrometry (portable FTIR Agilent 4500a) with machine learning (random forest, KNN, SHAP)
Confirmatory test: PS-MS
	Fluorofentanyl
Sensitivity: 61%
Specificity: 97%
MDMA
Sensitivity: 79%
Specificity: 100%

	Ramsay et al. (2021)39
Setting: Drug-checking service
Country: Canada
	Fentanyl in produced mixtures (number of samples NR)
	IR spectroscopy (portable FTIR Agilent 4500a, Agilent Technologies) with machine learning (partial least squares regression)
Confirmatory testing: NA
	Fentanyl
LOD: 0.35%
LOQ: 3.00%

	Portable MS

	Toronto’s Drug Checking Service (2026)20
Setting: Drug-checking service
Country: Canada
	Unregulated drug samples (217) expected to contain high potency opioids (165), veterinary tranquilizers (79), benzodiazepine-related drugs (54), simulants/psychedelics/ dissociatives (86), and other noteworthy drugs (9)
	Portable MS (Waters’ RADIAN ASAP)
Confirmatory test: GC-MS and/or LC-HR-MS
	Fentanyl
Sensitivity: 17%
LOD: able to detect at 1.09% but inconsistently detected at higher concentrations
Ortho-methylfentanyl
Sensitivity: 45%
LOD: able to detect at 1.80% but inconsistently detected at higher concentrations
Para-fluorofentanyl
Sensitivity: 12%
LOD: 3.08% (did not detect at 3.22% of sample) or 6.42%
Protodesnitazene
Sensitivity: 0
LOD: NA
Xylazine
Sensitivity: 18%
LOD: able to detect at 0.54% but inconsistently detected at higher concentrations
Medetomidine
Sensitivity: 13%
LOD: able to detect at 0.47% but inconsistently detected at higher concentrations
Bromazolam
Sensitivity: 23%
LOD: 6.52%
Desalkylgidazepam
Sensitivity: 67%
LOD: NA
Ethylbromazolam
Sensitivity: 13%
LOD: NA
Alprazolam
Sensitivity: 100%
LOD: NA
Methamphetamine
Sensitivity: 100%
LOD: NA
MDMA
Sensitivity: 95%
LOD: NA
Cocaine
Sensitivity: 95%
LOD: NA
Ketamine
Sensitivity: 87%
LOD: NA
Phenacetin
Sensitivity: 22%
LOD: NA

	Laxton et al. (2023)17
Setting: Drug-checking service
Country: Canada
	Fentanyl, fluorofentanyl, carfentanil, etizolam in illicit drug samples (number of samples NR)
	Portable mass spectrometry (Miniature ion trap MS with PCSI)
Confirmatory test: NA
	Fentanyl, methanol solvent
LOD: 0.93 ng/mL
Fentanyl, 90/10/0.1 solvent
LOD: 1.99 ng/mL
Fluorofentanyl, methanol solvent
LOD: 0.057 ng/mL
Fluorofentanyl, 90/10/0.1 solvent
LOD: 4.93 ng/mL
Carfentanil, methanol solvent
LOD: 3.27 ng/mL
Carfentanil, 90/10/0.1 solvent
LOD: 7.63 ng/mL
Etizolam, methanol solvent
LOD: 9.65 ng/mL
Etizolam 90/10/0.1 solvent
LOD: 1.99 ng/mL

	Leary et al. (2023)42
Setting: Onsite opioid identification
Country: US
	Synthetic opioids in screening kits (250)
	Portable GC-MS (FLIR Griffin G510x)
Confirmatory test: NA
	Synthetic opioids
Sensitivity: 90%

	Gozdzialski et al. (2021)14
Setting: Drug-checking service
Country: Canada
	Opioid samples (59) that contained etizolam and/or carfentanil
	Portable GC-MS (Torion T9)
Confirmatory test: PS-MS
	Fentanyl
Sensitivity: 95%
Carfentanil
Sensitivity: 62%
Heroin
Sensitivity: 100%
Etizolam
Sensitivity: 36% (reliability of detecting increased at higher concentrations of etizolam)
Cocaine
Sensitivity: 100%

	Karch et al. (2021)43
Setting: Drug-checking service
Country: US
	Fentanyl in various drug samples (422)
	Portable HPMS (MX908 HPMS)
Confirmatory test: NAa
	Fentanyl
Overall, HPMS:
	Detected more frequently than FTIR and FTS

	Identified fentanyl in samples sold as heroin, methamphetamine, MDMA, and benzodiazepines

	Detected fentanyl in some FTS negative samples



	Sensor-based technologies

	Montiel et al. (2026)50
Setting: Forensics
Country: Belgium
	Heroin street samples (124)
	Electrochemical sensors (MultiPalmSens4 or EmStat Blue potentiostats with PSTrane/Multitrace or PStouch software, respectively)
Confirmatory test: GC-MS
	Heroin
Overall accuracy: 89%
Sensitivity: 88%
Specificity: 100%

	Deconinck et al. (2024)49
Setting: Festival drug checking
Country: Belgium
	MDMA (73)
	Electrochemical sensor (NarcoReader)
Confirmatory test: GC-MS
	MDMA
Sensitivity: 100%
Specificity: 70%
LOD: > 4% w/w


FTIR = Fourier-transform infrared; FTS = fentanyl test strip; GC-MS = gas chromatography–mass spectrometry; GC-FID = gas chromatography with flame ionization detection; HCl = hydrochloride; HPLC-MS = high-performance liquid chromatography–mass spectrometry; HPMS = Hand-held high-pressure mass spectrometer; KNN = k-nearest neighbours; LC-HR-MS = Liquid Chromatography-High-Resolution Mass Spectrometry; LOD = limit of detection; LOQ = limit of quantification; MDA = 3,4-methylenedioxyamphetamine; MS = mass spectrometry; NA = not applicable; NIR = near infrared; NR = not reported; PS-MS = paper spray mass spectrometry; SERS = surface-enhanced spectroscopy; SHAP = shapely additive explanations.
aThe study by Karch et al. (2021)43 described the results of a mobile drug-checking service. It does not compare the accuracy of emerging DCTs to laboratory methods or gold standard tests.
Table 3: Summary of Characteristics and Findings of Studies on Combining Emerging DCTs That Reported Accuracy Outcomes or Limit of Detection
	Study citation, setting, country
	Target substances (number of samples)
	Drug-checking technology and confirmatory test
	Relevant findings by drug

	Chang et al. (2025)51
Setting: Forensics
Country: US
	Samples expected to be methamphetamine or cocaine, or other substances (14)
	Portable PSI-MS (portable FLIR systems AI-MS 1.2) and SERS (TSi ProRaman-L)
Confirmatory test: GC-MS
	Overall accuracy: 100%

	Bur et al. (2020)52
Setting: Forensics
Country: US
	Methamphetamine, cocaine from purchased standards (500)
	Hand-held Raman spectrometer (the HandyRam from field forensixe, ResQ-CQL from Rigaku analytical devices) and transportable mass spectrometer (the Continuity from BaySpec)
Confirmatory test: NA
	Sensitivity: 99.8%


GC-MS = gas chromatography–mass spectrometry; LOD = limit of detection; MS = mass spectrometry; NA = not applicable; PSI-MS = paper spray ionization mass spectrometry; SERS = surface-enhanced Raman spectroscopy.
Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/EH0129.
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