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Abstract  

Introduction: Drug checking services invite drug consumers to anonymously submit drug 

samples for chemical analysis and provide feedback of results. Drugs are tested for 

strength/dose and/or presence of adulterants. Drug checking appears to be more common in 

recent years in response to increases in fentanyl-related deaths and the proliferation of new 

psychoactive substances (NPS). 

Purpose of review: We aim to provide information regarding the current state of drug checking 

in relation to analysis methods, adulteration rates, and behavioral responses to results.  

Recent findings: Various technologies are being used to detect the presence of fentanyl, its 

analogs, and other NPS in drug samples. Proxy drug-checking, which we define as biospecimen 

testing for drug exposure post-consumption, is also becoming common. However, there 

appears to a dichotomy between research focusing on populations at high risk for fentanyl 

exposure and to exposure to NPS such as synthetic cathinones.  

Summary: Drug checking research and services largely focus on opioid consumers and nightclub 

and dance festival attendees, but more focus may be needed on the general population. Drug 

checking results can inform surveillance efforts, and more research is needed to overcome 

barriers to drug checking and to focus on whether test results indeed affect behavior change.  
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Key Points  

Various technologies are being used to detect the presence of fentanyl, its analogs, and other 

new psychoactive substances (NPS) in drug samples, and quantify a wide range of illegal drugs 

Proxy drug-checking, defined as biospecimen testing for drug exposure post-consumption, is 

becoming common 

There appears to a dichotomy between research focusing on populations at high risk for 

fentanyl exposure and to exposure to NPS such as synthetic cathinones 
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Introduction 

Drug checking services invite members of the public to anonymously submit psychoactive drug 

samples for chemical analysis and then provide individualized feedback of results and 

counseling as appropriate [1**]. Such services have been operating for over 50 years and have 

been known as drug checking, street drug analysis, pill testing, adulterant screening, multi-

agency safety testing, and drug safety testing [1**,2]. Drug checking services operate as a harm 

reduction service, aiming to help people who intend to use illegal drugs understand their 

contents and their dose/strength so they can adjust their drug-taking practices to reduce risks. 

These services are also a source of data for drug trend surveillance, aiming to detect 

misrepresented substances, particularly high strength/dose samples, unexpected drug 

combinations, or new psychoactive substances (NPS), which are new drugs designed to mimic 

common drugs. Test results help facilitate rapid public health responses.  

 

Analysis methods for Testing of Drug Product Pre-Consumption: Drug Checking 

Many recent studies have focused on traditional drug checking, where drug products (e.g., pills, 

powders) are directly analyzed. Three recent studies focused mainly or exclusively on fentanyl 

testing. The most comprehensive study compared the efficacy of BTNX immunoassay fentanyl 

test strips, TruNarc (Raman spectroscopy), and Bruker Alpha (Fourier-transform infrared 

spectroscopy [FTIR]) in detecting presence of fentanyl or its analogs in drug product [3**]. Test 

strips were found to have higher sensitivity and specificity than Raman and Bruker Alpha, and 

strips were also better able to detect smaller amounts of fentanyl and fentanyl analogs. 

Another study used FTIR plus fentanyl test strips (to balance the low sensitivity of FTIR) to test 
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various drugs [4*]. The authors presented results based on FTIR or test strips; however, specific 

results from FTIR were not reported. Another article [5] focused on fentanyl detection used 

paper spray-mass spectrometry (PS-MS) and proposed this as a point-of-care screening tool to 

be used before or in combination with more conventional techniques (e.g., LC-MS). The authors 

report simplicity, low cost, potential high sample throughput, and high sensitivity and 

specificity, but specific estimates were not reported.  

 

With regard to testing of a wider range of drugs, one study [6*] used Raman to test drug 

samples outside of nightclubs (and used GC-MS or LC-MS/MS to later test unidentified 

samples). MDMA, ketamine, cocaine, and amphetamine were the most common drugs 

detected. Raman identified nine NPS and fentanyl was not detected. A similar study at music 

festivals used FTIR in combination with fentanyl strips to increase detection power [7]. Most 

samples submitted were psychostimulants and psychedelics. Very few samples tested positive 

for NPS and only one sample (an “unknown pill”) tested positive for fentanyl. Another study [8] 

tested low‑voltage paper spray ionization QTOF‑MS and was able to detect NBOMe, DOB, and 

4-F-α-PVP. The authors believe this method can be used to enhance the performance of other 

methods; for example, it can be used as a qualitative screening before MS. Another study [9] 

used thin‐layer chromatography (TLC) plus reagent testing to detect the presence of 

adulterants in drugs at dance festivals. Reagents were used for preliminary screening and spot 

confirmation after TLC. The majority of samples tested were purported MDMA or LSD, 10% and 

12% of these drugs, respectively, tested positive for other drugs (mainly NPS such as synthetic 

cathinones and NBOMe). 
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Biospecimen Testing Post-Consumption: Proxy Drug Checking 

While traditional drug checking entails testing of drug product, we located many studies that 

tested for exposure, post-use, via biospecimen testing. This method of post-consumption drug 

checking can help consumers and researchers learn what drug(s) individuals have already been 

exposed to, especially when there are legal concerns about direct testing of drugs submitted by 

consumers. With regard to testing for fentanyl exposure, ultra-high performance LC-MS 

(UHPLC-MS/MS) [10**] was used in one study to detect (unintentional) exposure to fentanyl, 

its analogs, opioid NPS, and fentanyl biomarkers/metabolites among past-month heroin 

consumers in detoxification. Almost all (98%) hair samples tested positive for one or more of 

these compounds. However, the authors determined in this study and in a similar study [11] 

that fentanyl analogs and/or other opioid NPS were always accompanied with a positive 

fentanyl test result. Therefore, if any fentanyl exposure is the outcome of interest, testing for 

analogs and opioid NPS may not be necessary.  

 

With regard to urine testing, one study conducted enzyme immunoassay testing [12] to test for 

fentanyl exposure, with confirmatory testing among those initially positive (using triple quad 

LC-MS/MS) and 91% of heroin consumers tested positive for fentanyl. Another study [13] 

tested rudimentary flow strips developed to separate fentanyl from biofluids to be examined 

using surface-enhanced Raman spectroscopy. The remaining studies focused on fentanyl 

testing only used test strips to test urine of heroin injectors [14], opioid consumers [15], and 
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cocaine and opioid consumers [16]. In some studies, drug consumers were provided test strips 

to test either their own urine or drug product [17-20].  

Although most studies focused mainly or solely on fentanyl testing, one study [21] collected 

biospecimens from dance festival attendees to test for NPS exposure. The researchers used LC 

quadrupole time-of-flight (LC-QTOF) MS to test saliva samples and positive screen results were 

later confirmed using LC-MS/MS.  

 

We believe testing of drug product and biospecimens each provide valuable drug-checking or 

drug exposure-related information. While both direct and proxy drug checking studies are 

valuable from a surveillance perspective (e.g., to triangulate findings), only direct drug checking 

can provide information to consumers prior to consumption. Consumers may not always have 

the opportunity to receive their results from biospecimen testing, and dissemination may be at 

the aggregate level when the study is completed.  

 

Comparison of Testing Methods 

Of all methods discussed above, when the main concern is fentanyl, test strips may be most 

ideal for non-laboratory settings. They are highly sensitive and specific, they are able to cross-

react with multiple fentanyl analogs, and they can detect smaller amounts compared to 

portable machine tests (i.e., Raman, Bruker Alpha). Test strips can also be utilized anywhere 

and they are inexpensive (~$1 each). However, fentanyl strips are qualitative so they cannot 

measure the amount present in samples and cannot differentiate between fentanyl analogs. 

Fentanyl test strips were also not originally designed to test drug product [22] and BTNX single 
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drug test strips cannot detect drugs other than fentanyl and some of its analogs [23]. They may 

also be too sensitive, testing positive in response to trace amounts of drug, which may leave 

some consumers who test positive believing they can now handle fentanyl exposure [22]. 

Raman, FTIR, LC-MS, and other technologies mentioned above are all expensive machinery, and 

some equipment requires a laboratory. Portable Raman and FTIR have limited sensitivity, but 

good specificity. Although they can easily detect the most abundant molecule, any other 

compounds (i.e., adulterants or cutting agents) might go undetected. A benefit regarding 

Raman, however, is that researchers do not have to touch the substance (which helps avoid 

potential legal risk). Methods such as MS, although expensive, provide quantitative results with 

low pg to ng-level detection. Portable versions are becoming available, but at the moment, MS 

testing is still mostly conducted in laboratories. Finally, while colorimetric reagents are indeed 

helpful for detecting adulterants, these tests are not always the most accurate and findings are 

not always easy to interpret [22,24]. When MS is unavailable or infeasible, a combination of 

techniques discussed above appears to help balance limitations of each separate test.   

 

Epidemiology of Drug Checking and Dissemination of Findings  

For the first time, in 2019, the European Drug Report [25*] presented data from drug checking, 

obtained from the Trans-European Drug Information (TEDI) Project. TEDI obtains results from 

many drug checking organizations throughout Europe with each using different testing 

methods including LC with diode array detection (LC‐DAD) and GC‐MS, TLC with GC‐MS and 

ultraviolet spectrophotometry, and/or mobile high performance LC (HPLC) devices equipped 

with DAD/UV‐Vis spectrometers and autosamplers [26]. MDMA, cocaine and amphetamine 
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were the most common drugs submitted for testing and only 3% of samples tested positive for 

NPS (mainly synthetic cathinones). Regarding estimates of who tests their drugs, a survey of 

ecstasy-using nightclub and festival attendees also recently estimated that 23% have had their 

ecstasy tested in the past year, although tests were most likely conducted using reagents [27]. 

With respect to distribution of drug checking, a recent survey of 31 drug checking services 

around the world [1**] found that 48% use one or more MS or LC method, 35% use at least one 

spectroscopy method (e.g., FTIR, Raman), 42% use TLC, and 52% use reagent tests. Of those 

using reagents, 25% only used this method.  

 

Prevalence of Fentanyl/NPS Detection: Adulterants in Drugs and Unknown Exposure  

There was somewhat of a dichotomy between studies testing for fentanyl and studies testing 

for a wider range of substances. With regard to testing of party drugs (e.g., ecstasy), most 

studies tested drugs or collected biospecimens for testing at dance festivals. A study examining 

biospecimens of festival attendees [21] reported that 30% of ecstasy consumers tested positive 

for NPS (mainly synthetic cathinones) after denying use. With regard to direct testing of drug 

product, drug testing at a festival [9] determined that 9% of ecstasy submitted was adulterated, 

mainly with synthetic cathinones, and a study testing drugs at festivals [28] (in which the 

majority of samples submitted were ecstasy), ~4% tested positive for NPS (mainly synthetic 

cathinones).  

 

The other studies focused mainly or solely on fentanyl detection and detected high prevalence 

of fentanyl. A recent study in Canada [4*] determined that 91% of purported heroin samples 
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tested positive for fentanyl and 6% and 2% of (meth)amphetamine and cocaine, respectively, 

also tested positive for fentanyl. No psychedelics or other party drugs (e.g., ecstasy) tested 

positive for fentanyl. At a supervised injection facility [29], 84% of those testing heroin detected 

fentanyl (in drug product or in urine). Urine tested post-consumption, however, was more likely 

to be positive for fentanyl compared to those checked drug product pre-consumption (83% vs. 

77%). This suggests that testing for exposure post-use is more likely to detect fentanyl 

exposure, albeit after use.   

 

With regard to studies testing biospecimens for fentanyl exposure post-consumption, a recent 

study hair-tested past-month heroin consumers in detoxification [10**] and determined that 

98% of participants (72% of whom reported no known fentanyl use) tested positive for 

fentanyl, and often fentanyl analogs and/or other opioid NPS. Another study [15] found that 

91% of people reporting opioid use had at least one fentanyl-positive urine sample, yet only 

18% reported using fentanyl. Another study which urine-tested individuals in a withdrawal 

management program [12] found that of those reporting they had never been exposed to 

fentanyl, two-thirds tested positive for fentanyl. It should be noted that some studies [16,29] 

utilized fentanyl testing but did not compare results to self-report which limits understanding 

regarding unknown exposure.  

 

Differential Risk of Exposure Across Populations 

As noted above, there appears to be somewhat of a dichotomy between drug-using 

populations currently at high risk for fentanyl exposure and low risk for exposure, and 
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published studies appear to focus largely on one population or the other. Specifically, most 

studies focusing mainly or solely on fentanyl exposure have focused on injectors (usually of 

heroin/opioids, but some participants who report cocaine use and not opioid use) [14,18,29], 

those reporting prescription opioid and/or cocaine use [17], heroin consumers in detoxification 

or opioid withdrawal management [10**,12]; and samples mainly consisting of heroin 

consumers—many of which were homeless [3**,19,30]. At festivals and nightclubs, however, 

participants almost solely submit party drugs (e.g., ecstasy, LSD) for analysis [6*,7,28] and 

fentanyl is almost never detected in samples.  

 

Behavior Change in Response to Test Results 

Many studies assessed participants’ intention to change their behavior if learning their drug 

was adulterated. With regard to testing of party drugs, 95% of individuals who had their drug 

tested at a festival [9] reported that they would throw out their drug if adulterants were 

detected, and another study found that two-thirds of individuals learning their drug was 

adulterated disposed of the drug [28]. In a survey study focused on nightclub and festival 

attendees [27], most ecstasy consumers reported that they would be less likely to use again 

upon learning their ecstasy contained “bath salts” (synthetic cathinones; 55%) or 

methamphetamine (54%), and another survey of festival attendees [31] found that the majority 

of people testing their drug would not use if found to contain methamphetamine, “bath salts”, 

ketamine, or other drugs. 
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With regard to studies focusing mainly or only on fentanyl exposure, one study [3**] found that 

70% of respondents learning that their drugs contained fentanyl would reportedly modify their 

behavior. Behaviors included not using the drug, using more slowly, and using with others who 

possess naloxone. Similarly, a hair-testing study [10**] found that upon participants learning 

they have been exposed to fentanyl, most (75%) said they would try to stop using heroin; 68% 

would take test doses, 65% would ensure that someone is nearby with naloxone, and 58% 

reported that they would seek out a more trustworthy dealer. Some other studies, however, 

found lower prevalence of intention to change their behavior. For example, a study of injectors 

testing positive for fentanyl [29] found that 36% reported planning to reduce their drug dose 

and only 11% planned to dispose their drug.  

 

Actual behavior changes after fentanyl exposure appear to be lower than intended behavior 

changes. For example, one study [20] found that 43% of those exposed to fentanyl changed 

their behavior with 32% of those exposed reportedly using less of drug than usual, 17% 

performing tester shots, 10% snorting instead of injecting, and 9% pushing the plunger more 

slowly. Another study [17] found that among those receiving a positive fentanyl test, 45% used 

less, 39% used with someone else around, 42% went slower, 36% used a test dose, 10% 

disposed of the drug, 10% sold the drug, and 7% gave the drug away.  

 

Barriers 

Since handling (possessing) scheduled drugs is illegal, it may be difficult for researchers to 

acquire institutional review board approval or federal funding to conduct drug checking studies. 
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Research currently suggests that there is concern about legal liability and testing attracting law 

enforcement officials [3**]. Key informants have identified additional issues about the 

implementation of drug checking services, including security risks (such as attracting law 

enforcement), especially at the point of service [3**]. Some studies found that having to visit a 

specific place at a specific time could limit interest in testing [32,33]. Some target populations 

may also not be willing to wait more than a few minutes for test results [32].  

 

Conclusion  

Many recent studies have utilized drug checking and a variety of methodologies were used 

across a range of populations. We recommend that drug checking research and services expand 

beyond opioid consumers and nightclub and dance festival attendees. This would allow us to 

determine the risk of exposure to adulterants (e.g., in the general population) and help 

determine whether high-risk populations should indeed remain the main/only focus. We 

believe drug checking should be included in surveillance efforts, and more research is needed 

to overcome barriers to drug checking and to further assess the impact of test results on 

behavior change.  
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