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Suitability of infrared spectroscopy for drug checking in harm reduction centres
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Drug checking is a service for people who use drugs that includes product analysis and an individual interview including results feedback and harm reduction counselling. It uses different analytical methods but few studies demonstrate their value in current practice. The main objective of this work is to compare the analytical performance of IR spectroscopy to laboratory reference method in the context of drug checking in a harm reduction centre. The secondary objectives are to carry out a description of the people who use drugs requesting a product analysis, and to compare the assumed compositions of products purchased with their real compositions. During 2018, all requests for drug testing analysis were included for on-site analysis by IR spectrometry in a harm reduction center and verified by the reference method (UPLC-HRMS) at Bordeaux University Hospital Center.

Socioeconomic and product data were also collected. One hundred and thirty-six samples were collected. The results obtained with IR and UPLC-HRMS were compared. IR spectrometry results did not match with reference method in 8 % (n=11) of cases, corresponding to blotters, cannabis and some psychoactive substances present in mixture or in small quantities. Among the products collected, only 5.1 % (n=7) did not correspond to the declared product, either alone or with adulterants. The IR spectrometer allows a simple and rapid detection of at least one molecule, most often the one of interest. However, it is limited to powder and tablet type matrices and is not suitable for blotters,

Introduction

In the past few years, the range of substances available has grown beyond the traditional drugs of abuse to include hundreds of new psychoactive substances. Final product composition and concentration can vary considerably among sources; they can include a number of adulterants and intermediates, exposing users to an uncontrolled health risk. Health authorities have begun proposing harm reduction strategies including drug checking service [START_REF] Harper | An overview of forensic drug testing methods and their suitability for harm reduction point-of-care services[END_REF]. This service includes a personalised analysis of products then provide individualised feedback of results (content, sometimes purity) and counselling which may include advice related to harm reduction. There is a wide variety of techniques that have been validated for drug identification and/or quantification. Each of these techniques has a variety of associated pros and cons that must be considered. Reagent testing have been banned in France since 2005 and various screening analytical methods have been proposed as components of these services, most commonly comprising thin layer chromatography and infrared (IR) spectroscopy in France [START_REF]Global review of drug checking services operating in 2017[END_REF]. Harper et al. in their overview of drug checking methods (based on theoretical advantages) recommend mass spectrometry (LC-MS/MS and GC-MS) as a gold standard in forensic drug analysis [START_REF] Harper | An overview of forensic drug testing methods and their suitability for harm reduction point-of-care services[END_REF]. In the context of harm reduction centres, mass spectrometry which requires expensive equipment, trained personnel and a long analysis time are not used currently. IR spectroscopy is potentially well-suited for applications such as drug checking in a harm reduction centre due to both the speed and reliability of the results; these features enable a timely response which may help to reduce the health risks associated with illicit drug use [START_REF] Harper | An overview of forensic drug testing methods and their suitability for harm reduction point-of-care services[END_REF]. For example, IR showed good sensitivity and specificity compared to GC-MS for fentanyl identification [START_REF] Green | An assessment of the limits of detection, sensitivity and specificity of three devices for public health-based drug checking of fentanyl in street-acquired samples[END_REF]. IR spectroscopy is increasingly being used in this context, although the number of studies demonstrating its analytical value in drug checking practice remains limited [START_REF] Harper | An overview of forensic drug testing methods and their suitability for harm reduction point-of-care services[END_REF][START_REF] Green | An assessment of the limits of detection, sensitivity and specificity of three devices for public health-based drug checking of fentanyl in street-acquired samples[END_REF][START_REF] Grobério | Discrimination and quantification of cocaine and adulterants in seized drug samples by infrared spectroscopy and PLSR[END_REF][START_REF] Ti | Detecting fentanyl using point-ofcare drug checking technologies: A validation study[END_REF]. It is important to identify IR analytical limitations in this context. Compared to LC-MS/MS and GC-MS, high resolution mass spectrometry (LC-HRMS) offers unique opportunities for sensitive analysis in analytical toxicology [START_REF] Wu | Role of liquid chromatographyhigh-resolution mass spectrometry (LC-HR/MS) in clinical toxicology[END_REF]. This technique allows a precise and exhaustive identification (accuracy and reliability) of the compounds as well as their quantification. To the best of our knowledge, no studies have compared the analytical performance of IR spectroscopy to LC-QTOF reference method in the context of drug checking in a harm reduction centre.

The main objective of this work was to compare the results of product analysis by IR spectroscopy in a harm reduction centre with the results of high-resolution mass spectroscopy to evaluate the ability of an IR spectrometer to identify drugs in this context. The secondary objectives were to carry out a description of people who use drugs requesting a product analysis, and to compare the assumed compositions of products purchased with their real compositions.

Material and methods

We conducted a comparative retrospective study between on-site IR spectroscopy and ultraperformance liquid chromatography-high-resolution mass spectroscopy (UPLC-HRMS), which is the current reference method for drug analysis. Drug samples, along with surveys provided to people who use drugs, were collected from 1 January 2018 to 31 December 2018. Data collection and sample analysis by IR spectroscopy was carried out by professionals at the La Case harm reduction centre for people who use drugs in Bordeaux (France) during normal working hours. Each sample request was anonymized. After IR spectroscopy identification, the content result was given to each person during an individualised harm reduction interview. Subsequently, anonymized samples were sent for LC-QTOF analysis to the Pharmacology and Toxicology Laboratory of the Bordeaux University Hospital Centre.

All samples from people who use drugs who requested a product analysis between 1 January 2018 and 31 December 2018 were included in the study.

The data from surveys of people who use drugs reported here were routinely collected during their interactions at the harm reduction centre. Each patient requesting drug checking completed a survey: the first one upon initial contact with the centre, and the second or subsequent survey upon each request for drug checking. This survey was completed during an individual interview with a centre worker (e.g., social worker, educator, or nurse); it was filled out on the first visit to the harm reduction centre. This questionnaire focused primarily on the socioeconomic data of people who use drugs (e.g., nationality, age, sex, situation, social coverage, economic resources, and housing type). At each analysis request, a product survey was completed during a one-on-one interview with a harm reduction centre professional. The topics covered in this survey included information regarding the collection (i.e., date, person involved, and reason for analysis) and characteristics of the product collected (i.e., name and presumed content). The sample was generally collected after the end of the interview in an Eppendorf tube with the sample/questionnaire number.

Toxicological analysis

Infrared spectroscopy analysis does not require sample preparation. This protocol required the use of a Technical details are available in online supplementary document.

Statistics

Quantitative variables were described by means ± standard deviations and medians, while qualitative variables were expressed as numbers (percentages). Positive predictive value (PPV), negative predictive value (NPV), sensitivity (se), specificity (spe) false negative (1-se) and false positive (1spe) were calculated when sample numbers were ≥10 in order to be statistically relevant. Statistical analyses were conducted using SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA).

Results

Between 1 January 2018 and 31 December 2018, 2142 people who use drugs were registered at the harm reduction centre, of which 51 (2.4%) requested a product analysis. The average age of people who use drugs requesting a product analysis (n=51) was 35 years (median, 33 years ; n = 51). The majority of people who use drugs were men (90.2%) of French nationality (88.2%), single (94.1%) and without children (88.2%) (sex ratio = 10.8). More than half reported living in precarious housing (62.7%), either on the street (homeless; 0.3%), in squats (58.8%), or in a car (3.6%). Fortyseven percent of the people who use drugs were either without resources or living on illegal resources.

They were asked their reasons for requesting testing. 26% had doubt regarding composition, 26% had unusual side effects, 5% reported poor perceived effect, and the remaining 43% did not provide a reason for their testing request.

One hundred thirty-six of the 163 collected samples were available for method comparison. Of the 27 non-analysed samples, four were sent for analysis via the national drug checking system (French National Identification System for Drugs and Other Substances, SINTES), the others were destroyed before they could be sent to the laboratory. The different products brought for analysis exhibited classical presentation: cocaine, amphetamine, and heroin mainly in powder form; MDMA in tablet form (ecstasy); opium in paste form; and cannabis in herb or resin form. The samples were all solid or half-solid. No liquids were brought for analysis.

Of the 136 samples available for method comparison, 112 and 163 psychotropic drugs were identified by IR and laboratory analysis, respectively. The main drugs identified more than 10 times included cocaine (n = 38), MDMA (n = 38), amphetamine (n = 17), and heroin (n = 12) (Table 1). For IR spectroscopy, sensitivity ranged from 50% to 100% depending on the molecules; the worst sensitivity was observed for heroin (50%). The rate of false negative with IR spectrometry ranged as follow: heroin (50%), amphetamine (17.6%), MDMA (13.2%). There was no false negative with cocaine. The calculated specificities for these molecules were 100%. There were no instances of false positive identification with IR. None of the molecules in non-powder forms were able to be identified, including blotter (e.g., LSD or 2-CE), resin, and herbs (e.g., cannabis). The few samples of MDMA, amphetamine, and heroin not detected by IR were mixtures. IR was unable to distinguish among the opioids present in opium: morphine, thebaine, papaverine, and codeine. Table 2 shows the comparative data for adulterants and filler materials. Less than 25% of adulterants with pharmacological properties were identified by the IR spectroscopy method. Only caffeine (sensitivity of 63.2%), paracetamol (sensitivity of 84.6%), and acetylsalicylic acid were identified. Table 3 shows the main drugs along with their purities and associated adulterants. Among the main suspected products, amphetamine samples appeared to contain the most unexpected substances. One hundred twenty-nine of the 136 samples analysed (94.9%) had the psychoactive product composition expected.

The remaining samples corresponded to : a sample of acetylsalicylic acid expected as cocaine ; 4-CEC expected as 4-MEC; paracetamol expected as a unknown new psychoactive substance; methandienone expected to be MDMA; alprazolam expected to be mescaline; mixture of MDMA with methoxetamine expected as MDMA alone and 2C-E which was an unknown sample.

Discussion

This study is the first to assess the use of IR spectroscopy in comparison to high resolution mass spectrometry in the context of drug checking for drugs directly from the street market in France.

It also represents the original partnership between a university hospital laboratory and a harm reduction centre for people who use drugs. This retrospective study is a method validation study with no return of LC-QTOF results to people who use drugs. Due to a lack of collection of pertinent information, the impact of drug checking on the behaviour of services users was beyond the scope of this paper.

In this study, we focused on people who use drugs who requested drug checking services, which corresponded to approximately 2% of the harm reduction centre population that year. This low proportion is consistent with the findings in previous reports [START_REF] Tupper | Initial results of a drug checking pilot program to detect fentanyl adulteration in a Canadian setting[END_REF]. In our population of people who use drugs, the average age was 35 years (median, 33 years ; n = 51); the vast majority were men (90.2%). People who use drugs who have substances assessed using SINTES since 2009 are typically between the ages of 18 and 69 (mean, 32 years) and are primarily men (78%) [START_REF]SINTES 2019[END_REF]. In this study, more than half reported living in precarious housing (62.7%), compared with only 28.6% in the national survey [START_REF]Profils et pratiques des usagers des CAARUD en 2015 -Profiles and practices of harm reduction centres for people who use drugs in 2015[END_REF]. Concerning resources, 47% had no income or were living on illegal resources, compared to 21.5% in the national survey [START_REF]Profils et pratiques des usagers des CAARUD en 2015 -Profiles and practices of harm reduction centres for people who use drugs in 2015[END_REF]. People who use drugs asking for a drug checking in this harm reduction centre were not representative of national people who use drugs.

We had 163 requests for analyses in 2018, compared to 385 for the SINTES system at the national level in the same year. Because this study was limited to a single centre, the number of samples is considerable when compared to the national collection; however, our results may have been susceptible to selection bias because we were only interested in one harm reduction centre for people who use drugs in Bordeaux.

The drugs most commonly collected via the SINTES system in 2018 included cocaine, heroin, MDMA, and cannabis [START_REF]SINTES 2019[END_REF]. In our study, the most frequently collected products were cocaine, MDMA, and amphetamine. The fact that less heroin and more MDMA were reported is inconsistent with the worse socioeconomic status of our population, compared with the national data. This could be explained because we only had solid samples in this study and heroin needs to be in liquid form to be injected. The average cocaine content found in our samples (61%) was comparable to that found in the literature [START_REF]SINTES 2019[END_REF]. In contrast, a large majority of our samples contained another substance (76.3%), which was higher than the national average of 67%. Most of the adulterants identified were conventional substances, of which levamisole was the most common. In recent years, we have noted in Europe a consistent trend towards increased purity in both drug checking samples and police seizures [START_REF]European Drug Report[END_REF]. The purity of the samples collected was as high as 98.5%, which is also consistent with European and national data.

The average MDMA content found in our samples was 54.3%. This level was noticeably lower than the level observed nationally, with an average of purity of 78% [START_REF]SINTES 2019[END_REF]. MDMA in powder/crystal form is generally not mix and corresponds to the yield obtained during synthesis of the molecule. The majority of MDMA in our study was in tablet form (ecstasy), which may explain this difference [START_REF] Vidal Giné | Crystals and tablets in the Spanish ecstasy market 2000-2014: Are they the same or different in terms of purity and adulteration?[END_REF]. The average MDMA content per tablet in Europe is between 84 and 160 mg [START_REF]European Drug Report[END_REF].

Unfortunately, tablet strength could not be assessed in our study because we only had a portion of the tablet for analysis. The popularity of ecstasy tablets has been increasing in recent years, with greater purity levels leading to substantial risks of intoxication. Some MDMA samples were associated with amphetamine or new psychoactive substances (e.g., methoxetamine or methcathinone).

Methoxetamine associated with MDMA was previously reported by SINTES [START_REF]Profils et pratiques des usagers des CAARUD en 2015 -Profiles and practices of harm reduction centres for people who use drugs in 2015[END_REF] and is increasingly common as a substitute or adulterating agent in some samples. However, it was not possible to differentiate between sample contamination during dose preparation or intentional mixing in this study.

The average amphetamine content of our samples was twofold greater than the national and European averages (46% vs. 28%) [START_REF]SINTES 2019[END_REF][START_REF]European Drug Report[END_REF]. This level contrasts with the trend for reduced purity of these samples [START_REF]European Drug Report[END_REF]. Nearly all samples contained one or more compounds, consistent with previous findings [START_REF]SINTES 2019[END_REF][START_REF]European Drug Report[END_REF]. As in the national data, the primary adulterant identified was caffeine, along with more hazardous chemicals such as norephedrine, ephedrine, pseudoephedrine, methamphetamine, and MDMA.

The main substances identified by the laboratory method included cocaine, MDMA, and amphetamine, consistent with the findings in the European drug checking study [START_REF]European Drug Report[END_REF]. IR spectroscopy was able to accurately identify the primary compound; there were no false positives and very few false negatives. These results are comparable to those found for IR spectroscopy in comparison with GC-MS method [START_REF] Ti | Detecting fentanyl using point-ofcare drug checking technologies: A validation study[END_REF]. considerable limitations for IR spectroscopy were identified in its analysis of cannabis (herb or resin), compounds in blotter form, and compounds present in small quantities and/or in mixtures. For compounds presented in small quantities, IR spectroscopy was only able to identify the main active substances in the sample. For other compounds tested, some were not detected due to their absence from the standards library (1.5 %, n=2), such as 2C-E (new psychoactive substance) and methandienone (anabolic), while others were below the limit of detection for IR spectroscopy (2.2 %, n=3). The compounds below the limit of detection were mostly minority compounds present in a mixture; these were presumably contaminants which arose during preparation of the sample by dealers and may have affected the number of false negatives in our study.

With the exception of paracetamol, caffeine, and aspirin, IR spectroscopy was unable to reliably identify adulterants in samples submitted as mixtures. Norephedrine, acetylleucine, selegiline, atropine, harpagoside, and milnacipran were not identified by IR spectroscopy due to their absence from the standard library. For other substances, the absence of detection was not related to deficiencies in analytical standards, suggesting that that their contents were either below the limit of detection for the device or that they were heterogeneously present in the sample and therefore undetectable on the small portion analysed.

Difficulties in identifying minority spectra may be due to misinterpretation of the IR spectra obtained. This observation is a useful reminder to harm reduction professionals who use IR spectrometry regarding the importance of subtracting out the majority spectra, thereby isolating the minority spectra. There is also the potential for interpretation bias, because analyses were performed by harm reduction professionals. While all of them received training from the instrument supplier, they lacked the technical expertise of analytical professionals. We hypothesise that some more compounds could have been identified by trained professionals; however, this choice was intentional to determine the performance of IR spectroscopy under real-world conditions. This collaborative work between hospital toxicologists and social workers led to improved interpretation of the IR analyses onsite.

For some drugs, the small number of samples submitted prevented any meaningful statistical analyses. Moreover, only drugs brought by people who use drugs could be tested, so the data are not exhaustive. The aim of our study was to compare analytical methods. The compounds found are not necessarily representative of all patients and products circulating in the drug market. We could have tested pure products, but we wanted to remain true to real-world conditions with drugs submitted directly by people who use drugs. Indeed, these products are very often heterogeneous; from a technical perspective, it is more difficult to identify them, compared to pure substances. Some of them are active and harmful in very low doses which may make IR not particularly useful in many settings that are contending with a saturated fentanyl market for example.

IR spectroscopy is very sensitive to the matrices in which the sample is presented (e.g., solvents, water, plants, or blotter paper). Notably, the supplier claims that IR spectroscopy is able to differentiate THC from cannabidiol [START_REF] Bruker | Differentiation of THC and CBD cannabis using FTIR[END_REF], but this differentiation was not achieved in our study. These samples are very often heterogeneous and contain high water content, thereby limiting the accuracy of the instrument.

There are many variables to consider when choosing an analytical technique for drug checking in a harm reduction setting. First, the type of information provided to people who use drugs must be determined, as this decision will dramatically affect the choice of methodology. The necessary and available resources (financial and labour) for implementation of these methods should also be considered. In some studies, people who use drugs indicated that quantitative methods were preferable to other methods; however, the length of the analysis and the use of methods which ultimately destroyed the target substance were identified as significant limitations to the use of drug checking [START_REF] Bardwell | We don't got that kind of time, man. We're trying to get high!": Exploring potential use of drug checking technologies among structurally vulnerable people who use drugs[END_REF]. People who use drugs prefer rapid, non-destructive, quantitative methods that are capable of detecting compounds present in small quantities. They also question the legal framework of the system and possible cost of the analysis [START_REF] Barratt | Pill testing or drug checking in Australia: Acceptability of service design features: Designing a drug-checking service[END_REF][START_REF] Glick | Stakeholder perspectives on implementing fentanyl drug checking: Results from a multi-site study[END_REF]. Furthermore, it is important to consider the evolution of the drug market. Diversification of products in the drug market, with the presence of increasingly powerful products which are active in very low doses (e.g., fentanyloids), require very sensitive identification methods. The risks of false or partial information can affect people who use drugs and the device itself, which may lose credibility for drug checking. However, care is needed to avoid providing people who use drugs a false sense of security, warning them of potentially dangerous compounds which may have been missed, such as ocfentanyl heroin detected by a drug checking programme in Spain by LC-MS/MS [START_REF] Quintana | The hidden web and the fentanyl problem: Detection of ocfentanil as an adulterant in heroin[END_REF]. In this context, the evaluation of techniques in real-world settings (as performed in this study) remains a vital step to ensure the validity of drug checking systems.

Among the products collected, only seven samples did not correspond to the declared product, either alone or with adulterants. In our study, the discordant substances were highly variable: acetylsalicylic acid, 4-CEC, paracetamol, methandienone, alprazolam, methoxetamine, and 2C-E.

Replacement can generally be done with inert products such as certain excipients (e.g., lactose or mannitol), other products without major toxicity (e.g., aspirin), or molecules with similar effects and varying toxicity thresholds that can cause undesirable or unusual effects. Among the fraudulent samples identified in our study, only two presented a serious risk: 4-CEC in place of 4-MEC, and 2C-E which was an unknown sample. 4-CEC is part of the same family of substances as 4-MEC (cathinones), but there are limited data regarding its toxicity and potential adverse effects [START_REF] Grifell | Patterns of use and toxicity of new para-halogenated substituted cathinones: 4-CMC (clephedrone), 4-CEC (4chloroethcatinone) and 4-BMC (brephedrone)[END_REF]. 2C-E is a member of the phenethylamine family, more specifically the "2C" family, a new hallucinogenic synthetic product for which one case of fatal toxic leukoencephalopathy and other cases of death have been described [START_REF] Sacks | Fatal Toxic Leukoencephalopathy Secondary to Overdose of a New Psychoactive Designer Drug 2C-E ("Europa")[END_REF]. Hallucinogenic phenethylamines (e.g., 2C-E) showed a similar negative profile to LSD but were rated as less pleasurable and less likely to be used again [START_REF] Matthews | I like the old stuff better than the new stuff? Subjective experiences of new psychoactive substances[END_REF]. In case of intoxication, the symptoms are very variable, ranging from vomiting to respiratory distress and hallucinations [START_REF] Iwersen-Bergmann | Mass poisoning with NPS: 2C-E and Bromo-DragonFly[END_REF][START_REF] Papaseit | Acute Pharmacological Effects of 2C-B in Humans: An Observational Study[END_REF].

The findings presented here appear to be consistent with previous studies, with few studies identifying unexpected new psychoactive substances instead of conventional molecules [START_REF] Caudevilla | Results of an international drug testing service for cryptomarket users[END_REF][START_REF] Palma-Conesa | Something New about Something Old: A 10-Year Follow-Up on Classical and New Psychoactive Tryptamines and Results of Analysis[END_REF].

These two cases highlight the main interests of drug checking, in that they support the toxicovigilance interests of risk reduction advocates regarding the detection of new practices or substances and the direct interest for people who use drugs to ensure the relative safety of the product analysed [START_REF] Giné | The utility of drug checking services as monitoring tools and more: A response to Pirona et al[END_REF][START_REF] Butterfield | Drug checking to improve monitoring of new psychoactive substances in Australia[END_REF]. A similar study by the EMCDDA examining another European drug checking effort was recently presented in its latest report on drugs in 2020 [START_REF]European Drug Report[END_REF].

Conclusions

IR spectroscopy has a number of advantages. It allows for rapid and reliable detection of the main drug in a sample with minimal operator training. It requires no solvents or sample preparation; thus, it is an easy-to-use device with a low cost of ownership. It uses a non-destructive process that allows further analysis with the same sample and is highly portable, enabling use at festivals and other events. These benefits allow harm reduction advocates to better spread their message by offering a reactive tool that is well adapted to an unstable urban clientele that buys in small quantities and consumes them quickly.

However, IR spectroscopy has important limitations for identification of various sample types, including cannabis, blotters, mixtures, and products present in low levels. In these instances, as well as in situations where people who use drugs report undesirable or unusual effects, additional analyses with high resolution mass spectroscopy are needed to better assess the composition of the substance.

This analysis is the first study in France to evaluate an on-site drug checking method by IR spectroscopy performed at a harm reduction centre, with a direct comparison to more sophisticated laboratory methods. This is an original work, which has not been the subject of previous studies. This study has highlighted the limits of IR spectroscopy in the context of on-site drug checking under realworld conditions at a harm reduction centre for people who use drugs, thereby allowing device users to better understand the limits of IR and aid in their harm reduction advice. Based on these results, other institutions will be able to better implement their own drug checking programs using similar devices. IR spectroscopy is therefore a promising method in the context of drug checking but must be the focus of further studies to better define its framework and limits. 
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