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A B S T R A C T   

New psychoactive substances (NPS) are uncontrolled analogues of existing drugs or newly synthesized chemicals 
that exhibit psychopharmacological effects. Due to their diverse nature, composition, and increasing prevalence, 
they present significant challenges to the healthcare system and drug control policies. In response, healthcare 
system laboratories have developed analytical methods to detect NPS in biological samples. As a Regional 
Reference Centre, the Sicilian CRQ Laboratory (Regional Laboratory for Quality Control) developed and con
ducted an External Quality Assessment (EQA) study to assess, in collaboration with the Istituto Superiore di 
Sanità (ISS), the ability of different Italian laboratories to identify NPS and traditional drugs of abuse (DOA) in 
biological matrices. 

Two blood samples were spiked with substances from various drug classes, including synthetic cannabinoids, 
cathinones, synthetic opiates, and benzodiazepines, at concentrations ranging from 2 to 10 ng/mL. The blood 
samples were freeze-dried to ensure the stability of DOA and NPS. Twenty-two laboratories from the Italian 
healthcare system participated in this assessment. The information provided by the laboratories during the 
registration in an in-house platform included a general description of the laboratory, analytical technique, and 
the chosen panels of analytes. The same platform was employed to collect and statistically analyze the data and 
record laboratory feedback and comments. 

The evaluation of the results revealed that the participating laboratories employed three different techniques 
for analyzing the samples: GC-MS, LC-MS, and immunoenzymatic methods. Approximately 90 % of the labo
ratories utilized LC-MS techniques. Around 40 % of false negative results were obtained, with the worst results in 
the identification of 5-chloro AB PINACA. The results showed that laboratories that used LC-MS methods ob
tained better specificity and sensitivity compared to the laboratories using other techniques. 

The results obtained from this first assessment underscore the importance of external quality control schemes 
in identifying the most effective analytical techniques for detecting trace molecules in biological matrices. Since 
the judicial authorities have not yet established cut-off values for NPS, this EQA will enable participating lab
oratories to share their analytical methods and expertise, aiming to establish common criteria for NPS 
identification.   
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1. Introduction 

In the last decades, the number of new psychoactive substances 
(NPS) exponentially increased. The United Nations Office on Drugs and 
Crime (UNODC) defined NPS as “new narcotic or psychotropic drugs 
that are not controlled by the United Nations drug conventions, but 
which may pose a public health threat comparable to controlled sub
stances” [1,2]. In 2008, the first report on NPS of the European Moni
toring Centre for Drugs and Drug Addiction (EMCDDA) referred to 13 
molecules; in 2012, 73 NPS were reported [3]. According to EMCDDA, 
every year around 50–60 new NPS are identified in the drug market, and 
even more remain undetected, representing a real concern for public 
health [4,5]. NPS such as PMMA, mephedrone, NBOMS, and others are 
highly dangerous and result in numerous fatalities worldwide. Although 
the NPS definition refers to the global market, at a local level some 
well-known molecules could be still considered NPS for their low 
diffusion. This is the case, for example, of fentanyl in Italy. In fact, 
despite the prominent and growing global spread of this drug, it is poorly 
diffused in Italy. Thus, few Italian laboratories are currently able to 
identify and quantify it. The detection of this type of molecules with 
conventional methods such as immunoassays, is insufficient, repre
senting a real challenge to the analytical laboratories at present [1,2,6]. 
Several LC–MS/MS techniques aimed at detecting NPS in various bio
logical samples have been documented [7–10]. While these methods 
exhibit sensitivity, specificity, employ standard equipment, are largely 
quantitative, and suitable for systematic screening, they lack adapt
ability. Their panels remain fixed upon validation, necessitating signif
icant re-validation efforts to include new compounds for screening. This 
process is time and resource-intensive, particularly for fully quantitative 
methods. Consequently, such methodologies struggle to keep up with 
the evolving trends of emerging NPS, posing a significant challenge in 
dealing with these substances. Garneau and coworkers recently pro
posed a solution with a dynamic method with LC-MS/MS, allowing 
addition/removal of compound with minimal and efficient validation 
[11]. 

Many laboratories have shifted their focus to liquid chromatography 
coupled with high-resolution mass spectrometry (LC–HRMS). The 
incorporation of exact mass for identification, alongside library searches 
with in silico fragmentation prediction and the ability for retrospective 
data analysis, offer significant benefits under these circumstances. 
Nonetheless, when compared to the more conventional low-resolution 
tandem mass spectrometers (LC–MS/MS), these instruments tend to be 
costlier, less sensitive, and typically do not offer the same level of high 
throughput. 

Although numerous analytical methods have been published for the 
separate identification of conventional drugs and NPS in biological 
specimens [11–15], few studies reported the simultaneous detection of 
both conventional and emerging drugs of abuse (DoA). 

Indeed, data from the UNODC in 2019 indicates that over half of the 
NPS cases examined post-mortem involved the simultaneous use of more 
than four substances [16]. This suggests that scenarios, where other 
"conventional" xenobiotics are found, may never undergo screening for 
NPS. 

Among the methods detecting both conventional drugs and NPS, 
Tang and coworkers developed a chromatography-mass spectrometry- 
based method for the simultaneous and targeted analysis of over 90 
conventional as well as emerging drugs of abuse and their metabolites in 
urine [13]. However, targeted methods fail to detect unknown or not 
previously profiled NPS, requiring continuous updates. Furthermore, 
NPS are often rapidly metabolized in biological samples, making their 
detection even more difficult in blood or oral fluid. Thus, there is evi
dence of an urgent need to develop untargeted and wide screening 
methods to face these challenges [17–19]. The growing interest in the 
analysis of NPS on biological fluids different from urine, such as blood, 
oral fluid, and hair, highlights the importance of developing and veri
fying the analytical methods that can be used to make clinical or legal 

decisions [20–24]. The challenges in the chemical analysis of NPS 
concern clinicians, but also researchers, forensic toxicologists, and 
others [25]. For this reason, the evaluation of laboratory performance 
must include an external quality assessment (EQA) scheme. 

Several EQA programs are operational worldwide, with some 
established by the UNODC. In particular, UNODC leads the "Interna
tional Collaborative Exercises (ICE) programme" for DoA and NPS 
testing, covering a range of specimens including Seized Material (SM) 
and biological samples. In clinical laboratories, the purposes of the EQA 
schemes are to evaluate the participant and method performances, to 
achieve post-market vigilance, and to train and help the laboratories, 
with the ultimate aim of harmonization [26,27]. The harmonization 
should include not only the analytical phase but also the reporting in 
terms of units, analytes description, the data analysis [22]. Balcaen and 
coworkers provide an overview of the analytical challenges faced by the 
Drug Checking System, to propose possible solutions and recommen
dations for other countries facing the challenge of NPS identification 
[23]. 

In this context, in 2018 NPS-LABVEQ project was approved in Italy, 
with an inter-institutional collaboration agreement between the Presi
dency of the Council of Ministers - Department for anti-drug policies and 
the Istituto Superiore di Sanità (ISS), for NPS standards supply and 
participation to EQA schemes, aiming to improve the performance of 
laboratories for developing and validating analytical methodologies to 
identify NPS in non-biological and biological matrices [28,29]. 

As an Institutional Public Provider for EQA, the Sicilian CRQ Labo
ratory (Regional Laboratory for Quality Control), in collaboration with 
the Istituto Superiore di Sanità (ISS), developed and conducted an EQA 
scheme. To challenge the effectiveness of the laboratory’s quality 
management system for NPS detection, twenty-two Italian laboratories 
voluntarily participated in the program. In this report, we present the 
outcome of the first round of the first Italian EQA scheme, performed 
and evaluated in 2023, on NPS in blood matrices providing an overview 
of the diagnostic laboratory’s performances [30]. 

2. Material and methods 

2.1. Participants 

In the context of the NPS-LABVEQ project, the ISS invited public and 
private Italian toxicology and forensic laboratories to participate in the 
first round of the NPS EQA scheme, obtaining the voluntary application 
of twenty-two laboratories. The participants’ information and results 
were submitted using the CRQ’s EQA Platform (https://piattaformacrq. 
ospedaliriunitipalermo.it/index.php), which enables the laboratory to 
handle the entire EQA process including registering laboratory personal 
data and placing EQA orders; more, the platform can evaluate EQA re
sults, perform statistical analysis, and generate reports, available for 
laboratories’ consultation. Once a laboratory is registered on the Plat
form, it gains access to the CRQ EQA, which features an online catalog 
where the laboratory can place EQA orders like e-commerce. The cata
logue is organized into different categories, each providing detailed 
information about the EQA, such as specimen type, sample quantity, and 
analyte list. Additionally, information regarding sample shipment 
schedules and associated quality test deadlines is provided. The labo
ratory receives updates on the status of its orders and sample shipments 
and is required to confirm the delivery of samples online before 
accessing the EQA results submission process. In the initial step, the 
laboratory must specify the instruments, reagents, and methods used. 
Instead of manually entering this information, the laboratory selects 
them from the Platform’s catalogs, which are regularly updated by the 
CRQ and based on laboratory requests. Before entering the analysis re
sults, the laboratory needs to indicate if the received sample conditions 
are valid, which the CRQ takes into account during the evaluation phase. 
Subsequently, the laboratories are required to enter the analysis results. 
To validate the analysis performed, laboratories must upload the reports 
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generated by the instruments used to prove the entered results. For this 
first round, the Platform was open for registration in the period middle 
February - beginning of March 2023, samples were sent middle of 
March, and the results were uploaded in the period 16 March – 13 April 
2023. The data analysis was performed and published on 31 May 2023. 

2.2. Preparation of samples 

Compounds were proposed into two distinct mixtures, incorporated 
into human whole blood, in a range from 2 to 10 ng/mL. Each sample 
was constituted of 2 mL of whole blood, spiked with analytes among 
conventional drugs of abuse and NPS. Our panel consists of a compre
hensive selection of 150 molecules, including both NPS and conven
tional drugs. Based on ISS instructions, the first mixture was prepared by 
selecting 5-chloro AB PINACA and Fentanyl, considered NPS, at a con
centration of 4 and 2 ng/mL respectively, and the second mixture by 
selecting Cocaine, Diazepam, MDA, and MDMA at a concentration of 10, 
5, 3 and 4 ng/mL respectively. Further details are reported in the Results 
section. 

2.3. Data analysis 

In this first NPS EQA experience, samples were delivered to twenty- 
two labs, information and results were collected, and statistical analysis 
was performed with our own platform. The data collected through the 
platform, and through additional forms filled out by the participants, 
were analyzed in terms of methodologies comparison and results eval
uation. The results of participant laboratories were all qualitatively 
evaluated for the following compounds: conventional and new opiates, 
cocaine and its metabolites, amphetamines and derivatives, conven
tional and new cannabinoids, phencyclidine, Z drugs, and other psy
choactive substances. 

In the case of 5-chloro AB PINACA, Fentanyl, Cocaine, Diazepam, 
MDA, and MDMA quantitative results were also evaluated. The lower 
and higher limit of acceptability for each target compound was calcu
lated in the range of ±20 % of the target concentration, that is the 
theoretical concentration of the analytes after their spike in the samples. 

3. Results 

Data analysis about the first round of NPS-LABVEQ was performed to 
highlight the most common sample preparation techniques and analyt
ical methods. Regarding the pre-analytical phase, most of the partici
pants used 0.200 mL of sample and liquid-liquid extraction procedures. 
Only one participant indicated the use of kits for all the pre-analytical 
and analytical processes. Among the liquid-liquid extraction solvents, 
mixtures of chloroform-n-heptane-isopropyl alcohol, hexane-ethyl ace
tate, and chloroform-isopropanol were reported. Dichloropropene- 
isopropyl alcohol-ammonia mixture was reported as a solvent for 
solid-phase extraction (SPE, Table 1). Regarding the analytical phase, 
around 86 % of the labs have used LC-MS instrumentations, with the 
predominance of Q-Exactive (32 %, high-resolution), Xevo TQD I (20 %, 

low-resolution), Citrine MS/MS (15 %, low-resolution). Other MS sys
tems were used in less than 10 % of the cases. 

Only around 9 % was performed with GC-MS, while around 5 % of 
the analysis was performed with immunoenzymatic techniques 
(Table 2). 70 % of the instrumentations, and in particular 67 % of LC-MS 
and all GC-MS instrumentations, were in low-resolution. 

The analysis of qualitative results showed 13 false positives, repre
senting 0.3 % of the analytes present in the panel, excluding the spiked 
ones. In addition, 40 false negatives were observed, indicating that 40.5 
% of the spiked analytes were not identified by participants (Table 2). N. 
E. refers to laboratories that participated in the EQA scheme, but did not 
or partially supply the results, or did not respect the deadline, and thus 
were not considered in the evaluation process. 

Among GC-MS results, around 0.9 %, among LC-MS around 0.2 % 
and among immune-enzymatic around 3.2 % were false positives. In 
addition, the laboratories using GC-MS and LC-MS did not give any re
sults for around 90 % and 13 % of the panel analytes respectively, and 
thus were not evaluated. 

Qualitative and quantitative results are reported in Tables 3 and 4. 
The qualitative results showed that Fentanyl presented the lowest rate of 
false negative results (3 out of 20), followed by Cocaine (6 out of 19) and 
Diazepam (7 out of 21). MDA and MDMA presented around 50 % of false 
negative results (10 out of 19 and 11 out of 21), while 5-chloro AB 
PINACA presented around 67 % of false negatives. Most of the correct 
identification was obtained with LC-MS methods, while in GC-MS only 
one correct identification of cocaine and one correct identification of 
MDMA was possible. 

Only about 4 % of laboratories providing qualitative results, also 
provided quantitative results. Furthermore, among the laboratories that 
correctly identified the substances, more than 50 % indicated quanti
tative values out of the range of acceptability. In particular, only two 
laboratories reported a value in the range of acceptability for 5-chloro 
AB PINACA. The other molecules were correctly quantified in a range 
between 11 % and 30 % of the cases and presented high CV values, 
ranging from 23 % (MDA) to 213 % (Fentanyl). All except one of the 
twelve “not evaluated” results were linked to too-high limits of 
detection. 

4. Discussion 

The surveillance of NPS plays a vital role in collecting crucial in
formation for society to prepare in terms of legislation, and social, and 
clinical management of these emerging drugs. This proactive approach 
to combat drug abuse is being increasingly embraced on a global scale 
[31,32]. The EQAs could provide information about the effectiveness of 
analytical techniques, to detect trace molecules in complex matrices. 
Further expansion of the analytical coverage and the analysis of other 
biological matrices will enhance the quality of NPS surveillance. 
Accreditation of schemes must provide a robust guarantee for the quality 
management of schemes. Key components include the validation of EQA 
samples and statistical evaluation procedures. 

Hereby, we report the outcome of the first round of the first Italian 
EQA scheme, performed and evaluated in 2023, on commonly used 
drugs of abuse and NPS in blood matrices providing an overview of the 
diagnostic laboratory’s performances. Twenty-two laboratories partici
pated in the EQA scheme. Two EQA samples were blindly shipped to 
each participating laboratory. 

Table 1 
Pre-analytical and analytical methods used by participants. Liq-liq = liquid- 
liquid extraction.  

Sample Volume (% labs) 0.050 mL  9.1 
0.100 mL  27.3 
0.200 mL  36.4 
1.000 mL  27.3 

Extraction (% labs) Liq-Liq  45.5 
SPE  18.2 
No  36.4 

Analytical technique (% labs) GC-MS  9.5 
LC-MS  85.7 
Immunoenzymatic  4.8  

Table 2 
False positive and false negative results. N.E. indicated the results that have not 
been evaluated.  

Results Absent analytes Present analytes  

False Positive N.E. False Negative 

Number 13 1032 47 
% 0.3 20.4 40.5  
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Our results showed around 58 % of correct identifications. These 
results are in line with ICE Drug Analysis Reports 2022, which reported 
around 60 % and 64 % of correct identification respectively in 2021 and 
2022. [33]. The qualitative results showed that Fentanyl and other 
classical drugs presented low rate of false negative results, while the NPS 
5-chloro AB PINACA presented around 67 % of false negatives. 
Furthermore, more than 50 % of the laboratories that provided quan
titative results indicated values out of the range of acceptability. All the 
molecules were correctly quantified in a range between 11 % and 30 % 
of the cases, except of 5-chloro AB PINACA that was quantified only in 
two laboratories. In addition, the data analysis revealed the presence of 
8 false positives, representing 0.2 % of the analytes present in the panel. 
In particular, 4-acetoxy DMT (O-Acetylpsilocin), 4-Hydroxy DET, 
Rytalinic acid, Cocaine, and Fentanyl were indicated. These last two 
molecules were indicated as false positives also in the ICE Drug Analysis 
Reports 2022. 

Laboratories reporting false positive or false negative results in bio
logical specimens should investigate the reasons for this and take 
corrective actions to continuously improve their performance. 

The low percentage of participants who quantitated the drugs (44 %) 
is a common issue among EQA schemes. ICE Drug Analysis Report 2022 
in fact reported a participation to the quantification analysis of about 39 
%, highlighting the limits of the current methodologies. 

The chosen analytical methods in this first SNAP432 scheme 
included LC-MS, GC-MS, and immune-enzymatic techniques. LC-MS 
methods allowed the participating laboratories to obtain better results, 
while most of the participants using GC-MS were not able to give any 
results. However, as highlighted by some laboratories, especially when 
working in GC-MS, a higher volume of samples would have helped the 
analysis. In fact, diverse kinds of extractions are required for the iden
tification of the different analytes, and a derivatization procedure can be 
sometimes necessary. For this reason, this limitation should be consid
ered for future SNAP432 schemes. 

Even if the number of results was limited, immune-enzymatic tests 
presented the highest percentage of false positives, in accordance with 
their reduced specificity compared to mass-spectrometry techniques. 

Even if LC-MS methods allowed the participating labs to obtain good 
qualitative results, the quantification methods should be improved, 
especially when working at low concentrations. Indeed, the major 
source of error observed was due to sensitivity where methods failed to 

achieve the cut-off required for identifying the analytes. 
In general, when working with bio-active molecules, such as NPS, 

mass spectrometry is essential for their correct identification. Therefore, 
laboratories should consider investing in more sensitive and costly 
couplings of chromatography and mass spectrometry. Currently, tar
geted methods are the most used. However, they fail to detect unknown 
or not previously profiled NPS, requiring continuous updates. Further
more, these methods could miss NPS metabolites, which rapidly form in 
biological samples, such as blood or oral fluid, making their detection 
even more difficult. Thus, only the development of untargeted and wide 
screening methods could face these challenges. 

As observed in this EQA scheme, targeted techniques, with low- 
resolution instrumentations (LR-MS), are usually more common in 
toxicology and forensic labs, thanks to their affordability. Although they 
are usually more sensitive, their limitations are linked to the need to 
have prior knowledge of the molecules of interest. A panel of classic 
drugs of abuse and NPS should thus be frequently updated with new 
available libraries. In addition, a crucial issue concerns the availability 
and cost of reference materials essential for enriching those libraries. 
These limitations could represent a serious bias for the correct 
identification. 

On the other hand, high-resolution (HR-MS) does not require prior 
knowledge about the transition and full scan screening procedures may 
be an option. Furthermore, using full scan acquisition, a retrospective 
analysis to re-interrogate archived data for the presence of emerging 
NPS is possible. 

However, the right analytical instrumentation alone is insufficient to 
ensure accurate results. Indeed, the high incidence of incorrect results 
implies inadequate validation of analytical methodologies. Laboratories 
should be provided with guidelines for method validation, alongside a 
set of recommended cut-off concentrations, to guide them in achieving 
their quality objectives while developing analytical methodologies. This 
first round of the SNAP432 scheme and the following ones will allow us 
to share analytical methods and expertise, aiming to establish common 
criteria for NPS identification. Starting from this point, we hope to 
expand the EQA programs on NPSs to as many laboratories as possible to 
face this challenging problem with the best approach. 

Table 3 
Details about qualitative results of the spiked analytes for each analytical method. ACC = acceptable, NOT ACC = not acceptable, N.E. = not evaluated.  

Analyte Total GC-MS LC-MS Immunoenzymatic 

ACC NOT ACC N.E. ACC NOT ACC N.E. ACC NOT ACC N.E. ACC NOT ACC 

5-chloro AB PINACA 5 10 1  1  5 9 1   
Cocaine 13 6 0 1 1  12 5    
Diazepam 14 7 0  2  14 5    
Fentanyl 17 3 0  1  17 1   1 
MDA 9 10 0  1  9 9    
MDMA 10 11 0 1 1  9 10     

Table 4 
Quantitative results of the spiked analytes in terms of total numbers, concentration mean, and CV %, expressed as (Conc Mean – Target)/Target*100. ACC =
acceptable, NOT ACC = not acceptable, N.E. = not evaluated.  

Analyte Conc Mean (ng/ 
mL) 

CV % N Target (ng/ 
mL) 

Lower limit (ng/ 
mL) 

Upper limit (ng/ 
mL) 

Z-score (N) 

ACC NOT 
ACC 

N. 
E. 

z<2 2<z<3 z>3 

5-chloro AB 
PINACA 

3.7 -8.1 2 0 2 4.0 3.2 4.8 2 0 0 

Cocaine 5.5 -45.4 3 6 2 10.0 8.0 12.0 9 0 0 
Diazepam 14.0 179.9 2 4 2 5.0 4.0 6.0 5 1 0 
Fentanyl 6.3 213.0 2 8 0 2.0 1.6 2.4 9 1 0 
MDA 2.3 -22.9 3 3 3 3.0 2.4 3.6 6 0 0 
MDMA 2.4 -39.9 1 5 3 4.0 3.2 4.8 6 0 0  
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5. Conclusions 

In the context of the LABVEQ project, the first SNAP432 EQA scheme 
was designed as a survey on the reliability of drugs of abuse whole blood 
testing in Italian laboratories. Analytes at low concentrations have been 
added to better represent the challenge of real conventional and NPS 
drug identification. In light of the obtained results, guidelines have to be 
established for method validation. Furthermore, it is important to set 
recommended cut-off concentrations to orientate laboratories in their 
analytical method development. On the whole, only a limited number of 
laboratories have demonstrated proficiency in NPS testing, yielding 
satisfactory results. Thus, substantial efforts are still required to enhance 
their overall performance. 
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substances: a matter of time, Curr. Neuropharmacol. 17 (2019) 818–822, https:// 
doi.org/10.2174 %2F1570159×1709190729101751. 
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