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A B S T R A C T   

Background and Aims: New psychoactive substances (NPS) pose challenges not only due to their harms to users 
but also because they are difficult to monitor with traditional epidemiologic methods. Wastewater-based 
epidemiology (WBE) offers a reliable method to assess drug-taking habits in different geographical settings 
and their evolution over time. The aim of this systematic review was to examine NPS preferences and trends 
across Europe. 
Methods: We searched electronic databases between September 5th to 30th, 2022, included OVID/Embase, 
PubMed, Scopus, and Web of Knowledge. Key search terms focused on NPS, WBE, prevalence, and geographic 
Europe. 18 articles were included in the systematic review. All studies were WBE studies, with 17 studies col
lecting samples from wastewater treatment plants, one collecting from pissoirs. Due to heterogeneity across 
studies, a meta-analysis was not performed. 
Results: Literature reviewed in this study showed a trend towards stimulant-type NPS use, with the United 
Kingdom showing highest detection frequency. The most detected chemical class of NPS were synthetic cath
inones. Southern and Western Europe showed the largest variety of NPS detected. Metabolite detection ranged 
extensively across countries. 
Conclusion: This is the first systematic review to address types of new psychoactive substances present in 
wastewater in Europe. Gaps in literature point to a need for standardization in wastewater-based epidemiology 
so that drug policies and public health policies, including drug and harm reduction services, can be targeted to 
those NPS that are most widely used.   

Introduction 

In the European Union, 83 million (28.9%) adults between 15 and 64 
years of age are estimated to have tried an illicit drug during their 
lifespan (European Monitoring Centre for Drugs and Drug Addiction 

2021). Despite an earlier report published in December 2020 detailing 
disturbances in drug use, associated trends in drug preference, and drug 
trafficking (European Monitoring Centre for Drugs and Drug Addiction 
2020), the illicit drug market continues to evolve. The complexity of 
available drugs is rapidly rising, especially considering an increasing 
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number of new psychoactive substances that were previously unknown 
and have been mostly identified through drug discussion forums (Cat
alani et al., 2021). 

New Psychoactive Substances (NPS) are defined as psychoactive 
substances uncovered under international control through the Single 
convention on Narcotic Drugs of 1961 or the Convention on Psycho
tropic Substances of 1971 (United Nations Office on Drugs and Crime 
2013). This includes synthetic cannabinoids (SC), opioids, ‘new’ ben
zodiazepines, hallucinogens, stimulants, and dissociatives (European 
Monitoring Centre for Drugs and Drug Addiction 2020). Recreational 
use, self-medication, and cognitive enhancement are the most reported 
reasons for NPS consumption (Soussan et al., 2018), with these drugs 
typically presented as ‘legal’ alternatives to traditional illicit drugs that 
mimic their effects (Catalani et al., 2021; Soussan et al., 2018). As of 
2020, the European Monitoring center for Drugs and Drug Addiction 
(EMCDDA) monitored 830 NPS (European Monitoring Centre for Drugs 
and Drug Addiction 2021), while web crawlers such as NPSfinder® have 
identified additional substances that had not been formally reported to 
the EMCDDA, thus the actual number of NPS available is difficult to 
determine (Catalani et al., 2021). 

NPS are particularly challenging as their availability and constant 
modifications make it difficult to control and anticipate trends in supply 
and demand (Khaled et al., 2016). This is further complicated by the 
uncertainty of the drug’s effects on users, as metabolic outcomes, 
physiological effects, and drug-drug interactions are typically unknown, 
with potentially severe negative consequences (Zawilska and Andr
zejczak, 2015). Molecular alterations of NPS also provide a means to 
circumvent legislative frameworks and detection in traditional drug 
tests. Thus, the European Parliament and Council of the European Union 
have already highlighted their potential in creating cross-border threats 
to health (European Parliament and Council of the European Union 
2013). 

Acute poisonings resulting from use of NPS can occur amongst drug- 
using populations (Moritz et al., 2018; Iwersen-Bergmann et al., 2019) 
Between 2014–2017, 9% of acute toxicity presentations across 21 
countries were attributed to NPS (European Monitoring Centre for Drugs 
and Drug Addiction 2020). Acute poisonings may suddenly exert pres
sure on multiple healthcare professionals and healthcare systems. Dif
ficulties in identifying NPS in a timely manner makes clinical 
management challenging as healthcare professionals do not immedi
ately known what has been ingested and describe overall limited 
knowledge of NPS (Pirona et al., 2017). Moreover, traditional drug 
screenings may not detect many NPS (Graziano et al., 2019), thus 
putting individuals at further risk to health due to potential barriers in 
access to appropriate treatment in the case of poisoning (Van Hout et al., 
2018). This is particularly worrisome, especially when users are un
aware of the actual composition of the drug, whether ingested willingly 
or unwillingly (Van Hout et al., 2018). More sophisticated and 
time-consuming screenings may elucidate and highlight currently 
circulating NPS as a mechanism to tackle and anticipate trends in drug 
consumption and health harms (Helander et al., 2020; Felvinczi et al., 
2020). Despite obstacles, recent initiatives have provided rapid 
screening methods for NPS and illicit drugs, offering more timely results 
(Larabi et al., 2019). 

As drug dependence, poor mental health outcomes, and drug-related 
infectious diseases already pose challenges for public health policy re
sponses (Van Hout et al., 2018), evidence shows that more adverse 
outcomes may be attributed to NPS use when compared to traditional 
illicit drugs (Van Hout et al., 2018; Helander et al., 2020). A study 
analysing mental health outcomes of SC-users compared to natural 
cannabis (NC) users through psychometric measure outcomes, showed 
higher scores for drug abuse, sleep problems, and hypomanic symptoms 
(Mensen et al., 2019). Furthermore, SC-users scored significantly higher 
in somatization, obsessive-compulsiveness, interpersonal sensitivity, 
depression, anxiety, hostility, phobic anxiety, paranoia, and psychoti
cism (Mensen et al., 2019). Another study found an increase in 

impulsivity and lower self-control in NPS-users taking ‘club drugs’ 
(Savulich et al., 2021), of which some participants were seeking treat
ment for problematic use. Impulsivity among NPS-users may also lead to 
damage to third parties. Driving under the influence of drugs is a sig
nificant public health concern, particularly if traditional screening sys
tems do not identify any NPS with further analysis being required to 
determine whether a NPS has been ingested (Richeval et al., 2018). 
Finally, NPS have recently been attributed to increasing prevalence of 
Hepatitis C and HIV among people who inject drugs (McAuley et al., 
2019; Giese et al., 2015), each presenting their own negative health 
outcomes and complications. 

To understand prevalence of drug use, convenience sample surveys, 
toxicology reports, and police seizure data may provide snapshots of 
drug consumption trends, availability, and toxicity (Iwersen-Bergmann 
et al., 2019; Stephenson, 2014; Corkery et al., 2020), though all these 
tools present serious limitations. Among those who participate in sur
veys or questionnaires, typical NPS-user profiles generally fall under the 
following categories: marginalized users receiving treatment (including 
homeless people), psychonauts, prison populations, and nightlife rec
reational users (Van Hout et al., 2018; Felvinczi et al., 2020; Werse et al., 
2019). Marginalized people who use drugs are typically recruited 
through harm reduction services (HRS), drug treatment facilities or 
shelters of larger cities (Werse et al., 2019). Although undocumented 
residents, people who may not be currently seeking HRS, those who are 
not able to access treatment due to geographic location, or those not 
wishing to participate in studies may be missed by these studies (Reuter 
et al., 2021). Further studies have also shown that users often report 
purchasing NPS either through the internet, from surface websites or 
crypto-markets, or through other sources such as street dealers (Cata
lani et al., 2023; Corkery et al., 2020; Werse et al., 2019; Sutherland 
et al., 2017). Despite legislative attempts to reduce NPS online avail
ability (Stephenson, 2014), alternative methods may be used to obtain 
them offline (Werse et al., 2019). Overall, convenience sampling pro
vides a limited description of current trends and availability of NPS, with 
prevalence of NPS use likely to be over-represented among communities 
reached by this sampling method. As risk assessment on NPS is still very 
limited (Shafi et al., 2017), with shifting trends in drug preference 
among different communities being observed, better anticipation for 
treatment demand is required. 

In this frame, Wastewater-Based Epidemiology (WBE) provides an 
alternative anonymous assessment of drug-taking habits through the 
analysis of drug residues (drug metabolites excreted in urine) in 
wastewater, enabling a quantitative measure of the loads of a substance 
released in a specific geographic area (Zuccato et al., 2008). Based on its 
methodological characteristics, WBE provides a spatial and temporal 
understanding of trends in illicit drug use, which allows it to be a 
complementary approach to other traditional epidemiological ap
proaches to drug use (Gent and Paul, 2021; Escolà Casas et al., 2021). 
Additionally, WBE studies are typically faster and more accessible than 
population-based studies, as samples are collected in wastewater treat
ment plants (WWTP) (Feng et al., 2018). In 2011, (Thomas et al., 2012) 
published the results of the first international assessment of WBE in 19 
European countries. In a subsequent important study, (González-Mariño 
et al., 2020) reported spatial and temporal trends in drug use through 
wastewater analysis over a 7-years period (Mensen et al., 2019). The 
study analysed the presence of 4 stimulant drugs: Cocaine (through its 
main metabolite Benzoylecgonine), Amphetamine, Methamphetamine 
and 3,4-methylenedioxymethamphetamine (MDMA). The authors re
ported intraregional and intercontinental differences in the substances 
detected. Based on the growing reliability of wastewater analysis, the 
main aim of this systematic review is to identify patterns of NPS use and 
trends over time though a systematic review of available scientific 
literature on WBE studies conducted in Europe during the last decade. 
Results from this systematic review are intended to provide additional 
evidence on trends in NPS use across Europe thus supporting more 
comprehensive public health responses. Study findings will be discussed 
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in the light of data on hospital admissions, toxicology reports, and 
cross-sectional surveys. 

Methods 

A systematic review was performed following a protocol conducted 
prior to the start of the study. The review was conducted according to 
the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) and registered on PROSPERO (Registration: 
360,901) (Page et al., 2021). 

Search strategy 

A systematic search of literature was performed between the 5th and 
30th of September 2022, using a search strategy that was developed 
initially by EAG and followed up by ARU and GGB. We searched four 
databases including: PubMed, Scopus, OVID/EMBASE, and Web of Sci
ence (Core Collection). Search terms were based on the population type, 
exposure or ‘intervention’, location, and outcome, as shown in Table 1. 
A detailed summary of the search strategy and terms used in each 
database can be found in the Supplementary material (S1). 

Following the systematic search, the references were exported to an 
EndNote database (EndNote version X7.7.1). 

Eligibility and selection criteria 

The inclusion criteria are shown in Table 2. 
After completion of the systematic search and elimination of dupli

cates, two researchers (EAG and MMT) independently performed the 
screening phase suggested by the PRISMA criteria (Page et al., 2021) 
(Fig. 1). Selection of articles was done in an independent two-step 
process carried out by three reviewers (EAG, GGB and MMT). Titles 
and abstracts were firstly assessed, followed by full texts. Disagreements 
were resolved through discussion. A Kappa’s Cohen coefficient was also 
calculated. 

Data collection and synthesis 

Data extraction was carried out by three reviewers (EAG, GGB and 
ARU). A summary of the studies was extracted and synthesized, 
including the year of study, locations, study period, estimated popula
tion size wastewater treatment plants treated, number of wastewater 
treatment plants, demographics, length and/or number of samples 
collected, and analysis used to confirm presence of NPS. Further 
descriptive outcomes were NPS name, NPS psychoactive and chemical 
class, NPS loads found in wastewater, level of confirmation, and trends if 
relevant, were extracted. 

Bias assessment 

Risk of bias between wastewater studies were assessed using the 
quality assessment checklist for prevalence studies (Hoy et al., 2012). 
Outcomes were then synthesized and reviewed to determine risk of bias 
amongst studies included in the review (see S2). The tool utilizes two 
domains, internal and external validity, across 10 questions, for a bias 
score established between low- to medium- to high-risk. 

Of the 18 articles selected for review, 11 were rated low-risk, five 
were rated moderate-risk, and two were rated high-risk of bias. The 
high-risk groups were qualitative studies, of which no prevalence rates 
could be extracted. No quantitative studies were rated as high-risk of 
bias. Three quantitative and two qualitative studies were rated as 
moderate-risk studies. Internal validity was mostly moderate- or high- 
risk in this group, where sampling was not representative of the total 
population, either due to the use of pissoirs, providing a limited scope of 
individuals, and/or because data collection was not similar in all cases. 
Finally, 11 quantitative studies were rated as low risk. These studies 
provided adequate internal and external validity outcomes. Also, data 
collection methods differed between countries due to the wastewater 
collection methods. Overall, the results from the critical appraisal may 
indicate a lower risk of bias, with limitations. 

Results 

The first phase of screening yielded 19 articles, and the second phase 
resulted in 18 articles selected for review. A total of 18 studies were 
finally assessed as eligible for review (Fig. 1). Agreement between re
viewers was rated substantial, at 91.84% (Cohen’s kappa = 0.82). A 
summary description of methodologies used in reviewed studies can be 
found in Supplementary material (S3). Publication dates ranged from 
2014 to 2021, and samples were collected between 2012 and 2020. Two 
papers did not provide a sample collection timeframe (I 
González-Mariño et al., 2016; Celma et al., 2019). As shown in Table 3, a 
total of 21 European countries were investigated: each country appeared 
in between 1 and 7 studies (S4), with the United Kingdom appearing 
most often. One study did not provide locations for samples collection, 
specifying it was a European-wide study (Celma et al., 2019). Samples 
ranged from one to 37 cities. Most articles reviewed did not overlap in 
study timeframe. An overlap between two studies regarding timeframe 
and geographic location (Salgueiro-González et al., 2019; Castiglioni 
et al., 2021) was presumed, yet different outcomes were found, thus 
enhancing overall results. Studies ranged in length of data collection, 
from one day of 24-hour composite sampling, period-sampling either 
once per week for a few weeks, or for multiple consecutive days across 
several months. 

Population size of cities varied between studies, ranging from 19,800 
to 6000,000 habitants. Three studies covering a single country provided 
a population size coverage estimate of 12.8% (Bijlsma et al., 2021), 20% 
(Brandeburová et al., 2020), and 40% (Kankaanpää et al., 2014), 
respectively. Six studies did not provide a population estimate or census 
(I González-Mariño et al., 2016; Celma et al., 2019; Salgueiro-González 
et al., 2019; Bade et al., 2017; Styszko et al., 2016; Archer et al., 2014). 
All studies, except for one which focused on male nightlife drug use 

Table 1 
Search terms and criteria for the development of a search strategy.   

Criteria Search Terms 
Population New Psychoactive Substance/ 

Designer drug consumption 
trends 

‘New Psychoactive Substance’ 
OR ‘New Psychoactive 
Substance’ OR ‘Designer drug’ 

‘Intervention’ Drug Prevalence (ng/L or mg/ 
day/1000 inhabitants) 

Prevalence OR Epidemiology 
OR monitor* OR Surveillance 

Location Europe Europe OR Europ* OR EU OR 
European OR European Union 

Outcome Prevalence of NPS in 
wastewater, detected in 
wastewater treatment plants or 
urinals 

Wastewater Analysis OR 
Wastewater epidemiology OR 
‘WBE’ OR Wastewater  

Table 2 
Inclusion and exclusion criteria for articles.  

Inclusion criteria Exclusion criteria 

1. English language text 1. Text in a language other than English 
2. Text accessible through Maastricht 

University 
2. Text not accessible through 
Maastricht University 

3. Publication refers to NPS or Designer 
Drugs 

3. Publication refers only to traditional 
illicit drugs 

4. Publication is not a review 4. Publication is a review 
5. Publication is peer-reviewed 5. Publication is not peer-reviewed 
6. NPS category, either psychoactive or 

chemical, is provided 
6. No mention of NPS name or category 

7. Wastewater analyses performed in 
Europe 

7. Wastewater analyses performed 
outside of Europe only  
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patterns (Archer et al., 2014), focused on the general population. Within 
these studies, four also examined festival wastewater (Brandeburová 
et al., 2020; Bijlsma et al., 2020; Causanilles et al., 2017; Kinyua et al., 

2015), and one examined wastewater at a popular holiday destination in 
the Netherlands (Bade et al., 2021). 

Finally, to determine primary outcomes, a range of analyses were 
used to identify NPS from WBE. Common methods to extract data 
include separation techniques coupled with structural identification. In 
quantification studies, the most common method described was liquid 
chromatography – mass spectrometry (LC-MS/MS), appearing in five 
studies (Bijlsma et al., 2021; Brandeburová et al., 2020; Bijlsma et al., 
2020; Bade et al., 2021; Rice et al., 2020), followed by high performance 
LC-MS/MS (HPLC-MS/MS) used in three studies (Castiglioni et al., 2021; 
I González-Mariño et al., 2016; Sulej-Suchomska et al., 2020), ultra-high 
performance LC-MS/MS (UHPLC-MS/MS) used in three studies (Celma 
et al., 2019; Kankaanpää et al., 2014; Bade et al., 2017), quadrupole 
time-of-flight LC-MS/MS (LC-QTOF-MS/MS) used in two studies 
(Styszko et al., 2016; Diamanti et al., 2019), LC-Electrospray Ion
ization-MS (LC-ESI-MS/MS) used in a single study (Kinyua et al., 2015), 
and micro-LC-MS/MS also used in one study (Celma et al., 2019). 

Fig. 1. Prisma 2020 Flow diagram for systematic reviews.  

Table 3 
European countries under study by region.  

Northern Europe 
(NE) 

Southern Europe 
(SE) 

Eastern Europe 
(EE) 

Western Europe 
(WE) 

Denmark Greece Bosnia- 
Herzegovina 

Belgium 

Finland Italy Bulgaria Germany 
Ireland Portugal Poland Switzerland 
Norway Slovakia Romania The Netherlands 
United Kingdom Spain Serbia    

Slovenia    
Ukraine   
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Table 4 
Summary of the included studies.  

Reference 
(Number) 

Year Study time 
frame 

Location Study Type Sample # NPS 
tested 

Length or 
numbers of 
collection/ # 
WWTP 

Sample group Population size 
(estimate) 

Demographics Primary 
Outcome 

Analysis Time/Flow 

36 2016 Unknown Italy Wastewater 
Analysis 

4 cities: Milan, 
Bologna, Turin, 
Perugia 

52 24-hour 
composite 
samples 4 
WWTP 42 
wastewater 
samples 

General 
Population 

Unknown (not 
given) 

General 
population 

Qualitative 
measure 

LC–HRMS 
HPLC-LTQ- 
Orbitrap-HRMS 

Volume- 
proportional 
Time- 
proportional 

37 2019 Unknown Europe Wastewater 
Analysis 

8 WWTPs 15 24-hour 
composite 
samples 
(weekends 
1:1:1 ration) 
8 WWTP 

General 
Population 

Unknown (not 
given) 

General 
population 

Concentration 
(ng/L) 

UHPLC-MS/MS 
µLC-MS/MS 

Not given 

38 2019 2016–2017 Bosnia & 
Herzegovina, 
Bulgaria, 
Italy, Ireland, 
Poland, 
Portugal, 
Romania, 
Serbia, 
Slovakia, 
Slovenia, 
Spain, 
Switzerland, 
The 
Netherlands, 
Ukraine, UK, 
Germany 

Wastewater 
Analysis 

22 countries, 
37 cities 

197 24 h 15 
countries (26 
cities) - 
2016; 7 
countries (11 
cities) - 2017 

General 
Population 

Unknown (not 
given) 

General 
population 

Qualitative 
measure 

LC–HRMS Time- 
proportional 
Flow- 
proportional 

39 2021 2016–2017 Bosnia- 
Herzegovina, 
Bulgaria, 
Ireland, Italy, 
The 
Netherlands, 
Italy, Poland, 
Portugal, 
Romania, 
Serbia, 
Slovakia, 
Slovenia, 
Switzerland, 
Ukraine, UK 

Wastewater 
Analysis 

14 European 
countries 22 
cities 

30 24 h, 3-days 
over the 
weekend 
(March-May 
2016), 7- 
days over the 
week 
(March-May 
2017 +
October (1 
city)) 15 
countries (22 
cities) 23 
WWTP 

General 
Population 

Bosnia- 
Herzegovina - 
N/A Bulgaria - 
575,178 
Ireland - N/A 
Italy - 
1140,000 
1080,000; 
459,650; 
500,000 The 
Netherlands - 
300,000 
Poland - 
480,000, 
465,000 
Portugal 
-150,000 
Romania - 
65,000; 
367,000; 
1850,000 
Serbia - 30,000 
Slovakia - 

General 
population 

Excreted mass 
load (mg/day/ 
1000) 

SPE-HPLC-MS/ 
MS 

Flow- 
proportional 

(continued on next page) 
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Table 4 (continued ) 

Reference 
(Number) 

Year Study time 
frame 

Location Study Type Sample # NPS 
tested 

Length or 
numbers of 
collection/ # 
WWTP 

Sample group Population size 
(estimate) 

Demographics Primary 
Outcome 

Analysis Time/Flow 

450,000; 
120,000; 
30,000; 89,600 
Slovenia - 
26,908, 
51,635, 57,085 
Switzerland - 
103,561 
Ukraine - N/A 
United 
Kingdom - 
886,650 

40 2021 2018 Spain Wastewater 
Analysis 

13 Spanish 
cities: 
Barcelona, 
Bilbao, 
Castellon, 
Guadalajara, 
Lleida, Madrid- 
1, Madrid-2, 
Mostoles, 
Palma de 
Mallorca, Reus, 
Santiago de 
Compostela, 
Tarragona, 
Toledo, 
Valencia 

17 7 days 
(March- 
June) 17 
WWTP 

General 
Population 

6000,000 
(12.8% of 
population) 

30–100% of 
population 
coverage 

Excreted mass 
load (mg/d/ 
1000) 

LC-MS/MS Time- 
proportional 
(14+1) Flow- 
proportional ( 
European 
Monitoring 
Centre for 
Drugs and 
Drug 
Addiction 
2020) 

41 2020 2017–2018 Slovakia Wastewater 
Analysis 
Urine 
samples 

Bratislava 
central, 
Bratislava 
Petržalka, 
Košice, Prešov, 
Trenčín, 
Piešťany, Nitra, 
Komárno, 
Trnava, Žilina 

30 24-hour 
composite 
samples 1–6- 
day sampling 
period 7 
WWTP (3 
cities), 3 
music 
festivals 

General 
Population 
Festival 

20% of 
Slovakia’s 
population 
Košice - 
215,000 Prešov 
- 100,000 
Trenčín - 
47,000 
Piešťany - 
30,000 Nitra - 
80,000 
Komárno - 
30,000 Trnava 
- 89,600 

General 
population 
Music festivals 

Concentration 
(ng/L) 
Excreted mass 
load (mg/day/ 
1000) 

LC-MS/MS Time- 
proportional 

42 2014 2012 Finland Wastewater 
Analysis 

Espoo, 
Helsinki, 
Jyväskylä, 
Kuopio, Lahti, 
Lappeenranta, 
Oulu, 
Rovaniemi, 
Tampere and 
Turku 

2 24-hour 
composite 
samples 10 
WWTP  5–7x 
samples 
consecutive 

General 
Population 

40% Finnish 
population 
Helsinki: 
800,000 Espoo: 
310,000 Turku: 
275,000 
Tampere: 
200,000 
Jyväskylä: 
150,000 

General 
population 

Excreted mass 
load (mg/day/ 
1000) 

UHPLC-MS/MS Time- 
proportional 
Volume- 
proportional 

(continued on next page) 
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Table 4 (continued ) 

Reference 
(Number) 

Year Study time 
frame 

Location Study Type Sample # NPS 
tested 

Length or 
numbers of 
collection/ # 
WWTP 

Sample group Population size 
(estimate) 

Demographics Primary 
Outcome 

Analysis Time/Flow 

Kuopio: 80,000 
Lahti: 100,000 
Lappeenranta: 
60,000 Oulu: 
147,350 
Rovaniemi: 
58,000 

43 2017 2015 Switzerland, 
Denmark, 
Norway, 
Spain, Italy, 
Belgium, The 
Netherlands, 
UK 

Wastewater 
Analysis 

8 countries 8 
European cities 

10 March 24- 
hour 
composite 
samples 
Weekend & 
Weekday 
Unknown 

General 
Population 

Unknown (not 
given) 

General 
population 

Concentration 
(ng/L) 

UHPLC-MS/MS Flow- 
proportional 

44 2016 2012 Poland Wastewater 
Analysis 

Krakow, 
Poland 

4 4 weeks 1 
WWTP 4 
samples 
collected (1x 
week) 

GeneralPopulation Unknown (not 
given) 

General 
population 

Concentration 
(ng/L) 

LC-QTOF-MS/ 
MS 

Flow- 
proportional 

45 2014 2012 UK Wastewater 
Analysis 
Urine 
samples 

12 4-bay 
urinals in 
London 

Unknown 6 months 
(July - 
December) 
Sampled 
every 1st 
Saturday 
after 12 h 6 
samples, 72 
samples total 

Nightlife Unknown (not 
given) 

Men close to 
nighttime 
economy 

Frequency of 
drugs detected 

LC–HRMS 
UPLC–Orbitrap- 
HRMS 

Not given 

46 2020 2015–2018 UK, Belgium, 
Norway, 
Portugal, 
Serbia, Spain 

Wastewater 
Analysis 
Urine 
samples 

7 countries 6 
European 
festivals 

197 2–14 festival 
days; 3–4 
non-festival 
days 36 
wastewater 
samples (3 
WWTP; 24 h, 
Portugal, 
Serbia, 
Spain) + 56 
pooled urine 
samples (34 
urinals/ 
toilets; 12 h; 
UK, Belgium, 
Norway) 

General 
Population 
Festival 

465.000 Festival-goers 
General 
population 
(Urine 
samples -2/3 
male urinals, 
1 male/female 
portable 
toilet) 

Concentration 
(micorgram/L) 
Excreted mass 
load (mg/d/ 
1000; g/day) 
Qualitative 
measure 

LC-MS/MS 
LC–HRMS 

Time- 
proportional 

47 2017 2012 2014 The 
Netherlands 

Wastewater 
Analysis 

Amsterdam, 
The 
Netherlands 

560 Summer 
2012 & 
Summer 
2014 (24hr 
composite 
samples 
Thursday- 
Sunday) 1 

General 
Population 

769,000 
300,000 
visitors for the 
festival 

Festival 
General 
population 

Qualitative 
measure 

LC–HRMS LC- 
QTOF-MS/MS 
Orbitrap-LC/MS 

Flow- 
proportional 

(continued on next page) 
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Table 4 (continued ) 

Reference 
(Number) 

Year Study time 
frame 

Location Study Type Sample # NPS 
tested 

Length or 
numbers of 
collection/ # 
WWTP 

Sample group Population size 
(estimate) 

Demographics Primary 
Outcome 

Analysis Time/Flow 

WWTP 8 
composite 
samples 

48 2015 2013–2014 Belgium, 
Switzerland 

Wastewater 
Analysis 

2 countries 8 
cities 

7 24-hour 
composite 
samples 6 
WWTP (1 
CH; 7 BE) 

General 
Population 
Festival 

Zurich (CH) - 
410,000 
Antwerp- 
Noord (BE) - 
94,500 
Boechout (BE) - 
19,800 
Ruisbroek (BE) 
- 36,000 Zele 
(BE) - 20,700 
Ninove (BE) - 
31,500 
Antwerp-Zuid 
(BE) - 171,000 
Antwerp- 
Deurne (BE) - 
193,500 

General 
population 
Festival goers 
in Zurich 

Concentration 
(ng/L) 

LC-ESI-MS/MS Time- 
proportional 
Volume- 
proportional 

49 2021 2019–2020 Spain, Italy, 
The 
Netherlands, 
Norway 
(Other cities 
not 
considered) 

Wastewater 
Analysis 

4 European 
cities (1 site 
each) 

26 7–15 days 
(samples): 
11 days - 
Spain, Italy 7 
day - The 
Netherlands 
5 multi-day 
samples 
(Dec. 20–22, 
Dec 23–26, 
Dec 27–29, 
Dec 30-Jan 
1, Jan 3–5), 
1 daily 
sample Jan 2 
- Norway 4 
WWTP 

General 
Population  Census 

Spain - 170,888 
Italy - 
1122,501 NL - 
769,000 
Norway - 
624,642 

General 
population 
Holiday 
destination - 
(NL) 

Excreted mass 
load (mg/d/ 
1000) 
Qualitative 
measure 

LC-MS/MS 
LC–HRMS 

Flow- 
proportional 

50 2020 2014–2018 UK Wastewater 
Analysis 

1 WWTP 1 1 week over 
5 years 1 
WWTP 

General 
Population 

886.650 General 
population 

Excreted mass 
load (mg/day/ 
1000) 

LC-MS/MS Time- 
proportional 

51 2016 2014–2015 Italy, Norway, 
Spain, UK 

Wastewater 
Analysis 

8 cities 4 
countries 

17 24-hour 
composite 
samples 
3–10-day 
sampling 
period 8 
WWTP 

General 
Population  Event 
(Italy) 

Florence (IT): 
204,000 
Bologna (IT): 
500,000 Turin 
(IT): 1370,000 
Perugia (IT): 
47,800 Milan 
(IT): 1100,000 
Oslo (NO): 
580,639 
Santiago de 
Compostela 

General 
population 

Concentration 
(ng/L) 
Excreted mass 
load (mg/day/ 
1000) 

SPE-HPLC-MS/ 
MS 

Time- 
proportional 
Volume- 
proportional 

(continued on next page) 
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Qualitative studies used liquid chromatography – high resolution ac
curate spectrometry (LC–HRMS). Further descriptions can be found in 
Supplementary material (S3). Finally, studies varied extensively in the 
number of NPS tested for, from 1 to 729. A summary of the studies 
included in the analysis can be found in Table 4. 

Descriptive summary 

All 18 studies were wastewater analysis articles, using quantitative 
or qualitative methods to estimate NPS use, of which one article 
describing frequency of NPS identified over time (Archer et al., 2014). 
Quantitative method outcomes were given either as concentration of 
NPS in wastewater described in eight articles (Celma et al., 2019; 
Brandeburová et al., 2020; Bade et al., 2017; Styszko et al., 2016; 
Bijlsma et al., 2020; Kinyua et al., 2015; Sulej-Suchomska et al., 2020; 
Diamanti et al., 2019), or excreted mass loads in the population 
described in nine articles (Castiglioni et al., 2021; Bijlsma et al., 2021; 
Brandeburová et al., 2020; Kankaanpää et al., 2014; Bijlsma et al., 2020; 
Bade et al., 2021; Rice et al., 2020; I González-Mariño et al., 2016; 
Sulej-Suchomska et al., 2020; Diamanti et al., 2019). Three articles used 
a combination of quantitative and qualitative methods (Bijlsma et al., 
2020; Bade et al., 2021; Diamanti et al., 2019). Qualitative methods 
reported confirmation levels of NPS present in wastewater, with four 
articles addressing this outcome (Salgueiro-González et al., 2019; Cau
sanilles et al., 2017; Bade et al., 2021; Diamanti et al., 2019). Seventeen 
studies utilized wastewater analysis by means of data collected from 
wastewater treatment plants (WWTPs), with data collection ranging 
from 24-hour composite samples to 56 pooled samples (I 
González-Mariño et al., 2016; Celma et al., 2019; Salgueiro-González 
et al., 2019; Castiglioni et al., 2021; Bijlsma et al., 2021; Brandeburová 
et al., 2020; Kankaanpää et al., 2014; Bade et al., 2017; Styszko et al., 
2016; Bijlsma et al., 2020; Causanilles et al., 2017; Kinyua et al., 2015; 
Bade et al., 2021; Rice et al., 2020; I González-Mariño et al., 2016; 
Sulej-Suchomska et al., 2020; Diamanti et al., 2019). Two studies 
included samples collected from pissoirs and toilets (Brandeburová 
et al., 2020; Bijlsma et al., 2020). One study solely used samples 
collected from urinals (Archer et al., 2014). 

A total of 150 NPS were described, ranging from one to 19 NPS per 
article (S4), and a total of 66 individual NPS were identified across all 
studies (S5), with a average of 8 NPS described per study. The most 
common NPS psychoactive class were stimulants – identified in 18 
studies – encompassing 76% total NPS (Fig. 2, A), while synthetic 
cathinones were the most common chemical class, identified in 17 
studies (58% total NPS) (Fig. 2, B). The most common NPS identified 
was mephedrone, reported in 12 studies (40.1%) (Celma et al., 2019; 
Castiglioni et al., 2021; Bijlsma et al., 2021; Brandeburová et al., 2020; 
Bade et al., 2017; Styszko et al., 2016; Archer et al., 2014; Bijlsma et al., 
2020; Bade et al., 2021; Rice et al., 2020; I González-Mariño et al., 2016; 
Sulej-Suchomska et al., 2020). 

Further analysis on a country-by-country basis revealed a sum of 150 
NPS descriptions (S4), showing an overlap in NPS-taking habits and 
trends among different regions (S5). Fig. 3 shows the breakdown of NPS 
psychoactive-class and chemical-class across countries. The country 
showing the highest stimulant level was the United Kingdom, while 
Portugal showed the highest level for psychedelics-type NPS. 
Dissociative-type NPS were most prevalent in Greece (including two 
NPS of unknown psychoactive class). The country with highest synthetic 
cathinones level was the United Kingdom, while Greece, Italy, and the 
Netherlands recorded the highest levels for phenethylamine-type NPS 
detection. Overall, Greece recorded the largest variety of psychoactive 
and chemical classes of NPS identified. Mephedrone was the most 
detected, appearing in 13 countries (see S5). Temporal trends of NPS 
across countries can be found in Fig. 4. 

Spatial and temporal trends were analysed across Europe. Fig. 5 
outlines psychoactive and chemical class distributions based on loca
tion. Southern Europe reported the widest variety of NPS by chemical Ta
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class (Fig. 6), identifying the largest number of synthetic cathinones, 
phenethylamines, tryptamines, and the ‘other’ category across all loca
tions, while Eastern Europe showed the second highest number of 
phenethylamines. Western Europe recorded the highest number of SC 
and phencyclidine-type NPS and was the only area to detect amphet
amine (in the Netherlands). The UK was the only country to report a 
plant based NPS. This country also showed the highest number of pi
perazines and was the only one not to find aminoindanes. In terms of 
psychoactive class, all locations showed high stimulant-type NPS pres
ence, with Southern and Northern Europe showing the first and second- 
highest number of psychedelics, respectively. Frequency rates for other 
chemical classes were low. Finally, Western Europe and Southern 
Europe showed the highest variety in chemical and psychoactive types 
of NPS. 

Patterns of NPS use 
Not all studies provided raw data or quantifiable results, thus only 

ranges of NPS metabolites detected could be determined for 36 NPS (S6). 
NPS concentrations and excreted mass loads varied greatly. One study 
collecting wastewater during festival days reported NPS concentration 
in micrograms per litter (ug/L) from pooled urine samples, and g/day 
collected from wastewater samples (Bijlsma et al., 2020). Upon con
version, pooled urine concentrations provided the highest levels of NPS 
given in ug/L, shown in Table 4. Mephedrone concentration and 
excreted mass load range was the largest across studies, along with PMA 
Table 5. 

Discussion 

The aim of this systematic review was to elucidate preferences and 
trends in NPS use through WBE across Europe. The most frequently 

Fig. 2. Frequency of identified NPS. A) breakdown of each psychoactive class found in reviewed articles, out of 100%. Stimulants accounted for 76% of all NPS. B) 
breakdown of each chemical class found in reviewed articles, out of 100%. Synthetic cathinones accounted for 58% of all NPS. C) Number of NPS identified each year 
in reviewed articles, showing most detected NPS in 2017. 12 NPS were detected at an unknown period of time. 
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identified psychoactive class of NPS were stimulants and psychedelics, 
while the most frequently identified chemical class were synthetic 
cathinones and phenethylamines. Geographically, most NPS were re
ported in Southern Europe which, along with Western Europe, recorded 
the largest variety of chemical and psychoactive classes. Studies 
focusing on Southern European countries have found a large variety of 

NPS also described in cross-sectional surveys (González et al., 2013; 
Korf et al., 2019) and police seizure data (Odoardi et al., 2016), 
corroborating the high number of NPS found in this review. 

Previous case series and reports addressing clinical symptoms of 
acute toxicity associated with the use of synthetic cathinones highlight 
the presence of symptoms such as tachycardia, agitation, hypertension, 

Fig. 3. Country-by-country breakdown of NPS 
frequency. A) Breakdown of psychoactive class 
of NPS found per country in reviewed articles. 
The United Kingdom detected the highest 
number of stimulant-type NPS out of all 21 
countries. Portugal detected the highest number 
of psychedelic-type NPS out of all 21 countries. 
B) Breakdown of chemical class of NPS found 
per country in reviewed articles. The United 
Kingdom detected the highest number of syn
thetic cathinones out of all 21 countries. 
Greece, Portugal, and the Netherlands detected 
the highest number of phenethylamine-type 
NPS. Greece detected the largest variety of 
NPS chemical class.   
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tremors, and hallucinations (Helander et al., 2013; Le Roux et al., 2015). 
Ingestion of NPS may not necessarily represent purported use or pref
erence as products may be misleadingly sold to individuals as another 
illicit drug or NPS (European Monitoring Centre for Drugs and Drug 
Addiction 2021; Martins et al., 2017), further complicating the analysis 
of trends and related outcomes. Acute toxicity data from hospital ad
missions associated with NPS use show most cases involve polydrug 
combinations, where more than one substance has been ingested 
(Helander et al., 2020). As a result, NPS-users may experience a variety 
of adverse outcomes attributed poly-drug use (Van Hout et al., 2018), 

which in turn represent a challenge for clinical management and treat
ment. A small number of deaths were associated with the use of NPS 
(mostly mephedrone and synthetic cathinones), thus warning for their 
potential acute toxicity (Schifano et al., 2012; Zaami et al., 2018). Fa
talities attributed to synthetic cathinones, based on postmortem toxi
cology reports, were associated with symptoms such as hyperthermia, 
hypertension, cardiac arrest, and evidence of serotonin syndrome 
(Zaami et al., 2018). 

Mephedrone, a synthetic cathinone and stimulant, was the most 
prevalent NPS across all countries. Mephedrone’s high levels across 

Fig. 4. Temporal trends of NPS. A) Temporal trends of NPS detected among countries, ranging from 2012 to 2020. Italy and Greece showed NPS detection across 
most years. B) Temporal trends of NPS detected across geographic locations, according to the United National Division of Statistics, with Southern Europe showing 
the greatest number of NPS, particularly in 2017. Western Europe showed NPS detection across every year except for 2018. 
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Fig. 5. Geographic NPS distribution by frequency described across studies. A) Breakdown of psychoactive class of NPS found per geographic region, based on the 
Statistical division of the United Nations, in reviewed articles. Southern Europe detected the highest number of NPS Compared to all other regions. Stimulant-type 
and psychedelic NPS were detected most in Southern Europe. Western Europe and Northern Europe detected the most phencyclidine-type NPS. Southern Europe and 
Western Europe showed the most variety among NPS. B) Breakdown of chemical class of NPS found per geographic region, based on the Statistical division of the 
United Nations. Southern Europe detected the greatest number of synthetic cathinones, phenethylamine-type NPS, and tryptamines. Western and Southern Europe 
detected the largest variety of chemical classes of NPS. 
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countries is of particular interest. In 2009, the United Kingdom experi
enced an uptick in mephedrone use, with surveys indicating high life
time prevalence above 40% among club-goers (Wood et al., 2012). High 
mephedrone use was also observed in a study conducted among psy
chonauts and festivalgoers in Spain, which showed a 35.2% prevalence 
among a sample of 230 participants (González et al., 2013). Lower 
mephedrone prevalence was found in Italy among nightclub recrea
tional users, of whom 18.8% reported lifetime use of this substance 
(Vento et al., 2014). 

While in the UK the enactment of the Psychoactive Substances Act of 
2016 was followed by a decrease in acute toxicity presentations asso
ciated with synthetic cathinones (with no difference in the overall pro
portion of hospital presentations involving an NPS between 2015/2016 
and 2016/2017) (Webb et al., 2019), a spike in hospital admissions 
associated with NPS has been observed in many European countries 
having implemented control measures over NPS (Neicun et al., 2022). 
However, toolkits and guidelines on clinical management, along with 
the establishment of the New Psychoactive Treatment UK Network have 
provided a means to educate professionals and provide adequate treat
ment (Abdulrahim and Bowden-Jones, 2015). 

This review found temporal trends indicated a decrease in NPS 
presence in wastewater over time, potentially reflecting a decrease in 
NPS use. However, the EMCDDA describes a transition towards 
benzodiazepines-type NPS, new synthetic opioids (NSO), and SC (Eu
ropean Monitoring Centre for Drugs and Drug Addiction 2020; Euro
pean Monitoring Centre for Drugs and Drug Addiction 2021), the former 
two not appearing across studies included in this review, and the latter 
detected at low frequency across three studies. Therefore, it is assumed 
that this may be due to the number of NPS tested in each study, NPS 
selected for study, and chosen countries varying across studies. Other 
detection methods indicate a higher prevalence of opioids, benzodiaz
epine, and SC use (Mensen et al., 2019, Di Trana et al., 2020, McNamara 
et al., 2019), with particular concern over adverse outcomes and fatal
ities (Batisse et al., 2020). Thus, it would be beneficial to further study 
these classes of NPS in WBE-epidemiology. 

Interestingly, Hungary, a country with high NPS use among 
marginalized communities (Van Hout et al., 2018, Felvinczi et al., 
2020), did not appear in any of the identified articles. Hard to reach 
populations such as marginalized communities may not be 
well-represented when recruiting participants from HRS, directly or 
indirectly. Analysis of drug paraphernalia may provide evidence of 

preference of NPS as a proxy, which has been used in previous studies 
(Gyarmathy et al., 2017) suggesting high synthetic cathinone prefer
ence. However, this does not consider users not seeking treatment 
currently, or those living in rural regions that do not have access to such 
services (Csák et al., 2020). Finally, no studies identified in this review 
included France, a country which has previously described NPS use, 
particularly associated with the misuse of medication (Batisse et al., 
2020, Ponte et al., 2017). This may be due to the search strategy which 
excluded languages other than English. 

Strengths and limitations 

One of the limitations encountered in this study is the multiple 
outcome measurements used. Conversion from one unit to another was 
difficult without further descriptive information on flow rates, popula
tion or census size, or concentrations. Therefore, accurate prevalence 
rates could not be calculated. Furthermore, this study only focused on 
Europe while NPS use is nowadays a global phenomenon. Nevertheless, 
understanding European trends remains important for public health 
policymaking purposes. 

Another limitation of this study is linked to the discrepancies in NPS 
definition. Over the years, the United Nations Office on Drugs and Crime 
(UNODC) has issued decisions on the legal status of multiple NPS, which 
no longer fall under the stated definition. Some studies were performed 
prior to the enactment of those decisions, thus some substances were 
classified as NPS at the time, including, but not limited to, Mephedrone 
and MXE. Other substances, including PMA, Pipradrol, and N-ethyl
amphetamine have been controlled under the Convention on Psycho
tropic Substances of 1971 since 1986, but were still treated as NPS in 
some studies. Therefore, findings from this study can provide insights 
into preference and trends in use to anticipate market responses, yet 
caution must be given to specificities pointed out in this review. Further 
information on UNODC decisions, scheduling dates, and sources can be 
found in Supplementary material (S7). We also were not able to assess 
drug instability or how they might react with sewage components, be 
adsorbed by the suspended solids, be biodegraded by the microbes in the 
sewage and biofilms, as well as self-hydrolysed. We were also not able to 
assess with this review the transformation processes during transport 
and storage of wastewater samples before analysis which one could 
assume that might change concentrations of different drugs to varying 
degrees. We also do not report on metabolites. 

Finally, as NPS availability and demand are continually evolving, not 
all NPS were tested for each year, or across all countries, making it 
difficult to compare temporal and spatial trends across Europe. More
over, as mostly largest cities were considered for WBE, findings from this 
study should be treated as preliminary evidence for preference and 
trends in use, yet they may not be considered as representative of all 
European countries. A limited number of studies do, however, consider 
population-wide analyses of a single country, and may provide a more 
in-depth assessment of patterns of NPS use. Although trends and pref
erences are in constant flux, and may not induce future outcomes, 
findings from this study cannot truly reflect current European-wide 
levels of use and preferences but do provide a snapshot of community- 
wide trends. 

Furthermore, a major strength of WBE is the detection of NPS not 
previously identified in studies, thus providing better understanding of 
new NPS on the market, current trends in NPS use, and potential for 
further analysis in future WBE. Despite these limitations, this study 
provides relevant insights for a better NPS monitoring and public health 
policy design. 

Conclusion 

This is the first systematic review to synthesize wastewater-based 
epidemiology of NPS in Europe. Data found a preference towards syn
thetic cathinones and phenethylamines in chemical class. Also, trends in 

Fig. 6. Distribution of detected NPS across geographic location in Europe. 
Southern Europe detected the greatest number of NPS, compared to 
other regions. 
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NPS presence in wastewater indicated that preference towards stimu
lants and psychedelics varies across Europe. 2017 showed the highest 
number of NPS detected. Western and Southern Europe showed the 
highest number of NPS, compared to Northern and Eastern Europe. 
Quantifiable prevalence rates were difficult to establish due to the na
ture of data provided. Thus, this review has identified a need for a 
unified approach towards NPS-monitoring in WBE. Unified data ob
tained through the adoption of standard protocols would more accu
rately inform epidemiological surveillance and policy making. In turn, 
accurate comparable data will allow for targeted policymaking aimed at 
countering adverse outcomes and better anticipating future challenges, 
while considering specific trends and needs observed at national levels. 
Thus, a call for data-standardization is warranted in future WBE studies. 
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Table 5 
Quantifiable detection - ranges of NPS found in pooled urine- and wastewater-samples across 21 countries in Europe, given in concentration, ng/L and ug/L, and 
excreted mass loads, mg/day/1000 inhabitants.  

Drug Name Number of 
Countries 

Geographic Location Geographic 
Distribution 

Concentration 
(ng/L) 

Excreted mass load 
(mg/day/1000) 

Concentration 
(ug/L) 

2-PEA 1 Greece SE — 44.75 — 
25iP-NBoMe 2 Serbia, Slovakia EE, SE — 0.14–0.60 — 
3-MMC 3 Italy, Spain, The Netherlands SE: 2 WE: 1 — 0.48 - 8.52 — 
3,4-DMMC 2 Italy, Portugal SE — 0.10 - 0.20 — 
4-FA 1 The Netherlands WE — 1.48 — 
4-FMC 1 UK NE 7.89  0.7 
4-MEC 4 Italy, Poland, The Netherlands, UK EE: 1 NE: 1 SE: 1 

WE: 1 
0.18 - 35.60 0.01 2.74 

4,4′-DMAR 1 Serbia SE — 0.05 — 
5-OH-DMT 1 Greece SE — 6.88 — 
AB-CHIMINACA 1 Greece SE — 0.28 — 
Alpha-PVP 2 Portugal, UK NE, SE — 0.17–3.31 9.18 
Buphedrone 3 Italy, Portugal, Slovakia EE: 1 SE: 2 0.74 - 3.38 0.20 - 1.77 — 
Butylone 2 Romania, UK EE, NE — 0.53 0.3 
Dipentylone 1 Unknown Unknown — 6.4 — 
DMAA 1 Greece SE — 1.03 — 
DMT 1 Greece SE — 1.3 — 
Ethcathinone 1 Romania EE — 0.96 — 
Ethylone 2 Spain, UK NE, SE 11.57–20.69  — 
Ethylphenidate 1 Greece SE — 0.73 — 
MBZP 1 Greece SE — 0.67 — 
MDAI 1 Greece SE — 2.55 — 
MDPV 6 Finland, Italy, Norway, Switzerland, The 

Netherlands, UK 
NE: 3 SE: 1 WE: 2 1.00 - 10.70 0.03 - 0.10 0.34 

Mephedrone 10 Belgium, Denmark, Italy, Poland, Portugal, 
Romania, Slovakia, Slovenia, The Netherlands, 
UK 

EE: 3 NE: 2 SE: 3 
WE: 2 

2.24 - 96.83 0.13 - 26.54 0.17 - 1.21 

MePPP 1 Greece SE — 1.13 — 
Methcathinone 10 Bulgaria, Italy, Norway, Poland, Portugal, 

Romania, Serbia, Slovakia, Spain, The 
Netherlands 

EE: 4 NE: 1 SE: 4 
WE: 1 

0.43 - 2.31 0.10 - 1.89 0.3 

Methedrone 1 Greece SE — 0.83 — 
Methoxyphenamine 1 Greece SE — 3.75 — 
Methylone 6 Belgium, Denmark, Slovenia, Switzerland, 

Spain, The Netherlands 
NE: 1 SE: 2 WE: 3 1.03 - 6.00 0.39 - 2.41 0.14 - 0.50 

MXE 4 Belgium, Greece, Switzerland, UK NE: 1 SE: 1 WE: 2 0.09 - 12.00 1.95  
N-Ethyl- 

Amphetamine 
1 Greece SE — 0.6  

N, N- 
Dimethylcathinone 

1 Spain SE 0.7   

NEDPA 1 Serbia SE — 0.14  
Pentedrone 1 Slovakia SE 1.80–8.61 0.50–2.80  
Pentylone 1 Romania EE — 0.35  
PMA 5 Greece, Romania, Serbia, Slovakia, The 

Netherlands 
EE: 2 SE: 2 WE: 1 — 3.27 - 38.93  

PMMA 1 Greece SE — 12.4  

UK = United Kingdom; SE = Southern Europe; WE= Western Europe; NE = Northern Europe; EE = Eastern Europe; — = not provided. 
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Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.etdah.2023.100053. 
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