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A B S T R A C T   

The market for illicit drugs and new psychoactive substances (NPS) has grown significantly and people attending 
festivals have been identified as being at high risk (high extent and frequency of substance use). Traditional 
public health surveillance data sources have limitations (high costs, long implementation times, and ethical is-
sues) and wastewater-based epidemiology (WBE) can cost-effectively support surveillance efforts. Influent 
wastewater samples were analyzed for NPS and illicit drug consumption collected during New Year period (from 
29-Dec-2021 to 4-Jan-2022) and a summer Festival (from 29-June-2022 to 12-July-2022) in a large city in Spain. 
Samples were analyzed for phenethylamines, cathinones, opioids, benzodiazepines, plant-based NPS, dissocia-
tives, and the illicit drugs methamphetamine, MDA, MDMA, ketamine, heroin, cocaine, and pseudoephedrine by 
liquid chromatography mass spectrometry. High consumption rates of specific NPS and established illicit drugs 
were identified at the peak of each event. Furthermore, a dynamic change in NPS use (presence and absence of 
substances) was detected over a period of six months. Eleven NPS, including synthetic cathinones, benzodiaz-
epines, plant-based NPS and dissociatives, and seven illicit drugs were found across both the New Year and 
summer Festival. Statistically significant differences (p < 0.05) were seen for 3-MMC (New Year vs summer 
Festival), eutylone (New Year vs summer Festival), cocaine (summer Festival vs normal week and summer 
Festival vs New Year), MDMA (New Year vs normal week and summer Festival vs normal week), heroin (summer 
Festival vs New Year) and pseudoephedrine (summer Festival vs New Year). This WBE study assessed the 
prevalence of NPS and illicit drugs at festivals following the reduction of the COVID-19 pandemic restrictions 
highlighting the high use of specific substances at the peak of each event. This approach identified in a cost- 
effective and timely manner without any ethical issues the most used drugs and changes in use patterns and, 
thus, can complement public health information.   

1. Introduction 

Over recent decades, the market for established illicit drugs and new 
psychoactive substances (NPS) has grown significantly. The prevalence 
of synthetic drugs is increasing dynamically due to globalization, their 
availability from online marketplaces and the evolution of clandestine 
laboratories around the world (Baumann and Volkow, 2016; Das and 
Horton, 2019; EMCDDA, 2022a; Peacock et al., 2019; Van Buskirk et al., 
2017). Likewise, many traditional plant-based illicit drugs continue to 

show increasing trends in their use, remaining at the highest con-
sumption levels worldwide (Baumann and Volkow, 2016; Das and 
Horton, 2019; EMCDDA, 2022b, 2022a; Peacock et al., 2019; Van Bus-
kirk et al., 2017). These drugs are used by various population groups 
exhibiting different socio-economic characteristics and motivations, 
both recreational and therapeutic. One of the population groups iden-
tified as being at high risk is people attending festivals and other special 
events, as the extent and frequency of illicit drug use might be partic-
ularly high (Bade et al., 2023b, 2020b; Feltmann et al., 2022; Fernández- 
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Calderón et al., 2018; Peacock et al., 2019). 
Drug use is considered one of the major contributors to the global 

burden of disease and its risks are related to the frequency and amount of 
use. Indeed, people who have used illicit drugs once or occasionally do 
not usually experience the same harm to their health compared to sys-
tematic users or those who consume more than one type of drug. In 
general, the health consequences of illicit drug use could be classified as 
acute toxic effects (including fatal overdose), acute effects of intoxica-
tion, dependence, and adverse health effects of chronic use. In addition, 
other problems that arise for users are their discrimination and stig-
matization. Therefore, the issue of illicit drug use is complex and may 
require different intervention approaches for different population 
groups (Blanco et al., 2020; Degenhardt and Hall, 2012; Farrell et al., 
2019; Han et al., 2021; O’Connor et al., 2020; Whitley et al., 2022). 

Data on the incidence of illicit drug use and the effect on human 
health is difficult to ascertain. Regarding NPS, the United Nations Office 
of Drugs and Crime (UNODC) has reported more than 1100 NPS and acts 
as an early warning system for all countries. Research on drug problems 
in Europe is mainly conducted by the European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA) which uses multiple data sources 
and provides information on traditional illicit drugs, such as cocaine, 
heroin, and amphetamines, among others (EMCDDA, 2022b). In addi-
tion, EMCDDA has monitored hundreds of NPS the last twenty-five years 
delivering useful data at national and international level (EMCDDA, 
2022a). However, information on the population groups that use illicit 
drugs is not always available and, thus, any intervention is limited and 
may not be effective. 

The aim of this study was to investigate the prevalence of NPS and 
established illicit drugs in festivals after the reduction of most re-
strictions resulting from the COVID-19 pandemic. The sampling cam-
paigns were performed during the New Year (2021–2022) and a Festival 
held in July 2022 in a large city in Spain. A wastewater-based epide-
miology approach was used to evaluate the drug use pattern using two 
analytical methodologies based on liquid chromatography mass 
spectrometry. 

2. Materials and methods 

2.1. Sampling 

Influent wastewater samples were collected as 24-hour composite 
samples (flow-proportional mode) from one treatment plant in a large 
city in Spain over two sampling periods: 29 December 2021 – 4 January 
2022 and 29 June 2022 – 12 July 2022. These two periods incorporated 
the New Year period and a large Festival during the summer (July), 
where no restrictions were imposed due to COVID-19 pandemic. Both 
festivals took place across the city, with many special events throughout. 
In addition, data from samples collected during a normal week (June 
2021) at the same treatment plant was compared to the events for some 
compounds. 

2.2. Sample treatment and analysis 

Wastewater samples were collected and stored at − 20 ◦C prior to 
sample treatment. Then, samples were solid phase extracted and ana-
lysed by different validated analytical protocols (ACIC, 2022; Bade et al., 
2023, 2020a, 2020c). Briefly, samples were filtered, pH adjusted to 
approximately 5 and extracted. The dried cartridges were shipped to The 
University of Queensland, where they eluted and analysed within 48 h. 
The elution was done in dichloromethane:isopropanol:aqueous 
ammonia (80:16:4 v/v/v, 6 mL) and the dry residue was reconstituted in 
100 μL of 0.1 % formic acid in methanol (20 μL) and 0.1 % formic acid in 
ultrapure water (80 μL). The concentration factor was 1000 times. 

A liquid chromatography coupled to tandem mass spectrometry (LC- 
MS/MS) method was used for the determination of NPS (phenethyl-
amines, synthetic cathinones, opioids, benzodiazepines, plant-based 

NPS and dissociatives) and established illicit drugs (Table S1). A 
liquid chromatography coupled to quadrupole-time-of-flight mass 
spectrometry (LC-QTOF-MS) method was used to screen against the 
HighResNPS database (Mardal et al., 2019), which has entries for more 
than 2000 NPS, illicit drugs, opioids, and other drugs of toxicological 
concern. The targeted analysis of NPS and established illicit drugs as 
well as the screening against the HighResNPS database were performed 
in both the New Year period and summer Festival. In addition, ben-
zoylecgonine, MDMA, and methamphetamine were also investigated 
during a normal week. Details on analytical protocols (Section S1) and 
quality criteria (Section S2) can be found in the Supplementary Material. 

2.3. Calculations 

For quantification using the LC-MS/MS approach, two transitions 
needed to be present, while the ion ratio (within 20 %) as well as 
retention time (within 2 %) had to compare with the standard. Con-
centrations were calculated based on the peak area ratios between 
native and internal standards compared to an external calibration curve. 
All data were acquired and processed using SCIEX OS software. Nor-
malised mass loads were estimated using concentrations, wastewater 
flow rates and number of inhabitants. Back-calculation of the con-
sumption to the parent substance was performed for the compounds 
where a correction factor (CF) has been established and is widely used; 
cocaine consumption was calculated from benzoylecgonine (CF = 3.59), 
MDMA consumption from MDMA (CF = 4.4), heroin from 6-monoace-
tylmorphine (6-MAM, CF = 86.9) and methamphetamine consumption 
from methamphetamine (CF = 2.44) (see Section S3). Consumption of 
ketamine, pseudoephedrine and MDA was not back-calculated. For the 
latter, information is available on the proportion of MDA excreted 
following MDMA consumption, which was considered when calculating 
the excreted mass load. 

For identification using the LC-QTOF-MS suspect screening 
approach, at least two fragment ions needed to be present, mass error 
lower than 5 ppm and the retention time had to be within 1 min. 
compared to that predicted; a validated retention time prediction model 
based on the HighResNPS database was used (Pasin et al., 2021). All 
data were acquired and processed using SCIEX OS software. As no 
concentrations were available, the “pseudo-mass loads” were calculated 
to further elaborate this data using the approach previously proposed 
(Rousis et al., 2022). This approach is based on the response (area) of 
each compound and internal standards, the flow rate, and the popula-
tion size. In a WBE context normalized mass loads are considered 
necessary to elaborate data and the pseudo-mass loads are good alter-
natives when no quantitative or semi-quantitative HRMS data is avail-
able (Rousis et al., 2022). MDMA-D5 was used as the internal standard. 

2.4. Statistical analysis 

An F-test was performed to determine whether the variances of the 
two sampling campaigns were equal or unequal. A t-test assuming equal 
or unequal variances was carried out on every compound that was found 
in both time periods. All calculations were made on Microsoft Excel. 

3. Results 

A total of eleven NPS (Fig. 1) were detected across both the New Year 
and summer Festival sampling periods (3-methylmethcathinone (3- 
MMC), etizolam, eutylone, N-ethylhexedrone, 2F-deschloroketamine 
(2F-DCK), mitragynine, pentylone, methcathinone, N,N- 
dimethylpentylone, mephedrone and methylone). All but etizolam, N, 
N-dimethylpentylone and pentylone were found in both campaigns, 
with these three specific to the summer Festival period. In addition, 
seven drugs of abuse (Figs. 2 and 3) were also quantified in these periods 
(methamphetamine, MDA, MDMA, ketamine (as metabolite norket-
amine), heroin (as metabolite 6-MAM), cocaine (as metabolite 
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benzoylecgonine) and pseudoephedrine). Twelve compounds were 
identified from the HighResNPS database, 3-chloromethcathinone (3- 
CMC), amantadine, O-desmethylvenlafaxine, gabapentin, hydrox-
ybupropion, levamisole, levorphanol, memantine, nordazepam, tapen-
tadol, tramadol, and venlafaxine. All compounds except 3-CMC showed 
a stable trend across days, indicating no misuse due to special events 
(New Year and summer Festival). The synthetic cathinone 3-CMC pre-
sented high consumption during the peak of each event, 31-Dec-2021 
until 02-Jan-2022 and from 07-Jul to 11-Jul (Fig. S1). No statistically 
significant difference (p = 0.32) was observed for 3-CMC between the 
two periods, although pseudo-mass loads at the summer Festival peak 
(10-Jul) doubled compared to the New Year peak (31-Dec). 

The NPS normalised mass loads ranged from below the limit of 
detection to more than 100 mg/day/1000 people. The highest levels 
were seen for 3-MMC across both periods. Despite this, there was a 
significant decrease in mass loads observed between the New Year and 
the summer Festival (p < 0.05). In addition, a significant increase was 

found on the consumption of eutylone during the summer Festival (p <
0.05). Most NPS (3-MMC, 2F-DCK, mephedrone, methylone, N,N- 
dimethylpentylone and pentylone) showed highest consumption rates 
during the peaks of the events (Fig. 1). 

All the drugs of abuse investigated in this study were found at 
quantifiable levels (Table S2). Cocaine had the highest consumed mass 
loads of up to 3150 mg/day/1000 people, while MDMA was up to 1040 
mg/day/1000 people and methamphetamine up to 158 mg/day/1000 
people. These three drugs have previously been analysed during a 
normal week, when no special events took place (Fig. 3). Comparing 
these three separate sampling campaigns, the summer Festival had the 
highest mass loads of all. However, a statistically significant difference 
(p < 0.05) was seen for cocaine (summer Festival vs normal week and 
summer Festival vs New Year) and MDMA (New Year vs normal week 
and summer Festival vs normal week). In addition, the consumed mass 
loads of heroin reached 43 mg/day/1000 people, with significantly 
higher levels during summer (p < 0.05). 
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Fig. 1. Estimated excreted mass loads for NPS. Both the New Year (light grey) and Summer Festival (dark grey) sampling periods are shown. Note that the y-axis is on 
a log scale, to better show the NPS present at lowest levels. 
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Fig. 2. Estimated excreted mass loads for MDA, norketamine, and pseudoephedrine. Both the New Year (light grey) and Summer Festival (dark grey) sampling 
periods are shown. 
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For the rest, pseudoephedrine had the highest excreted mass loads 
(up to 170 mg/day/1000 people), followed by norketamine (up to 16.4 
mg/day/1000 people), and MDA (up to 3.9 mg/day/1000 people) 
(Fig. 2 and Table S2). Despite the contribution from MDMA metabolism 
included in the calculation of the mass load of MDA, there were clear 
peaks, similar to MDMA. Only pseudoephedrine showed a significant 
difference between the two periods (p < 0.05) with lower levels during 
summer. 

4. Discussion 

The present WBE work investigated the prevalence of NPS and illicit 
drugs at festivals following the reduction of restrictions associated with 
the COVID-19 pandemic, highlighting the high use of specific substances 
at the peak of each event and the dynamic change in NPS use (presence 
and absence of substance within six months). NPS consumption 
increased at the peak of both events (30-Dec-2021 until 02-Jan-2022, 
New Year and from 09 to 11-July-2022, summer Festival) and showed 
another peak, although lower, from 02 to 04-July-2022 which corre-
sponded to the first weekend of the summer Festival. The main 
contributor was 3-MMC, although levels during the summer Festival 
were much lower, followed by 2F-DCK. In addition, the second peak 
during the summer Festival was the most “active” period including a 
parade, music and other events and, thus, higher consumption was ex-
pected. Similar peaks were found for the established illicit drugs, such as 
cocaine, MDA, MDMA and ketamine (Figs. 2 and 3). However, it should 
be noted that cocaine had the same levels during the two peaks of the 
summer Festival, in contrast to MDA, MDMA and ketamine that pre-
sented higher consumed mass loads at the main, second peak. This work 
indicated that illicit drug consumption increases at festivals, and this 
could be due to systematic users who consume higher amounts and/or to 
occasional users. Differences in the total amount of drugs and their type 
among the peaks of each event could be due to the population group 
attending the event, the period (winter vs summer) and any control 
actions taken by authorities. 

The WBE approach identified the dynamic change in NPS use in a 
period of six months, among the two events, as etizolam, N,N- 
dimethylpentylone and pentylone were only detected in the summer 
Festival. Etizolam is a benzodiazepine used for anxiety disorders, 
insomnia and illicitly as NPS and was detected on the last day of the 
sampling campaign, after the summer Festival. The day of detection 
could coincide with relaxation/sleeping difficulties experienced by the 
participants resulting to consumption of other stimulants. N,N- 
dimethylpentylone is a synthetic cathinone with similar effects to 
MDMA and is often mis-sold as MDMA (Walton et al., 2022). This is the 
first time that N,N-dimethylpentylone is reported in a WBE study, 
although it has been found in the USA (CFSRE, 2022; Walton et al., 
2022) and New Zealand (High Alert, 2021) since late 2021, according to 
on-site pill testing, analysis of seized materials and forensic toxicology 
analyses. Pentylone, the metabolite of N,N-dimethylpentylone, was 
mainly found in the second peak of the summer Festival, showing traces 
(non-quantifiable data) for the remaining days. Pentylone has never 
been detected in wastewater from Europe, but it has been found in the 
USA during New Year period (2019/2020 and 2020/2021) (Bade et al., 
2022, 2021). It should be mentioned that this city was not monitored in 
the previous international New Year NPS monitoring campaigns (Bade 
et al., 2022, 2021) and future research (e.g., sampling in New Year 
2022/2023, special events and/or music festivals) could show the life 
cycle of these compounds. The prevalence life cycle of NPS stimulants 
frequently lasts one year or even less and the period of appearance and 
disappearance is usually a few years (Mohr et al., 2021). Hence, it is a 
challenging task to monitor and track the rapid changes in the NPS 
market and this WBE study proved to be suitable for this mission. 

Most of the findings of this work, relating to NPS, are supported with 
data from the UNODC and EMCDDA. According the UNODC EWA on 
NPS (UNODC, 2023), the most reported stimulants in Europe are 3- 

MMC, 3-CMC and mephedrone, while N-ethylhexedrone is one of the 
most commonly seized cathinone in Europe (EMCDDA, 2022b). How-
ever, eutylone, methylone, pentylone and N,N-dimethylpentylone are 
not in the top 10 most frequently reported stimulants. Eutylone, meth-
ylone and mephedrone were previously detected in wastewater 
collected in Australia, New Zealand, the USA and Canada (Bade et al., 
2022, 2021). 

As reported by both the UNODC and EMCDDA, 3-MMC is one of the 
primary stimulant NPS in Europe. Previous international wastewater 
studies have also shown that 3-MMC had highest levels in sites in Europe 
(Bade et al., 2022, 2021; Salgueiro-González et al., 2022). In March 
2022, the European Commission adopted measures to control 3-MMC 
and 3-CMC in the European Union. Interestingly, there was a signifi-
cant decrease (p < 0.05) in the mass load of 3-MMC between New Year 
and the Festival in July – potentially associated with these control 
measures. 

Methcathinone was one of the first NPS of the synthetic cathinone 
class (EMCDDA, 2023) but has only been seen rarely since then. It is 
therefore remarkable to find it at quite a consistent mass load across 
both sampling periods. Previous studies have looked into the identifi-
cation of methcathinone in wastewater and its possible formation from 
pseudoephedrine and showed that it can be formed from pseudoephe-
drine (and ephedrine) (Huang et al., 2022; Simpson et al., 2022). 
Considering that pseudoephedrine is sold as a decongestant over-the- 
counter at pharmacies in Spain and was found at high levels in waste-
water (Fig. 2), it is therefore assumed that the methcathinone in this 
work is more likely formed from in-sewer transformation of (pseudo) 
ephedrine rather than illicit consumption. 

2F-DCK is a dissociative, closely related to ketamine. It has been one 
of the most prevalent NPS in Asia and is currently the second-most re-
ported dissociative in Europe, behind ketamine, according to the 
UNODC (UNODC, 2023). 2F-DCK showed increases over both festival 
periods, particularly over the two peaks of the summer Festival and New 
Year’s Eve. The pattern of use for this compound mirrors that of nor-
ketamine, potentially indicating either co-consumption or 2F-DCK being 
mis-sold as ketamine. 

Mitragynine was found infrequently during these events, at low 
levels. Despite mitragynine being one of the most reported plant-based 
NPS (UNODC, 2023), it is typically used as opioid-like pain relief, and 
less frequently for its stimulant-type effects. It is a legal drug in many 
countries and has become particularly popular in many states in the 
USA, where it is not federally regulated. There is generally less uptake of 
this compound in Europe, so the low levels seen in this work were 
expected. 

In this study, seven established drugs or their metabolites were 
quantified in both campaigns (Table S2). Cocaine, ketamine, MDMA, 
and MDA were extensively consumed at the peak of both events. Cocaine 
had the highest consumed mass loads followed by MDMA, and MDA. 
The consumed methamphetamine mass loads did not show a similar 
trend as the other substances except on New Year where a small increase 
was estimated on 30-Dec and 31-Dec. No specific profile was observed 
during the summer Festival and, thus, its consumption was not affected 
by this event. Similarly, heroin and pseudoephedrine consumption were 
not attributed to the events participants as no characteristic peak was 
found. The higher levels of pseudoephedrine on New Year could be 
attributed to the winter season as it is used as nasal decongestant and is 
associated with colds and allergies. Likewise, a study conducted in 
Benicassim (Spanish Mediterranean coast) in July 2008 during a music 
festival showed that levels of benzoylecgonine, MDMA, and MDA 
increased during the event while levels of methamphetamine were not 
affected (Bijlsma et al., 2014). Although the location, date, and type of 
festivals were different, common trends in drug consumption were 
observed. 

Studies carried out in Spain before the COVID-19 pandemic esti-
mated the consumption of several illicit drugs, such as cocaine (range: 
1100–2800 mg/day/1000 people), MDMA (range: 0.2–206 mg/day/ 
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1000 people), methamphetamine (range: 0.7–117 mg/day/1000 peo-
ple) and amphetamine (range: 2–766 mg/day/1000 people) (Andrés- 
Costa et al., 2014; Baz-Lomba et al., 2016; Bijlsma et al., 2021; 
Castrignanò et al., 2018; Estévez-Danta et al., 2021). The consumption 
of cocaine, MDMA, and methamphetamine in the present study was 
from the highest found in Spain, especially at the peaks of the events, 
indicating the impact of festivals in human habits. However, it must be 
noted that these studies were conducted when no special events were 
occurring. Data on ketamine and MDA are limited and more research is 
needed. No exact comparison can be made between the present and 
previous studies, as illicit drug consumption has shown spatial and 
temporal variations. In addition, other aspects that should be considered 
to further evaluate the data are the lifestyle of the residents of each city 
and the socio-economic characteristics of the population. 

Several WBE studies have been conducted around the world to assess 
illicit drug use during specific periods. In the USA elevated levels of 
amphetamine, methamphetamine, cocaine, morphine, and methadone 
were found on Independence Day and during the observation of the solar 
eclipse. However, levels of many drugs of abuse remained stable in the 
first week of semester (Foppe et al., 2018). In addition, spiked levels of 
stimulants, opioids, hallucinogens, pharmaceuticals and NPS in waste-
water were detected during sport events in Kentucky, the USA (Mont-
gomery et al., 2021). Illegal drug use was also seen during a youth 
festival (Spring Scream, pop music festival) in Taiwan, where pseu-
doephedrine, ketamine, and MDMA were extensively consumed. MDMA 
levels were ten times higher during the festival compared to normal 
days. In contrast, amphetamine, methamphetamine, and flunitrazepam 
levels showed no discernible difference between event and normal days 
(Jiang et al., 2015). Another study investigated methamphetamine use 
between different holidays in China and showed variations for the 
different events; for instance, increased levels were observed on Spring 
Festival and lower levels on New Year’s Day compared to working days 
(Song et al., 2020). Drug consumption at a school-leaver festival in 
Australia showed that MDMA and MDA were the drugs of choice for this 
event (mass loads increased 40-fold). Cocaine and alcohol doses were 
slightly increased and methamphetamine use decreased during this 
festival (Bade et al., 2020b). At a summer festival (including music, 
multicultural performances, visual arts, craft workshops and guest 
speakers) in Australia, the use of MDMA increased considerably during 
the festival, but methamphetamine and cocaine use decreased slightly 
(Lai et al., 2013). Many studies have also been carried out in Europe. For 
instance, the consumption of MDMA, amphetamine and methamphet-
amine was higher during a music festival in Switzerland, but cocaine use 
remained at the same levels compared to normal days (Benaglia et al., 
2020). Furthermore, the World Music Day in France had no observable 
effect on the consumption of cocaine, MDMA and cannabis (Devault 
et al., 2020). Finally, a study in the Czech Republic and the Slovak Re-
public during seven music festivals observed that consumption of spe-
cific drugs was associated with different genres of music (e.g., high use 
of MDMA and cocaine in pop/rock and dance music) (Mackuľak et al., 
2019). The emergence of established drugs at festivals is a global 
concern that needs to be further explored by considering different as-
pects. Indeed, the state of the illicit drug market at festivals depends on 
various factors, such as the quality of drug in each location, the avail-
ability of drugs in each country, the type of festival, the population 
habits in each country, the time of year and the location of the event (e. 
g., indoor, or outdoor event). 

From a public health perspective, it is more useful to report data as 
doses consumed rather than average consumed mass loads; law 
enforcement authorities and policy makers need this data to identify the 
most important drug issue and, consequently, to address and minimize 
the harms caused by these substances. However, this is not always 
possible as drug doses and CF are not always available. For instance, 
cocaine had the highest consumed mass loads and showed an increase of 
40 % among the baseline (average values of no characteristic peak days) 
and the peak of each event (high consumption loads attributed to the 

specific event). Norketamine consumption increased 185 % (New Year) 
and 220 % (summer Festival). Considering that the drug dose of keta-
mine is less than that of cocaine and, furthermore, a user can consume 
up to 10 doses of cocaine per day, instead of one (or two) for ketamine, 
the number of doses consumed, and users was probably higher for ke-
tamine than cocaine. Nevertheless, the most important drug issue during 
these events was probably ketamine, due to its high growth (Fig. 2). 

The WBE approach can provide a wealth of data on the prevalence of 
NPS and illicit drugs in festivals and everyday life. It complements 
important public health information that can be used to aid health au-
thorities, policy makers and (inter)national organizations to face and 
suppress illicit drug trade (Camilleri et al., 2021). However, to improve 
WBE for future surveillance, particularly regarding NPS, alternate 
sources of information are necessary. For example, monitoring of social 
media and the dark web for new drugs can help target specific WBE 
methods (Barenholtz et al., 2021; EMCDDA, 2020). Moreover, pill 
testing, forensic toxicology analyses and emergency departments can 
give information regarding current drugs of greatest harm. Hence, a 
better and comprehensive understanding of the drug problem requires 
the collection of data from various sources and continued collaboration 
and data triangulation between stakeholders is necessary. 

5. Conclusions 

This wastewater-based epidemiology study found that the use of NPS 
(synthetic cathinones, benzodiazepines, plant-based NPS, and dissocia-
tives) and illicit drugs (cocaine, ketamine, MDMA, and MDA) was 
increased during the New Year and the summer Festival showing high 
consumption rates at the peak of each event. In addition, rapid changes 
in NPS use were identified, underscoring the imperative for continued 
monitoring of NPS in the population and inclusion of new substances in 
databases. This study suggested wastewater surveillance is an important 
tool that can deliver public health information in a cost-effective and 
timely manner without presenting ethical issues. WBE can provide 
longitudinal and spatial data notifying authorities about changes in the 
drug market, use patterns and levels of drug consumption. 
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Feltmann, K., Elgán, T.H., Böttcher, M., Lierheimer, S., Hermansson, S., Beck, O., 
Gripenberg, J., 2022. Feasibility of using breath sampling of non-volatiles to 
estimate the prevalence of illicit drug use among nightlife attendees. Sci. Rep. 12, 
20283. https://doi.org/10.1038/s41598-022-24741-1. 

Fernández-Calderón, F., Cleland, C.M., Palamar, J.J., 2018. Polysubstance use profiles 
among electronic dance music party attendees in New York City and their relation to 
use of new psychoactive substances. Addict. Behav. 78, 85–93. https://doi.org/ 
10.1016/j.addbeh.2017.11.004. 

Foppe, K.S., Hammond-Weinberger, D.R., Subedi, B., 2018. Estimation of the 
consumption of illicit drugs during special events in two communities in Western 
Kentucky, USA using sewage epidemiology. Sci. Total Environ. 633, 249–256. 
https://doi.org/10.1016/j.scitotenv.2018.03.175. 

Han, B., Compton, W.M., Jones, C.M., Einstein, E.B., Volkow, N.D., 2021. 
Methamphetamine use, methamphetamine use disorder, and associated overdose 

N. Rousis et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.envint.2023.108075
https://doi.org/10.1016/j.envint.2023.108075
https://doi.org/10.1016/j.envpol.2014.07.019
https://doi.org/10.1016/j.envpol.2014.07.019
https://doi.org/10.1016/j.talanta.2019.120479
https://doi.org/10.1016/j.talanta.2019.120479
https://doi.org/10.1016/j.drugalcdep.2020.108315
https://doi.org/10.1016/j.drugalcdep.2020.108315
https://doi.org/10.1016/j.scitotenv.2020.139209
https://doi.org/10.1016/j.scitotenv.2020.139209
https://doi.org/10.1016/j.watres.2021.116891
https://doi.org/10.1016/j.watres.2021.116891
https://doi.org/10.1021/acs.estlett.1c00807
https://doi.org/10.1021/acs.estlett.1c00807
https://doi.org/10.1016/j.talanta.2022.123767
https://doi.org/10.1016/j.wroa.2023.100179
https://doi.org/10.1016/j.wroa.2023.100179
https://doi.org/10.1016/j.drugpo.2021.103393
https://doi.org/10.1038/npp.2015.260
https://doi.org/10.1038/npp.2015.260
https://doi.org/10.1186/s12889-016-3686-5
https://doi.org/10.1186/s12889-016-3686-5
https://doi.org/10.1016/j.forsciint.2020.110148
https://doi.org/10.1016/j.forsciint.2020.110148
https://doi.org/10.1016/j.scitotenv.2013.11.131
https://doi.org/10.1016/j.scitotenv.2013.11.131
https://doi.org/10.1016/j.scitotenv.2020.144794
https://doi.org/10.1016/j.scitotenv.2020.144794
https://doi.org/10.1038/s41398-020-0847-1
https://doi.org/10.1007/s12024-021-00381-1
https://doi.org/10.1007/s12024-021-00381-1
https://doi.org/10.1016/j.watres.2017.11.051
https://doi.org/10.1016/j.watres.2017.11.051
https://www.cfsre.org/images/trendreports/2022-Q4-NPS-Stimulants-and-Hallucinogens-Trend-Report.pdf
https://www.cfsre.org/images/trendreports/2022-Q4-NPS-Stimulants-and-Hallucinogens-Trend-Report.pdf
https://doi.org/10.1016/S0140-6736(19)32275-5
https://doi.org/10.1016/S0140-6736(11)61138-0
https://doi.org/10.1016/S0140-6736(11)61138-0
https://doi.org/10.1016/j.forsciint.2020.110226
https://doi.org/10.1016/j.forsciint.2020.110226
https://www.emcdda.europa.eu/publications/drug-profiles/synthetic-cathinones_en%23
https://www.emcdda.europa.eu/publications/drug-profiles/synthetic-cathinones_en%23
https://doi.org/10.1016/j.watres.2021.117719
https://doi.org/10.1016/S0140-6736(19)32230-5
https://doi.org/10.1016/S0140-6736(19)32230-5
https://doi.org/10.1038/s41598-022-24741-1
https://doi.org/10.1016/j.addbeh.2017.11.004
https://doi.org/10.1016/j.addbeh.2017.11.004
https://doi.org/10.1016/j.scitotenv.2018.03.175


Environment International 178 (2023) 108075

8

deaths among US adults. JAMA Psychiat. 78, 1329. https://doi.org/10.1001/ 
jamapsychiatry.2021.2588. 

High Alert, 2021. New synthetic cathinone dimethylpentylone detected in NZ. htt 
ps://www.highalert.org.nz/alerts-and-notifications/new-synthetic-cathinone 
-dimethylpentylone-detected-in-nz/ (accessed March 2023). 

Huang, H., Bai, Y., Zhang, Y., Huang, J., Qin, J., Li, X., 2022. Occurrence and 
transformation of ephedrine/pseudoephedrine and methcathinone in wastewater in 
China. Environ. Sci. Tech. 56, 10249–10257. https://doi.org/10.1021/acs. 
est.2c02639. 

Jiang, J.-J., Lee, C.-L., Fang, M.-D., Tu, B.-W., Liang, Y.-J., 2015. Impacts of emerging 
contaminants on surrounding aquatic environment from a youth festival. Environ. 
Sci. Tech. 49, 792–799. https://doi.org/10.1021/es503944e. 

Lai, F.Y., Thai, P.K., O’Brien, J., Gartner, C., Bruno, R., Kele, B., Ort, C., Prichard, J., 
Kirkbride, P., Hall, W., Carter, S., Mueller, J.F., 2013. Using quantitative wastewater 
analysis to measure daily usage of conventional and emerging illicit drugs at an 
annual music festival. Drug Alcohol Rev. 32, 594–602. https://doi.org/10.1111/ 
dar.12061. 

Mackuľak, T., Brandeburová, P., Grenčíková, A., Bodík, I., Staňová, A.V., Golovko, O., 
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