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1 | BACKGROUND

Fiona Mendes?
David M. Wood'2

| Simon Hudson® | KerryLayne'® |

Aims: To evaluate the long-term trends of new psychoactive substance (NPS) detec-
tion in pooled urine samples collected across a city centre.

Methods: Pooled urine samples from portable stand-alone urinals were collected on
a monthly basis over 5.5 years (July 2013-December 2018) across a city centre.
These were analysed using a high-performance liquid chromatography system, inter-
faced to a high-resolution accurate mass spectrometer. Data were processed against
a database containing over 2000 drugs/metabolites including over 800 NPS.

Results: In total, 44 NPS were detected with variation over time including cathinones
(15, 34.1%), synthetic cannabinoids (8, 18.2%) and 21 (47.7%) other NPS. Since the
introduction of the UK Psychoactive Substances Act (May 2016) cathinone detection
has decreased with minimal detection over the last 4 months of the study. Synthetic
cannabinoids were not detected on a regular basis until July 2016 with a subsequent
variable detection frequency. There was a consistent, low level detection frequency
of all other NPS throughout the study, but which appears to have increased alongside
the decrease in cathinone detection.

Conclusion: Pooled urine analysis of samples taken from portable urinals in a city
centre can be used as an effective monitoring tool to determine long-term trends in
the use of NPS. The results of this study demonstrate the impact of the Psychoactive
Substances Act and reflect the findings of population surveys and clinical studies. Tri-
angulation of these data with other data sources will enable greater insight into the

NPS phenomenon.
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drugs being 30% higher than in 2009.1 In the UK, the 2018/2019
Crime Survey for England and Wales (CSEW) estimated that 9.4%

Recreational drug use has significant consequences for public
health and societies across the globe. It was estimated in 2017
that 5.5% of the global population aged 15-64 years had used
drugs in the previous year, with the number of people who use

of adults aged 16-59 years and 20.3% aged 16-24 vyears had
taken a recreational during the last year. This has been an upward
trend since the 2015/2016 survey at 8.3% and 19.8%
respectively.?
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For over a decade there have been significant changes in the
drugs that are available to users both in terms of geographic and
temporal variation.™® This is particularly evident for new psychoac-
tive substances (NPS) where a large number of diverse substances
exist within a rapidly changing and dynamic market.® By the end
of 2018, the European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA) was monitoring more than 730 NPS, 55 of
which were detected for the first time in Europe in 20182 The
number of new substances identified peaked in 2014 and 2015
with 101 and 98 substances respectively and have since stabilised.
The causes for this are unclear but may reflect sustained efforts
to control new substances through legislative processes across
the world.®

In May 2016 the Psychoactive Substances Act (PSA) came into
effect in UK, making the production, distribution, sale and supply of
psychoactive substances illegal.* The main aim of the PSA was to
target production and supply rather than possession for individual
use. Although restrictions have limited the open sale of their prod-
ucts, they remain available through online shops, the darknet, or
may be sold on the illicit drug market.>”” The most prevalent classes
of NPS are cathinone derivatives, which produce stimulant-like
effects similar to cocaine, amphetamine and 3,4-methylenedioxy-
methamphetamine (MDMA); and the synthetic cannabinoids, which
produce effects similar to cannabis but are associated with greater
toxicity due to their greater potency at endogenous cannabinoid
receptors.»>® Since the introduction of the UK PSA, clinical studies
have assessed its impact on hospital presentations with acute NPS
toxicity. In a study in an inner-city hospital (London, UK), there was
no difference in the overall proportion of presentations involving
NPS in the 12 months before and after the PSA introduction. How-
ever, there were significant changes in the types of NPS reported
with a decrease in cathinones and increase in synthetic cannabi-
noids.” In a UK multicentre study (Identification Of Novel psychoAc-
tive substances [IONA] study) characterising the NPS involved in
episodes of severe NPS toxicity, the NPS involved in acute toxicity
presentations were again shown to change in the 12 months before
and after the PSA. In this study, NPS were analytically confirmed
and there were decreases in the detection of synthetic cannabi-
noids, cathinones and methiopropamine (a synthetic methamphet-
amine analogue).'® Similar findings are also evident by the number
of healthcare telephone enquiries to the UK poisons service
(National Poisons Information Service, NPIS) related to emergency
hospital admissions with NPS acute toxicity. In the year following
the introduction of the PSA there was a reduction in NPS-related
enquiries from 464 during the 12 months prior, to 142 telephone
enquiries (69.4% reduction).® A 50% reduction was also seen in the
number of accesses to the NPIS internet database for NPS-related
information. However, no evidence of displacement to other sub-
stances was evident as telephone enquiries and database accesses
related to conventional drugs of misuse remained stable.

It is important to have accurate and timely information on
changes in the patterns of drug use in order that prevention, educa-

tional and harm-reduction interventions can be appropriately

What is already known about this subject

e Many diverse new psychoactive substances (NPS) exist
within a rapidly changing and dynamic recreational drug
market.

e Accurate data on NPS is acquired via several epidemio-
logical indicators including general and subpopulation
level surveys, web mapping projects, drug seizures, drug
related deaths and clinical studies assessing demand for
treatment.

e This study aimed to evaluate long term trends of NPS
detected in pooled urine samples collected from portable
street urinals and confirm these trends in detection
against other established monitoring tools.

What this study adds

e The majority of NPS detected during the study were
cathinones and synthetic cannabinoids but also a consis-
tent, lower level detection of several other classes of
NPS were found.

e Since the introduction of the UK Psychoactive Substance
Act (May 2016) cathinone detection has decreased. Syn-
thetic cannabinoids were only detected with a great fre-
quency during the latter half of the study from July 2016
but with considerable variation in detection over time.

e Pooled urine analysis of samples taken from portable uri-
nals in a city centre can be used as an effective monitor-
ing tool to determine which substances have been in
circulation, and long-term trends in the use of NPS.

e These data triangulate closely with those of other moni-
toring tools, allowing for greater insight into the NPS
phenomenon.

targeted. In Europe, these data are acquired via a number of epide-
miological indicators such as general and subpopulation level sur-
veys, web mapping projects, drug seizures and drug-related deaths.®
Other important indicators include clinical studies assessing demand
for treatment such as trends in hospital admissions with acute NPS
toxicity.?”*2 The difficulty with some of these indicators, and partic-
ularly drug surveys, is that they are based on user self-report of the
substance(s) that they have taken, which may not be accurate. For
example, there a number of studies that have shown significant vari-
ability in the content of both classical recreational drugs and
NPS.1%1 Therefore, data from these sources may not be truly
reflective of drug prevalence and trends, especially considering the
dynamic nature of the NPS market with new drug trends becoming
established over short time frames before they can be widely
identified.®
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Wastewater analysis is an alternative method to demonstrate
spatial and temporal patterns of illicit drug use. This involves sampling
a source of wastewater, such as sewage influent to a wastewater
treatment plant, allowing for the analytical detection of illicit drugs
and their metabolites and an estimate of the quantity of drugs con-
sumed by a community. Over recent years, wastewater-based epide-
miology has been demonstrated to be an effective approach for
monitoring patterns and trends of illicit drug use within communi-
ties'” and several countries worldwide.'® Large scale studies have
been undertaken across France involving 25 water treatment plants
and demonstrated significant geographical differences in drug con-
sumption across the country.'? Since 2010 a Europe-wide network
(Sewage analysis CORe group—Europe [SCORE]) has been established
with the aim of standardising the approach used for wastewater anal-
ysis and coordinating international studies. In 2018 this group publi-
shed studies involving 72 cities and 20 countries in Europe directly
comparing illicit drug loads over a 1-week period for 8 consecutive
years.?° The project revealed distinct geographical and temporal pat-
terns of drug use across European cities for cocaine, amphetamine,
methamphetamine and MDMA.

Wastewater analysis has been proposed as a tool for providing
information of the temporal and regional trends in the use of NPS.
However, the dynamic NPS market presents several challenges for
this methodology. This includes the large number of individual NPS
available, their low prevalence of use in comparison to other illicit
drugs, the dynamic nature of the market whereby 1 drug may be rep-
laced by another, and the lack of clinical pharmacokinetic studies
regarding their metabolism, excretion and stability.?* A solution to
these issues is to target sampling of wastewater from populations that
are expected to have higher use of NPS than the general population.
A technique has been established to identify NPS that involves the
collection and analysis of pooled urine from portable public stand-
alone urinals.2! This has been demonstrated to be an effective tool in

nightclubs,?? music festivals?® and city centres?42%

providing confir-
matory and timely data on NPS. Whilst this technique does have limi-
tations discussed in these studies, it provides a unique insight into
subpopulation use of NPS and can be used to track trends in NPS use
over time. 1?2

The objective of this study was to evaluate the trends of NPS
detection in pooled urine samples taken from stand-alone portable
urinals in central London, UK over a prolonged detection period
(>5 years) and confirm trends in detection against other established

monitoring tools.

2 | METHOD

21 | Sample collection

The study was conducted in the City of Westminster, a borough in
central London, UK that has a wide variety of venues including bars,
late-night restaurants and nightclubs. Urine samples were taken from

12 4-bay stand-alone portable urinals. For 12 months of the study

BRITISH
PHARMACOLOGICAL 519
] SOCIETY
oA

period, only 6 urinals were available for sampling. Urinals were placed
in locations as previously described?® and used in areas where street
urination may be problematic.

The urinals were made available for use by the general public
over a 12-hour period (1800-0600) on Saturday night. Sampling dur-
ing this study was undertaken over 5.5 years with a collection taken
on the first weekend of every month from July 2013 to December
2018. Sample collection did not occur in August 2015 and January
2016 and data from these months are not included in the analysis.
The use of the urinals was voluntary and anonymous and therefore
no data on the number of people using the urinals was collected.
The urinals were designed for male use but did not preclude use by
other genders.

Urine is pooled in a central holding tank with a total capacity of
400 L. The urinals have no flushing mechanism, so samples were not
diluted. After each collection period, 100 mL of pooled urine from
each urinal was taken using a single-use manual vacuum system. Urine
samples were centrifuged at 3500 g for 5 minutes on the day of col-
lection to remove cellular debris and then stored at —20°C until analy-
sis. This study had approval from Westminster Council and the
London Metropolitan Police; it was discussed with the local ethics
committee (institutional review board) and deemed not to require for-

mal approval.

2.2 | Sample analysis

221 | General drug screen
Urine (2 mL) was mixed with 1 mL phosphate buffer (1 mol/L,
pH 6.3) containing EDDP-D3 (100 ug/L) and morphine-3-glucuro-
nide-Ds (115 pg/L). Beta-glucuronidase solution (2 + 3, v/v in
reagent grade water; 100 pL; 4000 units) was added with thorough
mixing and the sample incubated overnight (45°C). All samples were
centrifuged (1500x g, 5 min; bench centrifuge) prior to solid phase
extraction, which was performed using a Cerex 48 place positive
pressure system (Tecan UK, Theale, UK). Solid phase extraction car-
tridges were conditioned sequentially with 1 mL methanol and
1 mL deionised water before use. The supernatants from the cen-
trifuged samples were loaded onto the cartridges, which were
washed with 0.5 mL hexane and dried under a stream of nitrogen
(30 s). Analyte elution was performed using 2 x 1 mL methanol:
ethyl acetate (1 + 9, v/v). The eluent was mixed with 1.5 mL
deionised water, and after centrifugation (3000 rpm, 5 min; bench
centrifuge) the organic phase was transferred to a glass tube and
evaporated to dryness at ambient temperature (Genevac centrifugal
vacuum evaporation system) before reconstitution in 5 pL
2-propanol +100 pL 0.1% (v/v) aqueous acetic acid. The rec-
onstituted samples were transferred to liquid chromatography vials
prior to analysis.

Prepared samples (10 ulL) were analysed on a Thermo XRS
ultrahigh-performance liquid chromatography system, interfaced to

a Thermo Q Exactive Focus high-resolution accurate mass
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spectrometer, operating in heated positive ion electrospray mode.
Chromatographic separation was achieved in 5.0 minutes on a
Waters Atlantis T3 HPLC column maintained at 40°C using a
gradient consisting of a mixture of 0.1% acetic acid and acetonitrile
containing 0.1% acetic acid. Data were acquired in full scan mode
operating at a mass resolution of 70,000 across a mass range of
50-750 amu. Data dependent scanning was enabled in confirmation
mode utilising an inclusion list of over 800 compounds derived
from an in-house accurate mass database. A second scan event
using all ion fragmentation (AIF) was performed with a stepped
higher collisional dissociation setting of 15, 35 and 50 at a
mass resolution of 35,000 across a scan range of 80-500 amu.
Acquired data were processed using Toxfinder software (Thermo)
against an in-house database containing over 2000 drugs and
metabolites including over 800 NPS. The presence of reported
drugs is confirmed in the data through full scan accurate mass
determination of molecular ions, identification of accurate mass
qualifier ions in AIF, and the automatic generation of accurate
mass tandem mass spectrometry data for comparison with mass
spectral libraries.

The samples were subsequently analysed again using the same
instrumental conditions as above but in heated negative ion

electrospray mode to detect compounds only seen in this mode.

2.2.2 | Synthetic cannabinoid drug screen

A 2-mL portion of the sample was prepared for analysis by the
addition of 1 mL acetate buffer (1 mol/L, pH 4.7) containing
hydroxypentyl JWH-018-Ds (5pg/L) and B-glucuronidase solution
(2 + 3, v/v in reagent grade water; 100 uL; 4000 units) with thor-
ough mixing and the sample incubated overnight (45°C). The sam-
ple was then acidified through the addition of 750 pL hydrochloric
acid (2 mol/L) and liquid/liquid extraction performed, using 1%
ethyl acetate in hexane (2 mL). Following rotary mixing for a mini-
mum of 20 minutes, the sample was centrifuged (3000 rpm, 5 min;
bench centrifuge) and the supernatant was removed to a glass
tube. A second liquid/liquid extraction using an additional 2 mL of
the same solvent mix was performed on the urine residue after
alkalisation of the urine with 1500 pL sodium hydroxide (2 M).
After centrifugation as before, the supernatant was removed and
added to the previously recovered supernatant. After evaporating
to dryness at ambient temperature (Genevac centrifugal vacuum
evaporation system) the combined extracts were reconstituted in
10 pL methanol followed by 90 pL 0.1% acetic acid and trans-
ferred to glass liquid chromatography vials for analysis.

Prepared samples (10 plL) were analysed on a Thermo XRS
ultrahigh-performance liquid chromatography system, interfaced to
a Thermo Q Exactive Focus high-resolution accurate mass spec-
trometer, operating in heated positive ion electrospray mode. Chro-
matographic separation was achieved in 6.5 minutes on a
Phenomenex Luna C182 column maintained at 40°C using a gradi-

ent consisting of a mixture of 0.1% acetic acid (A) and methanol

containing 0.1% acetic acid (B). Using a flow rate of 400 pL/min,
initial solvent conditions were 90% A and 10% B. Solvent B was
ramped to 60% over the next minute and then to 98% by 3.5 min.
These conditions were held until 6.5 minutes when initial
conditions were reinstated. These were held for a further 2 minutes
for equilibration prior to the next injection. Data were acquired in
full scan mode operating at a mass resolution of 70,000 across a
mass range of 240-550 amu. Data dependent scanning was
enabled in confirmation mode utilising an inclusion list of over
800 compounds derived from an in-house accurate mass database.
In addition, a second scan event using AIF was performed with a
stepped higher collisional dissociation setting of 15, 35, 50 at a
mass resolution of 35 000 across a scan range of 95-500 amu.
Acquired data were processed using Toxfinder software (Thermo)
against a regularly updated in-house database containing synthetic

cannabinoids reported to the EMCDDA early warning system and

other forensic drug networks and observed or postulated
metabolites.
2.2.3 | Dataanalysis

In this study all NPS and relevant established recreational drugs
(cocaine, amphetamine and cannabis) detected are presented. Data
are expressed as frequency and percentage or as median (interquartile
range, IQR) for nonparametric data. Graphical data represent the
amalgamated frequency of urinals positive per month for a drug class
identified rather than a single NPS e.g. all cathinones or synthetic can-

nabinoids detected per urinal.

3 | RESULTS

3.1 | Background detection

Nicotine/cotinine (a major metabolite of nicotine), caffeine (and
metabolites) and hordenine (present in germinated barley, so it was
probably from beer) were detected in all pooled urine samples
analysed. These substances are commonly used in the general popula-
tion and their presence helps to affirm that the urine collection and

analysis is valid.

3.2 | NPS

Table 1 lists the NPS detected over the study period. In total, 44 NPS
were detected, with cathinones (15, 34.1%) and synthetic cannabi-
noids (8, 18.2%) being the most prevalent. All synthetic cannabinoids
detected were third generation only. Other NPS groups included
arylalkylamines (4, 9%), arylcyclohexylamines (1, 2.3%), phe-
nethylamines (3, 6.8%), piperazine derivatives (5, 11.4%) and others
(8, 18.2%). A least 1 or more NPS was detected per month. Figure 1
illustrates the trend in the frequency of detection of NPS over time
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TABLE 1 New psychoactive substances detected during the study period July 2013 - December 2018 (n = 44)

Arylalkylamines (4, 9%)

= 5 or 6 APDB (5-(2-aminopropyl)benzofuran)
= 5-(2-Aminopropyl)indole (5-IT)

Arylcyclohexylamines (1, 2.3%)

e Methoxetamine (2-(3-methoxyphenyl)-2(N-ethylamino)-cyclohexanone)

Cathinones (15, 34.1%)

= 4 methylmethcathinone (mephedrone)
= 4-chloro-N-ethylcathinone

= 4F-pentedrone

= 4-methylethcathinone

= 4-methyl-N,N-dimethylcathinone

= a-Pyrrolidinovalerophenone (a-PVP)

= bk-MDDMA (dimethylone; 2-dimethylamino-3’,4’-methylenedioxy)

= cathinone (2-amino-1-phenylpropan-1-one)
Phenethylamines (3, 6.8%)

= 2C-B (4-Bromo-2,5-dimethoxyphenethylamine)

= 4-methylamphetamine

Piperazine derivative (5, 11.4%)

= 1-(3-chlorophenyl) piperazine

= TEMPP (1-(3-trifluoromethylphenyl)-piperazine)

= DCPP (2,3-dichlorophenylpiperazine)

Synthetic cannabinoid receptor agonists (8, 18.2%)

= 5F ADB/5F MDMB-PINACA (methyl
2-{[1-(5-fluoropentyl)-1H-indazole-3-carbonyl]amino}-3,3-
dimethylbutanoate)

= 5F AKB-48 (N-(1-adamantyl)-1-(5-fluoropentyl)indazole-3-carboxamide)

= AKB-48/APINACA
(N-(adamantan-1-yl)-1-pentyl-1H-indazole-3-carboxamide)

= AB-FUBINACA
N-[(2S)-1-amino-3-methyl-1-oxobutan-2-yl]-1-[(4-fluorophenyl)
methyl]-1H-indazole-3-carboxamide

Other (8, 18.2%)

= N-ethylphentermine

= 3 fluorophenmetrazine (3-FMP)
= 4F norephedrine

= Methoxyphenidine (MXP)

for cathinones (Figure 1A), synthetic cannabinoids (Figure 1B) and all
other NPS (Figure 1C, excluding cathinones and synthetic
cannabinoids).

3.21 | Cathinones

Figure 1A demonstrates a continued but variable trend of detection

of cathinones over time.

= 5 or 6 EAPB (1-(benzofuran-6-yl)-N-ethylpropan-2-amine)

= Methiopropamine (MPA; N,a-dimethyl-2-thiopheneethanamine,
monohydrochloride)

= Clephedrone (4-chloromethcathinone)

= Dibutylone (—(1,3-benzodioxol-5-yl)-2-(dimethylamino)butan-1-one)
= Ephylone (N-ethyl pentylone)

= Ethylone (3,4-methylenedioxy-N-ethylcathinone)

= MDPT (tBuONE; 3',4’-methylenedioxy-N-tert-butylcathinone)

= Methylone (3,4-methylenedioxy-N-methylcathinone)

= Mexedrone (3-methoxy-2-(methylamino)-1-(4-methylphenyl)
propan-1-one)

= Ethylamphetamine

= BZP (benzylpiperazine)
= MEOP/MEXP (methoxypiperamide)

= AMB- or MMB -CHMICA (methyl 2-[[1-(cyclohexylmethyl)
indole-3-carbonyl]lamino]-3-methyl-butanoate

= Cumyl 5F PINACA (1-(5-fluoropentyl)-N-(2-phenylpropan-2-yl)-1H-
indazole-3-carboxamide)

* MDMB-CHMICA (methyl 2-[[1-(cyclohexylmethyl)-1H-indole-3-
carbonyl]amino]-3,3-dimethylbutanoate)

= STS-135/5F APICA
((N-(adamantan-1-yl)-1-(5-fluoropentyl)- 1H-indole-3-carboxamide)

= methylhexaneamine (1,4-DMAA)
= N,a-diethyl phenethylamine
= Ostarine

= phenylisobutylamine (phenibut)

Prior to the Psychoactive Substances Act that came into effect in
the UK in May 2016 the frequency of detection of all cathinones from
July 2013 to May 2016 ranged from 16.7 to 100%, with a median of
66.7% (interquartile range, IQR, 50-75). From June 2016 to
December 2018 the range of detection was O to 84.3%, with a median
of 41.7% (IQR 29.2-50). Importantly, as shown in Figure 1A,
cathinone detection decreased over the last 18 months of the study
period—cathinones had been detected on a monthly basis until

September 2018; however, they were not detected in any of the
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FIGURE 1 New psychoactive substances (NPS) detection frequency over time for cathinones (A), synthetic cannabinoids (B), all other NPS
(C) from July 2013 to December 2018. Figures demonstrate trends of NPS detection frequency shown as percentage of urinals positive per
month (x-axis) against time in months (y-axis). Sampling was not conducted for august 2015 and January 2016 and these data are not included.
The introduction of the Psychoactive Substances Act (PSA) in May 2016 is indicated by a dashed line. An asterisk (*) indicates a month where
only 6 urinals were available for sampling
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urinals in September, October and December 2018, and only detected
in 1 urinal (8.3%) in November 2018.

3.2.2 | Synthetic cannabinoids

There was considerable variation in the frequency of detection of
synthetic cannabinoids over time (Figure 1B). Between July 2013
and May 2016 synthetic cannabinoid detection was infrequent and
they were detected in urinals in only 5 months of sampling includ-
ing March 2014 (8.3%), April 2014 (8.3%), October 2014 (41.7%),
April 2015 (16.7%) and May 2016 (16.7%). Following the introduc-
tion of the PSA, after June 2016 through to the study end in
December 2018, synthetic cannabinoids were detected in every
month apart from January, April, July and December 2018, with a
frequency of detection ranging from 9.1 to 75%, median 16.7%
(IQR 8.3-31.8).

3.23 | Allother NPS

Twenty-one of the 44 NPS detected (47.7%) included arylalky-
lamines (4, 9%), arylcyclohexlamines (1, 2.3%), phenethylamines
(3, 6.8%), piperazine derivatives (5, 11.4%), and others (8, 18.2%;
Table 1). Figure 1C illustrates the frequency of detection of these
other NPS during the study period. From July 2013 to May 2016
(prior to the PSA) the frequency of detection ranged from 16.7 to
83.3% with a median of 33.3% (IQR, 16.7-41.7). Following this from
June 2016 to December 2018 the range of detection was
8.3-100% with a similar distribution and a median of 33.3% (IQR,
16.7-50).

3.3 | Established recreational drugs

Figure 2 illustrates the detection frequency trends for commonly
used, and commonly detected established recreational drugs
including cocaine (Figure 2A), amphetamines (Figure 2B) and canna-
bis (Figure 2C). Cocaine and its major metabolites (benzoylecgonine,
ethylbenzoylecgonine) were consistently detected in every urinal on
a month-to-month basis. Amphetamines (amphetamine, dimetham-
phetamine, MDMA and its metabolites 4-hydroxy-3-methoxy-
methamphetamine [HMMA] and 3,4-methylenedioxy-amphetamine,
methamphetamine and  3,4-methylenedioxy-N-ethylamphetamine
[MDEA]), were consistently present in the majority of urinals
with little variation in detection over the study period. From July
2013 to November 2015 carboxy tetrahydrocannabinol (THC,
cannabis metabolite), indicating cannabis use, had a variable
frequency of detection. However, following this, detection was
consistently high and found in the majority of urinals until the study
end. The reason for this is believed to have been the change to a
more  sensitive detect

carboxy THC.

methodology used to specifically
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4 | DISCUSSION

In this study, we have demonstrated that pooled urine analysis from
portable stand-alone urinals is an effective measure for long term NPS
surveillance trends within a city centre. Our results also demonstrate
the impact of the PSA as reported in earlier population surveys and
clinical studies.?>%?10 Although not the main aim of this work, we
have also shown that the prevalence of established recreational drugs
remains high, including cocaine, amphetamine and cannabis, which is
supported by other data sources.?

For NPS, in total we detected 44 substances from the urine sam-
ples during 5.5 years of the study. As single classes of NPS, the
cathinones and synthetic cannabinoids were the most prevalent at
34.1 and 18.2% respectively. However, the prevalence of their detec-
tion has been variable, particularly over the latter stages of the study,
with a decrease in detection of the cathinones. Synthetic cannabi-
noids were not detected on a regular basis until June 2016 and have
similarly reduced in prevalence but have remained detectable at a
lower level of frequency. A number of other NPS classes were
detected during the study including 21 (47.8%) other noncathinone,
nonsynthetic cannabinoid NPS in total (Table 1). In general, the detec-
tion of these substances has been consistent throughout the study
period with a background and regular low-level frequency. Visual
extrapolation of the detection trends from Figure 1 over the last
18 months of the study suggests that there has been an increase in
noncathinone, nonsynthetic cannabinoid NPS detection alongside the
decrease in cathinone detection.

These data clearly illustrate the dynamic nature of the NPS drug
market where the prevalence of different substances is highly variable
but overall the number of substances in circulation remains constant.
There are several broad reasons including legislative initiatives and
drug seizures that may help to explain why synthetic cannabinoid and
cathinone NPS may be reducing with other NPS increasing. NPS are
predominantly produced in China and shipped for processing in
Europe; however, recent restrictions in China and Europe have limited
their open sale.® The detection of new substances identified in Europe
peaked in 2014-2015.2 Furthermore, recent drug seizure reports in
Europe show that seizures of NPS are typically dominated by
cathinones and synthetic cannabinoids® allowing for other groups of
drugs to become more prominent.

There are likely to be several other contributors that have
influenced trends in NPS use over time. Sources of data including
national surveys, local and national clinical studies and international
initiatives each provide a variety of information, which, when trian-
gulated as monitoring tools, can provide a greater insight into the
overall pattern and impact of NPS use. Several studies have looked
at the potential impact of the UK PSA, which was introduced in
May 2016.

In the UK, the PSA was introduced in an attempt to reduce
the availably and supply of NPS. One of the leading effects of this
has been the reduction in the public availability of NPS through
head shops.® However, their availability remains more covert partic-

ularly through street level drug dealers, online shops or the
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FIGURE 2 Established recreational drug detection frequency over time for cocaine (A), amphetamine (B) and cannabis (C) from July 2013 to

December 2018. Figures demonstrate trends of established recreational drug detection frequency shown as percentage of urinals positive per
month (x-axis) against time in months (y-axis). Sampling was not conducted for august 2015 and January 2016 and these data are not included
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darknet.>>?” In these cases, they may be sold under their own
name or as adulterants of more established drugs such as cocaine
and MDMA. The CSEW provides some evidence of the shift
toward online sales before and after the introduction of the PSA.
In the 2015/16 survey, 25% of individuals (age 16-59 years)
reported the use of NPS, which they said had been obtained from
a shop on the last occasion. This has significantly fallen to 13.9%
from the last survey of 2018/19.2 Additionally, in 2018/19 respon-
dents were much more likely to have originally sourced NPS from
the internet (24.6%) than other drugs (8.6%).2 Further data
supporting the impact of the PSA in the UK comes for the Welsh
Emerging Drugs and Identification of Novel Substances project
(WEDINOS) involving the analytical confirmation of NPS samples
voluntarily submitted by individuals from organisations predomi-
nantly across Wales but also the UK. The 2016/17 WEDINOS
annual report compared 12 months before and after the introduc-
tion of the PSA and identified a significant reduction (128 to
72, 43%) in the range of NPS since the PSA, which was thought
to be explained predominantly by a drop in synthetic cannabinoids
(46 to 13, 74% decrease)?® Post PSA, 5F-ADB and AMB-
FUBINACA were the most prevalent synthetic cannabinoids
detected. 5F-PB-22 was the most commonly identified NPS over
the 2 years before the PSA introduction but was only detected
4 times during the following 12 months post-PSA and was not in
the top 10 most commonly detected NPS. In December 2016,
third generation synthetic cannabinoids were controlled in the UK
as Class B drugs under Misuse of Drugs Act, 1971.%° This, in addi-
tion to the general dynamic nature of the NPS market, may help
to explain the reduction in synthetic cannabinoids seen in the
WEDINOS project and in our study.

NPS prevalence data can also be extracted from the CSEW. In
2018/192 approximately 0.5% of adults age 16-59 years had used
NPS in the last year which is similar to the 2017/18 and
2016/2017 surveys (both 0.4%). This was, however, a decrease
from the 2014/15 survey of 0.9%, which was completed before
the introduction of the PSA. As in previous years, around half of
all NPS users were aged 16-24 years.2 Further data are available
from the IONA study. This is a UK multicentre study of 22 hospi-
tals characterising the NPS involved in episodes of severe toxicity.
NPS were confirmed by analytical detection in biological samples
and analysis of data from the IONA study has demonstrated
changing patterns of NPS over time >1 year before and after the
UK PSA.X° The overall prevalence of NPS related hospital admis-
sions appeared to reduce over time with 93 pre-PSA admissions vs
72 post-PSA admissions (22.6% reduction). The prevalence of
cathinones in this study also appeared to reduce in a time-wise
progression; however, total prevalence over time as per the study
parameters demonstrated a stable number of cathinones pre and
post PSA. During the IONA study period, 5 third-generation syn-
thetic cannabinoids were also detected with a variable frequency.
For total prevalence over time it showed an increase in 2 synthetic
cannabinoids and a decrease in 3. After the PSA introduction, all

synthetic cannabinoids remained detectable but generally with a
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lower level frequency, which is also reflected in the results pres-
ented in our study.

Further validation of our study comes from local sources of
data—in particular a study looking at the drugs involved in acute
drug and NPS toxicity presentations to an inner-city London, UK
emergency department 12 months before and after the PSA intro-
duction.? In this study, no difference in the overall proportion or
average monthly NPS-related presentations were seen. Average
monthly cathinone-related presentations significantly decreased by
approximately 57%, while average monthly synthetic cannabinoid-
related presentations significantly increased by approximately 65%.
There was no significant change in average monthly other NPS-
related admissions. Although this study did not analytically confirm
the NPS involved with each presentation, on comparing the detec-
tion trend data of the current study from Figure 1, the results
have comparable similarities in the trends of NPS prevalence.

Wider reaching data sources used for monitoring can also be
gained from national poison services and large international studies.
Telephone data from the UK NPIS show a year-on-year reduction in
enquiries related to the cathinone mephedrone since 2014/15.%°
The largest reduction of approximately 75% came during the
12 months following the introduction of PSA with the most recent
enquiries in 2018/19 being approximately 12% of those in
2014/2015. Similarly, enquires for synthetic cannabinoids have
reduced year-on-year with the largest reduction being approximately
52% during the 12 months following the introduction of PSA and
with current 2018/2019 enquires being approximately 80% of those
in 2014/2015.%°

There are several limitations associated with this study that
have been reported previously.?°2% Although the urinals used were
made available for use by the general public, their design facilitates
urine collection from males rather than females. A bias in sample
collection therefore exits with over representation from males
rather than the general population. It is not known whether this
may have led to a difference in the trend of NPS identified; how-
ever, qualitatively the NPS detected are likely to be representative
of those in use within the geographical area of the sample collec-
tion and therefore likely to provide external validation. Pooled
urine collection and analysis has the potential to identify parent
drugs and or their metabolites as they may be expected to have
higher concentrations since there is less risk of dilution in the res-
ervoir tanks of the urinals compared to municipal wastewater sys-
tems. However, the urinals are still subject to dilution from
rainwater or liquids that have been disposed of during the collec-
tion period, which may lead to drug concentrations in samples fall-
ing below analytical detection limits. This is particularly true for
drugs that may already be detected in users at low concentrations
e.g. the synthetic cannabinoids. Dilution or drug degradation prior
to analysis may limit detection; however, their absence may not
necessarily exclude their use and instead reflect a low concentra-
tion in urinal samples collected. Pooled urine analysis from urinals
also provides data that are more qualitative than quantitative in

nature. Whilst this can still provide valuable data on the drugs
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being used within a selected area, comparisons over time are likely
to be based on frequency of drug detection rather than a magni-
tude of consumption as in wastewater analysis. Finally, following
November 2015 the detection of carboxy-THC increased during
the remainder of the study period. Whilst the analytical methodol-
ogy over the period of this study did not change, there was a
change in where we looked for carboxy-THC. Originally, this was
in the general drug screen that was run, but was found to work
better in the synthetic cannabinoid screen hence the improvement
in detection. Over the duration of study, the number of analytes
increased but the nature of the data is such that it is easily re-
interrogated if there is a feeling that a drug may have been in cir-
culation before it was in the analytical database of this study. In
this way we were able to react quickly to updates and findings
from new drugs reports from the EMCDDA Early Warning System
and other forensic drug networks and observed or postulated
metabolites. Furthermore, analysis of samples during this study
were completed in batches between 6-12 months. This means that
during the lapsed time period between sampling and testing, any

new drugs would have already been added to the database.

5 | CONCLUSION

The NPS phenomenon is dynamic with rapid emergence of new sub-
stances and limited reliable data on prevalence of use. This study demon-
strates that analysis of samples collected from portable urinals in a city
centre can be used as an effective monitoring tool to determine trends in
the use of NPS. Whilst there is stability in the use of established classical
drugs such as cocaine and the amphetamines, there have been significant
changes in the rate of detection of NPS. In particular, cathinones and syn-
thetic cannabinoids have been decreasing. Triangulation of these data
with data from surveys of drug use and studies investigating harm associ-
ated with NPS will enable greater insight into the NPS phenomenon and

the impact of legislative change.
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