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Knowledge journal / Edition 2 / 2024

Wastewater: information source for the Dutch
illicit drug market

Wastewater is a mirror of society. Wastewater analysis of traces of the COVID-19 virus was widely
covered in the media. This revealed insight into geographical and temporal trends of infections in recent
years. However, wastewater has been analysed for drug residues for two decades now. How can we use
this information to determine the of illicit drug market?

Insight into illicit drug use is of social importance due to its impact on public health and on criminal
activities related to production, trafficking and use. Population surveys and the interception of illicit drug
trafficking provide valuable information on the consumption of illicit drugs in society as a whole.
However, this data is less suitable for determining the local scale of consumption and market [1]. Drug
residues in wastewater are more useful for this purpose. Wastewater analysis is now used on a structural
basis to measure and compare drug use in regions or cities [2]. This study shows how illicit drug
consumption in the Netherlands and the financial scale of the market can be estimated using wastewater
data, population statistics, drug excretion and street prices.

Estimating the market in seven steps

Figure 1 illustrates the seven steps used to estimate the scale of the national illicit drugs market based on
their residues in wastewater. In this study, 30 wastewater treatment plants, to which a total of 20% of the
Dutch population is connected, were sampled daily for one or more weeks between 2015 and 2022 (step
1). This was done with the assistance of several water authorities and municipalities. The sampling weeks
were deliberately scheduled outside public holidays, school holidays and major events because illicit drug
use is expected to deviate from the 'baseline consumption' at those times. In step 2, the samples were
tested to determine concentrations of residues of amphetamine (also known as speed), 3,4-
methylenedioxymethamphetamine (MDMA, active ingredient of ecstasy), and benzoylecgonine (the
human metabolite of cocaine). The measured concentrations were then multiplied by the daily wastewater
volume, which was used to calculate the load per thousand residents at the respective wastewater
treatment plant (step 3). The result was used to calculate consumption, by dividing the load by the
excreted fraction by humans (step 4). The financial scale of the local market was then calculated based on
the street quality (percentage of cocaine and amphetamine in powders) or dosage (MDMA in pills) and
street price (step 5). Finally, a link was established between drug residues per 1,000 connected residents
and the degree of urbanity (step 6). Taking into account the relationship between use and degree of
urbanity, this was then extrapolated to the national market (step 7).
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Figure 1. Seven steps to get
from drug residues in wastewater to a picture of the national illicit drugs market [3]

Results

A total of 392, 364 and 357 unique 24-hour wastewater samples were selected for analysis of
benzoylecgonine, amphetamine and MDMA, respectively. For MDMA and amphetamine, several
measurement weeks were excluded due to suspected or identified residues of waste from illicit drug
production in the wastewater.

Per capita amphetamine loads showed no significant relationship with urbanity, while for MDMA, 31% of
the variation could be explained by urbanity and for cocaine as much as 64% (Figure 2). The monetary
value of the three illicit drugs studied was estimated at €903 million (95% CL = 829-987 million) per year
based on the 2022 price level (Figure 3).
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Figure 2. Volumes of cocaine (left), amphetamine (centre) and MDMA (right) residues per 1,000 residents
per day in relation to the urbanity of the wastewater treatment plant's treatment area. The dots are weekly
averages, the lines the fit model. Solid lines show significant trends.
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Figure 3. Estimated annual
illicit drug use in the Netherlands in volume and euros

Discussion

About our estimate

This estimated scale of the illicit drug market is subject to uncertainty because the measurements do not
cover the whole of the Netherlands and are based on random samples from just one or a small number of
measurement weeks per location. However, long-term studies show little variation between weeks and the
extrapolation to the whole of the Netherlands also takes into account correlations between use and degree
of urbanity. This suggests that the sample is representative.

However, not all residues of consumed drugs may reach the wastewater treatment plant. Some wastewater
might be lost along the way due to leaking sewers and not all drug residues might end up in the sewers
due to public urination. In addition, the sampling weeks do not provide insight into potentially higher use
during events and festivities. Together, this leads to a conservative estimate of usage and market size for
the studied period from 2015 to 2022.

Comparison with other Dutch estimates

[llicit drug use can also be estimated from prevalence data (information on the proportion of Dutch people
who use these substances occasionally, regularly or often). Based on this method, Baarsma et al. [4]
estimated an annual national consumption of 8,750 kg of street-quality cocaine, 4,500 kg of street-grade
amphetamine and 8 million

MDMA pills (around 1,300 kg of pure MDMA). This is just over half (57% for cocaine, 52% for
amphetamine and 56% for MDMA) of our estimate of consumption between 2015 and 2022. This can be
considered comparable given the uncertainties in both estimates.

Comparison with European estimates

If we compare the presumed market size of the Netherlands with international estimates based on
customs, police and prevalence data, the estimated Dutch market accounts for 7.3% (cocaine), 6.3%
(amphetamine, not including methamphetamine) and 11.6% of the total EU financial market size pre-
Brexit. This would appear realistic, as the Netherlands generates 3.4% of the EU population (January
2020) and 6.0% of the gross European product, and the studied illicit drugs are also known to be relatively
widely used in the Netherlands compared to other European member states [5].

Future application
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Geographically defined quantitative illicit drug consumption data enables care providers, policymakers
and law enforcers to focus municipal or regional policy on the most relevant illicit drugs. In addition,
wastewater analysis can help evaluate drug policies, for example if measures are taken to discourage use
and limit trafficking, or instead regulate trade as envisaged for cannabis in the ‘Experiment gesloten
coffeeshopketen’. As part of this experiment, ten Dutch municipalities control and monitor the entire
cannabis product distribution chain.

Wastewater analysis compliments other tools for mapping drug trafficking and consumption and their
social and health effects.
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Background picture:
Sampling for illicit drug analysis at Utrecht wastewater treatment plant

Summary

Wastewater is a mirror of society: it shows us, for example, where viruses are spreading or what
medicines are being used. Wastewater analysis can sometimes be a solution when collecting data by other
means is difficult. It is therefore used on a structural basis to measure and compare illicit drug use of
regions or cities. Although accurately calculating the total market size still presents a complex challenge,
this article describes how the market volume and its financial value can be estimated by combining local
wastewater data with population statistics, human excretion rates and street prices of the drugs. The article
also compares the results with previous estimates at national and European level.

The social impact of drug trafficking and use makes the results of this type of wastewater analysis highly
relevant to public health and enforcement.
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