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Samenvatting 
Elke dag komen er meer chemicaliën op de markt die via verschillende routes 
uiteindelijk het milieu kunnen bereiken. Vooral steden zijn hotspots van 
vervuilende emissies van opkomende stoffen andere chemicaliën. Emissies zijn 
onder andere afkomstig van huishoudelijke consumptie van vrij verkrijgbare 
(zonder recept) geneesmiddelen. Een deel van deze vrij verkrijgbare 
geneesmiddelen komt na gebruik in het riool terecht. 
Rioolwaterzuiveringsinstallaties (RWZI's) zijn niet in staat om geneesmiddelen 
volledig uit het influent te verwijderen. Bijgevolg kan het afvalwater van RWZI's 
naar oppervlaktewateren variërende kleine hoeveelheden farmaceutische 
lozingen bevatten die tot negatieve effecten in het milieu kunnen leiden. 

Het SUSPECt-project is gestart om "een reeks flexibele 
besluitvormingsondersteunende instrumenten te ontwikkelen die kunnen worden 
gebruikt voor locatiespecifieke analyse, op risico's gebaseerde prioriteitstelling en 
kosteneffectieve controle van opkomende stoffen en andere chemicaliën". Deze 
studie draagt bij aan een van de projectdoelen van SUSPECt, namelijk het 
ontwikkelen van een beslissingsondersteunend instrument om emissies van 
opkomende stoffen door huishoudens te analyseren. Daarom is in deze studie 
een methode ontwikkeld om het verbruik in Nijmegen van vrij verkrijgbaar 
paracetamol, diclofenac, ibuprofen en naproxen te kwantificeren en de emissies 
naar het rioolstelsel nauwkeurig in te schatten. 

Op basis van literatuuronderzoek is geanalyseerd welke 
emissieschattingsmethoden voor vrij verkrijgbare geneesmiddelen en welke 
(internationale) inputgegevens in studies zijn gebruikt. De meeste methoden 
voor het schatten van emissies kennen vier belangrijke stappen. Ten eerste, het 
verkrijgen van  verkoopgegevens van de medicijnen via particuliere of openbare 
bronnen. Ten tweede, berekening van het verkoopvolume in hoeveelheid 
werkzame stof door groothandelsgegevens te vermenigvuldigen met de Defined 
Daily Dose (DDD). DDD, alhoewel de aanbevolen methode om het dagelijkse 
medicijnengebruik te berekenen, weerspiegelt niet de werkelijke consumptie. 
Een deel van de gekochte vrij verkrijgbare geneesmiddelen wordt niet 
geconsumeerd, maar weggegooid, thuis bewaard, door het toilet gespoeld, enz. 
Ten derde, berekening van de uitscheiding naar het riool door het gebruik van 
menselijke uitscheidingsfactoren, voor de moedervorm, en optioneel in sommige 
onderzoeken, voor metabolieten. Beide vormen kunnen nadelige effecten hebben 
op het milieu. Tot slot, validatie van de schattingen door het vergelijken van de 
geschatte concentratie of vracht van vrij verkrijgbare geneesmiddelen in RWZI-
influent met influentconcentraties gemeten bij verschillende RWZI’s, d.w.z. het 
vergelijken van de Predicted Environmental Concentration (PEC) met de 
Measured Environmental Concentration (MEC). 

Onze methode voor het schatten van emissies gebruikt als invoerdata een mix 
van grotendeels lokale en gedeeltelijk nationale particuliere 
groothandelsgegevens. Er zijn geen openbare gegevens over de verkoop van vrij 
verkrijgbare geneesmiddelen beschikbaar in Nederland. Vanwege beperkingen in 
de lokale data hebben we gedeeltelijk landelijke data gebruikt om ontbrekende 
gegevens in te vullen. Echter, het gebruik tussen regio’s kan verschillen. Als 
lokale data beschikbaar zijn, kunnen deze beter nauwkeuriger zijn dan nationale 
data. Indien lokale data ontbreekt kan nationale data gebruikt worden. Indien 
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ook nationale data ontbreekt kan eventueel data uit andere landen gebruikt 
worden. Wanneer nationale data per capita omgerekend worden naar regionale 
data gaat men voorbij aan mogelijke lokale verschillen. Dit kan mogelijk leiden 
tot een toename van de onzekerheid van de schattingen. 

Op basis van inputgegevens van de vrije verkoop van paracetamol, ibuprofen, 
naproxen en diclofenac in Nijmegen berekende wij consumptie van 
(orale/dermale/rectale) geneesmiddelen (66,7%), rest-medicijnen (13,3%), door 
het toilet gespoelde medicijnen (1% van rest-medicijnen), afgespoelde 
medicijnen (ibuprofen 88,32 % en diclofenac 94,1%) en urinaire- en fecale 
excretie op basis van gemiddelde waarden voor zowel conjugaten als 
moederverbindingen. De totale emissie naar het riool is de som van afspoeling, 
door het toilet gespoeld, en urinaire- en fecale uitscheiding. De totale geschatte 
emissies van moederverbindingen in 2018 voor vrij verkrijgbare paracetamol, 
ibuprofen, naproxen en diclofenac waren respectievelijk; 366,27, 91,66, 6,09 en 
2,90 kg/Active Pharmaceutical Ingredient (API). De totale geschatte emissies van 
conjugaten waren significant hoger, te weten voor paracetamol, ibuprofen en 
naproxen, respectievelijk; 5711,09, 415,93, en 27,88 kg/API. Daarentegen 
waren de emissies van diclofenac conjugaten met 3,16 kg/API zeer vergelijkbaar 
met de emissies van moederverbindingen. 

Onze schattingen voor de voorspelde emissies van moederverbindingen lagen 
gedeeltelijk in lijn met de metingen die in 2020 op drie punten in het Nijmeegse 
rioolstelsel zijn gedaan. Ten opzichte van de gemeten waarden zien we met onze 
methode voor alle locaties onderschattingen voor paracetamol tussen factor 1,08 
en 2,31 en voor ibuprofen tussen factor 1,09 en 2,23. De onderschattingen 
sluiten aan bij de beperkingen in data en methode. We zien echter 
overschattingen voor alle locaties voor diclofenac tussen factor 9,36 en 48.14 en 
voor naproxen tussen factor 2,40 en 15,52. De overschattingen van diclofenac 
kunnen te wijten zijn aan een te hoge parameter voor afspoelen. Voor zowel 
diclofenac als naproxen kan de overschatting ook komen door een onbekende 
hoeveelheid afbraak in het rioolstelsel. De conjugaten zijn niet gemeten in het 
Nijmeegse riool en konden wij niet valideren. 

We hebben de mogelijkheid onderzocht om de verkoopgegevens van vrij 
verkrijgbare geneesmiddelen in Nijmegen te schatten op basis van direct 
beschikbare verkoopdata van vrij verkrijgbare geneesmiddelen en 
geneesmiddelen op recept uit de Scandinavische landen. Door de verhouding vrij 
verkrijgbare verkopen/totale verkoop van Noorwegen op Nijmegen toe te 
passen, hebben we de vrij verkrijgbare geneesmiddelenverkoop van 
paracetamol, ibuprofen, naproxen en diclofenac in Nijmegen berekend. De 
verkregen inputdata via deze methode leverde een onderschatting met een 
factor tussen 1,9 en 5,6 in vergelijking met de via private data verkregen 
verkoopdata. Vanwege, deze onderschattingen, en het hebben van een 
alternatief, hebben wij besloten deze data niet als basis te gebruiken voor het 
schatten van emissies. Echter, indien er geen mogelijkheden zijn om aan input 
data te komen, kan deze aanpak worden gevolgd. Er dient dan rekening 
gehouden worden met de genoemde mogelijke onderschattingen. 
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Abstract 
An increasing number of chemicals enter the market each day and reach via 
different pathways eventually the environment. Especially cities are hotspots of 
pollutant emissions of Contaminants of Emerging Concern (CEC) and other 
chemicals. One of these emissions origin from household consumption of over-
the-counter (OTC) drugs, i.e. drugs that can be obtained without a prescription. 
OTC drugs consumption leads to emissions to the sewer system. Waste water 
transfer plants (WWTPs) are not capable of fully removing pharmaceuticals from 
the influent. Consequently, WWTPs’ effluents discharged to surface waters may 
contain varying small amounts of pharmaceuticals which may lead to negative 
effects on the environment.  

The SUSPECt project has been initiated to “develop a set of flexible decision-
support tools that can be used for location-specific analysis, risk-based 
prioritization, and cost-effective control of CEC and other chemicals”. This study 
contributes to one of SUSPECt’s project goals of developing a decision-support 
tool to analyse CEC emissions from households. Therefore, in this study, a 
method has been developed to quantify consumption in Nijmegen of OTC 
acetaminophen, diclofenac, ibuprofen, and naproxen, and accurately estimate 
emissions to the sewer system. 

Based on our literature search we have reviewed which emission estimation 
methods for OTC drugs, and which (international) input data were used for these 
methods. Most emissions estimation methods have four important steps. First, to 
obtain sales data of the drugs via private or public sources. Second, calculation 
of sales volume in kg Active Pharmaceutical Ingredient (API) by multiplying 
wholesale data of prescription or OTC drugs with the total Defined Daily Dose 
(DDD) per drug. However, DDD, although the recommended methodology to
calculate daily drug use, may not reflect real consumption since a part of the
purchased OTC drugs is not consumed. A part may be trashed, kept at home,
flushed down the toilet, etc. Third, calculation of excretion to the sewer by the
use of human excretion factors, for the parent form, and optionally in some
studies, also for metabolites. Both forms may have detrimental effects on the
environment. Finally, validation of the estimates by comparing estimated WWTPs
influent of OTC drugs with influent concentrations measured at several WWTPs,
i.e. comparing Predicted Environmental Concentration (PEC) with the Measured
Environmental concentration (MEC).

Our emissions estimation method uses a mix of largely local and partially 
national private wholesale data as input data. There is no public data on the sale 
of OTC drugs available in the Netherlands. Due to limitations in the local data, we 
partially used national data to fill in the missing data. However, usage may vary 
between regions. If a regional estimation is needed, and local data is available, 
this data may yield more accuracy. If local data is missing, national data can be 
used. If national and local data is missing, data from other countries may be an 
alternative. When national data per capita are converted to regional data, 
possible local differences are ignored. This could potentially lead to an increase in 
the uncertainty of the estimates. 

Based on input data of sales of OTC acetaminophen, ibuprofen, naproxen, and 
diclofenac in Nijmegen we calculated oral/dermal/rectal OTC drugs consumption 
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(66,7%), leftovers (13,3%), flushed drugs (1% of leftovers), wash off (ibuprofen 
88,32% and diclofenac 94,1%) and urinal and faecal excretion (mean values) for 
both metabolites, and parent compounds. Total emissions to the sewer system 
were the sum of flushing, was off and urinal and faecal excretion. Total predicted 
emissions of parent compounds in 2018 for OTC acetaminophen, ibuprofen, 
naproxen, and diclofenac, were respectively; 366.27, 91.66, 6.09, and 2.90 
kg/API. Total predicted emissions of conjugates were significantly higher for 
acetaminophen, ibuprofen, and naproxen. Respectively; 5,711.09, 415.93, and 
27.88 kg/API. In contrast, emissions of diclofenac conjugates were 3.16 kg/API, 
very similar to the emitted load of parent compounds.  
 
Our validation showed underestimations in predicted emissions in all locations 
between 1.08 and 2.31 for acetaminophen and between 1.09 and 2.23 for 
ibuprofen. This may be due to the restrictions in data and method. However, for 
diclofenac, we found large overestimations with factors between 9.36 and 48.14 
for all locations. One explanation for the overestimation of diclofenac could be 
due to using a too-high parameter for the washed-off part. For naproxen, we 
found overestimation factors between 2.40 and 15.52. A second explanation may 
be due to degradation in the sewer system of diclofenac and naproxen. 
Conjugates were not measured in the Nijmegen sewer system and could not be 
validated.  
 
We explored the possibility of estimating sales of OTC drugs in Nijmegen based 
on readily available OTC and prescription drugs sales data from the Nordic 
countries. By applying the ratio of OTC/total sales from Norway to Nijmegen, we 
calculated the OTC drugs sales of paracetamol, ibuprofen, naproxen, and 
diclofenac in Nijmegen. The input data obtained via this method yielded 
underestimations between 1.9 and 5.6 compared to the sales data obtained via 
private data. Because of these underestimations, and having an alternative, we 
decided not to use the Norway data for estimating emissions. However, if there 
are no possibilities to obtain input data, this approach can be followed. Possible 
underestimations should then be taken into account. 
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Abbreviations 

API Active Pharmaceutical Ingredient  
ATC Anatomical Therapeutical Chemical  
CEC Contaminants of Emerging Concern 
DDD Defined Daily Dose  
EMA European Medicines Agency  
MEC(s) Measured Environmental Concentration(s)  
MEL(s) Measured Emitted Loads(s) 
NSAIDs Nonsteroidal Anti-Inflammatory Drugs  
OTC Over-The-Counter  
OTCS Over-The-Counter drugs Sales  
PEC(s) Predicted Environmental Concentration(s)  
POS Point Of Sales  
PS Prescription drugs Sales 
RQ Research Question 
RWZI Rioolwaterzuiveringsinstallatie. (Waste Water Treatment Plant) 
SFK Stichting Farmaceutische Kengetallen. (The Dutch Foundation for 

Pharmaceutical Statistics) 
SUSPECt SUpport ToolS for Risk-based Prioritization and Control of 

Contaminants of Emerging Concern 
TS Total Sales  
UN United Nations 
WHO World Health Organization 
WWTP Waste Water Treatment Plant  
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Main definitions 

ATC A hierarchical classification of drugs according to the organ or system on 
which they act and/or their therapeutic or chemical properties (WHO, 
2022).  

DDD The assumed average maintenance dose for its main indication per day per 
drug in adults. The DDD for prescription data is given in DDD per 1000 
inhabitants per day (WHO, 2022).  

OTC  Pharmaceutical drugs available without a prescription. 
drugs  

TS Total Sales = OTC drugs sales + prescription drugs sales. 
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1. Introduction
An increasing number of chemicals enter the market each day and reach, via 
different pathways, eventually the environment. Especially cities, as centres of 
human activity, represent hotspots of pollutant emissions. Due to increased 
urbanization, the consequences of waste and pollutant emissions from cities are 
becoming more important (UN, 2014). In this context, Contaminants of 
Emerging Concern (CEC) have been receiving increased attention. CEC can be 
found in natural waters, sewer water, and drinking water and can have adverse 
effects on humans and ecosystems (Seibert et al., 2020). Examples of CEC are 
residues and/or metabolites from human and veterinary pharmaceuticals, 
personal care products, engineered nanoparticles, and microplastics.  

According to the Rijksinstituut voor Volksgezondheid en Milieu (RIVM), at least 
190 tonnes of pharmaceutical residues are annually discharged into Dutch 
surface waters (RIVM, 2019). This number may very well be a conservative 
estimate since it is based only on the emissions from prescription drugs but does 
not cover the use by hospitals or consumption of over-the-counter (OTC) drugs 
which can be purchased without a prescription. Some information on drug use in 
hospitals and households is available at the moment. However, the bulk of the 
emissions from consumed pharmaceuticals is attributed to the use of prescription 
drugs (Herrmann et al., 2012). Furthermore, metabolites of the emitted 
pharmaceuticals may form back into the original active substance leading to an 
even larger tonnage of emitted pharmaceuticals (RIVM, 2019). In addition, drug 
use is expected to increase further due to ageing, leading to an increase in 
emissions, and raising concerns regarding a future increase in pressure on the 
environment (Geissen et al., 2015).  

The household use of OTC drugs leads to emissions to the sewer system and 
eventually to the environment. After being metabolized in the human body, 
residues and metabolites of the drug, are excreted via the toilet into the sewer 
system. Wastewater treatment plants (WWTPs) are not capable of fully removing 
pharmaceuticals from the influent (RIVM, 2019). Consequently, WWTPs effluents 
discharged to surface waters may contain varying small amounts of 
pharmaceuticals (Aus der Beek et al., 2016) which may lead to environmental 
problems, e.g. for aquatic life (Ford & Fong, 2016).  

1.1 Problem statement and aim of the study
The increasing number of chemicals emitted to the environment requires new 
and more efficient scientific approaches for assessing and managing chemical 
risks. The Decision SUpport ToolS for Risk-based Prioritization and Control of 
Contaminants of Emerging Concern (SUSPECt) project has been initiated to 
“develop a set of flexible decision-support tools that can be used for location-
specific analysis, risk-based prioritization, and cost-effective control of 
contaminants of emerging concern (CEC) and other chemicals” (Ragas, 2017). 
State-of-the-art scientific knowledge on emission estimation, fate modelling, and 
effect assessment of chemicals for which limited data are available will be 
integrated within SUSPECt to reach this goal (Ragas, 2017).  

Within SUSPECt three case studies are being performed. Subsequently, (1) CEC 
emissions from health care institutions, households, and industry in an urban 
setting, (2) emissions of veterinary pharmaceuticals for livestock farming, and 
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(3) a combination of CEC emissions from WWTPs and livestock on a regional 
water system. For each of these source categories, several typical CEC have 
been selected. For the urban case, Nijmegen has been selected in SUSPECt to 
develop a decision-support tool to analyse CEC emissions from healthcare 
institutions, households, and industries (Ragas, 2017).  

In SUSPECt, wastewater has been sampled at different locations in the sewer of 
Nijmegen. These samples included a variety of pharmaceuticals, i.e. prescription 
drugs, hospital-specific drugs, and OTC drugs. The challenge is how to estimate 
the contribution of household OTC drugs use to the overall load. An emission 
estimation module for hospitals has been proposed in the literature (Zillien et al., 
2020). However, to our knowledge, no such module or procedure is available for 
the estimation of emissions from the household use of OTC pharmaceuticals.  

This study contributes to the SUSPECt project goal of developing a decision-
support tool to analyse CEC emissions from households within the urban case by 
developing a method to predict the household emissions of OTC drugs. The main 
driver for this study is the lack of data regarding the contribution of OTC 
pharmaceuticals to the overall emissions of pharmaceuticals to waste and surface 
water and the need for a reliable method that is practical, accurate, and easy to 
use. A generic estimation method will be developed and applied to the city of 
Nijmegen and validated for a particular neighbourhood of Nijmegen.  
 
Sales data on OTC drugs were obtained in this study and used to estimate the 
consumption, flushing, wash-off, and excretion of OTC drugs to the sewer system 
and thus their contribution to the overall pharmaceutical load (see Figure 1). If 
needed, the environmental impact may be reduced by setting the right emission 
reduction priorities. 
 

 
Figure 1. A conceptual model for emissions of OTC drugs to the sewer system.  

For this study, four CEC were selected: acetaminophen (paracetamol), 
diclofenac, ibuprofen, and naproxen. Initially, we also selected DEET, however, 
we could not find affordable data for the insect repellent N,N-Diethyl-meta-
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toluamide (DEET) and it was cancelled. Paracetamol is an analgesic used orally, 
mainly as a painkiller and to combat fever. Diclofenac, ibuprofen, and naproxen 
are nonsteroidal anti-inflammatory drugs (NSAIDs), used orally or dermally as 
painkillers and anti-inflammatories. The substances were chosen because they 
are frequently used and therefore expected to be present in sufficient quantities 
to be detected, they are toxic to the environment and have several different 
intake routes. Paracetamol and NSAIDs, in particular ibuprofen, are among the 
most used and environmentally released pharmaceutical drugs (Morales, 2019). 
Especially residues from diclofenac, the most potent NSAID, in the environment 
are of great concern (Ashton et al., 2004). In South Asia and Southern Africa, 
veterinary use of diclofenac has led to the near-extinction of species of vulture 
that feed on contaminated carcasses (Naidoo & Swan, 2009).  

1.2 Research objective and research questions 
The problem statement leads to the research objective; Develop and validate an 
estimation method for the emission of over-the-counter (OTC) drugs by 
households into the sewer system. The research objective leads to the central 
research question: How can we quantify the consumption of OTC drugs by 
households in Nijmegen so that we can accurately estimate the resulting OTC 
drugs concentrations in the sewer system? 

The central research question is divided into sub-research questions (RQs). The 
RQs should lead to a practical, accurate, and reliable OTC drugs emission 
estimation method that is suitable for SUSPECt’s urban case Nijmegen.

RQ1: Is OTC drugs consumption by households, and their subsequent emission 
into the sewer system, studied and published by other researchers, and if 
so, what are their findings?  

RQ2: Can any of the found OTC drugs emission estimation methods and data 
sources be applied to our urban case in Nijmegen? 

RQ3: How can we obtain OTC drugs sales data in Nijmegen? 
RQ4: What are the estimated total sales of OTC acetaminophen, ibuprofen, 

naproxen, and diclofenac in Nijmegen in kilograms per substance per 
year? 

RQ5: Which part of the purchased OTC drugs is leftover, flushed, consumed, 
washed off, and excreted? 

RQ6: What are the predicted total OTC acetaminophen, ibuprofen, naproxen, 
and diclofenac emissions into the sewer system in Nijmegen in kilograms 
per substance per year?  

RQ7: How can we validate our emissions estimation method? 
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2. Literature review of emissions estimation methods 
This chapter presents the methods, products, and data used to answer RQ1. Sec-
tion 2.1 covers our literature review where we learned which methods have been 
used for quantifying OTC drugs use, estimating OTC drugs emissions, and which 
data sources have been used. In Section 2.2 we present a synthesis of relevant 
studies, in Sections 2.3, 2.4, and 2.5 international and Dutch data sources for 
sales of OTC drugs are covered, in 2.6 sales of OTC drugs in The Netherlands, in 
2.7 the use of OTC drugs based on consumer surveys, and finally in 2.8 we pre-
sent the conclusion of our literature review.  
 
2.1 Literature Review 
The literature review started with 24 articles that were suggested and/or pro-
vided by the project leader of SUSPECt, prof. dr. A. Ragas, Radboud University 
(RU), and project member of SUSPECt and Ph.D. student at the RU, C. Zillien. A 
sub-selection of eight articles was made and is presented in the supporting info 
(Table S1). A paper was selected if it contained information regarding emissions 
of OTC drugs and/or general information about the use, excretion, and OTC 
availability of diclofenac, ibuprofen, naproxen, and acetaminophen. 
 
Subsequently, a search was carried out within the OU library (www.ou.nl) and 
the database Web of Science (www-webofscience-
com.ezproxy.elib10.ub.unimaas.nl /wos/woscc/basic-search). The search was ex-
ecuted in the period from February to June 2021. The used keywords are listed in 
Table 1 and relevant literature is listed in Table S2a of the supporting info. Addi-
tional literature research was conducted in October 2021 (see Table S2b) to find 
additional relevant articles containing information about consumer surveys, un-
sold stock, and take-back actions. Finally, several cited articles in the key papers 
(Table 2) have been used to find more papers. Table S3 of the supporting info 
lists the cited articles. 
 
Table 1. Used keywords in literature search 
Keywords  

- Over-the-counter drugs 
- OTC sales 
- Over-the-counter pharmaceuticals  
- Estimation of OTC drugs sales 
- Contaminants of Emerging Concern (CECs)  
- Active Pharmaceutical Ingredients (APIs) 
- Emissions estimation  
- Emission estimation methods 
- Sewer influent 
- In-sewer breakdown/removal 
- WWTP pharmaceutical influent  
- Unsold stock 
- Consumer survey 
- Take-back actions 

 
Based on the findings in the literature search, ten key studies were selected 
based on their relevance to our study. See Table 2.  
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Table 2. Selection of key studies in the literature review. 
Author & 
Year 

Country Aim of study OTC drugs data source 

Austin et 
al., 2020 

England and 
Wales 

To investigate the 
significance of OTC drugs 
and topical applications as 
sources of API releases to 
wastewater. 

Private: 
Nielsen company. 
www.nielsen.com 

Riva et al., 
2014 

Italy To refine past approaches 
for predicting 
environmental load of 
pharmaceuticals in the 
environment and to 
include priority 
pharmaceuticals not yet 
included in the priority list. 

Agenzia Italiana Del 
Farmaco. 

www.aifa.gov.it/en/ 

He et al., 
2020 

Japan To assess environmental 
risk of pharmaceutical 
concentrations in 
wastewater influent, based 
on sales data and 
emissions data. 

Japanese Ministry of 
Health, Labour and 
Welfare 
www.e-stat.go.jp 

Kristensen 
et al., 2019 

1. Denmark
2. Finland
3. Sweden
4. Iceland
5. Norway

To examine if the use of 
NSAIDs changed with the 
emerging evidence, 
regulatory statements, and 
clinical guidelines 
advocating caution for 
their use.  

Nationwide wholesale 
statistics 
1. www.medstat.dk
2. www. fimea.fi/web/
en/databases_and_regist
eries/consumption
3. www.ehalsomyndighet
en.se
4. www.ima.is
5. www.legemiddelforb
ruk.no/english

Oosterhuis 
et al., 2012 

The 
Netherlands 

To investigate local 
emissions of 
pharmaceuticals 
to regional surface waters. 

www.sfk.nl (only OTC 
drugs from pharmacies) 

Hider-
Mlynarz et 
al., 2018 

France 
Germany 
Italy 
Spain 
UK 

To describe consumption 
trends of analgesics; non-
opioids, mild and 
strong opioids, between 
2006 and 2015 in France, 
and compare with six 
European countries in 
2015. 

- For France :Agence
Nationale de Sécurité des
Médicaments (ANSM)
- For EU: (Private)
Multinational Integrated
Data Analysis System
(MIDAS)
- National databases

Morales et 
al., 2019 

Denmark 
The 
Netherlands 
England 
Scotland 

To measure the impact of 
regulatory action on the 
prescribing of systemic 
diclofenac in Denmark, The 
Netherlands, England, and 
Scotland 

OTC not included in 
study. 

Vatovec et 
al. 2017 

USA To examine behaviours 
related to pharmaceutical 
purchases, such as 
consumption, leftover 
drugs, ways of disposal 

1N.a.  
A survey among students 
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and use and knowledge of 
take-back programs. 

Vatovec et 
al. 2019 

USA To provide insight into 
purchasing, use, and 
disposal behaviours 
associated with human and 
veterinary medications. 

N.a.
A survey among adults

Rogogwska 
et al. 
(2019). 

Poland To identify the scale of 
pharmaceutical 
consumption and the way 
they are disposed of by 
various social groups.  

N.a.
A survey among Polish
consumers and patients

1N.a.=not available 

2.2 Synthesis of relevant studies 
Emissions from the consumption of active pharmaceutical ingredients (APIs) 
have received considerable attention in the last decades and have been studied 
by several researchers (Aus der Beek et al., 2016). However, emissions from 
OTC drugs consumption, although studied (Riva et al., 2015; Oosterhuis et al., 
2013; He et al., 2020; Azuma et al., 2015; Tauxe-Wuersch et al., 2005), have 
received less attention. In addition, no topical applications were considered in 
these studies. Although topical applications such as gels are less used than orals, 
they do form per product a relatively unevenly large proportion of the emissions 
due to a large part not being absorbed by the human body (Daughton & Ruhoy, 
2009). Recommendations for our study, the found emissions estimation 
methods, and input data are given below.  

Austin et al. (2020)
Introduction: Austin et al. propose emission estimation methods that can be 
applied widely when OTC drugs sales data is not publicly available.  
Aim of the study: To investigate the significance of OTC drugs and topical 
applications as sources of API releases to wastewater. 
Summary of the procedure for emission estimation: Based on the Nielsen 
data the products of interest were identified and the mass of API per product was 
calculated. The API per product was calculated in milligrams by consulting The 
British National Formulary, which provides information on the active ingredient 
and the mass of the API per tablet or dose in millilitres, the latter needed 
conversion to mg.ml−1. Then, the API was multiplied by the amount of sold 
tablets (or millilitres) per product. The calculated value was subsequently 
converted (divided by 1,000,000) to kilograms API per month per postcode.  
The validation of the proposed method was done by comparing estimated WWTPs 
influent of OTC drugs with influent concentrations measured at several UK 
WWTPs. 
Source of data: Nielsen Company, an American global information data, and 
measurements company that specialises in providing data on consumer goods.  
Other: Austin et al. (2020) is the only study found that calculates the emissions 
from topical application of OTC available pharmaceuticals, which makes this 
study particularly interesting for our study. 
Possible usefulness for our study: Austin et al. (2020) concluded that the 
emissions of the investigated substances (ibuprofen, diclofenac, and ranitidine) 
did not vary temporally. However, the regional variation was significant and this 
should be considered when applying Austin’s method to e.g. our urban case. 
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Nielsen sales data had some limitations since it only covers sales from 
collaborators, which account for 86% of total OTC sales, introducing a substantial 
error, which according to Austin et al. (2020) is “not easily quantified”. Austin’s 
method to calculate kilograms API per substance per month per postcode could 
be applied to our study if we acquire data with such high resolution. The 
Anatomical Therapeutic Chemical (ATC) code per substance can be obtained in 
the World Health Organization database (http://www.whocc.no/atc_ddd_index/) 
as well as the Defined Daily Dose (DDD)  per ATC code. ATC is a hierarchical 
classification of drugs according to the organ or system on which they act and/or 
their therapeutic or chemical properties. 

Riva et al. (2014)  
Introduction: They suggest a three-step method to predict an environmental 
load of pharmaceuticals in the environment. 
Aim of the study: To refine past approaches and to include priority 
pharmaceuticals not yet included, based on their review of recent literature. 
Summary of the procedure for emission estimation: Their first step was to 
establish predicted environmental concentrations (PECs), according to the 
proposed approach by the European Medicines Agency (EMA). Then they 
established human metabolic rates and excretion rates of the pharmaceuticals 
for refinement of the EMA’s PECs. Finally, the results were compared to 
measured environmental concentrations (MECs) in surface waters in Italy. The 
starting point for the predicted environmental load is generally based on the 
sales volume of the selected substances (Riva et al. 2014).  
Prescription data were multiplied with the DDD and OTC data was multiplied with 
the API per sold pack. The DDD is the assumed average maintenance dose for its 
main indication per day per drug in adults. The DDD for prescription data is given 
in DDD per 1000 inhabitants per day.  
Source of data: In Italy sales of OTC drugs are tracked and made available by 
Agenzia Italiana Del Farmaco. 
Other: Their study included the sales volume of prescription drugs and OTC-sold 
drugs. No dermal applications in products were included. 
Possible usefulness for our study: This study uses a list of priority 
pharmaceuticals that covers our selected substances: paracetamol, ibuprofen, 
naproxen, and diclofenac. Human excretion rates are listed in their study based 
on their literature review. Riva et al. (2014) considered the excretion of both the 
parent and the metabolites forms. They calculated a mean total value for the 
metabolites and parent form together and used this value for the excretion rate 
per substance. These rates may be indicative of our study. Their predictive 
approach matched well with the MEC. However, they found substantial 
differences due to possible local and seasonal variability. PECs are based on 
annual sales data and do not represent seasonal differences.  

He et al. (2020)  
Introduction: He et al. (2020) estimated pharmaceutical concentrations in 
Japanese wastewater influent, based on pharmaceutical industry sales data. He 
et al. used a list of priority pharmaceuticals and obtained their sales volumes.   
Aim of the study: To assess environmental risk. 
Summary of the procedure for emission estimation: First, sales volumes for 
a selection of substances in an updated list of priority pharmaceuticals were 
obtained. Second, PECs in wastewater influents were estimated using excretion 
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rates. Third, a comparison was made between PEC and MEC. Fourth, an 
evaluation was made of the removal performance of WWTPs and finally, the 
environmental risks posed by different pharmaceuticals were evaluated.  
Source of data: The Japanese Ministry of Health, Labour, and Welfare.
(https://www.e-stat.go.jp/statsearch/files?page=1&toukei=004501 
51&result_page=1). 
Other: He et al. (2020) show that Japan has a relatively stable pharmaceutical 
consumption in time and space and the wastewater influent is strongly related to 
Japan's water consumption. Therefore, He et al. applied national OTC sales data. 
Possible usefulness for our study: If pharmaceutical and water consumption 
follows a similar pattern in The Netherlands, The use of national sales data as a 
basis for regional data may be relevant for our urban case. However, this 
national approach, according to Austin’s recommendations, may introduce 
significant errors if regional differences in consumption exist.  

Oosterhuis et al. (2012)  
Introduction: Oosterhuis et al. (2012) concluded that regional consumption 
data is very useful for emission prediction purposes and that predicted 
environmental concentrations might be an alternative to the monitoring of 
pharmaceuticals in wastewater and surface waters. Having consumption data of 
pharmaceuticals, and knowledge of WWTPs efficiencies, enables one to relate to 
or estimate a load of pharmaceuticals in sewage influent, the removal by and the 
load in WWTPs effluent, and the pharmaceutical loads and concentrations in 
receiving waters (Oosterhuis et al., 2012). 
Aim of the study: To investigate local emissions of pharmaceuticals 
to regional surface waters. 
Summary of the procedure for emission estimation: Oosterhuis et al. 
(2012) used local consumption data of pharmaceuticals as the basis to study 
emissions to regional Dutch surface waters. Sales data were given in DDD/year. 
Consumption was assumed to equal sales. Hospital use was assumed to be 
marginal since the pharmaceuticals are mainly sold via (generic) pharmacies 
(Oosterhuis et al., 2012). Predicted emissions were based on sales, excretion 
rate, and WWTP removal rate. Loads of pharmaceuticals to the WWTP were 
calculated by use of an excretion factor and an average daily dose. 
Consumption was calculated using Equation 1, and pharmaceutical load to 
WWTPInffluent using Equation 2. They chose two small Dutch water catchments for 
this purpose. They compared predicted emissions to concentrations in 
wastewater. 
Source of data: Sales data from pharmacies were obtained from the Dutch 
foundation for pharmaceutical statistics (SFK). 
Other: Sales of OTC drugs and hospital use were not considered. However, 
Oosterhuis et al. (2012) chose nine high-consumption pharmaceuticals, one of 
them diclofenac. 
Possible usefulness for our study: Oosterhuis et al. (2012) concluded that, 
although international or national sales data are valuable, regional consumption 
may differ, making the former less suitable for prediction purposes. This is in line 
with the findings in the Austin et al. (2019) study. For this reason, as well as the 
lack of studies considering regional data, Oosterhuis et al. (2012) chose regional 
sales data for linking household sales to concentrations in wastewater.  
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Consumption was assumed to equal sales. However, this may not necessarily be 
the case in our study. Therefore, we need to assert the relationship between 
sales and consumption. Equations 1 and 2 were used to estimate consumption 
and the load to WWTP, respectively;  

(Eq. 1) ConsumptionArea (g/persons per day) = (𝐷𝐷𝐷𝐷𝐷𝐷/ 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ∗ (𝑔𝑔/𝐷𝐷𝐷𝐷𝐷𝐷)
𝑛𝑛𝑢𝑢𝑚𝑚𝑚𝑚𝑦𝑦𝑦𝑦 𝑜𝑜𝑜𝑜 𝑝𝑝𝑦𝑦𝑦𝑦𝑝𝑝𝑜𝑜𝑛𝑛𝑝𝑝 𝑖𝑖𝑛𝑛 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

 
      

(Eq. 2) Load to WWTPInffluent (g/day)= (𝐷𝐷𝐷𝐷𝐷𝐷/ 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ∗(𝑔𝑔/𝐷𝐷𝐷𝐷𝐷𝐷)∗𝑦𝑦𝑒𝑒𝑒𝑒𝑦𝑦𝑦𝑦𝑒𝑒𝑖𝑖𝑜𝑜𝑛𝑛
365

 
Adapted from Oosterhuis et al. 2019.  
 
Kristensen et al. (2019)  
Introduction: Kristensen et al. (2019) examined total sales and prescription use 
of NSAIDs during 2000–2016 in Sweden, Denmark, Finland, Norway, and 
Iceland. Total sales consisted of sales of prescription- and OTC drugs. 
Aim of the study: To examine if the use of NSAIDs changed with emerging 
evidence, regulation, and clinical guidelines advocating caution for their use. 
Relevance: Quantification of NSAIDs use. 
Source of data: Publicly available wholesale statistics.  
Other: Kristensen et al. (2019) present their findings per 1000 habitants and 
stratify them by sex and age, enabling some demographic insight. 
Possible usefulness for our study: The study shows OTC drugs and 
prescription drugs sales of NSAIDs of main interest (ibuprofen, naproxen, 
diclofenac) in 2015. Of special value may be the percentage of OTC drugs sales 
of total sales as an indicative figure. This may be useful if we need to estimate 
OTC drugs sales in the lack of a reliable data source for Dutch OTC drugs sales. 
E.g., OTC drugs sales constituted 33% and 9% of total diclofenac sales in 2016 
in Sweden and Norway, respectively. However, these percentages are quite 
different. This study gives insight into the demographic characteristics of the 
Nordic Countries and The Netherlands concerning NSAID use. NSAIDs are sold at 
similar Points of Sale (POS) in The Netherlands and all our selected OTC drugs 
are sold OTC, except for diclofenac which is only sold OTC in Norway and 
Sweden. 
 
Text Box 1. Demographic data NSAIDs in The Nordic Countries (Kristensen et al. 
(2019). 

 
 

• Ibuprofen is the most sold NSAID. 
• Diclofenac is only sold OTC in Norway (9%) and Sweden (33%) 
• Diclofenac sales decreased in line with evidence for cardiovascular risks, although 

with differences between countries indicating country specific nonadherence to 
guidelines regarding NSAID use. 

• Age differences for diclofenac use: In 2016, the (median) prevalence of us among 
patients aged 60–69 years was 46 users/1000 inhabitants, in  ages 70–79 years, it 
was slightly lower, and for patients aged 80 years or older, it was remarkably lower 
(median) 11 users/1000 inhabitants. 

• Number of (prescription) users per 1000 inhabitants were calculated for all patients 
and stratified by sex and age (0–19, 20–39, 40–59, 60–69, 70–79, and≥ 80 years).   

• We see that the youngest age group (0-19) uses least, 60—69 and 40-59 most, 70-
79 above average, 20-29 approximately average and 80-89 below average.  
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Hider-Mlynarz et al. (2018)  
Introduction: Hider-Mlynarz et al. (2018) described consumption trends of 
analgesics; non-opioids, and mild and strong opioids, between 2006 and 2015 in 
France. Both OTC drugs and prescription-only medicines were included. 
Aim of the study: To compare consumption trends of analgesics, non-opioids, 
and mild and strong opioids, in six European countries.  
Relevance: Quantification of use. Quantification of pharmaceutical sales was 
given in standard units (i.e. the number of counting units sold, divided by the 
standard unit factor).  
Source of data: The French national authority’s consumption database Agence 
Nationale de Sécurité des Médicaments. For the five most populated European 
countries annual sales data were purchased from the IMS Multinational 
Integrated Data Analysis System (MIDAS). Supplementary data on doses were 
retrieved from www.medstat.dk for Denmark and www.socialstyrelsen.se for 
Sweden. 
Other: Paracetamol consumption is highest in France. 
Possible usefulness for our study: Firstly, DDD, although the recommended 
methodology to measure daily drug use, may not reflect real consumption. 
Second, if wholesale data is used, it does not equal retail sales data, for unsold 
drugs left in stock are not accounted for. The same applies to consumer drug 
purchases that are not consumed. Finally, Hider-Mlynarz et al. (2018) found it 
impossible to quantify the proportion between prescribed and non-prescribed 
OTC drugs.  

Morales et al. (2019). 
Introduction: Morales et al (2019) measured the impact of the regulatory 
action on the prescribing of systemic diclofenac in Denmark, The Netherlands, 
England, and Scotland.  
Aim of the study: To measure the impact of the regulatory action on the 
prescribing of systemic diclofenac in the above-mentioned countries.  
Relevance: Demographic data.  
Source of data: The Dutch PHARMO Database Network in The Netherlands, for 
diclofenac prescription use. No OTC sources are included. 
Other: Their main conclusions are that the regulatory action led to significant 
reductions in overall diclofenac initiation, although its magnitude varied by 
country, and that it had no impact on discontinuation or switching to other drugs. 
Possible usefulness for our study: The used data sources for diclofenac per 
country. Not much difference between gender in diclofenac use, although in all 
countries females are more often using diclofenac than males. Age differences in 
use are similar to The Nordic Countries (Kristensen et al., 2019). However, these 
findings apply to prescription diclofenac and may not apply to OTC diclofenac. 

Vatovec et al. (2017)  
Introduction: Vatovec et al. (2017) employed an online, 21-question survey, to 
examine behaviours related to the purchases of OTC and prescription medication 
among 358 students at the University of Vermont. 
Aim of the study: To examine behaviours related to pharmaceutical purchases, 
such as consumption, leftover drugs, ways of disposal and use, and knowledge of 
take-back programs. 
Relevance: Estimation of the part of the purchased drugs that are consumed, 
and flushed.  
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Source of data: A survey among 358 Vermont students. However, this is a very 
small sample size and may not be representative of the 170.000 inhabitants of 
Nijmegen.  
Possible usefulness for our study: 94% of the students had purchased 
medications in the previous 12 months and 61% had leftover drugs. With 25%, 
municipal trash was the primary route of drug disposal, and 1% disposed of 
drugs via flushing. Thus, the flushed 1% of the leftover drugs end up in the 
sewer system and may be added to the emissions to the sewer system. Contrary 
to previous studies of older populations, only 18% had disposed of drugs. Young 
subjects, such as students, had been minimally studied at the time. 24% were 
aware of drug take-back programs and only 4% had ever used these. 

Vatovec et al. (2021) 
Introduction: In this study, a survey was conducted into human and veterinary 
pharmaceuticals, acquired by prescription or OTC, as potential sources of 
environmental pollution.  
Aim of the study: To provide insight into purchasing, use, and disposal 
behaviours associated with human and veterinary medications. 
Relevance: Estimation of the part of purchased drugs that are consumed, and 
flushed. 
Source of data: A survey among 421 Vermont adults. However, this is a very 
small sample size and may not be representative of the 170.000 inhabitants of 
Nijmegen.  
Other: A large volume of acquired drugs are unused annually, and only a portion 
of leftover medications are returned to take-back programs. The majority (93%) 
of respondents had purchased some form of medication within the past twelve 
months, including OTC (85%), prescription (74%), and veterinary (41%) drugs. 
Leftover drugs of any kind were reported by 59% of respondents. While 56% of 
people were aware of drug take-back programs, the majority reported never 
being told what to do with leftover medications by their physician (78%), 
pharmacist (76%), or veterinarian (53%). 
Possible usefulness for our study: Take-back programs were the most 
common disposal method (22%), followed by trash (19%), and flushing (9%). 
26% of respondents reported keeping unused drugs. Thus, 9% of the leftover 
drugs end up in the sewer system. This is a higher percentage than the 1% in 
the group of students (Vatovec et al. 2017).  

Rogogwska et al. (2019) 
Introduction: Rogogwska et al. (2019) conducted two surveys in Poland to gain 
insight into the collection and disposal of expired and/or unused pharmaceuticals 
(OTC and prescription drugs). 
Aim of the study: The purpose of Survey I was to identify the scale of 
pharmaceutical consumption and the way pharmaceuticals are disposed of by 
various social groups. Survey II aimed to identify patients’ attitudes regarding 
expired/unused pharmaceuticals at home. 
Relevance: Estimations of the part of purchased drugs that is consumed and 
ends up in the sewer system. 
Source of data: Rogogwska et al. (2019). Two surveys among Polish 
consumers/patients. In Survey I, 450 people participated; 306 women 
(68%) and 144 men (32%). The population consisted of the following age 
groups: 78% up to 40, around 18% between 41 and 60, and 4% people older 
than 61. Survey II was completed by 635 people; 461 women (72.6%) and 174 
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men (27.4%). The age groups were: 258 (40.8%) aged up to 39, 261 (41.2%) 
between 40 and 60, and 114 (18.0%) over 60. 2 people did not give their ages. 
Possible usefulness for our study: Almost 74% of the respondents indicated 
purchasing OTC analgesics. Almost 68% of the respondents in survey I disposed 
of expired pharmaceuticals in their household waste or by flushing. No partition 
was made between the two ways. In Survey II this percentage was 35%. Of all 
respondents, approximately 30% returned their expired pharmaceuticals to 
pharmacies. 

2.3 International data sources for OTC drugs sales 
OTC drugs sales data may come from different sources. It may be sales data, 
e.g. sales numbers from market researcher agencies or governmental organiza-
tions, data from other countries, retailers, drugstores, pharmacies, and other
POS. It may also be purchase data, obtained directly from consumers. Many
studies into pharmaceuticals consumption, emissions from drug use, or environ-
mental impact from drug use, use OTC drugs sales data and/or prescription drug
sales data as a starting point to quantify drug consumption. For this purpose, dif-
ferent public and private data sources are consulted depending on the study, the
availability of the data sources, and the region of interest. The data sources for
OTC drugs sales found in the literature review are listed in Table 3.

Table 3: Data sources for OTC drugs sales for the four largest EU countries, the UK, the 
Nordic countries, and Estonia  
Country OTC drugs data source Reference 
Germany - Private: for EU Multinational

Integrated Data Analysis System
(MIDAS, retail & non-retail).

- Hider-Mlynarz et al., 2018

France - Public: Agence Nationale de Sécurité
des Médicaments (ANSM)

- Hider-Mlynarz et al., 2018

Italy - Public: Agenzia Italiana Del
Farmaco. www.aifa.gov.it/en/

- Riva et al., 2014

Spain - Private: for EU Multinational
Integrated Data Analysis System
(MIDAS, retail & non-retail)

- Hider-Mlynarz et al., 2018

UK - Private: Multinational Integrated
Data Analysis System (MIDAS, retail
& non-retail)

- Hider-Mlynarz et al., 2018

England+ 
Wales 

- Private: Nielsen Company - Austin et al., 2019

Norway - Public: www.legemiddelforbruk.no - Kristensen et al., 2019
Finland - Public:

www.fimea.fi/web/en/databases_and_
registeries/ consumption

- Kristensen et al., 2019

Iceland - Public: www.ima.is - Kristensen et al., 2019
Denmark - Public: www.medstat.dk - Kristensen et al., 2019
Sweden - Public: www.ehalsomyndigheten.se - Kristensen et al., 2019
Estonia - Public:

https://www.ravimiamet.ee/en/statist
ics-medicines

- Agency of Medicines, 2021
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2.4 Data sources for OTC drugs and total drugs sales in the 
Nordic Countries
Sales data for OTC drugs and prescription drugs has been gathered in the 
Kristensen et al. (2019) study in the Nordic Countries. OTC drugs sales data, 
total drugs sales data (OTC drugs sales + prescription drugs sales), and the OTC 
drugs sales/total drugs sales percentages from the Nordic Countries are 
calculated or obtained from Kristensen et al. (2019) or Wastesson et al. (2018). 
See Table 4. 

Table 4. OTC drugs sales, total drugs sales, and OTC drugs sales /total drugs sales 
percentages for acetaminophen, ibuprofen, naproxen, and diclofenac by country in 
DDDs/1000 inhabitants-1 day-1 
Sweden Year OTC drugs 

sales 
Year Total drugs 

sales 
% OTC/Total 

Acetaminophen 2015 15.4d 2015 50.0c 30.8 %c

Ibuprofen 2016 23.8a 2016 27.6a 86.2% 
Naproxen 2016 1.0a 2016 12.3 8.1% 
Diclofenac 2016 2.6a 2016 7.8 33.3% 
Denmark Year OTC drugs 

sales 
Year Total drugs 

sales 
% OTC/Total 

Acetaminophen 2015 14.6d 2015 65.1c 22.4%c

Ibuprofen 2016 5.4a 2016 25.3a 21.3% 
Naproxen n.a. n.a. 2016 2.2 n.a.
Diclofenac 2008 0.4a 2016 2.4 16.7% 
Norway Year OTC drugs 

sales 
Year Total drugs 

sales 
% OTC/Total 

Acetaminophen 2015 29.5d 2015 48.0c 61.5%c

Ibuprofen 2016 9.3a 2016 16.9a 55.0% 
Naproxen 2016 0.8a 2016 12.4 6.5% 
Diclofenac 2016 0.7a 2016 8.1 8.6 
Finland Year OTC drugs 

sales 
Year Total drugs 

sales 
% OTC/Total 

Acetaminophen 2015 9.4d 2015 38.0c 24.5%c

Ibuprofen 2016 23.3a 2016 51.2a 45.5% 
Naproxen 2016 <0.1a 2016 7.8 1.3% 
Diclofenac n.a. n.a. 2016 4.3 n.a.
Iceland Year OTC drugs 

sales 
Year Total drugs 

sales 
% OTC/Total 

Acetaminophen 2015 n.a. 2015 30.3c n.a
Ibuprofen 2016 33.5a 2016 41.1a 81.5% 
Naproxen 2016 1.2a 2016 8.4 14.3% 
Diclofenac 2012 0.1a 2016 12.7 0.8% 

Adapted from Kristensen et al. 2019 and Wastesson et al. 2018. 
n.a.= Not available, i.e. no data was found in the literature review.
a Data from Kristensen et al. 2019.
c Data from Wastesson et al. 2018.
d Calculated by use of given total sales and OTC drugs sales/total drugs sales in
Wastesson et al. 2018.

An alternative approach to quantify OTC drugs sales in Nijmegen is the use of 
the percentage of OTC drugs sales/total drugs sales from the Nordic countries, or 
the most comparable country, and use this percentage to calculate OTC drugs 
sales in Nijmegen.  
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2.5 Data sources for OTC drugs sales in The Netherlands 
Data sources in The Netherlands for OTC drugs sales and prescription drugs sales 
found in the literature review are presented in Table 5. 
 
Table 5: Data sources OTC drugs sales and prescription drugs sales in The Netherlands. 
Country  OTC drugs Reference  Prescription drugs Reference  
The 
Netherlands 

- Private: Nielsen 
Company  (retail). 
www.nielsen.com 
-Public: Dutch 
Foundation for 
Pharmaceutical 
Statistics (SFK) 
www.sfk.nl 
- Private: Farminform 
www.farminform.nl 
 

- Austin et 
al., 2019 
 
- Oosterhuis 
et al., 2012 
 
 
 
-Walenbergh, 
2021 
 

- Private: IQVIA. 
www.iqvia.com 
- Public: SFK. www.sfk.nl 
 
- Public: The Dutch 
PHARMO Database 
Network (health care 
providers). 
www.pharmo.nl 
- Public: GIP1databank. 
www.gipdatabank.nl 

- Austin et 
al., 2019 
- Oosterhuis 
et al., 2012 
- Oosterhuis 
et al., 2012 
 
 
 
- Austin et al. 
(2019) 

1 Genees- en hulpmiddelen Informatie Project. 
 
SFK (The Dutch Foundation for Pharmaceutical Statistics) gathers its data from 
97% of the community pharmacies and registers information about the drug, the 
dispensing pharmacy, the health insurance company, the prescribing doctor, and 
the patient. SFK data does not include drug use in hospital care, specialised care, 
or sales from retail. SFK has the most elaborate database in the Netherlands and 
publishes every two years public report Facts and Figures. Their latest report 
covers data from 2019 (SFK, 2020).     
 
Farminform provides user information on the Dutch pharmaceutical market. They 
keep track of OTC drugs wholesale to community pharmacies and retail. They 
can provide higher coverage of the OTC drugs sales of pharmacies than SFK by 
applying their wholesale data. According to the operational director of Farmin-
form, this wholesale data can be regarded as actual sales data. This is based on 
their year-to-year experience. Retail and pharmacies do not keep OTC drugs in 
storage. They use automated systems to order OTC drugs when shelf storage is 
at a certain minimum.  
 
However, Farminform does not have data on private labels, e.g. Albert Hein Pa-
racetamol, from supermarkets. Many supermarkets carry OTC drugs with private 
labels for paracetamol and ibuprofen. The lack of this data is of concern since 
sales of private labels in supermarkets may represent a large part of OTC drugs 
sales in retail (Walenberg, L., 2021, personal communication). OTC drugs sales 
data may also be purchased from private parties such as US human data compa-
nies Nielsen and IQVIA.  
 
2.6 Sales of OTC drugs in The Netherlands 
In The Netherlands, the Medicines Evaluation Board (CBG) is responsible for the 
classification of pharmaceuticals. Three categories of medicines that can be sold 
without a prescription exist; sales at Only Pharmacy (Uitsluitend Apotheken, UA), 
Only Pharmacy and Drugstore (Uitsluitend Apotheken en Drogisterijen, UAD), 
and General Sales (Algemene Verkoop, AV). Drugs that are sold through AV do 
not require the presence of a specialist, e.g. sales at supermarkets and gas 
stations. Prescription drugs can only be obtained with a prescription at 
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community pharmacies (openbare apotheken) or while in specialised (hospital) 
care at the hospital pharmacy. Other pharmacies are clinical, industrial, or 
ambulant but do not fall within the scope of our study. Community pharmacies 
are the most common and best-known pharmacies. At these pharmacies a 
pharmacist is present. OTC drugs can be sold at community pharmacies, 
supermarkets, drugstores, and petrol stations (SFK, 2020). 
 
On January 1, 2020, 2005 community pharmacies existed in The Netherlands. 
93% of the Dutch population depends on community pharmacies for drug 
dispensing. Dutch pharmacies not only give out prescription drugs but also sell 
OTC drugs for which no prescription is required. OTC drugs can also be 
purchased freely, although with restrictions on pack size and dosage. E.g. 
diclofenac can only be purchased at drugstores at the dosage of 12.5 mg per 
tablet, while at pharmacies the maximum dosage per table is 25 mg. For higher 
dosages, a prescription is required. Naproxen can be purchased OTC at 
drugstores for up to 220 mg per tablet. Higher dosages and rectal naproxen are 
only available with a prescription (SFK, 2020). See Table 6. 
 
Table 6. OTC availability of acetaminophen, ibuprofen, naproxen, and diclofenac 
(www.apotheek.nl, March 2022). 

1 Only if the nearest pharmacy or drugstore is more than three kilometres from the POS. 
2 Not available. 3 A strong painkiller. 
 
In 2019, paracetamol was the most-sold OTC drug in Dutch pharmacies with 
29.2% of total OTC drugs sales. NSAIDs as a group rate number three with a 
share of 6.7% of OTC drugs sales in pharmacies (SFKb, 2020). Market shares of 
the market for OTC drugs, health products, and medical instruments in The 
Netherlands in 2020 were 75.9%, 15.0%, and 9.1%, respectively for drugstores, 
supermarkets, and pharmacies (IQVIA, 2022). Market leader drugstore concern 
A.S. Watson  (Kruidvat, Trekpleister, Ici Paris XL, a.o.) formed the largest 
drugstore concern in 2022 with 1169 stores. The five largest drugstores concerns 

Drug Available OTC  
 Oral Dermal Rectal 

Acetaminophen Drugstores/supermarkets 
/pharmacies/petrol stations1. 
Up to 500 mg per tab. Only 
prescription when combined 

with codeine or Tramol3 

n.a.2 Drugstores/supermarkets/ 
pharmacies. Up to 1000 mg 

per suppository. 

Ibuprofen Drugstores/supermarkets/ 
pharmacies/petrol stations. 
Up to 200 mg (max 48 tabs) 

per tab and up to 400 mg 
(max 24 tabs) per tab. 

Supermarkets up to 200 mg 
(10 tabs) per tab. 

Drugstores/  
supermarkets/ 
pharmacies/ 

petrol stations. 
5% gels or 

foams. 

n.a. 

Naproxen Drugstores/supermarkets. 
Up to 275 mg per tab. (max 
12 tabs). Pharmacies. Up to 

550 mg (> 12 tabs)  

n.a. Only prescription. 
 

Diclofenac Drugstores/pharmacies. Up 
to 12.5 mg per tab. (max 24 
tabs). Pharmacies up to 25 

mg (> 24 tabs)  

Drugstores/  
supermarkets/ 
pharmacies. 

Only prescription. 
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combined count 2205 stores covering most of the market (www.statista.com, 
2022).  
 
2.7 Use of OTC drugs based on consumer surveys 
The use of OTC drugs can be estimated by asking consumers which, how often, 
and in what quantities, they use OTC drugs. Hedenrud et al. (2019) used 
consumer surveys to e.g. estimate how often consumers used OTC drugs within 
a certain population and their perception of sales and use of OTC drugs.   
Nydert et. al (2011) used data obtained from pharmacies and from two different 
consumer surveys to estimate OTC drug use in Sweden, thus applying a 
combination of data sources. In a Dutch study, Tobi et al. (2003) concluded that 
socio-economic differences concerning OTC drugs use existed but not for 
prescription drugs and found gender differences (adolescent females used OTC 
drugs twice as often). However, no studies were found that used solely consumer 
surveys to quantify OTC drug use in The Netherlands and covered our selected 
OTC drugs.  
 
 
2.8 Literature Review Conclusions  
Although not all of the described studies have similar aims, each study is of some 
interest to our study. Of the ten studies, four studies contain and explain an 
emissions estimation method, three studies contain consumer behaviour 
regarding OTC drugs, and three studies describe and compare the use of (OTC) 
NSAIDs in relation to regulatory statements among (six) countries.   
 
The four found emissions estimation methods: (1) based on regional private data 
(Austin et al., 2020), (2) a three-step method based on public national data 
(Riva et al., 2014, (3) based on priority pharmaceuticals industrial public sales 
data (Het et al., 2020), and (4) based on local consumption public data 
(Oosterhuis et al., 2012), although somewhat different, show several similarities 
and two important steps. One, the starting point of the emissions estimation 
methods was to obtain sales volumes of the drugs of interest. Quantification of 
the sales volumes of the OTC drugs of interest was done by calculating the total 
mass of API in all relevant products in kilograms per period. Quantification of the 
prescription drugs data was calculated by multiplying prescription data with the 
DDD. However, although DDD is the recommended methodology to measure 
daily drug use, it may not reflect real consumption since a part of the purchased 
OTC drugs is not consumed. 
 
Sales data were obtained via public or private sources. Only in one study (Austin 
et al., 2020), private data was used, and the other three used public data. Two 
studies (Riva et al., 2020, and He et al., 2020) used national data, one study 
focused on a specific region and used regional data (Oosterhuis et al., 2012), 
and one study considered national and regional data (Austin et al., 2020). In the 
latter, it was concluded that the regional variation was significant and should be 
considered when extrapolating national data to regional data. Therefore, for our 
study we have chosen to use regional sales data when possible, national data if 
no regional data can be found, and data from the Nordic Countries as an 
alternative source.  
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Second, the calculation of the excretion to the sewer by the use of human 
excretion factors, for the parent form, and optionally in some studies, also for 
metabolites. Metabolites may be formed back to the parent form. Both forms 
may have detrimental effects on the environment and can be hydrolysed and 
reconverted to the parent compound in wastewater (Riva et al., 2014). However, 
another study mentions lower toxicity of most metabolites compared to the 
parent form (Escher et al. 2011). In one study the mean between the excretion 
of the parent form and conjugates, a particular type of metabolite, was used to 
calculate total emissions from excretion (Riva et al., 2014). However, we believe 
that both forms should be calculated separately. Some studies do not consider 
metabolites because the formation is highly variable, and due to the large 
differences in the estimates given in the literature (Zillien et al., 2020).  
 
The validation of the estimation methods was done by comparing estimated 
WWTPs influent of OTC drugs with influent concentrations measured at several 
WWTPs. In SUSPECt measurements at several points in the sewer system were 
made. We will use three points to validate our estimations by comparing our 
estimations with the measurements in the sewer system. The studies we 
consulted have not taken into account the degradation of the parent form and 
metabolites in-sewer processes, or back-forming of the parent form from the 
metabolites. According to Moermond et al. (2020), there is not enough 
information in the literature to make solid assumptions about the amount that is 
degraded or back-formed in the sewer system and the time needed to do so.  
 
Three studies contained consumer behaviour which can be valuable for 
estimating the part of purchased drugs that is consumed. Take-back programs 
were the most common disposal method, followed by trash and flushing. Vatovec 
et al. (2017 & 2021) indicate that 1% (OTC drugs and prescription drugs) and 
9% (OTC drugs, prescription drugs, and veterinary) of the acquired drugs end up 
in the sewer system by flushing leftovers down the toilet by respectively students 
and adults, while Rogogwska et al. (2019) give no percentage. However, the 
sample size of the first two studies (358 and 421) is small and may not be 
representative of the approximately 170,000 inhabitants of Nijmegen. Therefore, 
it should be used only as an indication. More studies have been consulted for the 
parameterization of our emission estimation method.  
 
Of the three studies comparing the use of NSAIDs in relation to regulatory 
statements among European countries, one study (Kristensen et al., 2019) 
examined concluded that regulatory action led to significant reductions in overall 
diclofenac initiation, although its magnitude varied by country. The second study 
(Hider-Mlynarz et al.,2018) concluded that the standard measure of DDD may 
not reflect real consumption, if wholesale data is used it may not equal retail 
sales data, and not all consumer drug purchases are consumed. If no DDD is 
given, the calculation of total sales can be based on sold items multiplied by the 
dosage in kg/API. Wholesale data can be regarded as actual sales data since 
retail and pharmacies do not keep OTC drugs in storage by using automated 
systems to order when shelf storage is at a certain minimum (Farminform, 
2021). Finally, the Morales et al. (2019) study, although applicable to 
prescription diclofenac only, show that age differences in its use are relatively 
similar between The Netherlands and the Nordic Countries. 
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Of special interest in two studies (Kristensen et al., 2019 and Wastesson et al., 
2018) among the Nordic Countries are the percentages of OTC drugs sales of 
total drugs sales. By applying these percentages to Nijmegen, we can estimate 
OTC drugs sales on a per capita basis, without the need to obtain Dutch OTC 
drugs sales data. This estimated sales data can then be used to estimate 
emissions. However, the OTC drugs sales/total drugs sales percentages are quite 
different among the Nordic Countries, and not every country covers all our 
selected OTC drugs; only Sweden and Norway. 
 
Although the findings in the Kristensen et al. (2019) study apply to the use of 
NSAIDs in general in the Nordic Countries, they suggest market similarities 
between The Netherlands and the Nordic Countries. First, all our selected NSAIDs 
are also sold OTC in the Nordic Countries. Second, NSAIDs are sold at similar 
POS in The Netherlands and the Nordic Countries.  
 
Topical applications contribute significantly to emissions to the sewer system 
(Austin et. al, 2020). A large proportion of topical applications are not absorbed 
and metabolised by humans and are therefore directly emitted into the sewer 
system (Daughton and Ruhoy, 2009). According to Austin et al. (2020) per unit 
mass of ibuprofen and diclofenac used, respectively 43% and 99% of the total 
mass is released directly to the sewer system. Therefore, it is important to 
include all available topical applications in our dataset.  
 
Of the four estimation methods, we found in our literature review only one (Aus-
tin et al., 2020) uses private data, and the rest public data. Unfortunately, no 
public data sources of OTC drugs sales in The Netherlands exist, only private 
sources. Public data from SFK cover OTC drugs sales through pharmacies. How-
ever, this source does not cover sales from retail. Private OTC drugs wholesale 
data can be obtained from e.g. Nielsen and Farminform. Both sources have their 
limitations. The costs of private sales data from Nielsen Company are high. OTC 
drugs sales in retail make up for a significant part of total OTC drugs sold.  
 
Consumer surveys have been used to study OTC/prescription drugs use (how of-
ten, quantities, etc.). These studies are less frequently found in our literature re-
view. They have not been used to quantify total OTC drugs use in a region or 
country to be used as input data for an emission estimation method. If a con-
sumer survey is to be used, the question remains how reliable the outcomes of a 
consumer survey are. We expect it to be difficult for a respondent to remember 
how often and in what dosage he or she has used our selected OTC drugs.  
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3. Methods and materials 
In this chapter, the used data and methods to produce the research results are 
presented. First, we present the input data selection in Sections 3.1 and 3.2, 
then data gathering in Section 3.3. Calculations of OTC drugs sales and 
prescription drugs sales are presented in Sections 3.4, 3.5, and 3.6. Finally, in  
Section 3.7 human excretion factors are covered. 
 
3.1 Selection of input data for emissions estimation with private 
data 
The first and most important criterium in selecting a data source as input data 
for an emission estimation method is the availability of OTC drugs sales data for 
acetaminophen, ibuprofen, naproxen, and diclofenac in Nijmegen and/or The 
Netherlands. If no such source exists in The Netherlands, this might imply elimi-
nating the substance from our list and/or gathering data from another source.  

The second criterium relates to the cost at which OTC sales data is available. 
OTC sales data may be publicly or privately available. Public data is usually ob-
tainable at no or a low cost. Private sales data, as is the case with data from 
market research bureaus, e.g. data from the Nielsen Company or IQVIA, come at 
a cost that researchers may not be able or willing to pay. Purchasing sales data 
from Nielsen for the municipality of Nijmegen for our substances cost approxi-
mately 8000 euros. IQVIA charges similar fees. 

Third, the data needs to be reliable. Wholesale data does not necessarily trans-
late into actual sales retail data since it does not take into account unsold retail 
stock. However, according to the operational director of Farminform, retail and 
pharmacies do not keep OTC drugs in storage due to their automated systems to 
order OTC drugs when shelf storage is at a certain minimum. Therefore, we will 
assume Farminform’s wholesale data is equal to actual sales. 
 
If user data is obtained through a consumer survey; how reliable is the acquired 
information? We expect it to be difficult for a respondent to remember how often 
and in what dosage he or she has used our selected OTC drugs. Therefore, a 
consumer survey has not been carried out. 
 
This led to the following criteria to select input data for our OTC drugs: 
1. Availability; 
2. Costs; 
3. Reliability.  
 
In The Netherlands, no public data source for OTC drugs exists, only private 
data. Data from SFK does not cover OTC drugs sold in retail, and regional data 
from Nielsen has a too high price for our study. Therefore, as input data for our 
first emissions estimation method, we selected private wholesale data from 
Farminform as they were willing to provide reliable data for all our selected OTC 
drugs, data from retail, community pharmacies, and hospitals at no cost. Farmin-
form’s data reliability is confirmed by SFK. SFK also uses Farminform. Since 
Farminform does not have data on private labels, this missing data has been ac-
quired at no cost from Nielsen. Nielsen agreed to donate regional data as a con-
tribution to society via this study as long as the data would not be used for com-
mercial purposes. The two data sources combined covered the needed input 
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data. Subsequently, based on wholesale data on the OTC drugs, leftovers, flush-
ing, and actual consumption was estimated based on the findings in our litera-
ture review. Then wash-off of topical applied ibuprofen and naproxen, and urinal 
and faecal excretion (parent compounds and conjugates) were calculated.  
 
 
3.2 Selection of input data for emissions estimation with Nor-
way data 
We have explored the possibility to estimate emissions based on input data from 
the Nordic Countries. International data may be extrapolated to OTC sales per 
capita in The Netherlands if the source country is comparable to The Nether-
lands. Some regulations per substance may be compatible with The Netherlands 
while they may differ for other substances. This effectively should mean that de-
mographics such as age, gender, education, availability of the drugs, and use 
patterns of the population are fairly similar in both the source country and The 
Netherlands. Therefore, additional criteria for selecting input data from the Nor-
dic Countries were: 
 
4. Marketing, governmental policies, and availability of OTC drugs need to be rel-
atively similar to the Dutch situation. 
5. Demographics, e.g. age and sex distribution of the population need to be rela-
tively similar to those in The Netherlands. 
 
The marketing, governmental policies, and availability of OTC drugs in the Nordic 
Countries are relatively comparable to The Netherlands (Kristensen et al., 2019). 
Therefore, as input data for our second method, we used national wholesale of 
OTC drugs and total drugs sales data from the Nordic Countries as reported in 
the Kristensen et al. (2019) and Wastesson et al. (2018) studies. We used Swe-
den and Norway since for the other Nordic Countries we could not obtain all the 
needed data and selected Norway as the most comparable country. 
 
By applying the percentages of OTC drugs/total drugs sales in Norway we esti-
mated OTC drugs sales in Nijmegen per capita. See Section 4.7 for the applica-
tion and results of this method. Prescription drugs sales data, provided by SFK 
via C. Zillien, were used to calculate total drugs sales in Nijmegen (See Section 
3.6).  
 

 
3.3 Data Gathering  
Sales data were gathered from private data sources Farminform (OTC drugs 
sales Nijmegen) and Nielsen (OTC drugs sales The Netherlands), and public 
source SFK (prescription drugs sales Nijmegen). We gathered sales data of OTC 
acetaminophen, ibuprofen naproxen, and diclofenac from community 
pharmacies, hospitals, and retail POS: supermarkets (including private labels), 
drugstores, online retail, and if available from petrol stations. See Table 7 for the 
used data sources, Table 8 for the ATC codes, and Table 9 for the contents of the 
data. 
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Table 7. Used data sources in this study for sales of OTC and prescribed acetaminophen, 
ibuprofen, diclofenac, and naproxen for Nijmegen and The Netherlands.  

1 Private labels and data from A.S Watson excluded.  
2 Including private labels. 3 Not applicable.  
 
Table 8. ATC codes and DDD of acetaminophen, ibuprofen, diclofenac,  
and naproxen in SFK and Farminform data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1WHO, 2022. (https://www.whocc.no/atc_ddd_index) 
2 Oral/Rectal/Dermal. 
 
Table 9. Summary of data contents Farminform, Nielsen, and SFK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 For combination products, e.g. paracetamol with caffeine, the dosage of paracetamol 
was given per tablet/suppository. 
2 Municipality of Nijmegen; Codes 6500 up to 6546+6663, 6679, and 6683. 
3 Approximately <10%.  

 Nijmegen The Netherlands 

 Community 
Pharmacies 

Retail1 

(drugstores) 
Hospitals  

(and other care 
institutions) 

Retail2 

(supermarkets, drugstores, 
and online retail) 

OTC  drugs Farminform Farminform Farminform Nielsen 
Prescription drugs SFK n.a.3  SFK n.a.  

 ATC codes1      DDD1 in g  

Acetaminophen N02AJ06 
N02BE01 
N02BE51 
N02AJ13 

3.0 g (O) 
3.0 g (O/R/D2) 

3.0 g (O) (not in SFK data) 
n.a. 

Ibuprofen M02AA13 
C01EB16 
M01AE01 
N02BE51 

n.a. 
0.03 g (D) (not in SFK data) 

1.2 g (O/R/D) 
n.a. (not in SFK data) 

Naproxen M01AE02 0.5 g (O/R) 
Diclofenac M01AB05 

M01AB55 
M02AA15 

0.1 g (O/R) 
0.1 g (O/R) 
0.1 g (O/R) 

 Farminform 
(OTC) 

Nielsen 
(OTC) 

SFK 
(Prescription) 

Year  2018 2020 2020 
Nijmegen Yes  No  Yes  

The Netherlands No  Yes  No  
Pharmacies Yes  No  Yes  

Hospitals and other 
care institutions 

Yes  No  Yes  

Supermarkets No  Yes  n.a. 
Drugstores Yes  Yes  n.a. 

Petrol stations No  No  n.a. 
Online retail No Yes  n.a. 

Private labels No  Yes  n.a. 
DDD Yes  No  Yes  
ATC Yes  No  Yes  

API per product Yes1  Yes  No  
ZIP codes Yes.  No  Yes.  

Non-participators No3  No  n.a. 
Intake route Yes  Yes4  Yes  
POS division No  No  No  
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3.4 Calculation of OTC drugs sales in supermarkets, drugstores, 
and online retail in Nijmegen based on national data  
Since Farminform data did not cover sales from supermarkets, private labels, 
drugstore concern A.S. Watson, and online retail, we acquired this missing data 
from Nielsen. However, Nielsen provided national data, and to calculate the 
missing data from Farminform, we had to convert national data to regional data. 
Therefore, we used the number of habitants in The Netherlands in 2020 and in 
Nijmegen in 2018 to calculate the habitants' percentage of Nijmegen/The 
Netherlands (See Table 10). This percentage has been multiplied by the values in 
Table 11 to form Table 12. See Tables 11 and 12 
 
Table 10. Habitants in Nijmegen and The Netherlands in 2018. (CBS, 2022). 

 

Table 11. Sales of OTC acetaminophen, ibuprofen, naproxen and diclofenac in 2020 in 
kg/API in The Netherlands. Provided by Nielsen.  

1 Nielsen did not provide a division of drugs in the acetaminophen combinations sold in 
The Netherlands. However, we do know that combinations exist mostly of 25 mg caffeine 
in combination with 250 mg acetaminophen, according to Nielsen. This translates to a 
percentage of 90% acetaminophen in total Nielsen combinations in The Netherlands. 
90% of 90,196.85= 81,177.17. This amount is used to make the “Acetaminophen in 
combinations“ calculation in Table 12. 
2Nielsen did not include dermal ibuprofen products. 
 
Table 12. Sales of OTC acetaminophen, ibuprofen, naproxen, and diclofenac in 2018 in 
kg/API in Nijmegen for supermarkets, drugstores, and online retail by use of 1.024%.  

1 81,177.17*1.024%=831.25 
 

 
 
 
 
 

 Nijmegen The Netherlands  Ratio Nijmegen/The 
Netherlands 

Habitants 175,948 17,181,084 1.024% 

 Intake route Total kg/API 
 Oral Dermal Rectal  

Acetaminophen 799,950.97 n.a. 8,113.29 808,064.26 
Acetaminophen 
in combinations 

90,196.851 

 
n.a. n.a. 90,196.85 

Ibuprofen 76,089.17 n.a.2 n.a. 76,089.17 
Naproxen 5,669.24 n.a. n.a. 5,669.24 
Diclofenac 189.80 n.a. n.a. 189.80 

 Intake route Total kg/API 
 Oral Dermal Rectal  

Acetaminophen 8,191.50 n.a. 83.08 8,274.58 
Acetaminophen 
in combinations 831.251 n.a. n.a. 831.25 

Ibuprofen 779.15 n.a. n.a. 779.15 
Naproxen 58.05 n.a. n.a. 58.05 
Diclofenac 1.94 n.a. n.a. 1.94 
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3.5 Calculation of OTC drugs sales in pharmacies and 
drugstores in Nijmegen 
The OTC drugs in the dataset were calculated separately and per intake route 
(oral/dermal/rectal). Since different products contained different amounts of API, 
the mass of the API was calculated by multiplying the number of products sold 
with the content of the product (number of tablets/suppository/gels/ containers) 
with the dosage per tablet or suppository. In the case of gels (dermal 
application), the total content of the API of the entire tube or container was 
converted to a total amount in mg. Subsequently, OTC sales could be calculated 
in kilograms of active API per product and substance (Table 13). Table 13 also 
covers sales from drugstores, except A.S. Watson.  
 
Table 13. Sales of OTC acetaminophen, ibuprofen, naproxen, and diclofenac for 
pharmacies and drugstores in 2018 in kg/API in Nijmegen. Provided by Farminform. 

 
 
 
 
 
 
 
 

 

1=Not applicable. 
2= Acetaminophen in combinations; acetaminophen/caffeine, acetaminophen/vitamin C, or 
acetaminophen/propyfenazon/caffeine. Other drugs in combinations were not included.  
 
 
3.6 Calculation of prescription drugs sales in Nijmegen  
The prescription drugs in the dataset from SFK were calculated separately and 
per intake route (oral/dermal/rectal). The mass of the API was calculated by 
multiplying the number of DDDs sold per product with the DDD per ATC. The 
DDDs per ATC code were obtained from the WHO database. Subsequently, 
prescription drugs sales were calculated in API per product and substance (See 
Table 14).  
 
Table 14. Prescription drugs sales (PS) in pharmacies and hospitals of acetaminophen, 
ibuprofen, naproxen, and diclofenac in 2020 in kg/API in Nijmegen. 

 
 
 
 
 
 

 
 
3.7 Human excretion factors  
Excretion factors between conjugates and parent compounds differ substantially. 
In addition, the values per form found in the literature also differ. We had to use 
multiple sources. Deviations in excretion factors found in the literature may be 
due to intrapersonal differences like age, diet, disease, and metabolism. Large 

 Intake route Total kg/API 
 Oral Dermal Rectal  

Acetaminophen 2,419.87 n.a.1 214.11 2,633.98 
Acetaminophen 
in combinations2 

194.93 n.a. n.a. 194.93 

Ibuprofen 158.39 0.20 n.a. 158.59 
Naproxen 25.22 n.a. n.a. 25.22 
Diclofenac 0.62 4.56 n.a. 5.18 

 Intake route Total kg/API 
 Oral Dermal Rectal Parenteral  

Acetaminophen 1,382.10 - - - 1,382.10 
Ibuprofen 136.34 - - - 136.34 
Naproxen 286.86 - 1.25 - 288.11 
Diclofenac 37.85 0.10 2.07 0.10 40.12 
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parent compounds' excretion value differences in drugs with low excretion 
factors, e.g. ibuprofen, may lead to large variations in emissions. For instance, 
according to Davies & Anderson (1997) excretion of oral diclofenac is 1% and 
according to www.drugbank.ca, it is 2%, twice as much. Considering the 
variation in excretion values in urine we chose to use mean values for parent 
compounds and conjugates in urine. In addition, we have only considered 
conjugates excreted in the urine for most values we found for excretion via 
faeces were either 0% or had large variations. See Tables 15a and 15b for the 
used excretion factors, and the calculated mean values. E.g. calculation mean 
value for acetaminophen in parent urine: (2+5)/2=3.5+5=8.5/2=4.25.  

Table 15a. Human excretion percentages in urine and faeces for parent compounds  
from consumption (oral/rectal) of acetaminophen, ibuprofen, diclofenac, and naproxen.  
 Parent f. 

urine 
Parent f. 

urine  
Parent f. 

urine (mean) 
Parent f. 

faeces 

Acetaminophen 2-5%1 5%2 4% 0%4 

Ibuprofen 9-15%1 1%3 7% 10%4 

Naproxen 10%1 10%3 10% 5%4 

Diclofenac 1%1 1%2 1% 0%4 

1 Range in values from the literature review in Riva et al. (2014).  
2www.drugbank.ca (2022). 
3www. farmacotherapeutischkompas.nl (2022). 
4 Zillien et al. (2019).  
 
Table 15b. Human excretion percentages in urine for conjugates from  
consumption (oral/rectal) of acetaminophen, ibuprofen, diclofenac, and naproxen.  
 Conjugates  

urine 
Conjugates 

 urine (mean) 
Acetaminophen 49-50%1- 90%3 70%  
Ibuprofen 75-85%3 80% 
Naproxen 50-60%1-90%3 72% 
Diclofenac 60%1–79%2 70% 

1 Range in values from the literature review in Riva et al. (2014).  
2www.drugbank.ca (2022). 
3www. farmacotherapeutischkompas.nl (2022). 
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4. Results 
In Section 4.1 we present sales of OTC and prescribed acetaminophen, 
ibuprofen, naproxen, and diclofenac in Nijmegen. In Sections 4.2 to 4.5, we 
present OTC drugs leftovers, consumption, flushing, wash-off, and human 
excretion. Predicted emissions from sales of OTC drugs are presented in Section 
4.6, and the estimation of OTC drugs sales in Nijmegen with Norway data is in 
Section 4.7. Finally, in Section 4.8 the validation of our emissions estimation 
method is presented.  
 
4.1 Sales of OTC and prescribed acetaminophen, ibuprofen, 
naproxen, and diclofenac in Nijmegen 
By adding calculated sales from Tables 12 and Table 13, we get the total 
estimated OTC drugs sales (All POS, including private labels), of OTC 
acetaminophen, ibuprofen, naproxen, and diclofenac in Nijmegen in kg/API in 
2018 (See Table 16a). However, overlap exists in drugstore's POS, since both 
Tables 12 and 13 cover sales from drugstores. Table 12 covers all drugstore 
sales and Table 13 covers drugstore sales except sales from market leader A.S. 
Watson. Unfortunately, Farminform and Nielsen did not provide a division in POS. 
Therefore, we could not correct the overlap (non-A.S. Watson drugstores). 
However, A.S. Watson is the market leader and has approximately 60% of all 
stores so the overlap should be limited. We accepted this overlap so as not to 
miss any drugstore sales, taking into account that this may lead to an 
overestimation of OTC drugs sales in drugstores.  
 
Table 16a. Estimated sales of OTC acetaminophen, ibuprofen, naproxen and diclofenac 
in 2018 in kg/API in Nijmegen.  

 
 
 
 
 
 
 

1 Total sales of acetaminophen, and acetaminophen in combinations. 
 
After having calculated OTC drugs sales (OTCS) and prescription drugs sales (PS) 
in Nijmegen, we calculated total sales (TS). TS is calculated by adding 
prescription drugs sales from Table 14 and OTC drugs sales from Table 16a. See 
Table 16b.    
 
Table 16b. Estimated total sales of prescribed and OTC acetaminophen, ibuprofen, 
naproxen, and diclofenac in 2018 in kg/API in Nijmegen.  

 
 

 

 

 
 
 
 
 

 

 Intake route Total kg/API 
 Oral Dermal Rectal  

Acetaminophen1 11,637.55 n.a. 297.19 11,934.77 
Ibuprofen 937.54 0.29 n.a. 937.83 
Naproxen 83.27 n.a. n.a. 83.27 
Diclofenac 2.56 4.56 n.a. 7.12 
Total     12,962.99 

 Prescription 
drugs sales (A) 

OTC drugs 
sales (B) 

Total drugs sales 
(A+B) 

Acetaminophen 1,382.10 11,934.77 13,316.87 
Ibuprofen 136.34 937.83 1,074.17 
Naproxen 288.11 83.27 371.38 
Diclofenac 40.12 7.12 47.24 
Total  1,846.67 12,962.99 14,809.66 
% of TS 12.5% 87.5% 100.0% 
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Consequently, the first building block in our emissions estimation model has 
been completed (See Figure 2). 

 
Figure 2. Emissions estimation model for emissions of OTC drugs to the sewer system.  

 
 
4.2 The leftover and consumed part of purchased OTC drugs  
OTC drugs sales do not automatically represent consumption. A part of the 
purchased OTC drugs may be trashed, returned to take-back points, kept at 
home, or flushed down the toilet. A part of the leftover drugs is emitted directly 
into the sewer system. The same applies to the washed-off part of topically 
applied products. Once the leftover part is detracted from wholesale, we can 
estimate consumption.  

Vatovec et al. (2017), report that 61% of their student respondents had leftover 
drugs and 49% of adult respondents. One of their conclusions in another article 
is that leftover pharmaceuticals occur at high rates (Vatovec et al. 2021). In the 
U.S., $333 billion in combined sales of prescription and OTC drugs, is spent an-
nually (International Trade Administration, 2016). However, a large portion, ap-
proximately 583 tons annually, is collected by the DEA in their Take-Back daily 
program (US Drug Enforcement Agency, 2016). Unfortunately, no leftover per-
centages were given. 

In a study among 304 Southern Californian adults with an average age of 36.4 
years, approximately 67% of prescription drugs were reported unused (Law, 
Sakharkar, Zargarzadeh, Tai, Hess, et al. 2015). However, Berwick et al. (2012) 
report that merely 3% of prescription drugs in the US remain unused. The  
Teleosis Institute in California, reports that consumers wasted nearly 45% of 
their medications (Berwick et al., 2012). Additional literature review learned that 
the percentages of unused prescription medications in other countries are re-
spectively; Spain 44.7%, Iran 38.8%, Gulf Countries 41.3%, and Saudi Arabia 
25.8% (Coma et al. 2008; Zargarzadeh et al. 2005; Abou-Auda et al 2003). 
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According to Vogler. et al. (2014) and Reitsma et al. (2013) about one-third of 
all prescription and OTC drugs in The Netherlands remain unused.  
 
One thing is clear, a large portion of the purchased or prescribed drugs remains 
unused. However, the percentages found in the literature differ widely. In addi-
tion, the above-mentioned studies do not specifically address leftover OTC drugs 
or leftover (OTC) drugs in The Netherlands. Instead, the studies cover OTC and 
prescription drugs together or only prescription drugs. We have not found other 
values for The Netherlands in our literature research so we will estimate leftover 
drugs based on the two Dutch studies at 33,3%. Then, it follows that consump-
tion is 66,7% (See Table 17). Leftover drugs are presented in Table 18. 

Table 17. Estimation of consumption (66.7%) of OTC acetaminophen, ibuprofen, 
naproxen and diclofenac in 2018 in kg/API in Nijmegen.  

 
 
 
 
 
 
 

 
4.3 Emissions from the flushing of leftover OTC drugs 
A part of the leftover drugs is flushed into the toilet and thus directly emitted 
into the sewer system. After having estimated leftover drugs and calculating con-
sumption, we can calculate the flushed part based on the leftover part.  
 
According to Vatovec et al. (2017 and 2020), studies indicate that 1% or 9% of 
the acquired drugs end up in the sewer system by flushing leftovers down the 
toilet by respectively students and adults. However, the latter study amongst 
adults includes veterinary products. In a Dutch STOWA report (2021), only 0.3% 
of 393 senior respondents said they flushed unused medication (prescription 
drugs) down the toilet or sink, and 0.4% would do so in the future. In a Swedish 
study, 1% of the respondents (n=8302) said they flush unused OTC drugs down 
the toilet (Westerlund et al., 2017). According to a 2013 survey conducted in the 
Netherlands (Reitsma et al., 2013), 2% of respondents (n=611)  reported they 
disposed of leftover (prescription) drugs by flushing them down the toilet.  
 
Based on the studies above we have chosen flushing of 1% of leftover drugs for 
our calculations. We feel the Swedish study, given its large respondents group 
and specific data for OTC drugs sales, provide good insight. Consequently, we 
can estimate the flushed part of OTC drugs sales. Since 33,3% of sales is as-
sumed to be leftover, it follows that 1% of leftover drugs are flushed down the 
toilet (See Figure 3 and Table 18). 
 

 Intake route Total kg/API 
 Oral Dermal Rectal  
Acetaminophen 7,960.49 n.a. 198.23 8,158.70 
Ibuprofen 519.70 0.19 n.a. 519.89 
Naproxen 38.72 n.a. n.a. 38.72 
Diclofenac 1.30 3.04 n.a. 4.34 
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Figure 3. Consumption, leftovers, and flushed part of OTC drugs sales. 
 
 
Table 18. Estimation of leftover drugs (33.3%) and flushed (1%) part of OTC 
acetaminophen, ibuprofen, naproxen, and diclofenac in 2018 in kg/API in Nijmegen.  

 
4.4 Emissions of consumed OTC drugs (oral and rectal) 
The next step in our emissions estimation method is the estimation of the 
emissions due to human excretion of the consumed OTC drugs. The human 
urinary and faecal excretion rate differs per person, substance, and intake route 
(oral/topical/rectal). Excretion into the toilet equals emissions into the sewer 
system since we assume no further degradation or back-forming in the sewer 
system. 
 
After oral, rectal, or dermal consumption of a drug, a part is absorbed and me-
tabolized by the human body. In this process, conjugation may take place, and 
several metabolites can be formed in differing quantities. Depending on the half-
life of the drug, the pharmaceutical, and the route of administration, the entire 
intake dose is ultimately mostly excreted via urine and faeces, partially as me-
tabolites, and partially as the parent compound (Zillien et al., 2019). Both parent 
compounds and metabolites may have detrimental effects on the environment. 
Metabolites can also be hydrolysed and reconverted to the parent compounds in 
wastewater (Riva et al., 2014). Therefore, we have considered both forms in our 
study.  
 
According to Moermond et. al (2020), the amount that is formed back from 
metabolites to parent compounds in wastewater influent may be significant. For 
paracetamol, this back forming is approximately a factor 16 of the parent form 
and for naproxen a factor 5. If we do not take into account the load from back 
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 Intake route Total kg/API 
leftover 

Total kg/API 
flushed 

 Oral Dermal Rectal    
Acetaminophen 3,677.08 n.a. 98.96 3,776.04 37.76 
Ibuprofen 417.85 0.10 n.a. 417.94 4.18 
Naproxen 44.55 n.a. n.a. 44.55 0.45 
Diclofenac 1.27 1.52 n.a. 2.79 0.03 
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forming we may underestimate emissions. However, many uncertainties exist 
regarding back forming and degradation in the sewer system, and the duration of 
these processes (Moermond et. al, 2020). Therefore, we have not considered 
back forming or degradation in the sewer system in our study. 
 
A conjugate is a particular form of a metabolite where the parent compound has 
formed a “conjugate” with a molecule that is produced by the human body. The 
bond between the parent compound and the body molecule is typically relatively 
weak and bacteria in the human stomach or sewer water can break this bond. 
This then results in the back forming of the parent compound (Ragas, 2022, per-
sonal communication). Therefore, we have considered conjugates in our study. 
See Tables 19a and 19b for the emissions of parent compounds and conjugates. 
 
Table 19a. Emissions of parent compounds to the sewer system by urinal and faecal 
excretion of oral and rectal intake routes1 in 2018 in kg/API in Nijmegen.  
 Excretion 

% by 
urine2 

Excretion 
% by 
faeces 

Excretion 
urine 

kg/API 
 

Excretion 
faeces 
kg/API 

 

Total emissions by 
excretion 

parent comp. in 
kg/API 

Acetaminophen 4% 0% 326.35 0.00 326.35 
Ibuprofen 7% 10% 36.38 51.97 88.35 
Naproxen  10% 5% 3.87 1.94 5.81 
Diclofenac 1% 0% 0.01 0.00 0.01 

1Topical applied ibuprofen and diclofenac excluded. 
2 Mean values from Table 15a. 
 
 
Table 19b. Emissions of conjugates to the sewer system by urinal excretion of oral and 
rectal intake routes in 2018 in kg/API in Nijmegen.  

 
 
 
 
 
 
 
 
 

1 Mean values from Table 15b. 
 
 
4.5 Emissions of topically applied OTC drugs   
For the dermal intake route, two pathways of emissions to the sewer system 
exist; one for the absorbed and metabolized part which is mainly excreted in 
urine and faeces, and one for the not absorbed part. Absorbed substances are 
metabolized and excreted. Excretion is calculated using mean percentages from 
Tables 19a and 19b. Both pathways need a separate calculation. 
 
For the calculation, we assume that the not absorbed part is fully washed-off 
when bathing or showering. We further assume that directly after application a 
part may be washed off from the hands. Another part may not be absorbed by 
the skin and stick to clothing or bedding. According to Daughton & Ruhoy (2009) 
any applied product that is not absorbed by the skin or absorbed into clothing or 
bedding, will be washed off that way and emitted directly to the sewer.  

 Excretion 
% by urine 

(mean1) 

Excretion 
urine 

kg/API 
 

Total kg/API 
emissions by 

excretion 
conjugates 

Acetaminophen 70% 5,711.09 5,711.09 
Ibuprofen 80% 415.91 415.91 
Naproxen  72% 27.88 27.88 
Diclofenac 70% 3.04 3.04 
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Equation 3 to calculate the emissions from topically applied products to the 
sewer system is adapted from Austin et. al. (2020); (Eq. 3) Et = Mt . fa: fmet + 
Mt(1−fa), where Et is the emission to wastewater for topical products; Mt the 
mass of API in the topical product; fa the absorption of the topical product and 
fmet the fraction of the parent API released after metabolism (Austin et al., 2021). 
Hadgraft et al. (2003) tested different OTC ibuprofen gel formulations. We 
assume absorption for ibuprofen (gel) in The Netherlands to be the mean of the 
three gel products tested (fa=11,68%). Absorption for Dutch diclofenac topical 
applications is assumed to be equal to the absorption of UK products. The 
absorption rate is fa=5,9% (Austin et al. 2021) and is based on Riess et al. 
(1986), See Tables 20a, 20b, and 20c. 
 
Table 20a.  Emissions of parent compounds to the sewer system by urinal and faecal 
excretion of topically applied and absorbed ibuprofen and diclofenac products in 2018 in 
kg/API  in Nijmegen.  

1fa Absorption of the topically applied product. 
 
Table 20b.  Emissions of conjugates to the sewer system by urinal excretion of topically 
applied ibuprofen and diclofenac products in 2018 in kg/API in Nijmegen.  

 
 
 
 
 
 

 
Table 20c.  Emissions to the sewer system of the parent compound from wash-off of 
ibuprofen and diclofenac products in 2018 in kg/API in Nijmegen.  

 

 

 

 

 

 

 
 
4.6 Predicted emissions of OTC acetaminophen, ibuprofen, 
naproxen, and diclofenac to the sewer system in Nijmegen  
Predicted emissions are the sum of the urinal and faecal excretion of parent 
compounds and conjugates, and from direct emissions to the sewer system by 
flushing, and wash-off of parent compounds. See Tables 21a and 21b.  
 
 
 
 
 

 
 Dermal  Absorption 

% (fa
1) 

Excret. 
% urine 
(mean) 

Excret. 
% 

faeces 

Emissions 
urinal 

excretion 

Emissions 
faecal 

excretion 

Total 
emissions 

parent com. 
Ibuprofen 0.19 11,68% 7% 10% 0.0016 0.0023 0.0038 
Diclofenac 3.04 5,9% 1% 0% 0.0018 0.0000 0.0018 

 
 Dermal Absorption 

% (fa) 

Excret. 
% urine 
(mean) 

Emissions 
urinal 

excretion 

Total 
emissions 
conjugates 

Ibuprofen 0.19 11,68% 80% 0.0181 0.0181 
Diclofenac 3.04 5,9% 70% 0.1256 0.1256 

 
 Dermal Wash-off % 

(1-fa) 

Emissions from 
wash-off  

parent comp. 
Ibuprofen 0.19 88,32% 0.17 
Diclofenac 3.04 94,1% 2.86 
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Table 21a. Predicted emissions of OTC acetaminophen, ibuprofen, naproxen, and 
diclofenac (parent compounds) to the sewer system in 2018 in kg/API in Nijmegen.  
 Excreted 

(urine) 
Excreted  
(faeces)  

Flushed  Washed- 
off 

 

Total emissions 
(parent compounds) 

Acetaminophen 326.35 0.00 39.92 n.a. 366.27 
Ibuprofen 36.38 51.97 3.14 0.17 91.66 
Naproxen  3.87 1.94 0.28 n.a. 6.09 
Diclofenac 0.01 0.00 0.02 2.86 2.90 
Total      466.92 

 
Table 21b. Predicted emissions of OTC acetaminophen, ibuprofen, naproxen, and 
diclofenac (conjugates) to the sewer system in 2018 in kg/API in Nijmegen. 
 Excreted 

(urine) 
Total emissions 

(conjugates) 
Acetaminophen 5,711.09 5,711.09 
Ibuprofen 415.93 415.93 
Naproxen  27.88 27.88 
Diclofenac 3.16 3.16 
Total  6,158.06 

 
 
4.7 Estimation of OTC drugs sales in Nijmegen with Norway 
data 
Section 4.7 explores the possibility to estimate OTC drugs sales data in Nijmegen 
if no regional data would be available. OTC drugs sales may be estimated on 
basis of readily available OTC drugs sales and prescription drugs sales data from 
The Nordic Countries or one of those countries. The estimated OTC drugs sales 
data can then be used as input data for a second estimation method and 
compared with our previous estimation method based on private data. 
 
Total sales (TS) contains OTC drugs sales (OTCS) and Prescription drugs sales 
(PS). In formula, Eq. 4: TS= OTCS + PS. If we apply the formula to The 
Netherlands,  there are two unknown variables in Equation 4; TS and OTCS. 
However, we can express OTCS as a percentage of TS, based on the averaged 
OTC/Total sales percentage from the Nordic Countries or the most comparable 
country. PS from community pharmacies and hospitals has been obtained from 
SFK. Subsequently, we are left with one unknown variable (TS) and the equation 
can be solved. Once we find TS, we can calculate OTCS in The Netherlands.  
 
However, averaging the values of the Nordic Countries for extrapolation to the 
Netherlands may not be the most accurate approach. A better approach would be 
to select the Nordic country that is the most comparable to The Netherlands and 
formulate a set of equations per OTC drug based on that “source” country. A 
closer look at Table 4, the sixth column, gives us the choice between Sweden 
and Norway since only for these two countries we could calculate the percentage 
of OTCS/total sales for all our substances, or find them in literature. However, 
the differences in OTCS/total sales are substantial between Norway and Sweden 
(See Table 22). Of the two countries, we have selected Norway since we know 
that the OTC drug diclofenac is limited available in The Netherlands. In contrast, 
Sweden has the highest OTCS/total sales diclofenac percentage of the Nordic 
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Countries. Therefore, we believe that Norway is more comparable to The 
Netherlands.   
 
Table 22. Percentages OTC drugs sales of total sales in Sweden and Norway 

Sweden OTCS/TS Norway OTCS/TS 
Acetaminophen 30.8 % Acetaminophen 61.5% 

Ibuprofen 86.2% Ibuprofen 55.0% 
Naproxen 8.1% Naproxen 6.5% 
Diclofenac 33.3% Diclofenac 8.6% 

 
OTCS per OTC drug in Nijmegen is based on the Norway percentages: 
OTCSAcetaminophen=0.615 TSAcetaminophen, OTCSIbuprofen=0.550 TSIbuprofen, 

OTCSNaproxen=0.065 TSNaproxen, and OTCSDiclofenac=0.086 TSDiclofenac.  
 
Based on the Norway percentage this leads to four equations for Nijmegen:  

- Eq. 5a for acetaminophen is TSAcetaminophen= 0.615 TS + PS; 
- Eq. 5b for ibuprofen is TSIbuprofen= 0.550 TS + PS;  
- Eq. 5c for naproxen is TSNaproxen= 0.065 + PS; and  
- Eq. 5d for diclofenac is TSDiclofenac= 0.086 TS + PS.  

 
By filling in the PS values (Table 14) in equation 5a,b,c, and d, we calculated TS 
in kg/API per selected OTC drug in The Netherlands : 

- TSAcetaminophen= 0.615 TS+1382.10=>0.385TS=1382.10=>TS= 3589.87  
- TSIbuprofen= 0.550 TS + 136.34=>0.45TS=136.34=> TS=302.99  
- TSNaproxen= 0.065 + 288.11=>0.935TS=288.11=>TS=308.14  
- TSDiclofenac= 0.086 TS + 40.12=> 0.914TS= 40.12=> TS=43.89  

 
Finally, we calculated OTCS in kg/API per substance: 

- OTCSAcetaminophen=0.615 TS => OTCSAcetaminophen=0.615 . 3589.87= 2207.77  
- OTCSIbuprofen=0.550 TS=> OTCSIbuprofen=0.550.302.99=166.64  
- OTCSNaproxen=0.065 TSNaproxen => OTCSNaproxen= 0.065.308.14=20.01 
- OTCSDiclofenac=0.086 TSDiclofenac => OTCSDiclofenac=0.086. 43.89=3.77  

 
The calculated OTCS and TS are given in Table 23. 
 
Table 23. Calculated OTCS and TS of acetaminophen, ibuprofen, naproxen  
and diclofenac in Nijmegen in kg/API via Norway data.  

 
 
 
 
 
 
 

1 Prescription drugs sales  
2 Over-the-counter drugs sales  
3 Total sales= PS + OTCS 
 
We calculated the differences between OTCS obtained through private data, and 
the calculated values based on the Norway percentages for OTCS/TS. When 
using Norway data we see an underestimation between 1.9 and 5.6. See Table 
24.  
 

 PS1 

 (SFK data, 
Table 14) 

OTCS2 
(calculated via 
Norway data) 

TS3  
 

Acetaminophen 1,382.10 2,207.77 3,589.87 
Ibuprofen 136.34 166.64 302.99 
Naproxen 288.11 20.01 308.14 
Diclofenac 40.12 3.77 43.89 
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Table 24. Comparison sales of OTC acetaminophen, ibuprofen, naproxen, and diclofenac 
in Nijmegen in kg/API based on private data with Norway data.   

 
In Table 25 we have compared the percentages of OTC drugs sales/total sales in 
Nijmegen with the averaged Nordic Countries, Sweden, and Norway. We see that 
in Nijmegen the OTCS percentage is higher for acetaminophen, ibuprofen, and 
naproxen, and similar for diclofenac in comparison with The Nordic Countries.  
 
Table 25. Comparison of OTCS/TS percentage in Nijmegen with Nordic countries,  
Sweden, and Norway. 
 Nijmegen Nordic 

Countries1 
Sweden  Norway 

Acetaminophen 90% 35% 31% 62% 
Ibuprofen 87% 58% 86% 56% 
Naproxen 22% 8% 8% 7% 
Diclofenac 15% 15% 33% 9% 

1 Mean values calculated with values from Table 4. If no value was available 
in all five countries, the mean was based on the available countries. E.g. mean  
value of diclofenac: (33.3+16.7+8.6+(not available) + 0.8)/4= 15% 
 
  
4.8 Validation  
We validated our emission estimation method by comparing total predicted emis-
sions with the measured loads in the Nijmegen sewer system. In the Nijmegen 
case of the SUSPECt project, measurements were taken at five sewer points in 
the sewer system in the residential areas of Nijmegen. These sewer points were 
collection pit lower town, WWTP effluent, students apartments Hoogeveldt, urban 
area Hatert, WWTP influent, and. The collection pit lower town and WWTP efflu-
ent point are not relevant for our validation. The remaining three points were 
used for our validation. Each sewer point has a different number of residents 
connected to it. See Table 26.  
 
Table 26. Residents connected to used sewer points in Nijmegen. 
 Hoogeveldt 

(students app.) 
Hatert 

(residential  area) 
WWTP 

influent 
 

Residents connected  1,013 1,594 259,296 
(Zillien et al., 2019). 
 
The measurements were taken in May and September 2020 in Nijmegen. Parent 
compounds acetaminophen, ibuprofen, naproxen, diclofenac, and metabolite 5-
hydroxy-diclofenac were measured. Data were provided by C. Zillien. See Tables 
27a and 27b. 
 
 

 OTCS based on 
private data 

OTCS calculated via 
Norway data 

Underestimation 
factor Norway data 

Acetaminophen 11,934.77 2,207.77 5.4 
Ibuprofen 937.83 166.64 5.6 
Naproxen 83.27 20.01 4.2 
Diclofenac 7.12 3.77 1.9 
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Table 27a. Measured loads of API in mg/week per location in Nijmegen in May 2020.  
 Load per location per week (mg/API) 
 Hoogeveldt 

(students app.) 
Hatert 

(residential area) 
WWTP 

influent 
 

Acetaminophen 58,067 143,754 24,555.28 
Ibuprofen 13,602 23,975 515,35 
Naproxen 187 1,261 343,28 
Diclofenac 8 41 9,751 

(Zillien et al., 2019) 
 
Table 27b. Measured loads of API in mg/week per location in Nijmegen in  
September 2020.  
 Loads per location per week (mg/API) 
 Hoogeveldt 

(students app.) 
Hatert 

(residential area) 
WWTP 

influent 
 

Acetaminophen 38,078 181,130 12,627,279 
Ibuprofen 12,214 20,310 8,311,502 
Naproxen 314 2,081 484,548 
Diclofenac 7 21 10,496 

(Zillien et al., 2019) 
 
Measured loads of API in mg per week per location, were converted to calculated 
loads of API in kg per year in Nijmegen. See Tables 28a and 28b for the 
calculated loads in 2020.  
 
For our calculations, API loads were converted from mg per week to mg per year, 
divided by the number of residents connected per location, multiplied by 177.659 
Nijmegen residents in 2020 (CBS, 2022), and finally converted to kg per year. 
E.g. calculated load of acetaminophen in 2020 in Nijmegen based on 
measurement in location Hoogeveldt in May 2020:  
Load in mg per year: 58,067 mg wk * 52 wks= 3,019,484 mg year-1  
Load in mg per year per resident Hoogeveldt: 3,019,484 mg year-1 /1,013 
residents= 2,980.73 mg year-1 per resident Hoogeveldt  
Load in mg per year in Nijmegen: 2,980.73 mg year-1 * 177,659 residents 
Nijmegen = 529,553.51 mg year-1 Nijmegen (2020)  
Load in kg per year in Nijmegen: 529,553.51 mg year-1 * 1,000,000= 529.55 kg 
year-1 API Nijmegen (2020). 
 
Table 28a. 2020 calculated loads per location in kg/API for Nijmegen areas based on 
measurements in May 2020. 
 Loads per location per year (kg/API) 

 Hoogeveldt 
(students app.) 

Hatert 
(residential area) 

WWTP 
influent 

Acetaminophen 529.55 833.15 874.86 
Ibuprofen 124.05 138.95 183.61 
Naproxen 1.71 7.31 12.23 
Diclofenac 0.07 0.24 0.35 
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Table 28b. 2020 calculated loads per location in kg/API for Nijmegen areas based on 
measurements in September 2020. 
 Loads per location per year (kg/API) 

 Hoogeveldt 
(students app.) 

Hatert 
(residential area) 

WWTP 
influent 

Acetaminophen 347.26 1,049.77 449.89 
Ibuprofen 111.39 117.71 296.12 
Naproxen 2.86 12.06 17.26 
Diclofenac 0.06 0.12 0.37 
 
We see different measured values in September and May 2020 and between all 
three locations. The differences between Hoogeveldt and Hatert may reflect the 
difference between the use of the drugs by specifically students, and the use by 
a more mixed population in the residential area. The WWTP influent may be 
more representative of the population of Nijmegen. To smooth out the temporal 
differences we have calculated a mean value per location, based on both months. 
E.g. mean value for load of acetaminophen in Hoogeveldt: (529.55 + 347.26) / 
2= 438.41 kg API year-1. See Table 29. 
 
Table 29. 2020 calculated mean loads per location in kg/API for Nijmegen areas based on 
measurements in September 2020 and May 2020. 
 Hoogeveldt 

(students app.) 
Hatert 

(residential area) 
WWTP influent 

Acetaminophen 438.41 941.46 662.38 
Ibuprofen 117.72 128.33 239.87 
Naproxen 2.28 9.68 14.75 
Diclofenac 0.07 0.18 0.36 
 
Since both OTC and prescription drugs are present in the sewer system and thus 
measured, we also calculated predicted emissions of prescription drugs (See 
Tables 30a, 30b, and 30c). We used the same parameters as used for the 
calculations of the emissions of OTC drugs. We only calculated the total 
emissions of parent compounds since no conjugates were measured. 
 
Table 30a. Prescription drugs consumption (Oral, dermal, and rectal), leftovers, flushed, 
and washed-off of acetaminophen, ibuprofen, naproxen, and diclofenac in 2020 in kg/API 
in Nijmegen. 

 

 

 

 

 

1  Based on sales from Table 14.  2 Parenteral intake route included. 3 1% of leftovers. 4 Of dermal diclofenac. 

Table 30b.  Prescription drugs emissions to the sewer system by urinal and faecal 
excretion of absorbed (dermal intake route) diclofenac products in 2020 in kg/API  in 
Nijmegen.  

 

 

 

 

 

 Consumed 
(66,67%1) 

Leftovers 
(33,33%) 

Flushed 
(1%3) 

Washed-off 
(94,1%4) 

 O D R    
Acetaminophen 921.86 - - 460.24 4.60 - 
Ibuprofen 90.94 - - 45.40 0.45 - 
Naproxen 191.34 - 0.83 95.94 0.96 - 
Diclofenac 25.25 0.07 1.451 13.36 0.13 0.07 

 
 Dermal Absorption 

%  

Emissions 
urinal 

excretion 

Emissions 
faecal 

excretion 

Total 
emissions 

 
Diclofenac 0.07 5,9% 0.00004 0.0000 0.00004 
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Table 30c. Total excretion of prescribed acetaminophen, ibuprofen, naproxen and 
diclofenac in 2020 in kg/API in Nijmegen. 

1 Oral/Rectal/Parenteral.  
2 Dermal. 
 
Table 30e. Predicted emissions of prescribed acetaminophen, ibuprofen, naproxen, and 
diclofenac to the sewer system in 2020 in kg/API in Nijmegen.  
 Total 

excretion 
Flushed  Washed- off 

 
Total emissions 

prescription 
drugs 

Acetaminophen 36.87 4.60 - 41.47 
Ibuprofen 15.46 0.45 - 15.91 
Naproxen  28.33 0.96 - 29.29 
Diclofenac 0.27 0.13 0.07 0.47 

 
Then, we calculated the total predicted emissions (See Table 31). Total predicted 
emissions are the sum of predicted emissions of OTC drugs (Table 21a) and 
predicted emissions of prescription drugs (Table 30e). 
 
Table 31. Total predicted emissions of prescribed (2020) and OTC (2018) 
acetaminophen, ibuprofen, naproxen, and diclofenac to the sewer system in kg/API in 
Nijmegen.  
 Emissions of 

prescription 
drugs (A) 

Emissions of 
OTC drugs 

(B) 

Total predicted 
emissions 

(A+B) 
Acetaminophen 41.47 366.27 407.74 
Ibuprofen 15.91 91.66 107.57 
Naproxen  29.29 6.09 35.38 
Diclofenac 0.47 2.90 3.37 

 
Subsequently, we compared total predicted emissions (PE) with MEL per location 
and calculated underestimation and overestimation factors. Since no conjugates 
were measured, we could not validate our estimated emissions of conjugates. 
Therefore, we compared total PE with MEL only for parent compounds. See 
Tables 32a, 32b, and 32c.  
 
Table 32a. Comparison of PEL with MEL Hoogeveldt (mean values May and September 2020). 
 Total PE1 

parent 
compound 

MEL2 
Hoogeveldt 

Underestimation 
factor 

Overestimation 
factor 

Acetaminophen 407.74 438.41 1.08  
Ibuprofen 107.57 117.72 1.09  
Naproxen 35.38 2.28  15.52 
Diclofenac 3.37 0.07  48.14 

1 PE=predicted emissions.  
2 MEL=measured emitted load. 
 
 

 Excretion 
% urine 

Excretion 
% faeces 

Excretion  
(O/R/P1) 

Excretion 
(D2) 

Total excretion 
prescription drugs 

   Urine Faeces    
Acetaminophen 4% 0% 36.87 0.00 - 36.87 

Ibuprofen 7% 10% 6.37 9.09 - 15.46 
Naproxen 10% 5% 19.22 9.61 - 28.33 
Diclofenac 1% 0% 0.27 0.00 0.00004 0.27 
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Table 32b. Comparison of PE with MEL Hatert (mean values May and September 2020). 
 Total PE 

parent 
compound 

MEL 
Hatert 

Underestimation 
factor 

Overestimation 
factor 

Acetaminophen 407.74 941.46 2.31  
Ibuprofen 107.57 128.33 1.19  
Naproxen 35.38 9.68  3.65 
Diclofenac 3.37 0.18  18.72 

  
Table 32c. Comparison of PE with MEL WWTP influent (mean values May and September 2020). 
 Total PE 

parent 
compound 

MEL 
WWTP influent 

Underestimation 
factor 

Overestimation 
factor 

Acetaminophen 407.74 662.38 1.62  
Ibuprofen 107.57 239.87 2.23  
Naproxen 35.38 14.75  2.40 
Diclofenac 3.37 0.36  9.36 

 
For all locations, we see underestimations factors between 1.08 and 2.31 for 
acetaminophen, underestimations factors between 1.09 and 2.23 for ibuprofen, 
overestimation factors between 2.40 and 15.52 for naproxen, and overestimation 
factors between 9.36 and 48.14 for diclofenac. 
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5. Discussion 
In chapter five we present the limitations of the input data and our emissions 
estimation method, and our method’s reliability and applicability. 
 
5.1 Limitations of input data 
The used input data for an emissions estimation method is paramount. Our input 
data for the estimation method based on private data uses two sources, 
Farminform and Nielsen. Both sources have limitations. First, the data from 
Nielsen and Farminform covers most wholesalers but not all. Non-participators 
are estimated to be less than 10%. This may imply that we have underestimated 
emissions. 
 
The 2018 Nijmegen data from Farminform did not cover sales from concern A.S. 
Watson, private brands, online retail, and supermarkets. To acquire this missing 
data we needed a second source and chose Nielsen. However, Nielsen did not 
deliver local data, only national data. Therefore, we had to convert national data 
into local data. Possible differences between local and national use may not have 
been reflected by this conversion. It is unknown to us whether, this causes our 
estimations to be too low, or too high.  
 
Unfortunately, Farminform and Nielsen did not provide a division in POS. 
Therefore, we could not filter out sales from individual drugstores and could not 
correct the overlap in sales from non-A.S Watson drugstores between the two 
sources. We had the choice between not including sales from drugstores, or 
including them and counting a part double. We chose the latter because we did 
not want to miss an important part of the market. This may have led to an 
overestimation of emissions from OTC drugs sales in drugstores. However, A.S. 
Watson is the market leader and has approximately 60% of all stores so the 
overlap should be limited.  
 
The dermal diclofenac and ibuprofen part is relatively small compared with the 
oral part. Diclofenac products (oral and dermal) in The Netherlands are mostly 
prescription drugs and only limited available as OTC products. OTC diclofenac 
gels, e.g. Voltaren gel is only available in drugstores and pharmacies, not in 
supermarkets. This might explain the small dermal diclofenac part in   
Farminform data. However, the relatively even smaller dermal ibuprofen part 
may be because Nielsen data did not include ibuprofen dermal products.  
 
In search of alternative input data for our emissions estimation method, we 
explored the possibilities to estimate OTC drugs sales data in Nijmegen based on 
the percentage of OTC drugs sales from total sales in the Nordic Countries. We 
chose Norway as a “source” country for the application of this method. Again, 
this meant effectively that national data were converted to local data. In 
addition, the use of this alternative method implies that e.g. demographics, use 
of OTC drugs, and availability are identical (or similar) between Norway and 
Nijmegen. Although studies show similarities, they are not identical. With this 
method, we underestimated OTC drugs sales between a factor of 1.9 and 5.6 in 
comparison with calculated OTC drugs sales based on private regional and 
national data.  
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The underestimation of OTC drugs sales based on Norway data may be due to at 
least two restrictions. First, according to Kristensen et al. (2016), large 
intercountry differences in analgesics consumption exist worldwide and are due 
to “marketing, governmental policies, habits, availability, disease patterns and 
age distribution of the population”. In conclusion, demographic characteristics, 
living standards, and policies concerning OTC drugs use, and availability in The 
Netherlands need to be comparable with the Nordic countries. We learned that 
marketing, governmental policies, availability of OTC drugs, and age distribution 
for the use of OTC drugs in the Nordic Countries are relatively comparable with 
The Netherlands. However, other demographic differences or use patterns of OTC 
drugs between Norway and Nijmegen may exist. Second, the calculated OTC 
drugs sales were based on national data from Norway. This may have increased 
the uncertainty of our estimation. To what extent is unknown to us. In addition, 
we could not differentiate between oral/rectal/dermal applications, urinal, and 
faecal excretion, or excretion for both parent compounds and conjugates, since 
the input data did not provide this differentiation. Given the underestimation of 
OTC drugs sales in Nijmegen via this method, we chose not to use the estimated 
input data.  
 
5.2 Limitations of the emissions estimation method  
The first limitation is the inability to validate our method’s estimated loads of 
(OTC) conjugates since we had no measurements to compare them with. In 
addition, the estimated loads of conjugates were substantially higher than the 
estimated loads of parent compounds (OTC). Approximately a factor of 16, five, 
and eight for respectively acetaminophen, ibuprofen, and naproxen. Given these 
high loads, it would have been interesting to validate the estimated loads of 
conjugates. 
 
Second, our method does not take into account back-forming to parent 
compounds in the sewer. Conjugates in the sewer may be formed back to the 
parent forms. Our estimates for emissions of conjugates are in line with findings 
from Moermond et al. (2020) who mention a possible back-forming of 
approximately a factor 16 of the parent form for acetaminophen and a factor five 
for naproxen.  However, many uncertainties exist regarding the amount that 
once excreted into the sewer, forms back from metabolites to the parent 
compound (Moermond et. al, 2020). 
 
Third, in sewer degradation of both parent compounds and conjugates is beyond 
the scope of our method. Possibly rendering actual loads in the sewer lower than 
our predicted emissions. It is unknown to us to what amount. Indeed, many 
uncertainties exist regarding the amount that once excreted into the sewer is 
degraded, and the duration of that process (Moermond et. al, 2020). 
 
5.3 Emissions estimation method reliability and applicability 
Our emissions estimation method relies on the parameterization of the individual 
building blocks; actual consumption, leftover drugs, flushing, excretion, and 
wash-of. A large portion of the OTC and prescribed drugs remains unused. How-
ever, no exact value was found in our literature review for specifically OTC drugs 
leftovers in The Netherlands or abroad. Therefore, we chose two Dutch studies 
that addressed leftover drugs (prescription and OTC) together. More studies 
would have been welcome. In addition, we found large variations in excretion 
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factors for parent compounds, conjugates, and the amount flushed. Therefore, 
we used mean values for our calculations. Finally, although, our method esti-
mated emissions of conjugates, it did not estimate emissions of other metabo-
lites of the four OTC drugs. 
 
Our validation showed underestimations in predicted emissions in all locations 
between 1.08 and 2.31 for acetaminophen and between 1.09 and 2.23 for 
ibuprofen. This may be due to the restrictions in data and method. However, for 
diclofenac, we found large overestimations with factors between 9.36 and 48.14 
for all locations. One explanation for the overestimation of diclofenac could be 
due to the relatively large portion of the washed-off part (86.2%) in total 
emissions of diclofenac. This may be the result of using a too-large parameter for 
the not absorbed part (94.1%). For naproxen, we found overestimation factors 
between 2.40 and 15.52. A second explanation may be due to degradation in the 
sewer system of diclofenac and naproxen. If degradation took place between 
emissions and the time of measurement, it would not have shown in the 
measurements.  
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6. Conclusions and Recommendations 
We have developed and validated a method to estimate emissions of OTC drugs 
to the sewer system by households in Nijmegen. Our emissions estimation 
method primarily uses private regional wholesale data to quantify OTC drugs 
sales of acetaminophen, ibuprofen, diclofenac, and naproxen in Nijmegen. In 
addition, we have used private national data since our local data lacked sales 
from private brands, online retail, and supermarkets. The use of national data 
may have increased the uncertainty of the estimations. However, we do not 
know to what extent. Large differences in OTC drugs sales may exist between 
regions. Per capita, national use is not necessarily identical to per capita regional 
use. Therefore, there is a benefit to using regional data where possible. In 
addition, our local and national data had limitations that may have led to either 
underestimations or overestimations.  
 
Based on private wholesale data on OTC acetaminophen, ibuprofen, naproxen, 
and diclofenac our method allowed for the calculation of OTC drugs consumption, 
leftovers, flushed drugs, wash-off, and excretion for both conjugates, and parent 
compounds. The parameterization of our method’s parts was as follows; 
consumption was set at 66.7%, leftover drugs at 13.3%, and flushing of leftover 
drugs at 1% of leftover drugs. Wash-off of topical applied ibuprofen and 
diclofenac, respectively 88.32% and 94.1%. Wash-off percentages are relatively 
high. This leads to uneven high amounts of not-absorbed parent compounds 
directly emitted to the sewer system in comparison with emissions from 
excretion of e.g. oral consumption. Due to a large variation in excretion factors 
mean values have been used for the calculations of emitted parent compounds 
and conjugates. 
 
Total predicted emissions to the sewer system were the sum of flushing, wash-
off, and urinal and faecal excretion. Total predicted emissions of parent 
compounds in 2018 for OTC acetaminophen, ibuprofen, naproxen, and 
diclofenac, were respectively; 366.27, 91.66, 6.09, and 2.90 kg/API. Total 
predicted emissions of conjugates were significantly higher for acetaminophen, 
ibuprofen, and naproxen. Respectively; 5,711.09, 415.91, 27.88 kg/API. This 
translates to approximately a factor of 16, five, and five higher than parent 
compounds. In contrast, emissions of diclofenac conjugates were 3.16 kg/API, 
very similar to the emitted load of parent compounds.  
 
Our validation showed underestimations in predicted emissions in all locations 
between 1.08 and 2.31 for acetaminophen and between 1.09 and 2.23 for 
ibuprofen. This may be due to the restrictions in data and method. However, for 
diclofenac, we found large overestimations with factors between 9.36 and 48.14 
for all locations. One explanation for the overestimation of diclofenac could be 
due to the relatively large portion of the washed-off part (86.2%) in total 
emissions of diclofenac. For naproxen, we found overestimation factors between 
2.40 and 15.52. A second explanation may be due to degradation in the sewer 
system of diclofenac and naproxen. Conjugates were not measured in the 
Nijmegen sewer system and could not be validated.  
 
We explored the possibility to estimate OTC drugs sales data in Nijmegen by 
using international OTC and prescription drugs sales data. By applying the 
percentage of OTC drugs sales/total sales of Norway to Nijmegen we calculated 
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OTC drugs sales in Nijmegen. The input data obtained via this method yielded an 
underestimation of a factor between 1.9 and 5.7 compared to the sales data 
obtained via private data. Therefore, we decided not to use Norway data to 
estimate emissions. However, if there are no possibilities to obtain local or 
national data, this approach can be followed, keeping possible underestimations 
in mind. 
 
Recommendations  
Some parent compounds, like acetaminophen, may react with other chemicals in 
the sewer. Paracetamol reacts with hypochlorite, a water disinfection chemical, 
resulting in the production of 1,4-benzoquinone and N-acetyl-p-benzoquinone 
imine, both highly toxic chemicals (Bedner & MacCrehan, 2006). An 
accompanying list with potential chemicals that may react with the emitted 
parent compounds could give valuable insight into showing potential 
environmental risks when estimating emission loads. 
 
Although our method estimated emissions of conjugates, it did not estimate 
emissions of other metabolites of the four parent compounds. This would 
especially be valuable for metabolites with known hazardous properties or with 
the ability to react with other chemicals and form toxic substances. Ideally, these 
metabolites should then be measured in the sewer system for validating 
purposes. 
 
Finally, according to our calculations, more than 87% of total sales of 
acetaminophen, ibuprofen, naproxen, and diclofenac in Nijmegen are OTC drugs 
sales. Given this high percentage, the absence of a public source for OTC drugs 
sales, and the possible effects on the environment we advocate the 
implementation of a no-cost public regional data source for OTC drugs sales. This 
could help similar future studies in different regions. 
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Supporting Information 
 
Table S1. Selection from 24 suggested articles by Radboud University from February to 
June 2021. A paper was selected if it contained information regarding emissions of OTC 
drugs sales and/or general information about the use, excretion, and OTC availability of 
diclofenac, ibuprofen, naproxen, DEET, and acetaminophen. 

 
 
Table S2a. Found articles through a literature search from February to June 2021. Hits 
were based on the relevance of the title and abstract. The authors Terlaak, Austin and 
Zillien were suggested by Radboud University Nijmegen. 
Title  Year Author Search 

System 
Keywords Hits 

1. The importance of over-
the-counter sales and 
product format in the 
environmental exposure 
assessment of active 
pharmaceutical ingredients. 

2020 Austin et 
al. 

Web of 
Science  

Over-the-
counter AND 
Pharmaceuticals 
AND sewer 

4 

2. Risk-management tool for 
environmental prioritization 
of pharmaceuticals based 
on emissions from 
hospitals. 

2020 Zillien et 
al. 

Web of 
Science 
(search 
by topic 
and 
author) 

Hospitals AND 
Zillien  

1 

3. Prediction of concentration 
levels of metformin and 
other high-consumption 
pharmaceuticals in 
wastewater and regional 
surface water based on 
sales data 

2012 Terlaak 
et al. 

Google 
Scholar 

Terlaak AND 
Pharmaceuticals 

2890 

Title   Year  Author 
1. Medicijnresten en waterkwaliteit: een update.  2020 Moermond 

et al. 
2. Nonaspirin Nonsteroidal Anti-inflammatory Drug 

Use in the Nordic Countries from a Cardiovascular 
Risk Perspective, 2000-2016 

 2019 Kristensen 
et al. 

3. Trends in Use of Paracetamol in the Nordic 
Countries 

 2018 Wastesson 
et al. 

4. Trends in analgesic consumption in France over the 
last 10 years and comparison of patterns across 
Europe  

 2018 Hider-
Mlynarz 

5. Analgesic use — prevalence, biomonitoring, and 
endocrine and reproductive effects 

 2016 Kristensen 
et al. 

6. Impact of EMA regulatory label changes on systemic 
diclofenac initiation, discontinuation, and switching 
to other pain medicines in Scotland, England, 
Denmark, and The Netherlands 

 2019 Morales et 
al. 

7. Sale-based estimation of pharmaceutical 
concentrations and associated environmental risk in 
the Japanese wastewater system.  

 2020 He et al. 

8. Consumption of the three most widely used 
analgesics in six European countries 

 2012 Hudec et 
al. 
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4. Data Resource Profile: The 
Danish National 
Prescription Registry 

2016 Pottegard 
et al. 

Web of 
Science 

 -1 

5. Rapid Screening for 
Exposure to “Non-Target” 
Pharmaceuticals from 
Wastewater Effluents by 
Combining HRMS-Based 
SUSPECt Screening and 
Exposure Modeling.  

2016 Singer et 
al. 

Web of 
Science 

 - 
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Table S2b. Found articles through a literature search in October and November 2021. 
Hits were based on the relevance of the title and abstract.   
Title  Year Author Search 
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Keywords Hits 

Investigating sources of 
pharmaceutical pollution: Survey 
of over-the-counter and 
prescription medication 
purchasing, use, and disposal 
practices among university 
students. 

2017 Vatocec 
et al. 

Web of 
Science 

over-the-
counter 
pharmaceuticals 
AND consumer 
surveys 

26 

Pharmaceutical Household Waste 
Practices: Preliminary Findings 
from a Case Study in Poland. 

2019 Rogowska 
et al. 

Web of 
Science 

over-the-
counter 
pharmaceuticals 
AND consumer 
surveys 

26 

Pharmaceutical pollution sources 
and solutions: Survey of human 
and veterinary medication 
purchasing, use, and disposal. 

2021 Vatocec 
et al. 

Web of 
Science 

over-the-
counter 
pharmaceuticals 
AND consumer 
surveys 

26 

Showcasing the potential of 
wastewater-based epidemiology 
to track pharmaceuticals 
consumption in cities: 
Comparison against prescription 
data collected at fine spatial 
resolution. 

2021 Escola-
Casas et 
al. 

Web of 
Science 

over-the-
counter AND 
drugs AND 
Netherlands 
AND 
environment 

6 

Socio-economic differences in 
prescription and OTC drug use in 
Dutch adolescents 

 

2003 Tobi et al. Web of 
Science 

OTC drugs AND 
use AND The 
Netherlands 

42 

Over-the-counter drug use—
estimations within the Swedish 
paediatric population 

2010 Nydert et 
al.  

Web of 
Science 

OTC drugs AND 
use AND 
estimation 

18 

      
Attitudes towards sales and use of 
over-the-counter drugs in Sweden 
in a reregulated pharmacy 
market: a population-based study 

2019 Hedenrud 
et al. 

Web of 
Science 

OTC drugs AND 
use AND 
estimation 

18 
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Table S3. Found articles though cited references from articles in Tables 2 and 3. 
Title  Year  Author Cited by 

1. Prioritization and analysis of 
pharmaceuticals for human use 
contaminating the aquatic ecosystem in 
Italy.  

2015 Riva et al.  Austin et al. 

2. Prediction of concentration levels of 
metformin and other high consumption 
pharmaceuticals in wastewater and regional 
surface water based on sales data.  

2013 Oosterhuis 
et al. 

Austin et al. 

3. Occurrence of several acidic drugs in 
sewage treatment plants in Switzerland and 
risk assessment.  

2005 Tauxe-
Wuersch et 
al.  

Austin et al. 

4. Evaluation of concentrations of 
pharmaceuticals detected in sewage 
influents in Japan by using annual shipping 
and sales data.  

2015 Azuma et 
al. 

Austin et al. 
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Appendix A. Calculations in Excel. 

Calculations of results.  

Calculations of validation.  

 

Appendix B. Data in Excel. 

Farminform.  

Nielsen.  

SFK. 

 

 

Limitations data Effect Limitations method Effect 

Non participators 
<10% 

Underestimations 
emissions 

No measurements 
conjugates  
 

No validation predicted 
loads conjugates 

Nielsen National 
converted to local 

Ignores differences. 
Unknown over/ 
underestimations 

Not into account back-
forming conjugates to 
parent compounds in 
the sewer.  
 

Emitted loads possible 
lower to actual loads 
parent compounds in 
sewer 

Double counting non-
A.S Watson 
drugstores sales 

Overestimation 
emissions  

In sewer degradation 
parent compounds/ 
conjugates beyond 
scope  
 

Emitted loads possible 
higher to actual loads in 
sewer 

Norway data: not 
similar to NL + 
conversion to local 

Ignores differences. 
Unknown 

No estimation 
emissions other 
metabolites OTC drugs 
 

Missing valuable info 
possible dangerous 
metabolites 


