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Abstract:  

Background: Use of pharmaceuticals can lead to unchanged or metabolite residues in surface water that may result 

in negative environmental effects. Sweden has adopted the Generational goal defining direction and changes 

needed to become a sustainable nation, these align with the UN Sustainable Development Goals (SDGs). Sweden 

collects and analyzes samples for pharmaceuticals and other contaminants in surface water.  

Aim: To estimate risks connected to pharmaceuticals in complex mixtures, exemplified by nonsteroidal anti-

inflammatory drugs (NSAIDs), and discuss how this can be used to influence the actions needed to reach the 

Generational goal and the SDGs of Agenda 2030.  

Methods: Here, measured environmental concentrations (MECs) of the NSAIDs diclofenac, ibuprofen, ketoprofen, 

and naproxen in Swedish surface waters and in Uppsala’s Fyris River were accessed from a database and used in 

conjunction with predicted no-effect concentrations (PNECs) from the literature to derive risk quotients 

(RQ=MEC/PNEC). For all drugs a standardized PNEC derived from OECD guideline base-set tests were found, 

and for diclofenac and ibuprofen also non-traditional guideline PNECs were identified. Risk cups applied by 

summation of MEC/PNEC-risk quotients are considered safe if the sum of RQ <1, and as proposed in 

SOU 2019:45, if one chemical adds more risk than 0.1 to the risk cup it would be better to substitute it for another, 

if possible. 

Results and Discussion: Standardized PNECs derived from OECD guideline base-set tests were more than 60-fold 

greater than non-traditional PNECs for diclofenac and ibuprofen, affecting their individual RQ contribution and 

total sum of RQ. Based on the non-traditional PNECs, the sum of RQ were more than or near 1 in some cases in 

Fyris River and elsewhere, thus indicating risk to biota especially in 2010. Diclofenac and ibuprofen typically 

contributed more to Risk cups than did ketoprofen and naproxen. Especially diclofenac should be considered for 

substitution, if possible. Swedish sales data indicate at least one more NSAID compound suitable for analysis. In 

addition, more than 70 pharmaceuticals were identified in Fyris River, adding to pressure on environment from 

NSAIDs. Risk cups are conservative and require sparse data relative to other methods, and thus can be used to 

prioritize further efforts. A difficulty is to find relevant ecotoxicological data for pharmaceuticals and therefore an 

open access database would be of value, preferably complemented with sales data for APIs. However, since a 

default RQ-value of 0.1 was suggested in SOU 2019:45, a lack of data would not hinder action. Use of risk cups 

makes it possible to work toward e.g., sustainable production practices benefiting SDG 12. Inaction after 

identifying a problem conflicts with SDGs 6 and 12, since it would lead to less clean water and more sanitation 

issues and non-sustainable consumption and production.  

Conclusion: Risk cups as applied here are suitable as a first tier of pharmaceutical mixture risk estimation since 

they are quick to perform and demand less data than other methods. Because of their dependence on PNECs, it is 

important to use a relevant effect test, with results preferably published in an open access database. Diclofenac’s 

non-traditional risk quotient indicate that the ecological status of the Fyris River is at risk, supporting the official 

moderate ecological status classification. This thesis suggests an additional NSAID, etoricoxib, as a possible 

candidate for future studies, based on the number of other NSAIDs on the market and sales numbers, pointing at 

the usefulness of sales data for a better understanding of risk. In addition to the NSAID group, other 

pharmaceuticals, active metabolites, and non-pharmaceutical chemicals add to the pressure on the environment. 

Data on the risk cups and risk quotients can be used as a basis for improvements at sewage treatment plants and 

factories as well as for launching informative campaigns to physicians and the general public, actions which all 

may lead to a more sustainable future. 
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Summary: 

Medicines pass through our bodies unchanged or as metabolites and the residues end up at sewage treatment 

plants. The treatment plants are often not equipped to remove complex chemicals and therefore release a portion 

into the environment. Little is known about the risks caused by these mixtures since medicines are only evaluated 

on an individual basis before their marketing approval. This thesis includes an attempt to estimate risks from 

mixtures and to better understand how this information can be used to improve sustainability in the future. 

In Sweden, water from lakes, rivers, and streams is collected and analyzed. The results help us understand 

which medicines and how much of each (MEC) are present in the environment. Knowledge of how much of a 

certain medicine the most sensitive organisms can endure before negative effects occur (PNEC) is also necessary. 

There are many effect tests that describe how sensitive organisms are to a medicine. In EU the guidelines on 

environmental risk assessment of medicinal products for human use suggest a standard set of tests described by 

OECD (here called OECD-guideline base-set tests). Testing is currently mandatory only if the medicine is expected 

to end up in the environment at a certain concentration, based on calculations considering predicted sales. 

Here, the environmental risk in surface water from a group of medicines used to treat pain and inflammation 

(NSAIDs) was estimated. The water samples came from different parts of Sweden, with samples from Uppsala’s 

Fyris River in focus. This made it possible to see if risks became smaller if the sample was collected farther away 

from a sewage treatment plant. There were data for 4 NSAIDs in the water samples: diclofenac, ibuprofen, 

ketoprofen, and naproxen. Risk was described by a risk quotient, that is, by comparing how much medicine was 

found in water to how much exposure the most sensitive organism endured without negative effects (risk 

quotient=MEC/PNEC). The risk quotients were then added together to estimate the risk by the whole group. The 

total risk for the group is called a risk cup and if it has a higher value than 1, there is a risk of unacceptable damage 

to plant or animal life. According to a Swedish government official report (SOU 2019:45), if one chemical adds 

more risk than 0.1 to the risk cup it would be better to replace it with another – if possible.  

Since different effect tests can generate different results, the PNEC values derived from OECD-guideline base-

set tests and those of other physiological tests (identified for diclofenac and ibuprofen only) were used in the 

calculations. For most samples, the OECD-guideline derived values compared to how much of the medicine had 

been in the water (MEC) showed almost no risk at all. For the PNECs from other tests, compared to medicine found 

in the sampled water, there was a possible risk where especially diclofenac contributed to the risk cup. The Fyris 

River’s official status is that it has a moderate water quality based on diclofenac content; this falls well in with the 

estimation here since the risk quotients for diclofenac using a non-OECD guideline derived value was more than 

0.1 indicating that it would be better use some other NSAID when possible. There were more than 70 identified 

medicines in the Fyris River, so not only the NSAIDs contribute to the pressure on the environment. 

Risk cups are quick to calculate and need less information compared to other ways of calculating risk for groups 

of chemicals. This means that with a comparingly low effort more medicines can be risk-rated. It is important that 

a relevant test to decide the PNEC is used, otherwise the risk may be underestimated. The possibility to use a 

default value of 0.1 as proposed in SOU 2019:45 enables action also when there is a lack of data. 

Agenda 2030 and the Generational goal are intended to protect our planet, to thrive now and in the future. But 

life, as illustrated by sustainability goals, is connected in a complex network of economy, society, and biosphere. 

As a result, positive actions towards one goal may be negative to another. For example, medicines promote health 

(”Good health and well-being”; SDG 3) but production discharge and improper use can lead to irreparable damage 

(SDG 9) if medicines reach sensitive ecosystem in harmful quantities (SDGs 12 and 14). Therefore, a focus on the 

whole, being greater than the sum of its parts, is true for both medicines and for environmental visions. The 

pragmatic method explored here points at the importance of complex mixtures in estimating environmental risks. 
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1 Introduction 

People have always wanted to prevent or heal disease or injury. The earliest written recording of the use of 

medicinal plants goes as far back in time as the Ebers Papyrus (approximately 1550 B.C.), while the modern 

pharmaceutical industry can be said to have started in the 1800’s. In the production process or after intake 

of medicines, still active substances may enter recipient water through different pathways, such as treated 

wastewater – industrial or domestic, illegal dumping of wastewater, or agricultural activities (Fick et al., 

2009, Baresel et al., 2015). The first report of pharmaceuticals in the environment came from Kansas City, 

MO, USA in 1976. The finding of clofibric acid, a metabolite to a lipid-lowering pharmaceutical, in 

wastewater effluent was the beginning of numerous findings in the coming years (Strauch, 2011). The 

research program MistraPharma concerning for instance identification of high risk pharmaceuticals, 

antibiotic resistance, procedures for removal of pharmaceuticals from wastewater and so on (MistraPharma, 

2016) is an example of research efforts that greatly increased our understanding of environmental risks of 

pharmaceuticals. Still, most sewage treatment plants (STPs) cannot efficiently remove many of the active 

pharmaceuticals or their active metabolites from the effluent (Baresel et al., 2015). Some pharmaceuticals 

do not pass STPs at all before reaching recipients, for example, pharmaceuticals used in agricultural settings 

(Tran et al., 2019). 

There are multiple reports of pharmaceuticals causing negative environmental effects around the world 

(Kidd et al., 2007, Smits et al., 2014, Kidd et al., 2014, Oaks et al., 2004, Vajda et al., 2011, Shultz et al., 

2004). For instance, it is well-known that synthetic estrogens found in low concentrations in water near 

STPs have an effect on reproduction of fish living there (Vajda et al., 2011). Also, the steep decline in the 

number of vultures in India and Pakistan in the 1990’s was later shown to have been caused by the non-

steroidal anti-inflammatory drug (NSAID) diclofenac (Oaks et al., 2004, Shultz et al., 2004). The global 

increase in antibiotic resistance has been connected to over- or incorrect use, hotspots such as hospitals, 

agricultural settings with livestock, the use of slurry from STPs on soils, and pharmaceutical manufacturing 

plants (Adler et al., 2018, Thai et al., 2018). The increasing use of pharmaceuticals, due to an aging and 

growing population, in combination with an increasing number of pharmaceuticals available, results in 

complex mixtures in the environment which could place the surrounding biota at risk also when the 

concentration of individual API:s are low (Vieno et al., 2017). Together, this shows the importance of 

developing risk assessment methods for complex mixtures. Complex mixtures are not considered in the 

approval process for medical products in Europe today, but if they were, this could be used to promote risk 

mitigation activities and to develop surveillance plans which can be used to reach a more sustainable future. 

Having information on the environmental risks of pharmaceuticals is important, over the last decades the 

amount of available information has increased, provided by for instance scientists at universities and by 

companies. In the European Union, the requirement for submitting an environmental risk assessment (ERA) 

for medical products for human use was introduced in 2006 through an amendment to Directive 2001/83/EC 

(European Commission, 2001). The requirement was applied to new market authorization applications and 

applications for major changes of products which could be expected to result in an increased environmental 

exposure of the active pharmaceutical ingredient (API). Some products marketed before 2006 may have an 

environmental risk assessment as they were previously submitted on a voluntary basis. Also since 2006, in 

new applications for market authorization of veterinary medicine products an ERA is required. This is in 

contrast to medical products for human use, where environmental aspects are not considered in the risk-

benefit analysis (EMA, 2016). 

In 2010, the Swedish government and parliament adopted the Generational goal that defines the overall 

direction and changes needed within a generation to become a sustainable nation. This has been further 

defined in 16 environmental quality objectives describing the state of the Swedish environment that actions 

should result in (Swedish EPA, 2018). The objectives are in line with the Sustainable Development Goals 

(SDGs) for the benefit of current and future generations strived for by the United Nations’ (UN) member 

states as part of the 2030 agenda (United Nations, 2015). The health aspect is a very important part of the 

SDGs, for instance SDG 3: Good health and well-being cannot be reached without access to 

pharmaceuticals. Overall, the crosslinks between the individual SDGs are complex and there is a potential 
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risk that fulfillment of one may be at the expense of another. As mentioned above, the SDG 3 endpoint of 

Good health and well-being can clearly benefit from the use of pharmaceuticals, but at least another three – 

SDGs 6, 12, and 14, respectively – may also be negatively affected due to potential pharmaceutical 

contaminants in water, soil, and air. Goal number 6 concerns the accessibility of clean water and sanitation 

for all, SDG 12 involves responsible consumption and production practices, and SDG 14 focuses on 

conservation and sustainable use of oceans, seas and marine resources. 

As one part in Sweden’s work towards reaching the environmental quality objectives, water samples are 

being collected to analyze the concentration of pharmaceuticals and other chemicals in surface water. The 

Swedish environmental protection agency (Naturvårdsverket; Swedish EPA) has collected this information 

and published it in a publicly available database which is free for anyone to use. The collection includes 

water samples from STPs, hospitals, farmland, lakes, rivers, the Baltic Sea et cetera (Hallgren and Wallberg, 

2015, Vieno et al., 2017). 

2 Background 

The European Union’s Water Framework Directive (WFD) was established to ensure a good quantitative 

and qualitative status for inland water bodies and within 1 nautical mile of the shore (European Commission, 

2000). As a complement to the WFD, Environmental Quality Standards are put in place for priority 

substances including some heavy metals and pesticides, several are classified as hazardous to the 

environment. The Environmental Quality Standards are limits for the maximum concentration of each 

substance in surface water (European Union, 2008). In addition to the priority substances, a watchlist of 

potential new priority substances and certain other pollutants are also monitored for determination of the 

water status, the list of these includes several pharmaceuticals (HaV, 2019, Carvalho et al., 2015). The effect 

a pharmaceutical exerts on the environment is caused by a combination of factors: e.g., the inherent 

biological and chemical potency, whether it is persistent, and the concentration at which it is present. It is 

therefore important that also amounts sold and used are considered to determine which pharmaceuticals are 

more important to track. The availability of an increasing number of APIs will lead to an increasingly 

complex mixture of chemicals in wastewater. 

In water where discharge takes place and the Environmental Quality Standards risk being exceeded, it is 

stipulated that well-defined mixing zones may be designated by the European Union member states. The 

concentrations within the mixing zones may exceed the Environmental Quality Standard, provided that the 

rest of the water body is in compliance (European Union, 2008). The allowed size of the mixing zone 

depends on type of location for the discharge; if it is a narrow waterbody it may be necessary to limit the 

zone’s width to protect migratory species. For example, a maximum width of 25% of the waterbody width 

and a maximum length of 10 times the width of the waterbody or 1 km can be used (European Commission, 

2010). Sweden has opted not to issue guidelines regarding mixing zones, but dilution effects are considered 

when environmentally hazardous activities are being planned (Svensson and SWECO Environment AB, 

2019). In addition, there are no specific requirements for STPs to remove pharmaceutical residues from 

wastewater, this will likely change in the future and Swedish STPs are being upgraded to increase their 

effectiveness with regard to pharmaceuticals (Baresel and Malovanyy, 2019). 

As mentioned above, all new applications for market authorization of human pharmaceuticals must include 

an ERA. However, the European competent authorities (including the central agency, the European 

Medicines Agency [EMA]) do not require an in-depth ERA unless a concentration of 0.01 µg/L of the 

pharmaceutical is predicted to be found in surface water. If the predicted environmental concentration (PEC) 

is greater than 0.01 µg/L, a base set of tests must be performed to determine the predicted no-effect 

concentration (PNEC), i.e., the highest concentration predicted to be of no harm for the environment. The 

base-set (OECD-guideline base-set) tests for deriving a PNEC recommended in the current guideline for 

medicines for human use (EMA, 2006) are OECD guidelines for three trophic levels (algae, daphnia and 

fish), and the PNEC is based on the study that render the lowest no observed effect concentration (NOEC). 

More testing is required if there are indications of potential environmental risk in the OECD-guideline base-

set test results (EMA, 2006). 
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A PNEC is, as indicated above, required only after the PEC is greater than 0.01 µg/L in surface water. If it 

is, the recommended OECD-guideline base-set tests to determine the PNEC includes algae growth 

inhibition test 201 (OECD, 2011) – blue-green algae if antimicrobials are tested, Daphnia sp. reproduction 

test 211 (OECD, 2012), and fish, early life stage toxicity test 210 (OECD, 2013). The risk of an API to the 

environment can be estimated by comparing the predicted environmental concentration (PEC) to the PNEC. 

In Europe, if the initial (Tier A) results indicate a risk quotient (RQ; i.e., PEC/PNEC-ratio) greater than 1, 

further testing is required (EMA, 2006). 

One potential issue is that the OECD-guideline base-set tests may not have the optimal endpoints to study 

the consequences of a certain API. There are several other standardized tests that have been developed, and 

still more experimental tests which could characterize the risks connected to a certain substance differently 

than the OECD tests. As an illustration, the API diclofenac which was included in the first WFD watchlist 

has been suggested to be issued an Environmental Quality Standard concentration based on non-OECD-

guideline-based results (UBA, 2014). Alternative methods and endpoints have indeed been discussed in a 

draft update to the guideline for medicines for human use and elsewhere. For instance, in place of the NOEC, 

determination of the concentration at which an effect is seen in 10% of the tested organism (EC10) has been 

suggested and, in addition, studies using other species or endpoints than those in the OECD-guideline base-

set have been suggested (EMA, 2018, Gunnarsson et al., 2019). 

Another potential issue is that the OECD-guideline base-set tests only assess risk for an individual API as 

if it was the only active chemical in the environment. In reality, surface water is simultaneously 

contaminated by a variety of chemicals. These chemicals could cause a total effect that is greater (synergistic 

effect) than their individual test results would lead one to believe, be in line with the test results (additive 

effect) or cause a smaller effect (antagonistic) than what would be expected from the test results. A mixture 

usually presents a greater risk than isolated exposure to individual mixture constituents of the same 

concentration as in the mixture (SOU 2019:45, 2019). Use of modeling methods which result in predictions 

for the ecotoxicological risk of complex mixtures could lead to a lesser need to carry out tests in biological 

systems (Backhaus and Faust, 2012). One such method, the risk cup method, has been proposed in a Swedish 

government official report. The report was the result of the government’s decision to commission a special 

inquiry with focus on how to improve the group-wise management of hazardous chemicals. Regulatory risk 

assessment of the effects of combinations of chemicals were also included in the task (SOU 2019:45, 2019). 

Sustainability, or sustainable development, is a wide concept with a multitude of definitions. The most 

prominent one was established in the 1987 UN report “Our common future” – generally referred to as the 

Brundtland report: “Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (United Nations, 1987). Though 

this definition has had its share of critique, due to vagueness or ambiguity of phrases such as the undefined 

time frame “future generations” or of “sustainability” and the document’s strong focus on technology-

based economic growth (Klarin, 2018, Barbosa et al., 2014) it will be the basis for this thesis’ understanding 

of sustainability. 

As mentioned above, Sweden has adopted an environmental policy known as the Generational goal 

(Swedish Government, 2010) which is closely related to the above definition of sustainable development. 

Linked to the Generational goal are 16 Swedish environmental objectives. The Swedish Medical Products 

Agency, the regulatory body for pharmaceuticals in Sweden, focuses on 5 of these objectives: A non-toxic 

environment, Flourishing lakes and streams, Good-quality groundwater, A Balanced marine environment, 

flourishing coastal areas and archipelagos, and A rich diversity of plant and animal life (Medical Products 

Agency, 2018). The UN SDGs to be fulfilled by the year 2030, together with the European WFD and its 

Environmental Quality Standards in combination with the Swedish Generational goal, show that the 

environmental objectives have global, continental, and national interests behind them. The Swedish EPA 

database is a resource which can be used to evaluate the situation to find out if we are doing what is necessary 

to reach the goals. 

This thesis focusses on the exposure situation in Swedish waters from a selected group of APIs. These 

pharmaceuticals may enter the waters after use of the substances. The thesis considers potential mixture 

effects in the context of the objectives A non-toxic environment and Flourishing lakes and streams. The 

tracking of contaminants in effluents from STPs with different types of removal processes, as well as in 
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surface water, can identify potential threats to the biota and identify which types of improvements in the 

removal process that are more likely to succeed. However, it should be mentioned that tracking effluents 

also from API manufacturing could help limit the amounts of harmful chemicals reaching the environment. 

For example, an analysis of the discharge could be used to influence development of more efficient synthesis 

methods. Globally, manufacturing and transport of pharmaceuticals and other products contribute to climate 

change. The effects from climate change in concert with contaminated water risk affecting the biodiversity 

negatively to an even greater degree. The extent of the consequences is difficult to predict due to the complex 

nature of an ecosystem. If an ecosystem collapses, it is a local tragedy, but it could also have global 

consequences. Ecosystem services of all kinds can be affected by biodiversity loss: Supporting services 

such as habitats that no longer function; Provisioning services where food or fresh water cannot be found; 

Regulating services which no longer allow natural water purification; and not least Cultural services where 

ecotourism or inspirational sites no longer exists. Ironically, an overexposure to pharmaceuticals in the 

environment may also result in fewer new medicines being developed due to biodiversity loss. 

2.1 Aim and research questions 

The aim of this thesis is to study how to assess risks connected to exposure from pharmaceuticals in complex 

mixtures (exemplified by nonsteroidal anti-inflammatory drugs; NSAIDs) in Swedish waters and how this 

can be used to influence the actions needed to reach the Swedish Generational goal and the Sustainable 

Development Goals of Agenda 2030. This will be addressed by responding to the research questions defined 

below. 

1. Can NSAID-mixture exposure in Swedish surface waters pose a risk for the exposed biota as assessed 

by a risk cup approach to complex chemical mixtures, including the risk quotient limit proposed in 

SOU 2019:45?  

2. Are there other NSAIDs that should be measured in surface water in addition to those already 

tracked? 

3. How could the ‘risk cup’ approach to complex chemical mixtures, described in SOU 2019:45, applied 

specifically to pharmaceutical drugs in Swedish waters, affect the potential to reach the Swedish 

Generational goal and the Sustainable Development goals of Agenda 2030 as they relate to Sweden? 
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3 Methods 

3.1 Selection active pharmaceutical ingredients to be studied 

Concentrations of pharmaceuticals in Swedish surface water were considered in this thesis. Data from 

samples were imported from “Miljöövervakningsdata Screening av miljögifter” (available at: 

https://dvsb.ivl.se/dvss/DataSelect.aspx; hereafter ‘Swedish EPA database’), a database supported by the 

Swedish EPA. Antibiotics were not considered since the predominant environmental problem with this 

group is the risk of development of antibiotic resistance and not the risk of toxicological effects in biota. 

Four (4) pharmaceuticals-related categories from the database formed the initial selection: “Anti-

inflammatory substances, NSAIDs”, “Hormones”, “Pharmaceuticals”, and “Veterinary medicines”, any 

antibiotics identified in these categories were disregarded once identified.  

Further selection of a pharmaceutical group from the database was conducted by using the following steps: 

1. Identify APIs with concentrations greater than the limit of detection, the limit of quantitation (LoQ), 

and concentrations greater than 0 found in the database (179 APIs) 

2. Identify APIs from step 1 with at least 30 samples with concentrations greater than 0.01 µg/L 

(40 APIs remaining) 

3. To each API from step 2, designate most common/likely use in anatomical therapeutic chemical 

classification system (ATC) level 4 code to each API from step 2 (29 groups remaining) 

4. Identify other APIs belonging to the ATC subgroups identified in step 3 

5. Disqualify groups with 2 or less members found in the water samples (8 groups remaining) 

6. The final selection of ATC group to investigate was based on the number of samples with 

concentrations above 0.01 µg/L within the group (Selection: M01AE; propionic acid derivatives 

which are nonsteroidal anti-inflammatory drugs). 

3.2 Identification of relevant supportive ecotoxicological data 

After group-selection, relevant scientific articles with API-specific ecotoxicological risk data were 

identified from search engines including PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), Google 

scholar, Web of Science, Pharmaceutical Specialties in Sweden (www.fass.se), and university library 

services from Uppsala University, the Swedish University of Agricultural Sciences, and Gothenburg 

University. The search strings included: ‘PNEC’ or ‘NOEC’ (Section 2) and the name of the API (e.g., 

‘ketoprofen’). Additional references with potential PNEC-data identified from the literature were mined for 

information. 

PNECs are based on acute (short-term) to chronic (long-term) toxicity data for individual species or derived 

from data from multiple species. The methods use assessment factors (also known as safety factors) which 

may range between 1 and 1000, these are used to divide e.g., a long-term NOEC, depending on the level of 

uncertainty in the data. An assessment factor of 10 may be used, if the PNECs are based on multiple long-

term NOECs from at least three trophic levels (European Chemicals Bureau, 2003). The European 

environmental risk assessment for medicinal products for human use guideline has a predefined OECD-

guideline base-set of tests which qualify an assessment factor of 10 (EMA, 2006).  

There are other tests from OECD, other organizations, or constructed by researchers which can be used in 

compliance with the technical guidance document issued by the European Chemicals Bureau (2003) which 

can be used to describe non-traditional PNECs. Non-traditional PNECs were, here, defined as published 

studies of high quality with long-term ecotoxicological data based on relevant physiological changes, and 

different from those included in the OECD-guideline base-set. An assessment factor of 10 was used on 

https://dvsb.ivl.se/dvss/DataSelect.aspx
https://www.ncbi.nlm.nih.gov/pubmed/
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established effect or no-effect concentration (NOEC) since 3 trophic levels were already available through 

the OECD-guideline base-set studies (European Chemicals Bureau, 2003)  

For all included APIs a search for one PNEC, in line with the criteria from the European guideline, hereafter 

OECD-guideline base-set, and one non-traditional PNECs was attempted.  

3.3 Selection of water samples to be studied 

The Swedish EPA database includes information on pharmaceuticals in water samples from locations in 

Sweden collected between 2003 and 2014. A sample-selection of surface water from lakes, streams, inland 

sea, farmland, as well as ground- and drinking water was subject to study. In some cases, it was not possible 

to determine water-source type due to inexact reporting in the database. The data were screened to identify 

a location where dilution takes place, i.e., where there is a concentration gradient to compare concentrations 

within and outside of a theoretical mixing zone. This requires several collection sites in proximity of each 

other and up- and downstream from a STP, preferably with data from several time points available. Data 

from the Fyris River in Uppsala, a major Swedish municipality, fulfilled these requirements and were 

therefore selected. 

3.4 The ‘Risk cup’ method 

To describe if there is a risk of a chemical to negatively affect the environment an RQ is calculated 

(PEC/PNEC). An RQ greater than 1 is an indicator of environmental risk (Hernando et al., 2006, Bouissou-

Schurtz et al., 2014, Kienzler et al., 2019, EMA, 2006). 

This thesis concerns mixtures and as described in a recent report to the Swedish Government  

(SOU 2019:45), the risk cup assumes that any organism can withstand a maximum amount of chemical 

mixture exposure, and if at any point that amount is exceeded – the exposure will lead to unacceptable harm. 

The SOU report proposed that if the actual RQ of a hazardous chemical is higher than 10% of the risk cup, 

the chemical should be subject to substitution if there are alternatives available. Further, if the PEC or PNEC 

is unknown for a chemical, leading to an unknown RQ, a default allocation of 10% of the risk cup total can 

be set for that chemical. The SOU report also names several methods to assess the environmental risk for 

chemical mixtures, one is PEC/PNEC summation. In this thesis, the 10% limit for an individual API in a 

risk cup is considered and the PEC/PNEC summation of the ‘risk cup’ (Equation 1) from the selected APIs 

is used to describe potential risks of a mixture. If the risk cup is filled so that the accumulated exposure is 

more than 1 (i.e., more than 100%) an unacceptable harm would likely ensue. 

Equation 1 Risk Cup (summation of PEC/PNEC-ratios as presented in Table 4.2 in SOU 2019:45) 

𝑅𝑖𝑠𝑘 𝑐𝑢𝑝 =  ∑ 𝑅𝑄𝑖

𝑛

𝑖=1

= ∑
𝑀𝐸𝐶𝑖

𝑃𝑁𝐸𝐶𝑖

𝑛

𝑖=1

, 𝑤ℎ𝑒𝑟𝑒  

𝑅𝑄 = 𝑅𝑖𝑠𝑘 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡,  
𝑀𝐸𝐶 = 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛,  
𝑃𝑁𝐸𝐶 = 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑛𝑜 𝑒𝑓𝑓𝑒𝑐𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

Here measured environmental concentrations (MECs) from the Swedish EPA’s database were used for the 

selected APIs instead of PECs for the calculations of RQs. 
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4 Results 

4.1 Active pharmaceutical ingredient selection 

The members of the selected ATC group (M01AB) are NSAIDs with the same principal mechanism of 

action as other NSAIDs, these are members of ATC groups M01AE and N02B. It was therefore decided to 

include all NSAIDs in the evaluation. All 24 currently marketed NSAID APIs for human and veterinary use 

(Table 1) were identified through the FASS-website (https://www.fass.se). The Swedish EPA database was 

then searched for each API, using alternative spelling to make the search as complete as possible. The 

NSAID-APIs with concentrations above LoQ were diclofenac, ibuprofen, naproxen, and ketoprofen; these 

were therefore included in the analyses for this thesis. Acetylsalicylic acid was also an analyte in some of 

the water samples in the Swedish EPA database, however, was not found at concentrations above LoQ in 

any of the samples.  

Table 1 Nonsteroidal anti-inflammatory drug (NSAID) APIs and primary ATC-group (level 4) for human and 

veterinary indications in products with market authorization in Sweden 2020. Source: www.fass.se 

 M01AB M01AC M01AE  M01AH M01AX N02BA N02BB 

 Diclofenac Piroxicam Ibuprofen  Celecoxib Nabumetone Acetylsalicylic 
acid 

Phenazone 

 Ketorolac Tenoxicam Naproxen  Parecoxib   

 Aceclo-
fenac 

Meloxicam Ketoprofen  Etoricoxib    

  Dexibuprofen      

         

QM01AA  QM01AC QM01AE QM01AG QM01AH QM01AX QN02BA  

Phenyl-
butazone 

 Meloxicam Carprofen Flunixin Firocoxib Grapiprant Acetylsalicylic 
acid 

 

    Robenacoxib   

     Mavacoxib    

     cimicoxib    

4.2 Identification of relevant supportive ecotoxicological data 

The search result of identified scientific articles from the PubMed-database for each of the APIs is shown 

in Table 2. 

Table 2 Number of publications identified in PubMed. Search terms: ’NOEC’ or ‘PNEC’ and the individual API 

Active pharmaceutical ingredient (API) Number of identified publications 

Diclofenac 32 

Ibuprofen 24 

Ketoprofen 7 

Naproxen 10 

The number of identified PNECs or data which could be used as a basis for PNEC-values, located either 

through the searches in Table 2 or through alternative means (e.g., environmental data for pharmaceutical 

products found at www.fass.se or as part of reference list in PubMed-identified articles) are shown in  

Figure 1. Each source was counted only once, with PNEC-data taking precedence over NOEC-data, other 

types of data were ranked lower than NOEC-data. 

https://www.fass.se/
http://www.fass.se/
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Figure 1 Number of publications presenting data deriving a PNEC, NOEC or Other value (e.g., EC50 or LOEC) 

divided into all publications in middle column and publications following guidelines in right column 

Tables 3 through 5 show the PNECs chosen for the APIs in this thesis. As far as possible the OECD-

guideline base-set PNECs were identical to those used by Gunnarsson and coworkers (2019), i.e., chosen 

from OECD guideline compliant studies in Figure 1. Non-traditional PNECs, i.e., PNECs based on tests 

and physiologically relevant endpoints, other than those in the OECD-guideline base-set, were only found 

for diclofenac and ibuprofen. For these, the OECD-guideline base-set and non-traditional PNECs differ 

more than 60-fold. For ketoprofen and naproxen it was not possible to identify alternative PNECs based on 

physiologically relevant effects. PNECs used in a report from IVL Swedish Environmental Research 

Institute (Baresel and Malovanyy, 2019), where the original source was not identified, will also be used here 

for comparisons to some degree. An assessment factor of 10 was used for the calculation of OECD-guideline 

base-set and non-traditional PNECs. This requires long-term NOEC data available for at least three species 

representing three trophic levels (European Chemicals Bureau, 2003). 
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Table 3 Selected OECD-guideline derived PNECs for NSAID group members 

Active Pharmaceutical 
Ingredient 

OECD-guideline base-
set PNEC (test) 

Reference Comment Organism(s) 

Diclofenac 32 µg/L (OECD 210) Gunnarsson et al., 
2019 

Harlan Laboratories Study 
D33507a 

Zebra fish (Danio rerio) 

Ibuprofen 68 µg/L (OECD 210) Gunnarsson et al., 
2019 

NOEC is based on highest 
concentration tested 
(Overturf et al., 2012) 

Zebra fish (Danio rerio) 

Ketoprofen 1.78 µg/L (OECD 201) Sanofi Internal 
reportb 

 Green algae 
(Pseudokirchneriella 

subcapitata) 

Naproxen 15 µg/L (OECD 211) Gunnarsson et al., 
2019 

Brixham Environmental 
Laboratory BR0012 

Water flea (Daphnia 
magna) 

Assessment factor=10 
a https://www.fass.se/LIF/product?nplId=19820429000140&docType=78 
b https://www.fass.se/LIF/product?userType=0&nplId=19951018000026&docType=78&scrollPosition=954 

Table 4 Selected non-traditional PNECs for NSAID group members 

Active Pharmaceutical 
Ingredient 

Non-traditional PNEC 
(test) 

Reference Comment Organism(s) 

Diclofenac 0.5 µg/L Liu et al., 2017 NOEC (time to first brood), 
21d 

Daphnia magna 

Ibuprofen 1 µg/L (Environment 
Canada EPS 1/RM/25) 

Brun et al., 2006 NOEC (growth inhibition), 
72h 

Pseudokirchneriella 
subcapitata 

Ketoprofen -  #  

Naproxen -  #  

Assessment factor=10 
# Not possible to identify lower PNEC based on relevant physiological changes. 

Table 5 PNECs for NSAID group members presented in Baresel & Malovanyy 2019, IVL Swedish Environmental 

Research Institute 

Active Pharmaceutical Ingredient IVL PNEC 

Diclofenac 0.05 µg/L 

Ibuprofen 1 µg/L 

Ketoprofen 1.041 µg/L 

Naproxen 0.64 µg/L 

No further information on original data source in the publication. 

4.3 Measured environmental concentrations and risk quotients 
in surface waters for individual NSAIDs  

4.3.1 Sweden 

Samples collected in Sweden show considerable variability in concentration between sites, types of location 

where the sampling takes place, and between the different APIs (Figures 2 to 5). Data for non-STP collected 

samples are scarce, and large areas of Sweden have not been sampled for the selected APIs. For descriptions 

of the Swedish locations which were considered, see Table 6. 
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Figure 2 Concentrations of diclofenac in water-samples collected at different types of locations in Sweden. Solid 

thick lines illustrate OECD-guideline base-set (higher) and non-traditional (lower) PNECs for the API. Dotted line 

illustrates the PNEC presented by IVL. N.B. Samples with concentrations below LoQ are not plotted. 

Sources: https://dvsb.ivl.se/dvss/DataSelect.aspx; Gunnarsson et al., 2019; Liu et al., 2017; Baresel & Malovanyy, 

2019 

For diclofenac there were two identified samples which overshot the non-traditional PNEC, and 

none that were greater than the OECD-guideline base-set PNEC. The highest concentration found 

was in groundwater collected at the STP Kungsängsverket in Uppsala. The RQs were 1.2×10-3 

(median), and 0.021 (max) when using OECD-guideline base-set PNEC; and 0.078 (median), and 

1.36 (max) when using non-traditional PNEC. 
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Figure 3 Concentrations of ibuprofen in water-samples collected at various types of locations in Sweden. Solid thick 

lines illustrate OECD-guideline base-set (higher), and non-traditional PNEC (lower). PNEC presented by IVL and 

non-traditional PNEC had the same value N.B. Samples with concentrations below LoQ are not plotted. 

Sources: https://dvsb.ivl.se/dvss/DataSelect.aspx; Gunnarsson et al., 2019; Brun et al., 2006; Baresel & Malovanyy, 

2019 

The highest concentrations of ibuprofen were identified at two farms, one cattle farm and one pig farm 

(Figure 3). These samples were collected from water on the ground caused by either rainfall, hosing, or 

similar activities and in a ditch, respectively. There were no groundwater measurements for ibuprofen above 

LoQ. The RQs were 8.2×10-5 (median), and 0.41 (max) when using OECD-guideline base-set PNEC; and 

5.6×10-3 (median), and 28 (max) when using non-traditional PNEC. 

https://dvsb.ivl.se/dvss/DataSelect.aspx
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Figure 4 Concentrations of ketoprofen in water-samples at various types of locations in Sweden. The solid thick line 

illustrates OECD-guideline base-set PNEC. No non-traditional PNEC based on relevant physiological data was 

found. Dotted line illustrates the PNEC presented by IVL. N.B. Samples with concentrations below LoQ are not 

plotted. 

Sources: https://dvsb.ivl.se/dvss/DataSelect.aspx; Sanofi internal report 117651210 (data extracted from 

www.fass.se); Baresel & Malovanyy, 2019 

For neither ketoprofen nor naproxen (Figures 4 and 5) were there any samples with concentrations greater 

than the OECD-guideline base-set PNEC. As for ibuprofen the highest concentrations of the APIs were 

found on farmland. These samples were collected from water on the ground caused by either rainfall, hosing, 

or similar activities and in a ditch, respectively. The ketoprofen RQs were 2.2×10-3 (median), and 0.56 (max) 

and the corresponding numbers for naproxen were 8.0×10-4 (median), and 0.80 (max) when using OECD-

guideline base-set PNEC. 

https://dvsb.ivl.se/dvss/DataSelect.aspx
http://www.fass.se/
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Figure 5 Concentrations of naproxen in water-samples collected at various types of locations in Sweden. The solid 

thick line illustrates OECD-guideline base-set PNEC. No non-traditional PNEC based on relevant physiological data 

was found. Dotted line illustrates the PNEC presented by IVL. N.B. Samples with concentrations below LoQ are not 

plotted. 

Sources: https://dvsb.ivl.se/dvss/DataSelect.aspx; Gunnarsson et al., 2019; Baresel & Malovanyy, 2019 

4.3.2 Uppsala 

Uppsala municipality has the 4th largest population in Sweden and was identified as a location fulfilling the 

criteria for NSAID-APIs specified in Section 3.3 and was therefore selected for more detailed studies. The 

Swedish EPA database contains information on water samples collected upstream and downstream relative 

to the local STP Kungsängsverket at two different time points, 2010 and 2014, respectively. The database 

also includes data on the effluent from the STP. 

In the effluent samples from Kungsängsverket collected in 2010 and 2014, a total of 74 and 72 different 

APIs were identified at concentrations greater than LoQ, respectively. A map of Uppsala’s Fyris River with 

the sample points indicated with turquoise symbols are shown in Panel 1. 

https://dvsb.ivl.se/dvss/DataSelect.aspx
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Panel 1 Map over the Fyris River in Uppsala, blow-up of central parts, and enhanced satellite photograph with 

sample locations shown. Some locations changed marginally between sampling time points and were therefore 

lumped together in the analysis, as exemplified in the blow-up. 

Source: Google maps; Swedish environmental protection agency database (https://dvsb.ivl.se/dvss/DataSelect.aspx) 

 

Sample location Approximate distance from 
STP 

A 1.5 km upstream 

B Effluent, 0 m 

C Near effluent 

D 150 m downstream 

E 600 m downstream 

F 3.5 km downstream 

G 6 km downstream 

 

 

 

 

 

 

A 

B 

C 

D 

E 

F 

G 
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The upstream-downstream RQ-fluctuations, proportional to API concentrations, for the selected APIs 

relative to the local STP Kungsängsverket in Uppsala, Sweden with measurements from different timepoints 

are shown in Figures 6 through 9. In the figures, samples with concentrations lower than LoQ are shown 

with unfilled circles which are placed using LoQ/2 in the calculation of the RQ. There is typically a 

considerable dilution-effect after the effluent is discharged.  

 

Figure 6 Diclofenac in surface water samples presented as risk quotients (RQ) in Fyris River. The LoQ was 10 ng/L. 

N.B. <LoQ-values (unfilled circles) plotted as LoQ/2. A PNEC of 0.5 µg/L (Liu et al., 2017) was used to calculate 

the RQ, lower than the OECD-guideline base-set PNEC (Gunnarsson et al., 2019). Concentration data (MEC) from 

https://dvsb.ivl.se/dvss/DataSelect.aspx. 

For diclofenac the upstream samples did not, at any of the sampling timepoints, have concentrations greater 

than LoQ, indicating an RQ of less than 0.02 (Figure 6) when using a non-traditional PNEC of 0.5 µg/L 

(Liu et al., 2017) in the calculation. At the sampling locations within approximately 150 m of the STP the 

concentrations of diclofenac generated RQs (based on non-traditional PNECs) which were greater than 0.1 

at both sampling timepoints. In 2014, the RQ remained above 0.1 at the “Downstream 3.5 km” collection 

site. 



16 

 

 

Figure 7 Ibuprofen in surface water samples presented as risk quotients (RQ) in Fyris River. The LoQs were 10 ng/L 

in 2010 and 180 ng/L in 2014, respectively. 

N.B. <LoQ-values (unfilled circles) plotted as LoQ/2. A PNEC of 1 µg/L (Brun et al., 2006) was used to calculate 

the RQ, lower than the OECD-guideline base-set PNEC (Gunnarsson et al., 2019). Concentration data (MEC) from 

https://dvsb.ivl.se/dvss/DataSelect.aspx. 

For the ibuprofen samples collected in 2010, an apparent local maximum occurred at 150 m downstream 

from the effluent-point. The RQs were above 0.1 at the two downstream sampling points nearest to the 

effluent discharge point only when using a non-traditional PNEC of 1 µg/L (Brun et al., 2006) in the 

calculation. The concentrations in the samples collected in 2014 were all lower than the LoQ which was 

18 times greater than the one used in 2010 (180 ng/L in 2014 versus 10 ng/L in 2010; Figure 7).  
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Figure 8 Ketoprofen in surface water samples presented as risk quotients (RQ) Fyris River. The LoQ was 10 ng/L. 

N.B. <LoQ-values (unfilled circles) plotted as LoQ/2. An OECD-guideline base-set PNEC of 1.78 µg/L (Sanofi, 

Internal Report 117651210) summarized on www.fass.se was used to calculate the RQ. Concentration data (MEC) 

from https://dvsb.ivl.se/dvss/DataSelect.aspx. 

For ketoprofen and naproxen the RQs were low (i.e., had RQs below 0.1) at all sampling locations  

(Figures 8 and 9, when using the OECD-guideline base-set PNECs since no non-traditional PNECs were 

found.  
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Figure 9 Naproxen in surface water samples presented as risk quotients (RQ) in Fyris River. The LoQ was 10 ng/L. 

N.B. The <LoQ-value in the chart (unfilled circle) plotted as LoQ/2. A PNEC of 15 µg/L was used to calculate the 

RQ, which was the same as that presented by Gunnarsson et al., (2019). Concentration data (MEC) from 

https://dvsb.ivl.se/dvss/DataSelect.aspx. 

4.4 Risk cups for NSAID-exposure in Swedish surface water 

For samples collected in Sweden in general, those which were not apparent influent or effluent samples 

from STPs and had two or more NSAIDs quantified at the same time were included in the risk cup 

calculations. The available data resulted in the risk cups presented in Table 6. All samples collected in 2005, 

except for Klarälven, had quantifiable concentrations of all four APIs, all other samples had either 

diclofenac- or ibuprofen-concentrations below LoQ, sometimes in combination with ketoprofen. Most 

locations had risk cups which were much lower than 1. Four (4) of 22 samples had NSAID concentrations 

resulting in a risk cup above 1. The RQs for diclofenac were above 0.1 in 8 of the 22 samples. The 

corresponding numbers for ibuprofen and ketoprofen were 2 of 22, both of which were found in surface 

water at farms with animal husbandry (bovine and porcine). Naproxen had 1 of the 22 samples resulting in 

an RQ above 0.1. All 4 NSAIDs were found at levels resulting in RQs greater than 0.1 at the cattle farm. 

These samples were collected from water on the ground caused by either rainfall, hosing, or similar 

activities. 



19 

 

Table 6 Risk cups (summation of RQ = MEC/PNEC) for diclofenac, ibuprofen, ketoprofen, and naproxen analyzed 

in water samples collected in Sweden between 2005 and 2014. For diclofenac and ibuprofen non-traditional PNECs 

were used. For naproxen and ketoprofen OECD-guideline base-set PNECs were used since no non-traditional 

PNECs were found 

Year Location Risk cup 
total 

Comment 

2014 Kyrkviken 1.1 Bay in Arvika, Värmland, recipient from the local STP, LoQ of 180 ng/L for 
ibuprofen driving risk cup up above 1 

 Varnumsviken 0.20 Bay in Kristinehamn, Värmland, recipient from the local STP, LoQ of 180 ng/L 
for ibuprofen driving risk cup up 

 Kungsängsverket 1.4 Groundwater collected at the STP in Uppsala 

 Boren 0.21 Lake in Motala, Östergötland, recipient from local STP and drinking water 
source, LoQ of 180 ng/L for ibuprofen driving risk cup up 

 Roxen 0.36 Lake in Linköping, Östergötland, indirect recipient from local STP, LoQ of 
180 ng/L for ibuprofen driving risk cup up 

2012 Hyndalsån 0.38 River in Kil, Värmland, recipient from local STP 

2011 Tärnan 0.081 Lake near Åkersberga, Stockholm 

2010 Stockholm 0.29* Tap water 

 Djupasjön 0.062 Lake near Borås, Västergötland 

 Gothemsån 0.061 River on Gotland 

2009 Ycklaren 0.0092 Lake in Ockelbo, Gästrikland 

 Yttre fjärden 0.0043 Bay with brackish water outside Gävle, Gästrikland 

 Marmen 0.0063 Lake in Söderhamn municipality, Hälsningland, recipient of the local STP 

2008 Sandholmen 0.0054* Bay near Piteå, Norrbotten 

 South Sandholmen 0.0044* Bay near Piteå, Norrbotten 

 Pitsund 0.0012* Bay with brackish water, near Piteå, Norrbotten 

2005 Varnumsviken 0.013 Bay in Kristinehamn, Värmland, recipient from the local STP 

 Mellanfjärden 0.021 Bay near Nyköping, Södermanland, recipient from the local STP 

 Animal Farm 30* Located on Ljusterö, Stockholm 

 Pig Farm 4.8* Water from ditch, undisclosed location 

 Byälven 0.027 River in Säffle, Värmland, recipient from the local STP 

 Klarälven 0.0037 River in Karlstad, Värmland, recipient from local STP 

The risk cups were calculated using measured concentrations, if below LoQ, the LoQ/2-value was used. 
All risk cups for the years 2008 to 2014 had sample concentrations below LoQ for either diclofenac or ibuprofen, for some in 
combination with missing ketoprofen data and the estimated risks are therefore likely to be overestimates. 
* Based on highest reported concentrations, multiple samples collected within one week 
Concentration data (MEC): https://dvsb.ivl.se/dvss/DataSelect.aspx. Sources of PNEC-data: see Tables 3 and 4 

The RQs and risk cups based on water sample concentrations and PNECs (Tables 3 and 4) from the OECD-

guideline base-set as well as non-traditional ecotoxicology data for each of the Uppsala sampling locations 

at each timepoint are presented and summarized in Tables 7 and 8. 
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Table 7 Risk quotients (RQ) and risk cups (summation of RQ=MEC/ PNEC for the NSAIDs) of surface water 

samples collected in Fyris River in October 2010 

NSAIDs Upstream  
1.5 km 

Effluent Near 
effluent 

Downstream 
150 m 

Downstream 
600 m 

Downstream 
3.5 km 

Downstream  
6 km 

Risk Quotient (MEC/Non-traditional PNEC) 

Diclofenac <0.010 7.8 1.8 0.58  0.056 0.18 

Ibuprofen <0.0050 0.14 0.12 0.14  0.069 0.021 

Ketoprofen# 0.0094 0.094 0.063 0.016  0.0063 0.013 

Naproxen# 0.0013 0.0086 0.0051 0.0026  0.0018 0.0026 

Risk cup 
total 

0.026 8.0 1.99 0.74  0.13 0.22 

Risk Quotient (MEC/OECD-guideline base-set PNEC) 

Diclofenac <0.00015 0.12 0.028 0.091  0.00088 0.0028 

Ibuprofen <0.000080 0.0021 0.0018 0.0021  0.0010 0.00031 

Ketoprofen 0.0094 0.094 0.063 0.016  0.0063 0.013 

Naproxen 0.0013 0.0086 0.0051 0.0026  0.0018 0.0026 

Risk cup 
total 

0.011 0.22 0.098 0.11  0.010 0.019 

Concentrations below LoQ were counted as LoQ/2. 
# No non-traditional PNECs were found and therefore the OECD-guideline base-set PNEC was used. 
Concentration data (MEC): https://dvsb.ivl.se/dvss/DataSelect.aspx. Sources of PNEC-data: see Tables 3 and 4 

When considering diclofenac in Table 7, the non-traditional RQ was greater than 0.1 at most sampling sites, 

including the most distant one (Downstream 6 km). Ibuprofen had RQs, based on non-traditional PNECs, 

greater than 0.1 at the point of effluent and at least 150 m downstream. At the same time, the sum of the 

risk cup was greater than 1 at the site of effluent and its nearest sampling location. The risk cups, based on 

OECD-guideline base-set PNECs, at the point of effluent and its nearest two collection points were the only 

ones which came close to or surpassed 1. When basing RQs on OECD-guideline base-set PNECs, only at 

the point of effluent did diclofenac have an RQ which exceeded 0.1.  

Table 8 Risk quotients (RQ) and risk cups (summation of RQ=MEC/ PNEC for the NSAIDs) of surface water 

samples collected in Fyris River in August 2014 

NSAIDs Upstream  
1.5 km 

Effluent* Near effluent Downstream 
150 m 

Downstream 
600 m 

Downstream 
3.5 km 

Downstream  
6 km 

Risk Quotient (MEC/Non-traditional PNEC) 

Diclofenac <0.010 0.98 0.52 0.32 0.17 0.24 <0.010 

Ibuprofen <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 

Ketoprofen# <0.0032 0.010 0.032 0.016 <0.0032 0.0063 <0.0032 

Naproxen# 0.0011 0.00073 0.0018 0.0011 0.0013 0.0013 <0.00033 

Risk cup 
total 

0.10  
[0.014] 

1.1  
[0.99] 

0.64  
[0.55] 

0.43  
[0.34) 

0.27  
[0.17] 

0.34  
[0.25] 

0.12  
[0.014] 

Risk Quotient (MEC/EMA Standard PNEC) 

Diclofenac <0.00015 0.015 0.0081 0.0050 0.0027 0.0038 <0.00015 

Ibuprofen <0.0013 <0.0013 <0.0013 <0.0013 <0.0013 <0.0013 <0.0013 

Ketoprofen <0.0032 0.010 0.032 0.016 <0.0032 0.0063 <0.0023 

Naproxen 0.0011 0.00073 0.0018 0.0011 0.0013 0.0013 <0.00033 

Risk cup 
total 

0.0056  
[0.0045] 

0.027  
[0.026] 

0.043  
[0.042] 

0.023  
[0.022] 

0.0085  
[0.0072] 

0.013  
[0.011] 

0.0050  
[0.0028] 

No brackets = concentrations below LoQ counted as LoQ/2. Square brackets = concentrations below LoQ counted as LoQ/2 but 
ibuprofen excluded due to unusually high LoQ (18×standard limit). 
* Effluent sample collected one week later than upstream and downstream samples. 
# No non-traditional PNECs were found and therefore the OECD-guideline base-set PNEC was used. 
Concentration data (MEC): https://dvsb.ivl.se/dvss/DataSelect.aspx. Sources of PNEC-data: see Tables 3 and 4 

In the data from 2014, it appears that the RQs were lower than those calculated for the samples from 2010 

(Tables 7 and 8). In support of this notion, a greater number of measurements were below the LoQs for the 

APIs in 2014, however, the ibuprofen LoQ was 18 times higher in 2014 than in 2010. Further, as seen in 

Tables 7 and 8 and in Figure 10, the 2014 non-traditional risk cups were close to or above 1 at, or near, the 
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point of effluent discharge. The non-traditional PNEC-based RQs for diclofenac were greater than 0.1 from 

the point of effluent to at least 3.5 km downstream of the STP, but always below 0.1 for RQs based on 

OECD-guideline base-set PNECs.  

When applying the IVL PNECs, the risk cups for downstream sample collection points were often above 1 

(Figure 10). 

 

Figure 10 Risk cups (summation of RQ=MEC/ PNEC for diclofenac, ibuprofen, naproxen, and ketoprofen) using 

concentrations in surface water samples from the Fyris River and PNECs i.e. based on OECD-guideline base-set, 

non-traditional PNECs, or those presented by IVL. 

N.B. For concentrations <LoQ, the LoQ/2-value was used. Concentration data (MEC): 

https://dvsb.ivl.se/dvss/DataSelect.aspx. Sources of PNEC-data: see Tables 3 and 4 

4.5 Other NSAIDs of interest 

In a comparison of sales data for six NSAIDs and paracetamol Goodpoint (2019) have shown that the 

number of doses sold in Sweden of etoricoxib in 2017 was 10 462, and the corresponding number for 

ketoprofen was 9 966. The number of doses sold for celecoxib was approximately one fifth (2 080 units) of 

the other two. Etoricoxib and celecoxib had a combined PEC of more than 150 ng/L, but none were above 

100 ng/L on their own. Neither were found in the Swedish EPA database. 

5 Discussion 

The overall question for this thesis was whether mixture exposure of NSAIDs in Swedish surface waters, 

with focus on levels in the Fyris River, may pose a risk to the biota. This was addressed by considering the 

risk quotients (RQ) of the individual measured NSAIDs as well as considering their collective contribution 

by adding RQs into a risk cup. If a risk is indicated, by the risk cup exceeding 1 or the RQ-contribution from 

an individual NSAID exceeding 0.1 of the risk cup (as suggested in SOU 2019:45), a more complex second-

tier method may be used to investigate the risk further. Calculation of RQs and risk cups using the measured 
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NSAID-concentrations in surface water published in the Swedish EPA database in combination with the 

non-traditional PNECs identified in the scientific literature give a clear indication that there may be a risk 

to animals and plant life near Kungsängsverket in Uppsala, and in other locations in Sweden. Diclofenac 

and possibly also ibuprofen appear to be the most important components of the NSAID-risk cup and thus 

the main drivers in the NSAID-group towards an unsustainable risk level in Swedish surface waters. The 

results indicate that there is a risk at some locations caused by both individual NSAIDs and more so when 

considering the risk cup of several NSAIDs in the Swedish surface waters. Locations with high risk cup-

values are likely to counteract the sustainability goals from the 2030 Agenda and the Swedish Generational 

goal. 

The results pointing to a risk for the biota by NSAIDs in surface waters at some locations in the Fyris river 

is in line with the water information system for Sweden-database (http://viss.lanstyrelsen.se) stating that the 

ecological status of the Fyris River is ‘moderate’, and the chemical status cannot be classified as ‘good’. 

One reason for the ‘moderate’ classification is that the diclofenac concentrations in the river are greater than 

the limit of 0.1 µg/L (HaV, 2019). Even with the dilution from the river, the limit was exceeded as far away 

as in the “Downstream 3.5 km“ in 2014, and the “Downstream 6 km” sample from 2010 had a concentration 

of 0.09 µg/L which was only 10% below the limit. The results from the diclofenac risk quotient calculations 

support this finding since they were frequently above 0.1, and diclofenac should be considered for 

substitution or other risk mitigation measures as suggested in SOU 2019:45. As a possible reflection of the 

status, samples of the relatively stationary perch, caught in Lake Mälaren approximately 60 km downstream 

of Kungsängsverket, contained diclofenac and ibuprofen (ketoprofen or naproxen were not analyzed). The 

fish were suspected to have been exposed to water from Fyris River including its effluent from 

Kungsängsverket. The concentrations in the bile of the fish were similar to levels in human plasma after 

topical or oral treatments with diclofenac (Karlsson and Viktor, 2014, Miyatake et al., 2009). Clinical effects 

are therefore plausible and health effects in fish should be a concern. Birds of prey or scavenger birds in 

Sweden could risk having their kidneys affected by the NSAIDs from eating the fish, in a similar fashion to 

the vultures in India. 

When estimating risk to biota, the actual exposure (MEC) in relation to the maximum safe concentration 

(PNEC) is naturally very important. The dependence on the chosen PNECs when quantifying risk in risk 

cups was clearly illustrated here when comparing the risk cups based on OECD-guideline base-set PNECs 

to those based on non-traditional or PNECs used in IVL-publications. Depending on location and year of 

sampling in the Fyris River, the total risk cup from NSAID exposure appeared to be between 2 (Upstream 

1.5 km, 2010) and 33 (Downstream 600 m, 2014) times greater when using risk cups based on non-

traditional PNECs compared to OECD-guideline base-set PNEC-based risk cups. For the comparison of 

IVL PNECs to OECD-guideline base-set PNECs, the apparent risk was more than 120 times greater in the 

IVL risk cups for most sampling locations. This finding shows the challenge of identifying suitable PNECs 

for risk assessments that are based on relevant endpoints for the mixture’s constituents. An openness or 

active encouragement to include and accept results from non-OECD guideline base-set test methods in risk 

assessments of pharmaceuticals should be made a priority to prevent underestimation of risk as long as the 

studies are of high quality. For additional safety margin it would be wise to consider the individual RQs that 

are close to or greater than 0.1 even if the risk cup is not greater or equal to 1 and, if possible, take action to 

substitute such APIs, as proposed in SOU 2019:45. In this thesis, the assumption is that the non-traditional 

PNECs are relevant for the risk-estimation. Consequently, the risk to biota caused by NSAID-concentrations 

in Swedish surface waters, including the Fyris River, is shown through risk cups-values which on several 

occasions have been greater than 1 and through RQs of individual NSAIDs greater than 0.1 (Tables 6 

through 8). A lesser use of especially diclofenac would be preferable to limit these risks. 

Here MECs from the Swedish EPA database were used in the RQ calculations. This database offers access 

to measurements of collected water samples over approximately a decade that can be used to describe the 

situation in the water from which they are sampled. Though measured values are clearly preferable to 

theoretical ones, any description of real-world data typically involves simplifications. For instance, 

pharmaceutical content downstream effluents from STPs fluctuates with season, month, or even time of day 

(Valcarcel et al., 2011), thus providing, a snapshot used in calculations instead of an annual average. In 

addition, the samples need to be interpreted in the correct context to be better understood: Where the 

sampling took place compared to the nearest upstream effluent discharge point, at what depth the effluent 
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is discharged, what the character of the waterflow is, whether there are different types of gradients (e.g., 

chemical, salinity, or temperature) in the recipient. None of these factors are generally readily available, but 

for the Kungsängsverket data used here several of them were identified, either directly in the database 

(geographical coordinates of discharge point and collection sites) or from additional information found 

online (depth of discharge point, annual average water flow in the river). This made the interpretation of the 

data much easier, and more likely to be correct. 

Here, the summation of RQs was used to form a risk cup. This was considered scientifically valid since 

NSAIDs share a common mode of action between the APIs. However, summation of RQs has been proposed 

for chemicals with different modes of action. For example, Backhaus and Faust (2012) propose the 

summation of RQs for individual chemicals into a RQ for a mixture (i.e., a risk cup) as an acceptable initial 

approach, even in cases where there are different modes of action or if different assessment factors had been 

used (both are requirements in the concentration addition method from which this risk cup method is 

derived). They argue that the estimated risk is either virtually identical to, or higher than, risks calculated 

by more complex methods. In addition, the authors state that the results are usually within a factor 2 of the 

observed toxicity irrespective of similarities or dissimilarities between mixture components. Therefore, if 

the risk cup results give no indication of an increased risk, and the test from which the PNEC is derived 

appears to be wisely chosen, no additional analysis should be necessary. If, on the other hand, a need for 

further investigation is identified, the use of a more exact and complex method is warranted. 

Examples of the more complex methods include concentration addition with assumptions fulfilled, 

independent action reflecting that the mixture components contribute to the response independently and via 

different pathways, i.e., not sharing the same mode of action, combinations of concentration addition and 

independent action methods, or toxicokinetic-toxicodynamic methods also known as physiologically-based 

pharmacokinetics and pharmacodynamics for pharmaceuticals models (all considered in SOU 2019:45). 

An example of a very complex method is the species sensitivity distribution technique where all available 

data is used in a statistical distribution model to identify a concentration where one can expect 5 percent of 

the different species to be affected. That value is then divided by an assessment factor to derive a PNEC. 

The minimum requirements for the method, according to the European Chemicals Bureau (2003) include at 

least 10 long-term NOECs from 8 different taxonomical groups which have been further specified with 

regards to content. For instance, in the case of ibuprofen, there was a species specific distribution model 

applied in one publication (Huang et al., 2018) which fitted 29 individual NOECs and a few lowest-

observed-effective-concentrations (LOECs) and median lethal concentration (LC50) values into a model 

resulting in a much lower PNEC (26 ng/L) than what was presented in the results section of this thesis (non-

traditional: 1000 ng/L; OECD-guideline base-set 68 000 ng/L). Since the data consisted of short- and long-

term data and lacked a long-term NOEC for insects, it did not meet the minimum requirements from the 

European Chemicals Bureau and was thus not used as the non-traditional PNEC in this thesis. However, the 

study by Huang and colleagues (2018) does give an indication that there is a risk of using too high PNECs 

(i.e., underestimating the risk) if all high-quality data is not taken into account. Since the difficulty lies not 

in the calculations but in finding APIs with enough relevant ecotoxicological information; to enable data 

evaluation a common open access database, preferably including sales data, would be of great value. This 

could limit the need for additional studies to be carried and may generate more accurate results. 

Another question in this thesis was if there are other NSAIDs that should be measured in surface waters in 

addition to those already tracked. There are currently 16 NSAIDs approved for human use in Sweden, but 

only five were analyzed for in the samples reported in the Swedish EPA database. In other words, there 

were potentially several other NSAIDs in the sample contributing to the actual total risk cup. A comparison 

of the number of defined daily doses (DDD) sold may indicate other NSAIDs suitable for monitoring or 

further calculations. For instance, the number of units of etoricoxib (10 462 DDD) sold in Sweden in 2017 

was at the same level as that of ketoprofen (9 966 DDD). Etoricoxib is therefore deemed a suitable candidate 

for further studies. For perspective, ibuprofen was the NSAID with the greatest number of doses sold in 

2017 (115 117 DDD), followed by diclofenac (86 174 DDD) and naproxen (57 794 DDD) (Goodpoint, 

2019). A breakdown of sales data to enable local expected concentration calculations and a knowledge of 

the local removal processes at the sewage treatment plant could pinpoint which analytes to focus on in a 

local or regional setting. For instance, the use of ibuprofen is higher than diclofenac but due to the high 

removal of ibuprofen at STPs (Baresel and Malovanyy, 2019, Fick et al., 2011), the levels downstream of 
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STP effluents is lower than would be expected if degradation is not taken into account. Thus, sales data in 

combination with metabolism and removal at STPs are valuable parameters to take into account when 

determining what chemicals to focus on for risk assessments or to analyze. Regarding etoricoxib there are 

no available data from Swedish water samples, but from a Spanish study it appears that approximately half 

is removed at STPs (Goodpoint, 2019, Trinanes et al., 2015). 

Here the level of some NSAIDs in surface water in relation to PNECs were considered. However, since 

more than 70 pharmaceuticals were found in the analyzed samples from Uppsala in addition to active 

metabolites and other chemicals or nutrients, the Fyris River’s resilience is possibly already affected. In 

addition, surface water contaminated by pharmaceuticals or other complex chemicals may, depending on 

their chemical properties, eventually reach the groundwater table even if it is located deep beneath the 

surface. In Uppsala, the Fyris River water is actively pumped into the Uppsala ridge, adding to the 

groundwater table. As the water flows through the ridge over the next 6 to 8 months, the ridge stores, cleans 

and provides the drinking water for most of Uppsala’s population (Uppsala vatten, n.d., Gustafsson et al., 

2018). The cleaning of the water in the ridge is not complete as has been shown in an analysis of Uppsala’s 

drinking water where traces of hydrochlorothiazide were identified (Landstinget i Uppsala län, 2006). In 

Stockholm, water from Lake Mälaren is cleaned in water treatment plants, but diclofenac and naproxen have 

still been found in the drinking water there. If effluent discharge into surface water recipients continues with 

increasing levels of potentially harmful contents it will not be possible to fulfill the Generational goal or 

the environmental quality objectives. With the increasing number of pharmaceuticals approved for use and 

an older population, it is important that behavioral changes in the population and among prescribing 

physicians take place. The pharmaceutical industry will need to also focus on identifying new APIs with 

acceptable environmental footprints to replace the ones with a poorer environmental profile. In addition to 

these changes, a continued development of the removal processes for STPs is needed to stop 

pharmaceuticals from making the situation worse, and significant improvements in these processes are 

needed to make the situation better. 

It is important to have effective medical treatments and, when there are multiple alternatives available, that 

we substitute one for another based on the environmental footprint of their use. Since pharmaceuticals are 

designed to produce effects within biological systems, typically at very low concentrations (OECD, 2019), 

trace amounts may generate effects in other species than those intended. It is likely that the area near 

Kungsängsverket has been affected by the effluent over the years, not least indicated by the status of the 

Fyris River mentioned above and the risk calculations in this thesis. If the effect is poorer health or inability 

to reproduce in the biota, this can lead to a chain reaction. The ecosystem is very complex and, if its 

resilience has already been weakened, a minor change in one part of that system may end up causing disaster 

in another. The complexity makes it very difficult to predict the consequences, but they clearly have the 

potential to affect sustainability. 

The 2030 Agenda for Sustainable Development is intended to provide a shared map for the UN member 

states to reach a sustainable and thriving future. The agenda is supported by the 17 SDGs, which comprise 

aspects relating to the biosphere, society, and economy. Today, due to human use and manufacturing 

processes, contaminating pharmaceutical residues reach the environment all over the planet, even as 

remotely as the Antarctic (Emnet et al., 2015, Larsson, 2014). In some areas the source of contamination is 

farmland where cattle roam, in others direct discharge of untreated wastewater from households, or 

discharge from STPs (Bagnis et al., 2020, Emnet et al., 2015). There are also several examples of untreated 

wastewater leaving pharmaceutical factories in parts of the world where regulations are not enforced which 

have resulted in an increase in antibiotic resistance and toxic effects, and have the potential to change 

behavior, reproduction capacity or other health aspects in humans and biota living in or near the water – in 

the end negatively affecting SDG 3. Tracking of these contaminants in water samples and using risk cups 

to calculate the risk can benefit humans, plants and animals, for example, by showing whether there is a 

need to improve the treatment of wastewater from cities and from manufacturing sites and can thereby 

increase the chances of fulfilling SDG 6 (Clean water and sanitation) and SDG 14 (Life below water). 

Application of the information in educational campaigns make it possible to work toward sustainable use 

and production practices to fulfill aspects of SDG 12. If there is a lack of action after a problem has been 

identified, this would be in direct conflict with SDGs 6 and 12 since included in SDG 6 is a target to protect 

and restore water-related ecosystems and SDG 12 has as one of its targets to achieve environmentally sound 
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management of chemicals throughout their lifecycle. Since the Swedish Generational goal aligns with the 

environmental sustainability goals of the 2030 Agenda, it also benefits from the use of risk cups. 

In summary, the risk cup method applied as summation of MEC/PNEC RQs is, when relevant data are 

available, a quick and cautious (i.e., possibly overestimating the risk) method to qualify a group of APIs for 

or exempt them from a deeper risk analysis. The data for water sample concentrations and the 

ecotoxicological background information (PNEC) should be complemented with sales data so that 

additional APIs or groups of interest can be identified. In the example case of the NSAIDs, national sales 

data indicated that there may be good reason to add at least etoricoxib to the list of analytes. If the national 

sales data were to be broken down to local sales and with additional knowledge of the removal processes 

used at the local STP one could tailor the list of analytes to that information so that, if there was a higher 

than acceptable risk connected to the effluent, the risk could be identified and remediated. 

Since the apparent risk is highly dependent on the PNECs, it makes sense to welcome additional test 

methods and endpoints or to add additional tests to the OECD-guideline base-set so that the actual risk is 

not greater than the expected risk. The large difference between OECD-guideline base-set PNECs 

(presented at www.fass.se, the prescription support in Sweden) and e.g., those used by IVL makes it difficult 

for prescribing physicians to make educated choices. Today, if the most relevant PNEC is non-traditional, 

it is likely that the physician will not find it as readily and could be less concerned about prescribing the 

drug from an environmental perspective than what he or she should be. 

Once the body gets rid of the medication, we need to minimize how much of these potent chemicals end up 

in our surroundings. The removal of pharmaceuticals in sewage treatment plants needs to be more efficient 

if we are to succeed in our goal to live in a sustainable world. Sweden has in recent years prioritized 

upgrading the processes in some sewage treatment plants with a specific focus on complex chemicals such 

as pharmaceuticals and several more are planning to. In the end, to fulfill sustainable development goals we 

will need medication, but we also need to use medication that causes as little harm as possible to the 

ecosystem to ensure that environmentally oriented goals such as the Generational goal can be fulfilled.  

6 Conclusion 

Risk cups as applied here are suitable as a first tier of pharmaceutical mixture risk estimation since they are 

quick to perform and demand less data than other methods. Because of their dependence on PNECs, it is 

important to use a relevant effect test, with results preferably published in an open access database. 

Diclofenac’s non-traditional risk quotient indicate that the ecological status of the Fyris River is at risk, 

supporting the official moderate ecological status classification. This thesis suggests an additional NSAID, 

etoricoxib, as a possible candidate for future studies, based on the number of other NSAIDs on the market 

and sales numbers, pointing at the usefulness of sales data for a better understanding of risk. In addition to 

the NSAID group, other pharmaceuticals, active metabolites, and non-pharmaceutical chemicals add to the 

pressure on the environment. Data on the risk cups and risk quotients can be used as a basis for 

improvements at sewage treatment plants and factories as well as for launching informative campaigns to 

physicians and the general public, actions which all may lead to a more sustainable future. 
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