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Preface 

 

 

 

 

 

 

Pharmaceutical residues are widespread in the environment. Some active 

pharmaceutical ingredients (APIs) are present at levels that may negatively affect 

organisms in surface water, sediment and soil. This report highlights results from 

the three year-project Clear Waters from Pharmaceuticals (CWPharma) funded by 

the EUôs Interreg Baltic Sea Region Programme.  The overall aim of the project was 

to decrease the emissions and adverse effects of pharmaceuticals in the Baltic Sea 

region. The County Administrative Board of Östergötland participated in the 

project together with other authorities, researchers and wastewater organisations 

from seven Baltic Sea countries. The project was divided into four work packages 

focusing on (1) emissions, consumption and environmental risks of APIs, (2) 

advanced wastewater treatment, (3) low-tech risk reduction measures of APIs, and 

(4) scenarios, conclusions and action plans. 

 

The County Administrative Board of Östergötland coordinated the work of 

mapping the emissions, consumption and environmental risks of about  80 active 

pharmaceutical ingredients (APIs) in the Baltic Sea region. Sampling was 

performed in selected river basin districts in Sweden, Finland, Estonia, Latvia, 

Germany and Poland. Environmental samples were collected from lakes, streams, 

coastal waters and agricultural land. We also analyzed emissions of APIs from 

municipal wastewater treatment pl ants, hospitals, pharmaceutical manufacturing 

facilities, landfills, and fish and livestock farms. In Sweden, sampling was carried 

out within the Motala ström  catchment area, from Lake Vättern to Bråviken 

Estuary. 

 

This report presents all the results from  the mapping of emissions, consumption 

and environmental risks of APIs in the Baltic Sea region. The widespread and, in 

some places, high prevalence of APIs in the environment shows that immediate 

measures are needed to reduce the risk of negative environmental effects and the 

development of antibiotic resistance. 
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Förord (in Swedish) 
 

 

 

 

 

 

Läkemedelsrester är vitt spridda i miljön. Vissa läkemedelssubstanser förekommer 

i nivåer som utgör en risk för organismer som lever i vatten, bottensediment och i 

jord. Detta visar resultat från det treåriga projektet Clear Waters from 

Pharmaceuticals (CWPharma) som finansierades av EU:s Interreg Baltic Sea 

Region Program. Syftet med projektet var att minska spridning av 

läkemedelsrester till Östersjön. Länsstyrelsen Östergötland deltog i projektet 

tillsammans med andra myndigheter, forskare och avloppsreningsverk från sju 

östersjöländer. Projektet delades in i fyra arbetspaket med fokus på (1) utsläpp, 

miljörisker och konsumtion av aktiva läkemedelssubstanser, (2) avancerad rening 

av avloppsvatten, (3) uppströmsåtgärder och (4) scenarier, slutsatser och 

handlingsplan.  

 

Länsstyrelsen samordnade arbetet med att kartlägga utsläpp, miljörisker och 

konsumtion av ca 80 aktiva läkemedelssubstanser i östersjöregionen. 

Provtagningar genomfördes i utvalda avrinningsområden i Sverige, Finland, 

Estland, Lettland, Tyskland och Polen. Prover samlades in från sjöar, vattendrag, 

kustvatten och jord bruksmark. Vi analyserade även utsläpp av läkemedelsrester 

från avloppsreningsverk, sjukhus, läkemedelsindustri, fiskodlingar, 

djurbesättningar och deponier. I Sverige genomfördes provtagningar inom Motala 

ströms avrinningsområde, från Vättern till Bråvike n.  

 

I denna rapport presenteras samtliga resultat från kartläggningen av utsläpp, 

mil jörisker och konsumtion av läkemedelssubstanser i östersjöregionen. Den 

utbredda och ställvis höga förekomsten av läkemedelsrester i miljön visar att det 

krävs omedelbara åtgärder för att minska risken för negativa miljöeffekter och 

utveckling av antibioti karesistens.  

 

Tack  

Länsstyrelsen Östergötland vill rikta ett stort tack till lead partner Finnish 

Environment Institute (SYKE), aktivitetsledarna vid Latvian Intitute of  Aquatic 

Ecology (LIAE) och Institute of Environmental Protection ï National Research 

Institute (IOS) i Polen, samt övriga projektpartners som bidragit till denna rapport. 

Vi är även tacksamma för stödet från projektets associerade organisationer och 

andra som på något sätt hjälpt oss.  

   

Länsstyrelsen Östergötlands arbete i projektet har, utöver bidrag från EU:s 

östersjöprogram, även medfinansierats av Havs- och vattenmyndigheten genom 

anslag 1:11 Åtgärder för en bättre havs- och vattenmiljö.  
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Summary 
 

This report describes the contamination by pharmaceuticals and the environmental risks associated 

with their environmental levels in the Baltic Sea Region. Data were collected within the three-year 

project Clear Waters from Pharmaceuticals (CWPharma) funded by the EUôs Interreg Baltic Sea 

Region Programme. Sampling was performed in the river basin districts of Vantaanjoki in Finland, 

Pärnu in Estonia, Lielupe and Daugava in Latvia, Vistula in Poland, Warnow-Peene in Germany 

and Motala ström in Sweden. Analyses were performed on surface water, coastal water, sediment 

and soil that was fertilized with sewage sludge or manure. Analyses were also performed on 

emissions from municipal wastewater treatment plants, hospitals, pharmaceutical manufacturing 

facilities, landfills, and fish and livestock farms. In total, the study covered 13 365 data points from 

226 samples as well as collection of human and veterinary consumption data of selected active 

pharmaceutical ingredients (APIs).  

 

Samples were screened for up to 80 APIs, representing antibiotics, antiepileptics, antihypertensives, 

asthma and allergy medications, gastrointestinal disease medications, hormones, metabolic disease 

medications, non-steroidal anti-inflammatory drugs (NSAIDs) and analgesics, other cardiovascular 

medicines, psychopharmaceuticals, veterinary medicines and caffeine. The measured APIs were 

selected based on analytical capacity, consumption rates, identified data gaps and potential 

environmental risks. Literature and databases were screened for ecotoxicological information. 

Acute toxicity tests were performed for two APIs, nebivolol and cetirizine, for which 

ecotoxicological data were lacking. Measured environmental concentrations were compared with 

predicted no-effect concentrations (PNEC) to assess environmental risks of the selected APIs.  

Environmental levels 
This study showed a widespread prevalence of APIs in the environment. APIs were detected in all 

the studied rivers, lakes, coastal waters, sediments and soils. Surface water samples contained 

between 8ï49 of 63 analysed APIs. The sum concentration of the detected APIs was 0.0018ï12 

µg/L, reflecting very different environmental conditions upstream versus downstream of emissions 

from e.g. municipal wastewater treatment plants and livestock farms. The most frequently detected 

API was an antiepileptic carbamazepine, which was quantified in 98% of the inland surface water 

samples and 100% of the coastal water samples. Other frequently detected APIs in surface water 

were tramadol and diclofenac (NSAIDs and analgesics), cetirizine (asthma and allergy medication) 

and venlafaxine and citalopram (psychopharmaceuticals).   

 

Several APIs were also found in the sediment of Baltic Sea estuaries and Pärnu river. Each coastal 

sediment sample contained between 13ï27 of 64 analysed APIs. The sum concentration of the 

detected APIs varied from 37 to 161 µg/kg d.w. Pärnu river sediment contained 41 APIs with a sum 

concentration of 188 µg/kg d.w. close to the river mouth. Five APIs were found in all sediment 

samples: metformin (metabolic disease medication), tramadol (NSAIDs and analgesics), oxazepam 

and risperidone (psychopharmaceuticals) and caffeine. Paracetamol (NSAIDs and analgesics) and 

xylometazoline (asthma and allergy medications) were detected at the highest concentrations in 

sediments, up to about 80 µg/kg d.w. 

 

Soil samples from sludge or manure-fertilized agricultural fields contained between 18ï25 of 64 

analysed APIs. The sum concentration of detected APIs varied from 15 to 166 µg/kg d.w. Five APIs 

were detected in all soil samples: trimethoprim (antibiotics), paracetamol and tramadol (NSAIDs 

and analgesics), risperidone (psychopharmaceuticals) and fenbendazole (veterinary medicine).  

Environmental risks 
This study showed that some of the analysed APIs, especially some hormones and antibiotics, are 

present at levels that may pose a risk to the environment. At least one API was present at a 

concentration which may pose an environmental risk in over 75% of the surface water samples. The 
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highest risks were related to hormones estrone and norethisterone, antibiotics clarithromycin and 

ofloxacin and an NSAID diclofenac. Medicinal use of estrone appears to be negligible in the Baltic 

Sea region. Therefore, the estrone detected in the environment is likely naturally excreted from 

humans and animals. In addition, emamectin (veterinary medicine), mometasone furoate (asthma 

and allergy medication) and metformin (metabolic disease medication) were found at risky levels 

in some surface water samples.  

 

The study also indicated that sediment and soil organisms can be negatively affected by 

pharmaceutical residues. The APIs that most frequently exceeded their PNECs in sediments were 

ciprofloxacin (antibiotic), metformin (metabolic disease medication) and paracetamol (NSAID and 

analgesic). In some sediment samples, risks were also observed related to diclofenac, emamectin 

(veterinary medicines), estrone and norethisterone (hormones), and clarithromycin, ofloxacin and 

the sum concentration of doxycycline and tetracycline (antibiotics). In soils, exceedance of PNECs 

were often observed for paracetamol and metformin. Single exceedances of PNECs were observed 

for ciprofloxacin, ofloxacin, diclofenac, estrone and the veterinary medicine ivermectin in soil 

samples. For some APIs the environmental risk cannot be excluded because their limits of 

quantification were higher than the PNECs. 

 

In addition, several other APIs contributed to the combined ecological risk, although their 

concentrations did not exceed the PNEC. The sum risk quotients were high in many samples, 

especially in surface waters downstream of wastewater treatment plants. The results indicate an 

urgent need to decrease the loading and the environmental levels of APIs.  

Consumption data of APIs 
The collected data on human and veterinary consumption (in kg) showed that of all the studied 

APIs, the ones used for pain and fever (paracetamol and different NSAIDs), epilepsy (levetiracetam 

and gabapentin), and for major public health problems such as type II diabetes (metformin) and 

cardiovascular diseases (losartan, valsartan and metoprolol) were the most consumed. After intake, 

some medicines are metabolized, while others remain intact until they are excreted. As a result, 

large quantities of APIs and their metabolites are spread via the wastewater treatment plants 

(WWTPs) to receiving aquatic environments.  

 

The expected load of APIs in wastewater influents was predicted countrywise based on the collected 

consumption data. The predicted loads were then compared to influent loads measured at the sixteen 

studied WWTPs in Estonia, Latvia, Finland, Germany, Poland and Sweden. This study showed that 

the predicted and measured load of APIs in wastewater influents were in good agreement for 

some APIs (e.g. diclofenac and paracetamol) in most countries, whereas load prediction for other 

APIs (e.g. carbamazepine) resulted either in an over- or underestimation. The agreement may be 

improved for instance by including more comprehensive consumption data and measurements. 

Sources and pathways  
This study showed that the analysed APIs are spread into the Baltic Sea environment mainly via 

municipal wastewater treatment plants, and to a lesser extent via hospitals, manufacturing 

facilities, landfills, and fish and livestock farms. Results from sixteen WWTPs showed the presence 

of 17ï45 of the 75 analysed APIs in each influent, 19ï37 of 75 analysed APIs in each effluent and 

15ï26 of 31 analysed APIs in each sludge sample. The sum concentration of the detected APIs was 

53ï1550 µg/L (median 300 µg/L) in influents, 14ï1280 µg/L (median 40 µg/L) in effluents and 

550ï11600 µg/kg d.w. (median 2440 µg/kg d.w.) in sludge.  

 

APIs detected in Ó90% of the influents were caffeine, codeine, diclofenac, fluconazole, gabapentin, 

hydrochlorothiazide, ketoprofen, levetiracetam, mesalazine, metformin, naproxen, oxazepam, 

paracetamol, sulfamethoxazole, trimethoprim, valsartan and venlafaxine. Six APIs were found in 

all influent samples: diclofenac, gabapentin, ketoprofen, metformin, naproxen and trimethoprim. 

The maximum influent concentration, up to 1000 µg/L, was measured for paracetamol in Finland 
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and Sweden. The APIs that were highly consumed (in kg) and/or excreted largely as unmetabolized 

had typically the highest concentrations in influents, while the detection frequency was also highly 

related to the limits of the analytical method of quantification. 

 

APIs detected in Ó90% of the effluents were carbamazepine, citalopram, clarithromycin, diclofenac, 

erythromycin, fluconazole, hydrochlorothiazide, ketoprofen, metoprolol, naproxen, oxazepam, 

sotalol, tramadol, trimethoprim and venlafaxine. Three APIs were found in all effluent samples: 

diclofenac, metoprolol and oxazepam. In the effluents, ibuprofen had the highest concentration (up 

to 44 µg/L in Latvia), followed by diclofenac (up to 38 µg/L in Estonia) and caffeine (up to 32 µg/L 

in Latvia). Eight APIs were found in all WWTP sludge samples: diclofenac, carbamazepine, 

venlafaxine, metformin, caffeine, metoprolol, citalopram and sertraline. In sludge, the most 

abundant APIs were telmisartan (up to 8700 µg/kg d.w. in Estonia) and ofloxacin (up to 8600 µg/kg 

d.w. in Finland).  

 

Wastewater treatment efficiency could be calculated for 50 APIs analysed in influents and effluents 

within the project. The calculations showed that 28 APIs had positive removal efficiencies in all the 

studied WWTPs, indicating they were at least partly removed in the WWTPs. Substances with high 

removal efficiency (Ó90%) were allopurinol, caffeine, levetiracetam, mesalazine, metformin, 

nebivolol, olanzapine, paracetamol and simvastatin. 

 

For 19 APIs, removal efficiencies depended on the WWTP. Ten APIs had zero or negative average 

removal rates (the average efficiency of all the studied WWTPs), which means that the conventional 

wastewater treatment plants cannot decrease their emissions. These ten substances were 

carbamazepine, diclofenac, hydrochlorothiazide, irbesartan, metoprolol, sotalol, telmisartan, 

primidone, ramipril and losartan. Three of these APIs showed negative removal rates in all the 

studied WWTPs: metoprolol, primidone and ramipril. Hence, this study confirmed that many APIs 

are incompletely removed at conventional WWTPs.  

 

In this study, APIs were analysed in hospital wastewaters in Sweden (Linköping and Norrköping), 

Germany (Wismar) and Estonia (Pärnu). The sum concentration of the detected APIs in the hospital 

effluents varied between 75ï1200 µg/L. Gabapentin, metformin and paracetamol were found at 

highest concentrations. The sum concentration of detected APIs (µg/L) was generally higher in 

hospital effluents compared to the sum concentrations in the influents of the connected WWTPs. 

Because of the comparatively low wastewater flow rates from the hospitals, the total load of the 

detected APIs (g/day) in the effluents from hospitals were only up to 3% of the overall load to the 

connected WWTPs.  

 

Landfill leachates were analysed before and after treatment at the landfillôs WWTP three times 

during one year. The untreated leachate contained 26 out of 74 analysed APIs, whereas treated 

effluents contained 21 out of 74 analysed APIs. The sum concentrations of detected APIs varied 

over the year from 3.5ï172 µg/L in untreated leachate and from 1.1ï41 µg/L in treated effluents, 

indicating an overall decrease of about 35ï76% during the treatment. The APIs found in highest 

concentrations in the untreated leachates were hydrochlorothiazide (up to 79 µg/L), paracetamol (74 

µg/L) and gabapentin (7.0 µg/L), whereas caffeine (8.8 µg/L), hydrochlorothiazide (4.4 µg/L) and 

erythromycin (1.8 µg/L) were the most abundant in the treated effluents. However, because the 

landfill WWTP treats relatively low amount of water per day, the total load of APIs (g/day) from 

the landfill WWTP was low compared to the API load from municipal WWTPs of the Vantaa case 

study area.   

 

This study also covered analyses of APIs in surface waters and sediments at Finnish and Estonian 

fish farms. Temporarily elevated concentrations in surface water were found for the antibiotic 

trimethoprim near one of the fish farms after an onsite medication event. Otherwise, the number of 
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detected APIs and their sum concentration (0.005ï0.09 µg/L) was about the same or lower in the 

fish farm waters compared to other studied surface waters.  

 

The watercourses downstream a pig farm and a poultry farm  in Latvia contained 7ï21 of 59 

analysed APIs. The sum concentration of detected APIs was 0.18ï0.62 µg/L, which is within the 

range found in other surface water samples of the case study areas. However, the concentrations of 

the veterinary medicines tiamulin and toltrazuril were higher downstream the pig farm than in other 

surface water samples. Hence, this study suggests that at least some livestock farms may be 

significant sources of APIs used for veterinary purposes, an issue that needs further attention.  

 

This report contributes to an increased knowledge about sources, environmental levels and risks of 

pharmaceutical residues in the Baltic Sea Region. Data will be further used as a base for modelling 

of APIs within the Baltic Sea region and to identify efficient measures to reduce the load and 

environmental risks of APIs. 

 

Recommendations 
The recommendations drawn from this study are summarized below. 

 

¶ APIs should be included in regular environmental monitoring programmes, focusing on 

APIs that pose environmental risks. The API list should be continuously updated as we 

receive new information on environmental levels and risks.  

 

¶ The analytical methods should be further refined and developed to make comprehensive 

estimates of API concentrations in the environment, including metabolites.  

 

¶ The statistics on the usage of human and veterinary medicines should be improved, by 

making data publicly available in DDD format (defined daily dose) and in mass units (kg of 

API) for all types of medicines.  

 

¶ Further studies should be performed on the use of veterinary medicines and their dispersal 

in the environment. Any unnecessary use should be restricted and best practices for manure 

storage and application on agricultural fields should be implemented.  

 

¶ More ecotoxicological data are needed on single APIs and their metabolites as well on 

mixture toxicity to assess the combined ecological risks. Ecotoxicological studies should be 

performed on different trophic levels and on different matrixes e.g. freshwater, coastal and 

marine waters, sediment and soil. Also, knowledge on chronic effects from long-term 

exposure to APIs should be improved. 

  

¶ Further studies should be performed on the environmental levels and risks of antibiotics, 

including the spread of antibiotic resistance genes. 

 

¶ Emissions of APIs from landfill leachates should be further analysed, especially where 

household waste is or has been disposed of at landfills.  

 

¶ The emissions of environmentally risky APIs should be reduced by improved wastewater 

treatment and upstream measures.  

 

¶ The discharges of APIs via WWTP effluents should be followed up, focusing on APIs that 

pose environmental risks. The list of environmentally risky APIs should be updated 

regularly when new ecotoxicological data and risk assessments are available.  
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1 Introduction 
Pollution caused by pharmaceuticals is an emerging problem due to the potential risks to ecosystems 

and humans. Residues of pharmaceutical products may enter the environment during their 

manufacture, use and disposal. As identified by e.g. UNESCO and HELCOM (2017)1, and European 

Comission (2019) there are still data gaps about the consumption of pharmaceuticals, environmental 

levels and emissions from various sources. This report focuses on filling in some of these data gaps. 

The overall aim is to increase knowledge about the extent of contamination by pharmaceuticals and 

the associated environmental risks in the Baltic Sea Region. 

 

Environmental levels and sources of active pharmaceutical ingredients (APIs) were studied in 

selected river basin districts of Vantaa in Finland, Pärnu in Estonia, Lielupe and Daugava in Latvia, 

Vistula in Poland, Warnow-Peene in Germany and Motala ström in Sweden. The measured 

concentrations of about 80 APIs were compared with ecotoxicological data to assess environmental 

risks. The APIs were selected based on analytical capacity, high consumption volumes, identified 

data gaps and potential environmental risks. This report also covers a compilation of human and 

veterinary consumption of the selected APIs. 

 

The study was performed within the three year-project Clear Waters from Pharmaceuticals 

(CWPharma) funded by the EUôs Interreg Baltic Sea Region Programme. Data will be further used 

as a base for modelling APIs within the Baltic Sea Region and to identify measures to reduce the 

load and environmental risks of APIs. 

 

 

 
Lielupe river in  the Latvian case study area. Photo: M. Tǭrums, LEGMC . 

 
1 UNESCO and HELCOM, 2017. Pharmaceuticals in the aquatic environment of the Baltic Sea 

region ï A status report. UNESCO Emerging Pollutants in Water Series ï No. 1, UNESCO 

Publishing, Paris. 
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 Scope of the report 
Data collection covered 13 365 data points from 226 individual samples from selected river basin 

districts of Finland, Estonia, Latvia, Poland, Germany and Sweden. The screening of APIs covered 

about 80 active pharmaceutical ingredients (APIs), representing antibiotics, antiepileptics, 

antihypertensives, asthma and allergy medications, caffeine, gastrointestinal disease medications, 

hormones, metabolic disease medications, non-steroidal anti-inflammatory drugs (NSAIDs) and 

analgesics, other cardiovascular medicines, psycopharmaceuticals and veterinary medicines.  

Literature and databases were screened for ecotoxicological data. Additional acute toxicity tests 

were performed for two APIs for which no ecotoxicological endpoints were found. The measured 

environmental concentrations in surface water, sediment and soil were compared to calculated 

predicted no effect concentrations of the selected APIs.  

To summarize, this report contains new data on: 

¶ Human and veterinary consumption of APIs  

¶ Levels of APIs in:  

o rivers, lakes and Baltic Sea estuaries  

o sediments of Baltic Sea estuaries  

o influents and effluents from municipal wastewater treatment plants 

o sewage sludge from municipal wastewater treatment plants  

o soils where sludge or manure have been applied   

o coastal waters in the vicinity of fish farms 

o watercourses near pig and poultry farms  

o effluents from manufacturing facilities  

o effluents from hospitals  

o leachates from landfills  

¶ Predicted no effect concentrations of the selected APIs. 

¶ Assessments of environmental risks of the measured environmental concentrations. 

 

The case study areas and the chemical analyses are described in Chapters 2 and 3. Chapter 4 presents 

the consumption data for the selected APIs. Chapters 5ï7 are divided into matrix-specific 

subchapters including methods, results, discussion and conclusion. Predicted API load in WWTP 

influents, based on the collected consumption data, are presented in chapter 8. Calculations of risk 

quotients are presented in chapter 9. At the end of the report there are overall conclusions and 

recommendations (chapter 10), followed by annexes.  
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2 Case study area selection and descriptions 
 Finnish case study area 

River Vantaanjoki runs to the Gulf of Finland in Helsinki. The river basin, its estuary and the 

Helsinki coast were selected as a case study area. The case study area consists of two geographically 

overlapping but separate entities: one is a large wastewater treatment plant (WWTP) Viikinmäki in 

Helsinki and the coastal area near its outlet pipe in the Baltic Sea Estaury (BSE), and the other one 

is river Vantaanjoki and its estuary.  

 

The Vantaanjoki main riverbed is approx. 100 km long with several smaller tributaries (Figure 2.1). 

 Its drainage area is about 1 700 km2 with around half a million inhabitants, but over 70% of the 

inhabitants are linked to WWTP Viikinmäki. However, the headwater and mid-river cities 

Riihimäki, Hyvinkää and Nurmijärvi have four municipal WWTPs discharging their treated 

wastewater into the river. In addition, there are a couple of very small WWTPs where 

pharmacuticals may enter the river: a small nursery type hospital WWTP Rinnekoti and a small 

WWTP of a landfill site Metsä-Tuomela. Urban and industrial areas cover approximately 15% of 

the river basin area, making the case area one of the most urban catchments in Finnish scale.  

 

We selected two municipal WWTPs (WWTP Viikinmäki and WWTP Kalteva), a small WWTP of 

a landfill site (Metsä-Tuomela) and surface water sites in the river (an upstream site and three 

downstream sites), estuary (two sites) and two off-shore sites (one at the outlet pipe of WWTP 

Viikinmäki and another about a nautical mile from the outlet pipe). Figure 2.1 shows a schematic 

figure of the sampling locations. Information on the treatment process and size (in PE) of the studied 

WWTPs is shown in chapter 6 (table 6.2).  

 

 

  
 

Figure 2.1. Schematic figure of the sampling locations within the Finnish case study area.  

 

 

 



 

14 

 

WWTP Viikinmäki is currently the largest WWTP in the Nordic countries, treating the sewage of 

over 800 000 inhabitants and several hospitals. The annual average volume of treated wastewater is 

100 million m3. Variation of daily sewage flow is presented in Figure 2.2. The treated wastewater 

is released to Baltic Sea via a 16 km long pipe. The pipe outlet is located roughly 7 km off the shore 

of the Helsinki peninsula at 20 m depth. The WWTP influent and effluent water samples were 

collected in December 2018, August 2018 and November 2018. Sludge samples were collected in 

December 2017 and August 2018. 

 

 
Figure 2.2. Variation in average daily sewage flow, calculated from reported weekly flows for the years 2003 ï 2009 (Kalteva) and 

2003-2017 (Viikinmäki). (Data: YLVA)  

 

The medium-sized WWTP Kalteva (40 000 inhabitants and a hospital) is located 65 km north of the 

river mouth. From Kalteva the treated wastewater (almost 4 million m3 per year) is directed into the 

River Vantaanjoki. The WWTP influent and effluent were sampled in December 2017, June 2018 

and November 2018. One sample of undried raw sludge was taken in June 2018. 

 

River samples were taken at one upstream and several downstream sites from Kalteva WWTP. 

About 20 km upstream from Kalteva is another WWTP, which treats the wastewater of approx. 38 

000 inhabitants in Riihimäki and neighbouring cities and industrial waters. In addition, there are 

vacation homes not connected to any WWTPs and farms in the upstream drainage area. 

 

Sampling was also performed at a landfill WWTP in Metsä-Tuomela. At the landfill site, APIs can 

leach from the treated (composted) sludge stored in the area or from the landfill. To balance the 

flows before the WWTP, there was a small pond that collected water from the landfill area and the 

surface runoff from composted WWTP sludge stored in the open air. The outlet of the WWTP 

effluent was in a ditch which runs to a tributane of river Vantaanjoki.  

 

The weather conditions and Vantaanjoki river flow rates were very unusual in 2017ï2018. The 

average flow measured at the lower reaches of the river Vantaanjoki is approx. 16 m3/s (=1 400 000 

m3/d) being usually higher after snow melt and lower in summer. The first sampling campaign was 

carried out in December 2017, when the river flow was three times higher than average. The second 

sampling was in June 2018, when the flow was only ¼ of the average flow (Figure 2.3). A third 

sampling round was carried out in November 2018, but the flow was again lower than usual. 

Therefore, the portion of treated wastewater in the river water varied dramatically between the 

samplings. 
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Figure 2.3. Daily flows of river Vantaanjoki close to the sampling sites Vantaa 44,1 and Vantaa 4,2 (Data: Hertta\Finnish 

Environment Institu te).  

 

The estuary and coastal samples were planned to be taken in the same week as river samples.  

However, the sampling sites were not reachable in December 2017 due to difficult weather 

conditions. In the beginning of March 2018 the coastal sampling site óKatajaluoto 125ô was 

reachable, but due to boat traffic the other coastal sampling site (Viikinmäki WWTP pipe outlet) 

was not. In Katajaluoto 125, samples were taken from three depths: 1 m from the bottom, in the 

mid-depth and a 1 m from surface. In June 2018 the same depths were used, and the outlet pipe site 

was sampled in the mid-depth (10 m). The two estuary sites were a bridge in the Vantaanjoki river 

mouth (Matinsilta, depth about 5 m; sampling in 1 m) and a site in the middle of 

Vanhankaupunginselkä (sampling in 1 m). They were sampled in March and June 2018, as well. 

Additionally, Matinsilta was sampled in November 2018 in the third river sampling round. 

 

 

 
Sampling was performed in Vantaanjoki  in Finland. Photo: Lauri Äystö, SYKE. 
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 German case study area 
The German Baltic Sea catchment region has a total area of about 30 307 km2 and is mainly located 

in the Federal State of Mecklenburg-Vorpommern (21 960 km2). The Warnow/Peene river basin 

district covers an area of 21 089 km². Main usage of the land area (13 452 km²) is agriculture with 

an area of 8774 km² (65% of land area). Besides the rivers Warnow and Peene, other large rivers 

are: Mildenitz, Nebel, Recknitz, Tollense and Trebel. The territorial unit has about 1.0 million 

inhabitants. The five largest cities are Rostock (204 300 inh.), Neubrandenburg (65 000 inh.), 

Stralsund (57 900 inh.), Wismar (44 100 inh.) and Greifswald (55 100 inh.). 

 

In the Federal State of Schleswig-Holstein the Schlei/Trave river basin district discharges into the 

Baltic Sea. The Schlei/Trave river basin district has a total area of 9,218 km2, 8,347 km2 in 

Schleswig-Holstein and 871 km2 in Meckelenburg-Vorpommern. Main usage of the land area (6184 

km²) is agriculture with an area of 5,015 km² (81% of land area). Within this river basin region, 

about 1.25 million inhabitants are living. Largest cities are Kiel (235 700 inh.), Lübeck (211 500 

inh.) and Flensburg (87 400 inh.). 

 

The Warnow/Peene river basin region in Mecklenburg-Vorpommern was selected as case study area 

as it has the largest drainage area. There are 586 municipal WWTPs located in the Federal State of 

Mecklenburg-Vorpommern, with a total design capacity of about 3.3 million population equivalents 

(PE), of which 2/3 (about 2.2 million PE) are in the study area of the Warnow/Peene river basin 

district. The vast majority of the WWTPs (n = 514; 88%) have a smaller design capacity than 5000 

PE, but only represent about 11% of the total treatment capacity. On the other hand, the 51 WWTPs 

with a treatment capacity of more than 10 000 PE cover 84% of the total treatment capacity. For the 

CWPharma measurement campaign three WWTPs of size class 4 (10 001ï100 000 PE) and one 

WWTP of size class 5 (>100 000 PE) were selected. Information on the treatment process and size 

(in PE) of the studied WWTPs is shown in chapter 6 (table 6.2). All selected WWTPs are connected 

to the Baltic Sea directly (WWTP Greifswald with 59 232 persons connected, and WWTP Wismar 

with 42 963 persons connected) or indirectly via the river Tollense/Peene (WWTP Neubrandenburg 

with 63 761 persons connected) and river Warnow (WWTP Rostock with 209 191 persons 

connected). Information on the treatment process and size (in PE) of the studied WWTPs is shown 

in chapter 6 (table 6.2). Samples were taken in the influent and the effluent of the four WWTPs in 

autumn 2017 and summer 2018. Sewage sludge grab samples were also taken in autumn 2017 and 

summer 2018 from all four WWTPs. 

 

Surface water samples were taken in two rivers (Tollense and Warnow) and in the estuary of the 

river Peene and river Warnow. The WWTP Neubrandenburg discharges into the river Tollense 

which is a tributary of the river Peene. Surface water samples of the Tollense were taken upstream 

and downstream of the WWTP Neubrandenburg. The Warnow surface water samples were taken 

upstream of the WWTP Rostock.  

 

Effluent of the hospital Wismar was sampled in winter 2017 and summer 2018. The hospital effluent 

discharges to the WWTP Wismar. Soil samples were taken from an agricultural field outside of 

Rerik where sewage sludge of the WWTP Greifswald had been applied two years prior to sampling 

in summer 2018. 
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Figure 2.4. Schematic figure of sampling locations within the German case study area. 

 

Collection of water sample upstream of WWTP Neubrandenburg in Tollense river, Germany. Photo: Jan Schütz, KWB . 
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 Estonian case study area 
The Estonian case study area was the Pärnu river, the second longest river in Estonia. The catchment 

area covers about 16% of Estonia. The Pärnu river catchment area is situated in Western Estonia 

and drains 6690 km² to the Bay of Pärnu. The river Pärnu (length 144 km) is a typical river for 

Estonia, characterized with spring snow-melting flood, autumn rain flood and minimal flow in 

summer and winter. The mean long-term runoff at the Pärnu - Oore hydrological station 

(representing 5160 km²) amounts 49 m³/s or about 9.5 l/s/km² or 300 mm per year. The river flow 

is regulated by several dams. Due to the lack of lakes in the river basin, the fluctuation of runoff is 

very large. 59% of the catchment area is covered by forests and natural grasslands. 30% of the total 

catchment area is arable land.  

 

The population in the drainage area is about 179 000 inhabitants and 56% of them live in cities and 

towns. The main cities are Pärnu (41 000 inhabitants), Paide (8400 inhabitants) and Türi (5500 

inhabitants). There are about 160 wastewater treatment plants in the catchment area, most of which 

are small. There are four wastewater treatment plants more than 2000 PE in the drainage area. Three 

of them were selected for the measurement campaign within CWPharma: 

¶ Pärnu WWTP: 62 900 people, several industries, one hospital, several spas and sanatoriums 

are connected.  

¶ Paide WWTP: 9 600 people, small enterprises, food proceeding industry, and one hospital 

are connected. 

¶ Türi WWTP: 5 860 people and small industries are connected. 

Information on the treatment process and size (in PE) of the studied WWTPs is shown in chapter 6 

(table 6.2). Sampling locations in the Estonian case study area are presented in Figure 2.5. Samples 

were collected from surface water (upstream and downstream of WWTPs, and river estuary), river 

and estuary sediments, three WWTPs (influent, effluent and sewage sludge), Roosna-Alliku fish 

farm, Pärnu hospital sewage water, and the soils of two fields. All water and sediment samples were 

taken in December 2017 and in June 2018. Soil samples were collected in October 2018.  

 

  
 

Figure 2.5. Schematic figure of sampling locations within the Estonian case study area of Pärnu river catchment area. 
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Pärnu river in the Estonian case study area. Photo: Vallo Kõrgmaa, EERC. 

 Latvian case study area 
The Latvian case studies were carried out in Lielupe and Daugava river basin districts. Lielupe river 

covers many data gaps identified in the Status report on pharmaceuticals in the Baltic Sea region 

(UNESCO and HELCOM 2017). Lielupe river provides environmental data from both Latvia and 

Lithuania, as well as contributions to our understanding of API emessions from both veterinary 

areas and the pharmaceutical manufacturing industry:  

1) Transboundary river basin district with Lithuania (8849 km2 in Latvia and 8751 km2 in 

Lithuania; 235 000 inhabitants in Latvia and 261 039 in Lithuania; 

2) There are big poultry and pig farms; 

3) There is pharmaceutical manufacturing industry (ñOlainfarmò). 

There are also cities that discharge their wastewater into the river Lielupe. Biggest cities in the 

Lielupe river basin district are Jelgava, JȊrmala, Dobele, Bauska and Olaine. There are many 

WWTPs in the catchment area. Samples of influent, effluent were taken in two of them ï WWTP 1 

near Driksa river (a branch of the river Lielupe), where also sludge was taken, and WWTP 3 near 

Pupla river, to which in total 63 072 people were connected in 2018 (51 452 to WWTP 1 and 11 

620 to WWTP 3). The amount of wastewater was 9140 m3 per day at WWTP 1 in 2018, 2570 m3 

per day at WWTP 3.  

 

There were also two sampling places in Daugava river basin district: 

¶ WWTP 2 (samples of influent, effluent, sludge) receives wastewater from Riga city, as well 

as effluents from manufacturing facilities of API as, for example, ñGrindeksò, ñNorthern 

Synthesisò, "Rǭgas farmaceitiskǕ fabrika";  

¶ wastewater effluent sample in one API manufacturing facility in Rǭga; 

¶ water and sediment sample in the Gulf of Riga near discharge of wastewater treatment plant.  

In total 636 865 people were connected to WWTP 2 in 2018, and the amount of treated wastewater 

was 130 000 m3 per day. Information on the treatment process and size (in PE) of the studied 

WWTPs is shown in chapter 6 (table 6.2).  
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Sampling locations in the Latvian case study are presented in the schematic figure 2.6. Surface water 

samples were taken in five rivers (MȊsa, MǛmele, Pupla, Lielupe and VǛrǥupe), and in a ditch 

downstream a pig farm, and in the Gulf of Riga. Sediment samples were taken in the Gulf of Riga. 

Surface water samples were taken in November 2017 (inland waters) or December 2017 (Gulf of 

Riga) and May 2018. Samples of WWTP influent, effluent and sludge were taken in December 2017 

and May 2018. Soil samples were taken from agricultural field, where manure had been applied, in 

June 2018. 

 

 
 
Figure 2.6. Schematic figure of sampling locations within the Latvian case study area of Lielupe river and Riga city. 

 

 

Musa river at the Latvia-Lithuanian border.  Photo: M. Tǭrums, LEGMC .  
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 Polish case study area 
The Polish case study samples were collected from two locations (Figure 2.7): the Rokitnica river 

at the city of Bğonie (Mazovian Voivodeship) and from the Vistula river at the village of Kiezmark 

(Pomeranian Voivodeship). Samples of raw sewage (WWTP influent), sewage sludge and treated 

sewage (WWTP effluent) were collected at the WWTP in Blonie. About 30 000 persons are 

connected to the WWTP in Blonie. The WWTP in Blonie discharges its effluents (2 000 000 

m³/year) in the Rokitnica Nowa River. Information on the treatment process and size (in PE) of the 

studied WWTP is shown in chapter 6 (table 6.2).  

 

Discharge of treated wastewater from Miejskie Przedsiňbiorstwo WodociŃg·w i Kanalizacji Sp. 

Zoo. - Bğonie takes place about 3 km downstream of the WWTP in the Rokitnica Nowa river. The 

average water flow of Rokitnica Nowa River is below 1 m³/s at the WWTP. The Rokitnica Nowa 

River is a kind of "relief" of the Rokitnica river, in the case of large flows.  

 

The Rokitnica river is about 30 km long and the catchment area is 227 km2. Surface water samples 

were collected from the Rokitnica River about 500 m upstream the WWTP and downstream the 

discharge of treated wastewater where the treated sewage is fully mixed with the waters of the 

Rokitnica Nowa River.  

 

A surface water sample was also collected from the Vistula river, near the bridge in the village of 

Kiezmark. This is 930 000 km of the Vistula river's course, and the bridge is the last, northernmost 

bridge on the Vistula. The mouth of the river is located 12 km further down its course. The 

catchment area of this section of the river is 194 414 km2.  

 
 
Figure 2.7. Schematic of sampling locations within Polish case study area. 
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Vistula river in the Polish case study area. Photo: Radoslaw Kalinowski. 

 

 Swedish case study area 
The Motala Ström case study area is one of the largest catchment areas in Sweden, covering 

approximately 15 500 km² and with a population of approx. 650 000. The main cities are Linköping 

and Norrköping, where also the largest hospitals are located. The total length of the river Motala 

ström is about 100 km, stretching from Lake Vättern in Motala to Bråviken estuary in Norrköping. 

The average water flow of Motala ström is 92 m³/s at the mouth in Norrköping. Motala ström runs 

through three large lakes on its way to the Baltic sea: Boren, Roxen and Glan. Also, two other rivers 

flow into Lake Roxen: Svartån and Stångån. 

 

There are several WWTPs in the catchment area. Samples of influent, effluent and sludge were 

taken at the largest WWTPs located in Motala, Linköping and Norrköping, to which in total 315 

500 people are connected (i.e. almost the half of the population in the catchment area). The WWTP 

in Motala is located early in the river system, discharging its effluent (3 104 370 m³/year) into Lake 

Boren. About 32 500 persons are connected to the WWTP in Motala/Karshult. The WWTP in 

Linköping discharges its effluents (14 829 000 m³/year) in the river Stångån, near the mouth of Lake 

Roxen. About 147 500 persons are connected to the WWTP in Linköping. The WWTP in Linköping 

has installed advanced ozone treatment of APIs, but this treatment was not running during the 

sampling occasions. Finally, the WWTP in Norrköping/Slottshagen dicharges its effluents (1 6327 

000 m³/year) to the river Motala ström close to the Bråviken estuary. About 135 500 persons are 

connected to the WWTP in Norrköping. Further information on the treatment process and size (in 

PE) of the studied WWTPs is shown in chapter 6 (table 6.2).  

 

Sampling locations in the Swedish case study area are presented in the schematic Figure 2.8. Surface 

water samples were taken in four lakes (Vättern, Boren, Glan and Dovern), two rivers (Svartån and 

Stångån, upstream and downstream the WWTP in Linköping) and in the Bråviken estuary outside 

Norrköping. Sediment samples were also taken in the Bråviken estuary, approx. 7,5 km downstream 

the discharge of treated wastewater from the WWTP in Norrköping. All water and sediment samples 

were taken in December 2017 and in June 2018. 

  

Samples of effluents were also taken from the two major hospitals in the catchment area: the 

university hospital in Linköping and the Vrinnevi hospital in Norrköping. The hospital effluents are 

discharged to the WWTPs in Linköping/Nykvarn and Norrköping/Slottshagen, respectively. Soil 

samples were taken from an agricultural field outside of Linköping where sewage sludge had been 

applied two years prior to sampling. The sampling of soil and hospital effluents were both performed 

in June 2018. 
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Figure 2.8. Schematic figure of sampling locations within the Swedish case study area of Motala ström. 

 

 
Lake Roxen recives water from three rivers: Motala ström, Svartån and Stångån. Photo: Helene Ek Henning, CAB. 
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3 Sample storage and analysis 
The APIs that were analysed from the case study samples were based on existing analytical methods 

in SYKE laboratory and amended with highly consumed or highly detected APIs and veterinary 

APIs. To find out the highly consumed or highly detected APIs, we reviewed the consumption and 

environmental concentration data from the Baltic Sea Region. This included a status report on 

pharmaceuticals in the Baltic Sea region (HELCOM and UNESCO 20172), where certain APIs 

(allopurinol, gabapentin, levetiracetam, mesalazin, valsartan) with high consumption and no 

monitoring data were highlighted, and APIs that were suggested as priority substances in the BSR 

countries. To estimate the emissions from animal husbandry, we selected nine veterinary APIs that 

are used for farm animals and/or fish in the BSR countries. Five of the nine veterinary APIs are also 

used for companion animals. The selected veterinary APIs are used only for animals, except 

ivermectin which can also be used as an insecticide e.g. against hair lice. 

 

Collected samples were protected from light and frozen within a few hours after the collection. The 

samples were delivered to the laboratory as frozen and stored under -20 ± 2 °C prior to the analysis. 

Sludge, soil and sediment samples were lyophilized and stored under -20 ± 2 °C prior to the analysis. 

Samples were analyzed within six months after arrival to the laboratory. 

 

The APIs were analysed from the case study samples in SYKE laboratory in Finland using an 

UHPLC-MS/MS instrument (Waters Acquity UPLC and Xevo TQ). Before the instrumental 

analysis, water samples were extracted with solid-phase extraction (SPE) using HLB discs (Atlantic 

HLB-M, 47 mm) for surface and estuary waters and HLB cartridges (Oasis HLB 60 µm, 6 cc, 500 

mg) for wastewater influents and effluents. The wastewater influents and effluents were also 

analysed with direct injection. The solid samples (i.e., wastewater treatment plant sludge, soil and 

sediment) were freeze-dried and extracted with solid-liquid extraction using buffer solution and 

methanol. The extracts were further purified by SPE using strong anion exchange cartridges (Oasis 

MAX 60 µm, 6 cc, 150 mg). All the samples were filtered through a regenerated cellulose filter 

(RC, 0.2 µm pore size, Captiva, Agilent Technologies) prior to analysis with UHPLC-MS/MS. The 

LC-MS/MS method could not distinquish between enantiomers of APIs (e.g. citalopram end 

escitalopram). Also, the concentrations of tetracycline and oxycycline are given as sum parameter, 

because chromatographic separation of these compounds was not obtained, and the compounds 

cannot be separated by the mass spectrometer. 

 

All samples were spiked with mass-labelled internal standards before extraction. To estimate the 

method overall recovery of the compounds for which mass-labelled surrogates were not available, 

all sample batches included at least one spiked sample. Contents were reported for those APIs 

having absolute recoveries in the range of 30ï160%. 

 

For quality assurance and control, blank samples and a control sample were analysed in each sample 

batch. In addition, we performed a stability test for wastewater effluent and river water to evaluate 

the effect of sample storage and transportation to the API concentrations. The list of analysed APIs, 

and the performance of the analytical methods, including recovery correction method, recoveries of 

the spiked control samples and the limits of quantification (LOQ), are presented in Annex 1. 
  

 
2 UNESCO and HELCOM, 2017. Pharmaceuticals in the aquatic environment of the Baltic Sea 

region ï A status report. UNESCO Emerging Pollutants in Water Series ï No. 1, UNESCO 

Publishing, Paris. 
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Table 3.1. Analysis of APIs from water, sludge, soil and sediment samples. 

Sample type Sample 

amount (g) 

Extraction  

method 

Final volume 

(mL)  

Detection 

method 

Number of 

APIs 

WWTP 

influent 

1 Direct 1 UHPLC-

MS/MS 

75 

50 SPE 1 

WWTP 

effluent 

1 Direct 1 UHPLC-

MS/MS 

76 

100 SPE 1 

Surface 

water 

 

500 SPE 1 UHPLC-

MS/MS 

60 

Estuary 

water 

 

1000 SPE 0.3 UHPLC-

MS/MS 

54 

WWTP 

sludge 

 

0.5 SLE+SPE 1 UHPLC-

MS/MS 

31 

Soil 

 

2 SLE+SPE 1 UHPLC-

MS/MS 

65 

Sediment 

 

2 SLE+SPE 1 UHPLC-

MS/MS 

65 

SLE = Solid-liquid extraction, SPE = Solid-phase extraction, UHPLC-MS/MS = Ultra high-performance liquid chromatography 

combined with multiple reaction monitoring mass spectrometry 
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4 Consumption data of APIs 
 Methods 

Drug consumption data for the 83 selected APIs was collected based on the available statistics in 

each Baltic Sea country. Data are presented in kg for the years 2015-2017. The complete human 

consumption data are presented in Annex 2. The consumption data are based on different sources 

and is of different quality described for each country below. Information on the consumption of 

veterinary medicines was also collected through a questionnaire organized in collaboration with 

HELCOM. The results from this questionnaire are incorporated into this chapter when appropriate. 

 Finland 

Drug consumption statistics are based on the amount of medicines sold by drug wholesalers to 

pharmacies and hospitals. Drug consumption statistics are available publicly at the Finnish 

Medicines Agency (Fimea) website3, expressed as defined daily doses (DDD) per 1000 inhabitants 

and per day. This figure offers estimation of what proportion of the population theoretically receives 

a certain drug treatment during a certain period. In the statistics drugs are sorted using the latest 

Anatomical Therapeutic Chemical (ATC) classification. Due to the uncertainties of the DDD data, 

for this project, the Fimea database for consumption data of the 83 API was directly searched for 

more accurate calculation of consumption data. For each API, the corresponding ATC codes were 

queried from the database (see Annex 2). All formulations and strengths, including combination 

products were taken into account. The data represents the wholesale data in kg of the API. All 

pharmaceuticals, hospital and outpatient, both prescription and over the counter (OTC) medicines 

are included in the data. 

 Sweden 

Statistics about pharmaceutical sales were ordered from the Swedish eHealth Agency. Anyone 

selling pharmaceuticals in Sweden is bound by law to provide regular reports of their sales to the 

eHealth Agency. The statistics include medicines registered for both human and veterinary use. 

Reported sales data covers both prescribed and non-prescribed medicines provided by pharmacy 

operators, retailers and wholesalers. The sales statistics consist of all retailers of pharmaceuticals 

(both in pharmacies and other stores with a license to sell non-prescribed drugs), medicines sold to 

healthcare and other goods that are subsidized in the high-cost protection. Pharmaceutical supplies 

to hospitals and healthcare institutions not dispensed through a pharmacy are not included. The sales 

data in kg of the API were calculated based on the sales statistics (i.e. sold packages) combined with 

the strength (i.e. amount of API in each package). All formulations and strengths, including 

combination products were included in the data. 

 Germany 

The German statutory health insurances index (GKV-drug-index) was used for the calculation of 

the consumption data for human pharmaceuticals. Within the GKV-drug-index all pharmaceuticals 

are documented which have been sold at e.g. pharmacies and were (partly) paid by the German 

statutory health insurances. Thus, privately purchased pharmaceuticals are not included in the 

dataset. The GKV-drug index-dataset provides the total amount per active drug substance (mono as 

well as combination products) in DDD for each year. For the current dataset, the average amount of 

substance per DDD for different kind of intakes, defined by the ATC-Index, was calculated and 

multiplied with the DDD/year. For veterinary medicines data were only available for antibiotics. 

Data were provided by the German Federal Office of Consumer Protection and Food Safety. The 

dataset for veterinary medicines only provides the total amount per class of drugs and not per active 

drug substance (e.g. fenbendazole belongs to the class of benzimidazoles). 

 
3 https://www.fimea.fi/web/en/databases_and_registeries/consumption 



 

27 

 

 Latvia  

The calculations are based on quantities sold in Latvia and the consumption of all medicines is 

included: both topical and oral medications, non-combined and combined products, as well as 

registered and non-registered medicines. API consumption statistics are publicly available in DDD, 

but they do not include topical formulations. The calculations of sold quantities of APIs in kg were 

performed by the State Agency of Medicines of Latvia specifically for the needs of CWPharma-

project. The calculations were not done based on the DDD values, but in the following way: for 

example, if a package contained 0.5 grams of diclofenac, then 0.5 g was multiplied with the number 

of sold packages and converted to kilograms. 

 Estonia 

The statistics about Estonian annual drug consumption are based on wholesalersô reports. Drug 

consumption statistics are available publicly at the State Agency of Medicines (SAM) website4. All 

the wholesalers report their drug sales data to the State Agency of Medicines four times a year. The 

reports include the following data for each product: ATC code, ingredients, trade name, 

pharmaceutical form, strength, package size and the manufacturer. The sales data are presented in 

monetary value and by unit of volume (number of packages). The statistics of human and veterinary 

medicinal products include sales to general and hospital pharmacies and to other institutions, i.e. 

state and scientific institutions. The consumption results are presented in the number of DDDs per 

1000 inhabitants per day. Due to the uncertainty of the DDD data, an inquiry was made to the 

Estonian Medicines Agency to obtain more accurate consumption data for the 83 active substances 

selected for the project. For each API, the corresponding ATC codes were queried from the database. 

All formulations and strengths, including combination products were considered. The data 

represents the wholesale data in kg of the pure API. All pharmaceuticals, hospital and outpatient, 

both prescription and OTC medicines are included in the data. 

 Lithuania  

Statistics of the Lithuanian drug consumption as DDDs were received from the project MORPHEUS 

study on pharmaceutical consumption patterns in four coastal regions of the South Baltic Sea (Kaiser 

et al., 2019)5. The statistics are also available in the Baltic Statistics on Medicines 2013-2015 and 

2016-2018, which are available on the websites of the Estonian, Latvian and Lithuanian medicines 

regulatory agencies. 

 Denmark 

Statistics of the total sales of medicines in Denmark can be found at medstat.dk. Medstat.dk contains 

statistics on the sales of medicines in Denmark based on the data reported to the Register of 

Medicinal Product Statistics. It is mandatory to report the sales of medicines, and therefore the data 

covers all sales in Denmark. The data are reported by pharmacies and non-pharmacy outlets that 

sell medicines. Besides the medicines sold to individuals, the sales of medicines for use in practices 

and for medicine stocks at treatment centers are reported. This is the sales in the primary sector, and 

statistics are available from 1996 onwards. The Register of Medicinal Product Statistics also 

includes data about medicines sold to hospitals - the hospital sector - statistics are available from 

1997 onwards. For the OTC sales from shops outside pharmacies the sales for 2016 and 2017 

includes only the sales from the major retail chains (e.g. supermarket chains), because the data has 

not been yet checked for completeness. The statistics are available as DDD. For some groups of 

medicines for which DDD has not been defined by WHO, a national DDD has been defined. 

 Poland, Russia and Belarussia 

No consumption data were available from Poland, Russia and Belarussia for 2015, 2016 and 2017. 

However, for a selection of the APIs studied in this project consumption data became available in a 

 
4 https://www.ravimiamet.ee/en/statistics-medicines 
5 Kaiser, A., Tränckner, J. et al. (2019). Pharmaceutical consumption patterns in four coastal regions of the South 

Baltic Sea. Germany, Sweden, Poland and Lithuania. Project MORPHEUS 2017 - 2019 Deliverable 3.1.Available at: 

https://eucc-d-inline.databases.eucc-d.de/files/documents/00001227_MORPHEUS_DEL3.1_Final.pdf 
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report about pharmaceutical consumption patterns in four coastal regions of the South Baltic Sea 

(Kaiser et al. 2019). In this report, data for 2015 was presented for the Pomeranian Voivideship 

(Poland) for 19 APIs. The 19 APIs in the MORPHEUS project largely overlapped the APIs selected 

for CWPharma. Therefore, this data could be used to extrapolate the consumption for the whole 

Poland. However, the consumption data were available only for reimbursed and prescribed 

medicines. Thus, the consumption of OTC products (e.g. ibuprofen and naproxen) was likely 

underestimated in this data.  

 Results and discussion 

 Human consumption 

74 of the 83 APIs studied in this project are primarily used in human medicine. The corresponding 

ATC codes and the grouping of the API are presented Annex 2. The top ten consumed APIs in kg 

per year for each participating country are presented in figure 4.1. For Lithuania and Denmark data 

for human medicines was only available in DDD format and therefore not presented here. The 

German data has been converted from DDD data and includes only data for reimbursed medicines. 

For Poland, very limited data were available, and therefore the data are not presented. For Russia 

and Belarussia no consumption data for 2015, 2016 and 2017 could be obtained from public sources. 
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* Only medicines paid by the German statutory health insurances are included 

 

  
 

 

 
Figure 4.1. Pharmaceuticals with the highest consumption in kg for each participating country. Note different scales on the 

y-axis. 
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Antibiotics 
The antibiotics for human use considered in this project were ciprofloxacin, clarithromycin, 

doxycycline, erythromycin, fluconazole, lincomycin, norfloxacin, ofloxacin, sulfadiazine, 

sulfamethoxazole, tetracycline and trimethoprim. Considering the overall antibiotics consumption, 

some of the most frequently used antibiotics, such as penicillins, amoxicillin, cefalosporins or 

azithromycin were not included in this project. Of note is that lincomycin appears to be 

predominantly used for veterinary medicine. In addition, doxycycline, sulfadiazine and 

sulfamethoxazole are also used in veterinary medicine, although most of the consumption comes 

from human use. In this project, only two antibiotics were among the 10 most consumed APIs. In 

Germany tetracycline was the 10th most used API, but this is most likely because only reimbursed 

medicines data were available. In Latvia sulfamethoxazole was the 9th most used API. 

Antiepileptics 
The antiepileptics considered in this project included carbamazepine, gabapentin, levetiracetam and 

primidone. Some of the commonly used antiepileptics were not included in this project, such as 

oxcarbazepine, topiramate, valproate, lamotrigine and pregabaline. Antiepileptics were included 

among the 10 most used APIs in each country: gabapentin and levetiracetam in Finland, Sweden 

and Germany, gabapentin and carbamazepine in Latvia and carbamazepine in Estonia. 

Antihypertensives 
Medicines used mainly to control high blood pressure, and considered in this project, were 

amlodipine, candesartan, enalapril, eprosartan, hydrochlorothiazide, irbesartan, losartan, ramipril, 

telmisartan and valsartan. Medicines used also for hypertension, but primarily for other 

cardiovascular indications, are included under Other cardiovascular medication. Although the 

antihypertensives can be used alone, they are commonly part of a fixed combination product. An 

antihypertensive combination product typically includes a diuretic component, 

(hydrochlorothiazide) and another blood pressure lowering active ingredient. The proportion of 

consumption coming from combination products varies greatly depending on the drug. Of the 

antihypertensives studied in this project, losartan was among the 10 most used API in Sweden, 

valsartan in Germany, telmisartan in Estonia and both losartan and valsartan in Finland. 

Asthma and allergy medications 
The active pharmaceutical ingredients that were considered in this project included cetirizine, 

fexofenadine, fluticasone, mometasone furoate and xylometazoline. Regarding the oral 

antihistamines it is important to consider also data for levocetirizine and hydroxyzine. 

Levosetirizine is the r-enenthiomer of cetirizine and approximately 45% of the orally administered 

hydroxyzine is metabolized into cetirizine. Detection of cetirizine in environmental samples 

therefore not only reflects the cetirizine use but also levocetirizine and partly hydroxyzine. 

Fluticasone and mometasone are used in inhalation products for allergy and asthma. Mometasone 

is also available in topical formulations for dermatological conditions. Xylometazolin is available 

alone and in combination with other pharmaceutical ingredients, in a nasal spray formulation for 

nasal congestion. None of the APIs studied in this group were among the 10 most used APIs in any 

country. 

Gastrointestinal disease medications 
The gastrointestinal disease medications included in this project included the proton-pump 

inhibitors esomeprazole, omeprazole and pantoprazole, which are used for conditions such as 

gastrointestinal reflux disease. Esomeprazole is the s-enanthiomer of omeprazole, which needs to 

be considered when looking at the environmental levels of these medicines. The detection methods 

used in this project were not able to distinguish between the enanthiomers. Mesalazine is used to 

treat ulcerative colitis and other inflammatory bowel diseases. Typical dose is 1.6 - 2.4 g per day, 

which results in rather high overall consumption of the medicine although the proportion of 

population using mesalazine is lower than those using e.g. proton pump inhibitors. Olsalazine is a 

molecule comprising of two mesalazine molecules and sulfasalazine, which is used for similar 
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indications, metabolises in humans partly into mesalazine. The consumption statistics of 

sulfasalazine and olsalazine should be taken into consideration when assessing environmental levels 

of mesalazine. Mesalazine was among the 10 most used API in Finland, Sweden and Germany. 

Hormones 
Hormones considered in this project were 17-Ŭ-ethinyl estradiol (EE2), 17-ɓ-estradiol (E2), estriol, 

estrone, norethisterone, progesterone and testosterone. No consumption for estrone was reported 

from any country, suggesting that no medicinal product containing estrone for human is available 

in the countries involved. Like many of the hormones studied in this project, estrone is a naturally 

occurring hormone in humans and animals. In fertile aged females, the average production of estrone 

is between 0.45-1 nmol/day, depending on the stage of the menstrual cycle. The average production 

of estrone in males is 0.6 nmol/day.  

 

EE2 is a component in many contraceptive medicines. It is available in contraceptive pills, plasters 

and vaginal rings. The total consumption of EE2 is overall quite low in kilograms, due to the very 

low amounts of hormones needed to get the desired efficacy. Estriol is available as oral formulations 

as well as vaginal cream and suppositories. Norethisterone is available in an oral formulation but is 

also available in plasters indicated for hormone replacement therapy. During the use of plasters, 6-

18% of the norethisterone is absorbed and the rest remains in the plaster, which is discarded. 

Norethisterone metabolises partly into EE2, which results in a dose of 4-6 micrograms of EE2/1 mg 

of norethisterone, when taken orally.  

 

Other hormones are also available in different formulations, such as oral, topical and injections. 

Interpretation of environmental levels of these medicines need to consider the metabolism and the 

normal excretion of these hormones by humans. For example, the human endogenic testosterone 

production is approximately 3.7 mg/day in males and 0.4 mg/day in women. Hormones were not 

among the 10 most used APIs in any country. 

Metabolic disease medications 
The metabolic disease medications considered in this project were the type 2 diabetes medication 

metformin, lipid lowering medications atorvastatin, simvastatin, bezafibrate and gemfibrozil and 

anti-gout medication allopurinol. Metformin is by far the most used oral antidiabetic medication. 

The daily dose can be as high as 3 g per day, and type 2 diabetes is a common condition, which 

explains the rather high overall consumption. Statins are the first line medical treatment for 

hypercholesterolemia. Atorvastatin and simvastatin are among the most frequently prescribed 

statins. Other commonly used statins, such as rosuvastatin, pravastatin, lovastatin and fluvastatin 

were not included in this project. Fibrates are used for hypercholesterolemia treatment in some 

specific situations and if statins are not tolerated. The fibrates included in this project were 

bezafibrate and gemfibrozil.  One of the most commonly used fibrates, fenofibrate, was not included 

in this project. Allopurinol is the first line medical treatment for hyperuricemia that manifests as 

gout. Other medicines for the treatment of hyperuricemia, such as febuxostat, probenisid or 

benzbromarone were not included in this project. 

NSAIDs and analgesics 
The non-steroidal anti-inflammatory drugs (NSAIDs) and other analgesics considered in this project 

included acetylsalisylic acid, codeine, diclofenac, ibuprofen, ketoprofen, naproxen, oxycodone, 

paracetamol and tramadol. These are typically available in several different combination products 

and in various formulations, such as injections, oral formulations, topical creams, gels or sprays. Of 

the NSAIDs ibuprofen was by far the most used in the data collected for this project. Ibuprofen was 

among the 10 most used API in all countries. Diclofenac is widely used in topical formulations, and 

e.g. approximately 65% of the diclofenac sales in Finland are from topical formulations. There is 

no DDD defined for topical diclofenac products, and the consumption data, if only converted from 

DDD, is therefore not complete. Diclofenac was among the 10 most consumed API in two countries, 

Latvia and Estonia. Naproxen was among the most used API in 3 countries, Finland, Sweden and 
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Estonia. With regards to ketoprofen, also dexketoprofen is available, which is the s-enantiomer of 

ketoprofen. Paracetamol is the first recommended medicine for pain and fever in children, pregnant 

and elderly, and in long-term conditions such as arthritis. Paracetamol is available alone and in 

combination. Paracetamol is among the 10 most API in all countries but Germany. The German 

data only included reimbursed medicines and it is possible that paracetamol is mostly bought 

without prescription, and therefore not reflected in the German data. Acetylsalisylic acid is used for 

pain and fever, but also in lower doses for cardiovascular prevention indications. Due to the 

difference in dosing, the DDD for fever and pain is 3 g per day, whereas the DDD for cardiovascular 

indications is one UD, (unit dose) which can be, depending on product, for example 50 mg, 100 mg 

or 250 mg. Acetylsalicylic acid was also among the 10 most used medicines in all countries but 

Germany. 

Other cardiovascular medications 
Other cardiovascular medications considered in this project include beta-blocking agents atenolol, 

bisoprolol, metoprolol, nebivolol and sotalol. Dipyridamol is used in cardiovascular disease 

prevention and warfarin in the treatment and prevention of deep venous thromboembolism. 

Furosemide is a diuretic used to reduce fluid accumulation due to e.g. heart failure. Metoprolol was 

among the 10 most used APIs in Sweden, Germany, Latvia and Estonia. The other APIs in this 

group did not reach the top 10. 

Psychopharmaceuticals 
The following medicines used for psychiatric indications were considered in this project: 

antidepressants citalopram, sertraline and venlafaxine, antipsychotics olanzapine, quetiapine and 

risperidone and benzodiazepines oxazepam and temazepam. Citalopram, sertraline and venlafaxine 

are amongst the most frequently prescribed antidepressants. Escitalopram is the s-enanthiomer of 

citalopram and should be taken into account when environmental levels of citalopram are assessed. 

When considering the consumption and environmental concentrations of benzodiazepines, it must 

be noted that oxazepam is a metabolite of many other benzodiazepines (e.g. diazepam and 

temazepam) and temazepam a minor metabolite of diazepam. None of the medicines in this group 

reached the top 10 of most used API in any country. 

Caffeine 
Caffeine was included in this project as one API. However, caffeine from medicines may be 

negligible compared to other sources. In some countries, e.g. Finland there is no medicines 

registered with caffeine as primary API since 2016. On the other hand, coffee consumption in for 

example Sweden and Finland is 9-10 kg/person/year (each cup contains 80 mg/dl caffeine; 1 kg = 

130 cups), resulting in more than several hundred tons of caffeine consumed each year in coffee. In 

addition, caffeine consumption from cola-drinks, energy drinks, chocolate etc. is likely significant, 

compared to medicines. Caffeine from medicines was not among the 10 most used API in any 

country. 

Discussion on sales statistics 
Information published on pharmaceutical consumption is often reported in DDD/100 

inhabitants/day. Many pharmaceuticals are issued DDD-values that represent the most common 

daily dose for the ATC-code. These values are published e.g. by the World Health Organization 

(WHO 2018). The DDD/100 inhabitants/day values can thus be converted into mass (e.g. kg/year) 

using equation (1). 

(1) 
╒□ ╒╓╓╓ ╟▫▬ ╓╓╓

 

where 

╒□  Sold amount in mass (kg) 

╒╓╓╓  Sold amount in defined daily doses (DDD) 

╟▫▬ Population 

╓╓╓  Defined daily dose (g) 

 

However, there are several substances for which the DDD-values are given in some other unit than 

mass, or for which no DDD-values are given. This kind of consumption information, given in 
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DDDs, cannot be converted into mass. The problem applies also for APIs used in combination 

products, since these uses are seldom given DDD-values, and when they are given, they usually 

refer to only one of the active substances. Often the DDD value for combination products may refer 

to units, such as number of tablets. However, there are typically combination product tablets of 

different strengths available.  

 

To demonstrate this problem, the consumption values calculated for the CWPharma-project from 

the Fimea sales register were compared to values calculated from publicly available DDDs to mass. 

The results are presented in figure 4.2. In the top 10 APIs sold in Finland, there are five APIs for 

which the error between the two data sets is <1%. However, the error for acetylsalicylic is >80%. 

The error in mass calculations in this set of products was most pronounced for acetylsalisylic acid, 

losartan, valsartan and metformin. Acetylsalisylic acid is typically included in combination 

products. As the ATC codes, such as ATC B01AC30 combinations, do not directly refer to 

acetylsalisylic acid, careful review of all available ATC codes must be performed in order to catch 

all possible products with acetylsalisylic acid for calculations. Losartan and valsartan are often used 

in combination with hydrochlorothiazide. For these combination products, the DDD is typically one 

tablet, but depending on the product, a tablet may contain 50ï100 mg of losartan or 80ï320 mg of 

valsartan.  In case of metformin, at the time of preparation of this report there was no DDD defined 

for a number of combination products of metformin, thus leaving these products out of the calculated 

sales converted from published DDD consumption values. 

 

 

 
Consumption data of 83 selected APIs were collected in each Baltic Sea country. Photo: Helene Ek Henning, CAB. 
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Figure 4.2. Sales calculated from wholesale data and from published DDD consumption data. 
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 Veterinary consumption 

9 of the selected 83 APIs in this project are primarily used in veterinary medicine. These included 

carprofen, an NSAID, antiparasite products emamectin, fenbendazole, ivermectin and toltrazuril 

and antibiotics florfenicol, tiamulin, and tylosin.  Ivermectin, is used also in human medicine, but 

the use is likely quite limited. Several of the medicines that are used mainly for humans are also 

approved for use in veterinary medicine. At least doxycycline, lincomycin, sulfadiazine, 

sulfamethoxazole, tetracycline, furosemide, esomeprazole, omeprazole and ketoprofen are used in 

veterinary medicine. Some of these are even used in higher quantities in veterinary than in human 

treatment. Such examples are ketoprofen and sulfadiazine in Finland, trimethoprim and sulfadiazine 

in Sweden and doxycycline, tetracycline and omeprazole+esomeprazole in Latvia. Lincomycin is 

used in human medicine only in Latvia, so most of the consumption is veterinary use in the BSR. 

 

The consumption data for veterinary use was more difficult to obtain than consumption data for 

human medicines. For some countries only data related to veterinary antibiotic use was available, 

and only for different classes of antibiotics and not for a specific API. Some data for veterinary 

medicines became available through a HELCOM data call on the use of veterinary medicines and 

the treatment of unused veterinary pharmaceuticals carried out 2018-2019. The questionnaire of the 

data call was formulated by CWPharma project. In the responses to the questionnaire, data for 

additional veterinary medicines that were not considered in this project, were also reported. The 

following tables summarise the available data for veterinary consumption for products where at least 

1 kg/year of veterinary consumption was reported. 

 
Table 4.1. Veterinary consumption of 9 APIs from the CWPharma project that are primarily used in veterinary medicines, 

in kg. 

C
o

u
n

tr
y 

Y
e
a
r 

F
lo

rf
e
n

ic
o

l 

T
ia

m
u

lin
 

h
y
d

ro
g

e
n

fu
m

a
ra

te 

T
y
lo

s
in

 

L
in

c
o

m
y
c
in

 

F
e
n

b
e
n

d
a
z
o

le 

T
o

lt
ra

z
u

ri
l 

C
a
rp

ro
fe

n 

E
m

a
m

e
c
ti
n-

 

b
e
n

z
o

a
te 

Iv
e
rm

e
c
ti
n 

Finland 2015 72 23 518 116 1760 190 256 1 20 

  2016 55 13 468.4 73 1586 199 274 1 14 

  2017 97 14 341.1 258 1468 268 262 1 12 

Sweden 2015 0 153 320 0 440 85 421  -  - 

  2016 0 143 328 0 519 85 417  - - 

  2017 0 76 379 0 616 183 392  - - 

Latvia  2015 7 655 533 21  - - - - - 

  2016 12 556 328 9  - - - - - 

  2017 14 846 415 32  - - - - - 

Estonia 2015 8 931 142 311 39 46 16 0  - 

  2016 14 728 81 127 43 44 15 0  - 

  2017 27 692 44 154 58 50 18 0  - 

Denmark*  2015 1224 9754 7197 2329 - - - - - 

 2016 1351 9647 7 926 2061 - - - - - 

 2017 1481 9315 9203 2270 - - - - - 

Lithuania*  2017 112 279 451 198 - - - - - 

Poland* 2017 7752 37 789 19 807 6835 2159 698 259 - - 

*Data derived from the overview of the results of the HELCOM questionnaire on veterinary 

medicines 
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Table 4.2 Available veterinary consumption (Ó 1 kg/year) of APIs in CWPharma project that are primarily used in human 

medicine, in kg. 
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Finland 

2015 

 

42 

 

1761 

 

10 

 

0 

 

376 

 

54 

 

0 

 

24 

 

646 

 

21 

2016 2 1745 1 0 364 54 0 24 637 21 

2017 2 1714 0 0 362 60 0 25 642 21 

Sweden 

2015 

 

43 

 

695 

 

0 

 

1 

 

208 

 

21 

  

- 

 

- 

 

- 

 

- 

2016 37 654 0 1 208 40  - - - - 

2017 66 636 0 2 205 90  - - - - 

Latvia  

2015 

 

1230 

 

70 

 

- 

 

- 

 

65 

 

368 

 

220 

 

- 

 

- 

 

- 

2016 711 71  - - 47 384 247  - - - 

2017 806 48  - - 40 390 188  - - - 

Lithuania*  

2017 

 

0 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

Denmark*  

2015 

 

17 745 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

2016 16 990 - - - - - - - - - 

2017 10 955 - - - - - - - - - 

*Data derived from the overview of the results of the HELCOM questionnaire on veterinary 

medicines. 

 

 Conclusions  
Complete consumption data were available from only four of the eight Baltic Sea coastal countries 

(Estonia, Finland, Latvia, Sweden). In many cases data in kilograms is not available but needs to be 

converted from DDD data (Denmark, Germany, Lithuania). This is problematic because the 

conversion is not possible for certain products, such as combination products or topical products. 

The consumption of many products may therefore be underestimated. From Germany, data were 

only available for reimbursed products leaving over the counter medicines outside the statistics. In 

Germany paracetamol and acetylsalicylic acid, which were among the ten most used APIs in all 

other countries, did not reach the top ten. This could be due to most of these medicines being 

purchased over the counter. 

 

It is recommended that public authorities in Baltic states make drug statistics publicly available, not 

only in DDD format but also in kg of API, including combination products and topical formulations. 

All medicines should be included, regardless of reimbursement status. Also, veterinary medicines 

consumption data for all APIs but especially for antibiotics, in kg, should be made available publicly 

for research purposes. 
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When consumption data are used for estimating the amount of specific APIs in the environment, 

several factors must be taken into consideration. If consumption is converted from DDD, significant 

underestimation of the consumption may result, in case the API is used in combination products or 

in e.g. topical formulations, patches and rings. The DDD may also differ according to the intended 

use, like in case of acetylsalisylic acid. Also, stereoisomers, which are often classified as a different 

API, need to be reviewed, and as some APIs metabolize to other APIs, the metabolism of the 

medicines needs to be considered. When selecting suitable candidates as model APIs for e.g. 

modeling the fate of pharmaceuticals, medicines which are commonly used, primarily used as single 

ingredient products, and which do not undergo major metabolism should be selected. A good 

example of such an API is metformin. Should the selection of the API be driven by factors such as 

environmental toxicity, the consumption data of the API should be carefully evaluated. In addition 

to stereosisomers and metabolism products of other parent APIs, also other sources need to be 

considered, such as natural excretion of hormones by humans and animals. 
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Collection of water samples in the Finnish case study area. Photo: Lauri Äystö, SYKE. 
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5 Environmental levels of APIs in the Baltic 
Sea region 

 Environmental levels of APIs in inland and coastal waters 

 Methods 

Surface water samples were taken in six case studies in six countries (see chapter 2). Each case 

study consisted of several sampling sites, described as upstream or downstream from API sources 

like wastewater treatment plants. The sea samples were taken either in the estuaries or in the areas 

influenced by the WWTP outlet pipes. The case studies represented anthropogenic areas, where 

estimated potential environmental risks caused by pharmaceuticals was higher than average in each 

country. An overview of the sampling locations is presented in figure 5.1. 

 

 
Figure 5.1. Overview of surface water sampling locations and their division into inland and coastal sites. (Sources: Catcment area: 

HELCOM 2018; rivers & lakes: European Commission - JRC 2007) 

Each site was sampled twice, except the Finnish river Vantaanjoki was sampled three times because 

there were extreme flow conditions causing untypical API concentrations in the first two samplings 

(high flood in autumn 2017 and extremely low flow in summer and autumn 2018). Samples were 

taken as grab samples except the samples taken in Estonia. Information on sampling is presented in 

Table 5.1. The methods for chemical analyses are described in the chapter 3. 

 

For many APIs high concentration peaks appeared occasionally, and in order to avoid biased view 

of concentrations of APIs in riverine surface waters, the median concentrations are presented with 

the minimum and maximum values. Due to limited number of coastal water samples, country 

specific average concentrations of APIs were calculated instead of medians. Because LOQs differed 

markedly between APIs and to some extent between sea water and freshwater samples, the 

concentrations below LOQs were treated as zeroes in all calculations. 
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The potential risk caused by the detected APIs were estimated by calculating a risk quotient (RQ), 

see chapter 9. RQ-values exceeding one give a signal of environmental risk. The RQs of all APIs in 

each water sample were summed to have a rought estimate of the combined effect of all detected 

compounds. 

 
Table 5.1. Number and volume of samples, sampling depths and information concerning sampling. 

Country  Number of 

samples  

(inland + coast) 

Sampling 

depth 

Subsamples  

(number x volume) 

Notes 

DE 6 + 4 1 m 6 x 500 mL Sampling carried out using a 

standard water sampler 

(Ruttner, 1 L).  

EE 4 + 2 Inland:  

1 m 

Coast:  

0.5 m 

Inland:  

64-96 x 50 mL 

Coast:  

6 x 500 mL 

Inland water samples were 

taken as time-proportionate 

composites.*  Grab samples 

were taken using a 

bathometer. 

FI  13 + 12 Inland: 

0.3 ï 1 m 

Coast: 

1 ï 25 m 

Inland:  

3 x 1 000 mL 

Coast:  

2 x 1 000 mL 

Samples were taken using a 2 

L Limnos water sampler.**   

LV  14 + 4 Inland: 

0.5ï1 m 

Coast: 

1 / 12 m 

Inland: 

4 x 800 mL 

Coast: 

2 x 1000 mL 

Samples were taken using a 

horizontal bathometer. 

PL 4 + 2 0.2ï0.5 m 8 x 500 mL Samples were taken using a 

bucket sampler. 

SE 14 + 2 Inland: 

1 m 

Coast: 

1 / 10 m 

2 x 1 000 mL Samples were taken using a 

horizontal bathometer. 

* Subsamples were taken every 15 minutes, using a composite sampler (MAXX TP6). Number of subsamples varied 

because of sampler malfunctioning due to cold weather. 

** During winter sampling in estuary and coastal sites, the sampler froze several times between samples, and had to be 

rinsed with hot water to melt the ice. 

 

 Results and discussion 

 Observed occurrence and concentration levels of APIs 
All measured concentrations are presented in Annex 3. 53 to 59 APIs were analysed in each sample 

and the number of detected compounds varied from 8 to 49 per sample. Altogether 60 out of 63 

analysed APIs were detected in at least one sample. The high detection frequency (DF) was partly 

due to the low limits of quantification (LOQ) of the analytical method. For several compounds the 

LOQs were lower than 1/1000 of the predicted no effect concentration (PNEC) derived in chapter 

9, see Table 5.2. The LOQs were lower than PNEC values for all other APIs except ciprofloxacin 

(antibiotic) and estrone (hormone). The low LOQs allowed reliable risk estimations of the analysed 

compounds.  

 

In the following sub-chapters, the concentration levels are analysed by API groups. In the end of 

the chapter there is a summary table (Table 5.2) of detection frequencies (DF) and concentrations 

of each API.  
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Hormones 
Each of the studied four hormones were detected both in inland surface waters and coastal waters. 

The most frequently detected hormone in both inland and coastal waters was norethisterone which 

was detected in 62% of both types of samples. The least frequently detected hormone in inland 

waters was estrone (DF=25%) and in coastal waters progesterone, with DFs of 25 % and 35 %, 

respectively. The variation of the concentrations of each hormone are presented in Figures 5.2 and 

5.3 and Table 5.2. 

 

The 95th percentiles of norethisterone were 2.1 ng/L in inland waters and 1.1 ng/L in coastal waters. 

Norethisterone is used in contraceptive pills, in hormone replacement therapy and for the treatment 

of gynaecological disorders.  

 

Estrone 95th percentile concentration in inland and coastal waters were 7.2 and 5.1 ng/L, 

respectively. Estrone was not detected in Swedish samples, while it was the only hormone detected 

in Estonian coastal waters. The highest estrone concentrations (5.9ï10 ng/L) were measured in 

Finnish river Vantaanjoki on a day when the flow in the river was about half of the annual average. 

In the same sites, concentrations were below detection limit (0.70 ng/L) during high flow conditions. 

In the BSE, the highest estrone concentration was observed in the summer sample taken in Warnow 

estuary. 

 

The observed estrone concentrations were rather close to the EU watch list screening results (Loos 

et al. 2018), where the median concentration of 1358 samples was 2.5 ng/L and the 95th percentile 

5.6 ng/L (see Table 5.5). Estrone is a naturally occurring hormone in humans and other mammals. 

It is available as a medicine as well but according to consumption statistics it is not on the market 

in the Baltic countries. Therefore, the detections are likely linked to natural excretion. 

 

Estrone and norethisterone exceeded their PNEC values (0.008 ng/L and 0.50 ng/L, respectively) in 

both inland and coastal waters. Norethisterone concentration exceeded the PNEC in 33% of the 

samples. The LOQ of estrone was higher than the PNEC value determined in this study, and 

therefore all the detected concentrations were above PNEC. However, under the EU water policy, 

the PNEC value for estrone is 3.6 ng/L being 450 times higher (Loos et al. 2018). It was exceeded 

in 12% of the surface water samples. The detected exceedances give a strong indication of 

environmental risks caused by hormones.  

 
Figure 5.2. Median (wide bar) and minimum and maximum (whiskers) concentrations of hormones in inland waters in the 

BSR countries. 
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Figure 5.3. Average (wide bar) and minimum and maximum (whiskers) concentrations of hormones in coastal waters in the 

BSR. 

 

Antibiotics 
In inland waters the DFs varied from 0% (ciprofloxacin, n=2 and sulfadiazinem n=53) to 100% 

(erythromycin, n=2) (Figure 5.4). In coastal waters the DFs of these APIs varied from 4% 

(ofloxacin, n=24) to 65% (fluconazole, n=26) (Figure 5.5). Sulfadiazine was analysed only from 

three coastal samples and the quantification limit of ciprofloxacin was higher than its PNEC. 

 

In the Polish river samples, the median concentrations of fluconazole (200 ng/L), clarithromycin 

(42 ng/L), trimethoprim (12 ng/L) and lincomycin (4.8 ng/L) were higher than in the other countries 

(Figure 5.4). Four of the five above mentioned antibiotics were detected in all Polish river samples 

(n=4) but trimethroprim only in sampels taken downstream from WWTP. The highest concentration 

of antibiotics (590 ng/L) was measured for clarithromycin in the downstream site of the River 

Rokitnica in Poland. 

 

In coastal waters, the sampling site specific average concentrations of all studied antibiotics were 

below 12 ng/L (Figure 5.5). The highest concentrations were measured for the sum of tetracycline 

and doxycycline (23 ng/L) in sample taken in Bråviken (Sweden) and erythromycin (20 ng/l) in 

sample taken in the Finnish coast in the mid-depth (14 m) in winter sampling (March).  
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Figure 5.4. Median (wide bar) and minimum and maximum (whiskers) concentrations of antibiotics in inland waters in the 

BSR. 

 
Figure 5.5. Average (wide bar) and minimum and maximum (whiskers) concentrations of antibiotics in sea waters in the BSR. 

More antibiotics were detected in the winter sampling campaign than in the summer at 26 out of 36 

sites, when the number of detected APIs and the sum concentration of antibiotics were used as 

indicators. Either of the indicators showed different behaviour in six sites while in the remaining 

four sites the results were not clear (no difference between seasons or the two winter sampling times 

in Vantaanjoki under different dilution conditions gave contrasting results). 

 

Clarithromycin concentrations exceeded the PNEC-value of 3.9 ng/L in 45% of inland water 

samples. Exceedances were detected in samples taken from all partner countries, except Sweden. 

The PNEC-value was exceeded most often in Poland and Finland, where the frequency of 
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exceedance was 100% (n=4) and 85% (n=13), respectively. In the Finnish case area, the PNEC-

value was exceeded in every inland water sample during the second (6/2018) and third (11/2018) 

sampling campaigns taken during low-flow conditions. Clarithromycin exceeded its PNEC-value in 

only one coastal sample, taken at the River Vantaa estuary during the third sampling campaign. The 

PNEC value used under the EU water policy (120 ng/L, Loos et al. 2018) was exceeded in only one 

sample, taken in November 2017 downstream from the Bğonie WWTP in Rokitnica river, Poland.  

 

The median clarithromycin concentration in the EU watch list screening was 15 ng/L and the 95th 

percentile 130 ng/L (n=7443) (Loos et al. 2018). In this study, the inland median concentration was 

about one fifth of that (3.2 ng/L), while the 95th percentile (100 ng/L) was in the same order of 

magnitude as that reported by Loos et al. (2018) (see table 5.5).  

 

Ofloxacin exceeded its PNEC-value (20 ng/L) in inland surface waters occasionally in Latvia, 

Poland and Sweden, with an overall frequency of exceedance being 15%. The highest number of 

PNEC exceedances were detected in Sweden (5 samples out of 14), all occurring during the first 

sampling campaign (12/2017). The sum concentration of tetracycline and doxycycline exceeded the 

PNEC of doxycycline (37 ng/L) but not the PNEC value of tetracycline (1730 ng/L) in a Swedish 

sample (Stångån upstream). 

 

Antiepileptics 
All studied antiepileptics were detected in the surface water samples (Figures 5.6 and 5.7). In inland 

surface waters, DFs varied from 25% (primidone, n=55) to 98% (carbamazepine, n=55) and in 

coastal waters from 19% (levetiracetam, n=26) to 100% (carbamazepine, n=26 and gabapentin, n=3; 

gabapentin was analysed in only one Finnish and two Swedish coastal water samples).  

 

The median inland water concentrations of individual APIs varied from <LOQ (levetiracetam and 

primidone) to 3.7 ng/L of carbamazepine and 82 ng/L of gabapentin (Figure 5.6). Highest country-

specific median inland water concentrations of gabapentin (900 ng/L), carbamazepine (620 ng/L) 

and primidone (12 ng/L) were detected in Polish samples and of levetiracetam (9.4 ng/L) in German 

samples. The highest concentration of antiepileptics (1 900 ng/L) was measured for gabapentin in 

the downstream site of the River Rokitnica in Poland. 

 

In coastal waters, the concentrations of antiepileptics had 95th percentile of 33 ng/L. The median 

concentrations of carbamazepine and gabapentin, which were detected in every coastal water 

sample, were 2.0 ng/L and 82 ng/L, respectively. Concentrations of antiepileptics in coastal waters 

are presented in Figure 5.7. Case-specific average concentrations of all compounds were mainly 

below 7.0 ng/L, but higher values were measured for carbamazepine in Vistula river in Poland (35 

ng/L) and in Peene in Germany (17 ng/L). The highest carbamazepine concentration (60 ng/L) in 

coastal waters was measured in the Vistula estuary in Poland. 

 

Carbamazepine reached 95th percentiles of 440 ng/L and 48 ng/L in inland and coastal waters, 

respectively. The antiepileptic detected in highest concentrations in both inland and coastal waters 

was gabapentin, for which the 95th concentration percentile in inland waters was 1 700 ng/L (median 

88 ng/L). In coastal samples gabapentin concentrations varied from 34 to 120 ng/L. Since 

gabapentin was only analysed from three coastal samples, more data would be needed for proper 

comparison between coastal and inland waters. Gabapentin was previously identified as an API for 

which there is very little screening data considering its high consumption (UNESCO & HELCOM 

20176). The average concentration in the BSR was reported to be approx. 80 ng/L (UNESCO & 

 
6 UNESCO and HELCOM, 2017. Pharmaceuticals in the aquatic environment of the Baltic Sea 

region ï A status report. UNESCO Emerging Pollutants in Water Series ï No. 1, UNESCO 

Publishing, Paris. 
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HELCOM 2017), while concentrations reaching 1 300 ng/L have previously been reported from 

Germany (UBA 2016). The concentrations detected in the CWPharma-screening campaigns are 

well in line with these results.  

 

Primidone was previously also identified as an antiepileptic of concern. The DF was reported to 

have reached 100% in water samples taken in Germany (UNESCO & HELCOM 2017), with the 

limits of detection ranging from 1 ng/L to 5.7 ng/L. In the CWPharma screening study, the overall 

DF was 25%, with LOQ ranging from 0.032 ng/L to 1.4 ng/L. The DF in German coastal water 

samples reached 100%, but the total number of samples was very low (n=4). However, considering 

the annual sales of primidone are estimated to reach 5 300 kg in Germany, while similar numbers 

are <100 kg for Finland, Sweden, Estonia, Latvia and Lithuania combined, it is reasonable to assume 

that primidone occurrence is higher in Germany than in the rest of the BSR. 

 

 

 
Figure 5.6. Median (wide bar), minimum and maximum (narrow bar) concentrations of antiepileptics in inland waters in the BSR. 

 

Figure 5.7. Average (wide bar) and minimum and maximum (whiskers) concentrations of antiepileptics in sea waters in the BSR. 
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Antihypertensives 
Four of the five studied antihypertensives were detected in at least one surface water sample, only 

enalapril was not detected. It should be noted that in coastal waters telmisartan, valsartan, 

eprosartan, ramipril, and enalapril were analysed only from three samples. 

 

In inland surface waters, DFs for the detected substances varied from 2% (amlodipine, n=55) to 

67% (losartan, n=55) and in coastal waters from 27% (candesartan, n=26) to 69% (losartan, n=26). 

Candesartan and losartan were detected in all countries. Amlodipine was detected only in one 

Swedish sample. 

 

In inland waters, the concentration of the group of antihypertensives had a 95th percentile of 97 ng/L. 

Median concentrations of amlodipine, candesartan, enalapril, eprosartan, irbesartan and ramipril 

were below the LOQs. For losartan, telmisartan and valsartan the median concentrations were 1.1, 

7.4 and 10 ng/L, respectively.  

 

Figure 5.8. Median (wide bar), minimum and maximum (whiskers) concentrations of antihypertensives in inland waters in the BSR. 

 

Concentrations of telmisartan, valsartan and losartan were markedly higher at some sampling sites 

compared to other antihypertensives (Figure 5.9). Highest measured concentrations of irbesartan 

(110 ng/L in Germany), telmisartan (2 800 ng/L in Poland) and losartan (200 ng/L in Finland) were 

360, 150 and 34 times higher than their quantified median concentrations, respectively. 

Nevertheless, no PNEC exceedances were detected for any analysed antihypertensive in any sample. 

 

In coastal water, the concentrations of antihypertensives had an overall 95th percentile of 5.0 ng/L 

(Figure 5.10). The sampling site specific median concentrations were below 7.0 ng/L. The highest 

concentration (13 ng/L) was measured for candesartan in Bråviken in Sweden. 
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Figure 5.9 Average (wide bar), minimum and maximum (whiskers) concentrations of telmisartan, valsartan and losartan in inland 

waters in the BSR. Full names of the sampling sites are presented in table 5.2. 

 

 

 

Figure 5.10. Average (wide bar) and minimum and maximum (whiskers) concentrations of antihypertensives in sea waters in the 

BSR. 
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Asthma and allergy APIs 
All of the studied five asthma and allergy APIs were detected in at least one sample. In inland 

surface waters, DFs varied from 7% (mometasone furoate, n=55) to 80% (cetirizine, n=55) and in 

coastal waters from 15% (mometasone furoate and xylometazoline, n=26) to 100% (cetirizine 

(n=26) and fexofenadine (n=3)). Cetirizine is an antihistamine used for treatment of e.g. hay fever. 

 

In inland waters, the sum concentrations of asthma and allergy APIs had a 95th percentile of 81 ng/L. 

The highest median concentration (1.8 ng/L) was measured for cetirizine and its country-specific 

median concentrations ranged from 0.27 ng/L (Estonia) to 170 ng/L (Poland). Remarkably high 

concentrations of cetirizine were detected in Finland during June 2018 (100ï630 ng/L) and in 

Poland during November 2017 (11ï310 ng/L) and July 2018 (110ï240 ng/L). Also, in the same 

samples the concentrations of fexofenadine were remarkably high compared to its median 

concentrations. 

 

The DFs of fluticasone and mometasone furoate were below 50%, resulting in an overall median 

concentration of less than the LOQ. Despite its low DF, the highest detected concentration of 

mometasone furoate (28 ng/L) exceeded its PNEC-value (14 ng/L). This single exceedance was 

detected in Estonia, upstream from the cities of Türi and Paide during the second sampling campaign 

(6/2018). In the winter sample of the same site, its concentration was 10 ng/L (0.75 of PNEC). 

 

 

 

 
 

Figure 5.11. Median (wide bar), minimum and maximum (whiskers) concentrations of asthma and allergy APIs in inland waters in 

the BSR. 
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In coastal waters the concentrations of the four asthma and allergy APIs had a 95th percentile of 7.9 

ng/L. Site specific average concentrations of cetirizine, which was detected in all samples, ranged 

from 0.03 ng/L (Riga coast, Latvia) to 22 ng/L (Matinsilta estuary, Finland). Fexofenadine 

concentrations ranged from 0.7 to 3.3 ng/L in the three coastal water samples, where it was analysed. 

For other compounds, the sampling site specific average concentrations were below 0.82 ng/L. 

 

 
Figure 5.12. Average (wide bar) and minimum and maximum (whiskers) concentrations of asthma and allergy APIs in sea waters in 

the BSR. 

 

Gastrointestinal and metabolic APIs 
All studied gastrointestinal and metabolic APIs were detected in at least one surface water sample. 

Atorvastatin was analysed only from three coastal samples. In inland waters, mesalazine and 

simvastatin were analysed only in two Polish samples and it was detected in both samples.  

In inland surface waters, overall DFs varied from 24% (bezafibrate) to 87% (metformin) and in 

coastal waters from 27% (bezafibrate) to 78% (mesalazine). Metformin is used for the treatment of 

type 2 diabetes and mesalazine in treatment of inflammatory bowel disease. Atorvastatin, 

bezafibrate, gemfibrozil and simvastatin are used in the treatment for high cholesterol levels. 

 

In inland water samples, the gastrointestinal and metabolic APIs concentration had an overall 95th 

percentile of 560 ng/L. Country-specific median concentrations of metformin in inland waters 

varied from 34 ng/L (Latvia) to 260 ng/L (Poland). Metformin and gemfibrozil were the only APIs 

in this group which were detected in each country. 

 

In Finland and Latvia concentrations above 1 000 ng/L were measured for atorvastatin and 

metformin and in Sweden for metformin. Metformin exceeded its PNEC value (1350 ng/L) in Latvia 

(RQ 1.7 in Pupla downstream WWTP site in May), and the concentration was very near the PNEC 

in Sweden (RQ 0.96 in Dovern in June) and Finland (RQ 0.96 in Vantaanjoki downstream 

Nurmijärvi WWTP in November). 
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Figure 5.13. Median (wide bar), minimum and maximum (whiskers) concentrations of gastrointestinal and metabolic APIs in inland 

waters in the BSR. 

 

In coastal waters, the concentrations of the five studied gastrointestinal and metabolic APIs had a 

95th percentile of 104 ng/L. Atorvastatin was detected in only one out of three analysed samples, 

with the quantified concentration reaching 44 ng/L. The highest concentrations were measured for 

metformin (230 ng/L, Sweden, Bråviken) and mesalazine (190 ng/L, Finland, Vantaanjoki estuary). 

Sampling site specific average concentrations of metformin ranged from <LOQ (Riga coast, Latvia) 

to 130 ng/L (Bråviken, Sweden). In case of mesalazine the average concentrations ranged from 

<LOQ (Bråviken, Sweden) to 160 ng/L (Pärnu river, Estonia) (Figure 5.14). 

 

 
Figure 5.14. Average (wide bar) and minimum and maximum (whiskers) concentrations of gastrointestinal and metabolic  
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NSAIDs and analgesics 
All analysed NSAIDs and analgesics were detected in both inland and coastal waters. All NSAIDs 

and analgesics were detected in all countries, with an exception of codeine, which was not detected 

in the Estonian inland water samples. In inland surface waters, DFs varied from 49% (ketoprofen) 

to 98% (tramadol) and in coastal waters from 19% (ketoprofen) to 96% (tramadol). Tramadol is an 

opioid used to treat moderate pain. Diclofenac was detected in 87% and 92% of inland and coastal 

water samples, respectively. Diclofenac is used to treat pain and inflammatory diseases and was 

listed on the previous EU Water framework directive watch list (2015/495/EY). Median 

concentrations of NSAIDs and analgesics in inland water ranged from <LOQ (codeine, ketoprofen 

and oxycodone) to 33 ng/L (diclofenac) (Figures 5.15 and 5.16). The 95th concentration percentile 

for the group was 360 ng/L. The highest median concentration was measured for diclofenac (33 

ng/L), for which country-specific median concentrations ranged from 1.8 ng/L (Sweden) to 1 400 

ng/L (Poland). Highest diclofenac concentrations (2 100ï2 200 ng/L) were detected in Poland, 

downstream from the Bğonie WWTP.  

 

Diclofenac exceeded its PNEC-value (85 ng/L) in 35% of all inland water samples. PNEC-

exceedances were most common in Poland (75% of samples (n=4)) and Finland (62% of samples 

(n=13)). The PNEC was exceeded occasionally in all Finnish inland sampling sites, and in all 

samples during the third, low-flow sampling campaign (11/2018). If the detected concentrations are 

compared to the proposed environmental quality standard (EQS) of 50 ng/L (Loos et al. 2018)), the 

frequency of exceedance in inland water samples increases to 42%. Similarly, the lowest PNEC-

value reported in literature, 20 ng/L (Orias & Perrodin 2013), is exceeded in 58% of the inland water 

samples, and 15% of coastal samples. Highest national median concentrations were detected in 

Poland for ketoprofen (7.7 ng/L), naproxen (18 ng/L) and tramadol (430 ng/L), and for codeine and 

oxycodone in Finland (10 and 2.4 ng/L, respectively). 

 

 

 
Figure 5.15. Average (bar) and minimum and maximum (whiskers) concentrations of tramadol and diclofenac in inland waters in 

the BSR. Full names of sampling sites are presented in table 5.2. 
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Figure 5.16. Median (wide bar), minimum and maximum (whiskers) concentrations of NSAIDs and analgesics in inland waters in 

the BSR. 

In coastal waters, codeine, diclofenac and tramadol were detected in all countries. Highest median 

concentrations were measured for diclofenac, for which sampling site specific average 

concentrations ranged from <LOQ (Pärnu bay, Estonia) to 35 ng/L (Katajaluoto WWTP pipe, 

Finland). Concentrations of diclofenac in the distance of 1.7 km from the Katajaluoto WWTP pipe 

ranged from <LOQ to 6.3 ng/L. Ketoprofen was detected only in Riga coast (Latvia), Vistula River 

estuary (Poland) and Vantaanjoki estuary (Finland). 

 

 

 

Figure 5.17. Average (wide bar) and minimum and maximum (whiskers) concentrations of NSAIDs and analgesics in sea waters in 

the BSR. 
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Cardiovascular APIs 
All cardiovascular APIs were detected, but atenolol and warfarin only in inland water samples. In 

inland surface waters, DFs for the detected APIs varied from 7.3% (atenolol) to 85% (metoprolol) 

and in coastal waters from 11% (dipyridamole) to 88% (nebivolol). 

In inland waters, the median concentrations of cardiovascular APIs varied from <LOQ (atenolol, 

dipyridamole, sotalol and warfarin) to 4.5 ng/L (metoprolol) (Figure 5.18). Metoprolol and 

nebivolol were detected in all countries. They were also the only cardiovascular APIs with median 

concentrations (4.6 ng/L and 0.32 ng/L, respectively) above LOQ. Metoprolol was consistently the 

cardiovascular API detected in highest median concentrations in inland waters in each country. 

Metoprolol and nebivolol are beta-blockers used to treat high blood pressure.  

The highest concentration (290 ng/L) was measured for metoprolol at a Polish sampling site, located 

downstream from the Bğonie WWTP in the River Rokitnica. Dipyridamole was detected only in two 

Finnish inland sampling sites, with a maximum average concentration of 5.4 ng/L being detected 

below the Kalteva WWTP. 
 

 

 

Figure 5.18. Median (wide bar), minimum and maximum (whiskers) concentrations of cardiovascular APIs in inland waters in the 

BSR. 

 

In coastal waters, the overall 95th concentration percentile for the group was 4.5 ng/L. The API 

detected in highest median concentrations (0.43 ng/L) was metoprolol. Nebivolol was detected in 

each of the countries, with highest concentrations (average 4.4 ng/L) being detected in the Peene 

estuary (Germany).  

Dipyridamole was detected only in German and Finnish sampling sites. Previously this substance 

has been detected in a concentration of 2.8 ng/L in the Baltic Sea water. In this project, the detected 

concentrations ranged from 0.92 ng/L to 35 ng/L. The highest concentration was detected in Finland, 

at the location of a WWTP discharge pipe. At a sampling site located approx. 1.7 km away from the 

discharge pipe, the concentrations for dipyridamole ranged from <LOQ to 2.3 ng/L. 
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Figure 5.19. Average (wide bar) and minimum and maximum (whiskers) concentrations of cardiovascular APIs in sea waters in the 

BSR. 

 

Psycopharmaceuticals 
All six psychopharmaceuticals studied were detected in inland and coastal waters. In inland surface 

waters, DFs varied from 20% (quetiapine) to 93% (venlafaxine) and in coastal waters from 42% 

(sertraline) to 81% (citalopram). Almost all compounds were detected in all countries; quetiapine 

and temazepam were not detected in Estonia. The median concentrations of psychopharmaceuticals 

in inland water samples varied from <LOQ (quetiapine) to 2.7 ng/L (venlafaxine) (Figure 5.20). As 

a group, psychopharmaceutical concentrations had a 95th percentile of 89 ng/L in inland waters. 

Highest concentrations of oxazepam (290 ng/L), venlafaxine (210 ng/L), temazepam (200 ng/L) and 

citalopram (59 ng/L) were measured in Finland during June 2019 when the flow rate of the river 

was low. 

 

In coastal waters, concentrations of psychopharmaceuticals had a 95th percentile of 9.0 ng/L. In 

general, the concentrations were lower in coastal waters than in inland waters and the maximum 

concentrations were below 10 ng/L for all psychopharmaceuticals, except oxazepam, which reached 

a maximum concentration of 17 ng/L (Figure 5.21). 
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Figure 5.20. Median (wide bar), minimum and maximum (whiskers) concentrations of psychopharmaceuticals in inland waters in 

the BSR. 

 

 

 

 

Figure 5.21. Average (wide bar) and minimum and maximum (whiskers) concentrations of psychopharmaceuticals in sea waters in 

the BSR. 
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Veterinary APIs 
All six studied veterinary APIs were detected in surface waters. In inland surface waters, DFs varied 

from 2% (toltrazuril) to 69% (emamectin) and in coastal waters from 4% (toltrazuril) to 54% 

(emamectin and tiamulin). The major application of the most often detected API emamectin is the 

treatment of sea lice infestations in aquaculture, but it is also used as pesticide against mites and 

other insect species. It is currently approved as a crop protection chemical in EU but e.g. in Finland 

and Sweden no products are registered. Tiamulin is an antibiotic used in poultry and pig farming. 

 

In inland waters the median concentrations of veterinary APIs varied from <LOQ (carprofen, 

fenbendazole, toltrazuril and tylosin) to 0.15 ng/L (emamectin). The case specific median values 

area given in Figure 5.22. The group concentrations of the six veterinary APIs had a 95th percentile 

of 4.7 ng/L in inland waters. 

 

Figure 5.22. Median (wide bar), minimum and maximum (whiskers) concentrations of veterinary APIs in inland waters in the BSR. 

In coastal waters, concentrations were at the same level as in inland waters. Tiamulin and emamectin 

were detected in all countries, reaching the highest sampling site specific median concentrations in 

Latvia (0.58 ng/L, site LV5) and Sweden (1.8 ng/L, site SE3), respectively. 

 

Toltrazuril was detected only in Finland: in one inland sample taken in November 2018 and one 

coastal sample taken in March 2018. The detections were temporally and spatially unconnected. 

The inland water sample with a positive detection was taken from the river Vantaanjoki 68 km 

upstream from the river mouth (site FI1), while the coastal water sample was taken 1.7 km from the 

WWTP discharge pipe located near Katajaluoto islet, roughly 10 km off the Helsinki coastline. Both 

detections were only slightly above the LOQ. To assess whether toltrazuril is widely present at very 

low concentrations in surface waters, a screening study using a more sensitive analytical method 

would be required. 

 

Emamectin exceeded its PNEC-value (1 ng/L) in at least one sample in all countries except in 

Finland. The exceedances were more common in coastal waters than in inland waters. PNEC was 

exceeded in one Swedish inland water sample, taken upstream of the lake Roxen. Coastal PNEC-

exceedances were detected occasionally in Germany, Estonia and Latvia. The highest emamectin 

concentrations were detected during the second sampling campaign (May 2018) in Germany, when 

concentrations in the estuaries of rivers Peene and Warnow reached 7.2 ng/L and 4.6 ng/L, 

respectively. 
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Figure 5.23. Average (wide bar) and minimum and maximum (whiskers) concentrations of vaterinary APIs Baltic Sea water. 

 

Caffeine 
Caffeine was detected in 89% of the inland water samples and in 96% of the coastal water samples. 

The median concentration of caffeine was 32 ng/L in surface waters and 6.0 ng/L in coastal waters. 

Sampling site specific average surface water concentrations ranged from 1.2 ng/L (Luhtajoki, 

Finland) to 220 ng/L (Upstream site of the River Rokitnica, Poland) (Figure 5.24). In coastal water 

samples the sampling site specific average concentrations ranged from <LOQ (Pärnu bay, Estonia) 

to 77 ng/L (Bråviken, Sweden). The amount of caffeine originating from pharmaceutical use was 

assumed negligible in comparison to caffeine originating from coffee and other drinks. 

 

Figure 5.24. Average (wide bar) and range (whiskers) of concentrations of caffeine in the surface waters of the BSR. Full names of 

sampling sites are prestented in table 5.2. 
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Figure 5.25. Average (wide bar) and minimum and maximum (whiskers) concentrations of caffeine in coastal waters in the 

BSR. 

 

 Overview of the API levels in surface waters 
Carbamazepine, tramadol and venlafaxine were detected in at least 90% of inland water samples. 

Corresponding APIs in coastal water samples were carbamazepine, cetirizine, tramadol, caffeine 

and diclofenac. Although DFs of carbamazepine and tramadol were over 90% in both inland and 

coastal water samples, their median concentrations were 1.9 and 3.8 times higher in inland surface 

waters compared to coastal waters, respectively. 

In inland waters, the APIs detected in highest median concentrations were gabapentin (88 ng/L), 

metformin (78 ng/L) and diclofenac (33 ng/L). In coastal waters corresponding APIs were 

metformin (12 ng/L), caffeine (6.0 ng/L) and diclofenac (2.7 ng/L). Also, gabapentin concentrations 

were high in coastal waters (34ï120 ng/L), but it was analysed in only three samples and therefore 

the data are not very comprehensive. Ciprofloxacin, sulfadiazine and enalapril were the only 

compounds which were not detected in any surface water sample.  

In inland waters, the mean concentrations of antiepileptics, gastrointestinal and metabolic disease 

APIs were significantly higher (ANOVA; p < 0.05) compared to other analysed API groups except 

caffeine and NSAIDs and analgesics (Figure 5.26). In coastal waters, the concentrations of 

gastrointestinal disease APIs and caffeine were significantly higher compared to every other API 

group (ANOVA; p < 0.05). The detection frequencies and concentrations of each API are 

summarised in Table 5.3. 
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Figure 5.26. Average (plots) and 95% confidence interval (whiskers) concentrations of APIs in surface waters of the BSR. 

 

Table 5.2. Full names of inland water sampling sites. 

Code Site name 

DE1 Tollense river, upstream WWTP Neubrandenburg 

DE2 Tollense river, downstream WWTP Neubrandenburg 

DE3 Warnow river, upstream Rostock 

EE1 Pärnu river after river Esna, before city of Paide 

EE2 Pärnu river, Jändja 

FI1 Vantaa 68,2, upstream WWTP Kalteva  

FI2 Vantaa 64,8, downstream WWTP Kalteva 

FI3 Vantaa 44,1 

FI4 Luhtajoki, downstream of a WWTP  

FI5 Vantaa 4,2 (4.2 km from the river mouth) 

LV1 MǛmele, 0.5 km below Skaistkalne  

LV2 MȊsa river, Latvia-Lithuania border 

LV3 Driksa river, upstream Jelgava 

LV4 Driksa river, downstream Jelgava 

LV5 Pupla river, upstream Olaine 

LV6 Pupla river, downstream Olaine 

LV7 Lielupe, 0.5 km below Kalnciems 

PL1 Rokitnica river, downstream Bğonie WWTP 

PL2 Rokitnica river, upstream Bğonie WWTP 

SE1 Vättern 

SE2 Boren, downstream Motala WWTP 

SE3 Svartån 

SE4 Stångån, upstream Linköping WWTP 

SE5 Stångån-Roxen, downstream Linköping WWTP  

SE6 Dovern 

SE7 Glan 

SE8 Bråviken (BSE), downstream Norrköping WWTP 
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Table 5.3. Summary of API detection frequencies (DF) and median and maximum concentrations in surface waters. 

Substance PNEC 

(CWPharma) 

(ng/L) 

Inland water Coastal water 

n DF 

(%) 

Median 

(ng/L) 

Max 

(ng/L) 

n DF 

(%) 

Median 

(ng/L) 

Max 

(ng/L) 

Amlodipine 100 55 2 <LOQ 9.8 26 38 <LOQ 7.0 

Atenolol 194 000 55 7 <LOQ 52 26 0 <LOQ <LOQ 

Atorvastatin 21 00 53 38 <LOQ 1 500 1 0 <LOQ <LOQ 

Bezafibrate 1 260 55 24 <LOQ 13 26 27 <LOQ 0.59 

Bisoprolol 8 000 55 36 <LOQ 70 26 50 0.13 5.3 

Caffeine 87 000 55 89 32 400 26 96 6.0 140 

Candesartan 421 55 42 <LOQ 19 26 27 <LOQ 13 

Carbamazepine 1 280 55 98 3.7 920 26 100 2.0 60 

Carprofen 37 270 55 47 <LOQ 9.8 26 12 <LOQ 3.0 

Cetirizine 78 620 55 80 1.8 630 26 100 1.2 22 

Ciprofloxacin 5.1, (89*) 2 0 <LOQ <LOQ 23 0 <LOQ <LOQ 

Citalopram 15 400 55 87 2.0 59 26 81 0.25 1.7 

Clarithromycin 3.9, (120*) 55 73 3.2 590 26 62 0.080 7.3 

Codeine 16 000 38 61 <LOQ 23 25 88 0.18 1.9 

Diclofenac 85, (50*) 55 87 33 2 200 26 92 2.7 35 

Dipyridamole 2 360 55 9 <LOQ 6.9 26 12 <LOQ 35 

Emamectin 1 55 69 0.15 3.2 26 54 0.20 7.2 

Enalapril 44 736 53 0 <LOQ <LOQ 1 0 <LOQ <LOQ 

Eprosartan 100 000 53 34 <LOQ 4.9 1 100 0.24 0.24 

Erythromycin 83.5 2 100 <LOQ 0.13 23 48 <LOQ 20 

Estrone (E1) 0.008  55 25 <LOQ 10 26 54 0.27 5.4 

Fenbendazole 15 55 29 <LOQ 0.63 26 19 <LOQ 0.51 

Fexofenadine 200 000 53 70 0.79 520 1 100 2.2 2.2 

Fluconazole 15 000 55 71 1.2 280 26 65 0.33 7.4 

Fluticasone 550 55 31 <LOQ 0.41 26 38 <LOQ 0.30 

Gabapentin 100 000 53 89 82 1 900 1 100 82 82 

Gemfibrozil 825 55 62 4.1 260 26 38 <LOQ 40 

Irbesartan 100 000 55 47 <LOQ 110 26 62 0.040 1.5 

Ketoprofen 2 000 55 49 <LOQ 280 26 19 <LOQ 3.9 

Levetiracetam 100 000 55 38 <LOQ 120 26 19 <LOQ 6.5 

Lincomycin 1 290 55 44 <LOQ 9.4 26 50 0.020 1.5 

Losartan 7 800 55 67 1.1 200 26 69 0.19 7.7 

Mesalazine 911 000 2 100 <LOQ 0.12 23 78 2.3 190 

Metformin 1 350 55 87 78 2 300 26 69 12 230 

Metoprolol 4 380 55 85 4.6 290 26 54 0.43 6.0 

Mometasone furoate 14 55 7 <LOQ 28 26 15 <LOQ 0.36 

Naproxen 4 980 53 75 3.1 94 22 73 1.1 16 

Nebivolol 377 55 65 0.32 4.0 26 88 0.21 8.9 

Norethisterone 0.50 55 62 0.26 6.9 22 59 0.040 1.2 

Ofloxacin 20.4 55 24 <LOQ 340 25 4 <LOQ 15 

Oxazepam 810 38 79 0.45 290 25 76 0.45 17 

Oxycodone 3 304 000 38 68 <LOQ 15 25 52 0.040 0.97 

Primidone 100 000 55 25 <LOQ 61 26 23 <LOQ 1.5 

Progesterone 2 000 55 45 <LOQ 1.4 26 35 <LOQ 0.24 

Quetiapine 10 000 55 20 <LOQ 1.2 26 54 0.010 1.5 

Ramipril 100 000 53 26 <LOQ 19 1 0 <LOQ <LOQ 

Sertraline 1 070 55 62 0.39 19 26 42 <LOQ 5.8 

Simvastatin 22 800 2 100 <LOQ 0.080 23 30 <LOQ 0.14 

Sotalol 300 000 55 33 <LOQ 190 26 35 <LOQ 3.4 

Sulfadiazine 135 53 0 <LOQ <LOQ 1 0 <LOQ <LOQ 

Telmisartan 9 880 53 66 6.4 2 800 1 100 1.8 1.8 

Temazepam 930 38 53 <LOQ 200 25 48 <LOQ 9.7 

Testosterone 1 500 55 35 <LOQ 0.78 26 54 0.060 5.8 

Tetra- + doxycycline 1 730/37 55 9 <LOQ 46 26 46 <LOQ 23 

Tiamulin 165 55 58 0.11 0.73 26 54 0.010 3.1 

Toltrazuril 440 55 2 <LOQ 5.1 26 4 <LOQ 4.4 

Tramadol 170 000 55 98 4.4 690 26 96 1.1 11 

Trimethoprim 508 000 55 56 0.69 83 26 54 0.10 3.8 

Tylosin 34 55 15 <LOQ 20 26 12 <LOQ 3.5 

Valsartan 125 000 53 55 8.2 510 1 100 6.7 6.7 

Warfarin 67 600 55 16 <LOQ 3.4 26 0 <LOQ <LOQ 

Venlafaxine 3 220 55 93 2.7 210 26 69 0.55 9.6 

Xylometazoline 2 030 55 65 1.1 3.8 26 15 <LOQ 1.6 
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 Observed concentrations versus PNECs 
Eight of the detected 60 APIs exceeded their predicted no-effect concentrations (PNEC) in at least 

one surface water sample: hormones estrone and norethistrone, antibiotics clatrithromycin, 

ofloxacin, an analgesic diclofenac, a veterinary medicine emamectin benzoate, an asthma and 

allergy medicine mometasone furoate and a metabolic desease medicine metformin (see chapter 9). 

In one sample also the sum concentration of tetracycline and doxycycline exceeded the PNEC of 

doxycycline but not the PNEC of tetracycline, which is much higher. These are not the same APIs 

as those observed at the highest concentrations. The number of APIs occurring in concentrations 

higher than PNEC varied from 0 to 4 per sample (median 1 and average 1.4). In ca. 75% of the 

samples at least one API exceeded its PNEC. When the natural hormone estrone was excluded, 63% 

of samples had at least one API exceeding its PNEC. The estimation of the risk caused by estrone 

is uncertain due to the high LOQ compared to PNEC value and the high variation of PNEC values 

reported in different sources.  

 

The RQ values of the detected APIs in each sample were summed together in order to estimate the 

potential mixture effects. The sum RQ values are given in Table 5.4. The sum RQ was dominated 

by few APIs. However, it must be noted that some APIs that were not analysed in the surface water 

may pose a risk.  

 

Concentrations and calculated risks varied between the case study areas, sites within the areas (e.g. 

upstream and downstream) and between the sampling occasions. The flow conditions had marked 

effects on the variation of concentrations between sampling times. For example, in the Finnish river 

Vantaanjoki, extreme flow conditions during the samplings resulted in both extremely low and 

exceptionally high dilution conditions for the treated wastewater. Also, the usage of certain APIs as 

well as the degradation in WWTPs and surface water varies with seasons. In future screenings and 

monitoring campaings, it would be beneficial to have more sampling occasions to get information 

on different flow conditions and seasons, and to overcome the non-representative concentrations in 

single samples. 

 

The PNEC values have high influence on calculated risk quotients. In this study, the PNECs of 

estrone and clarithromycin were lower while PNECs of diclofenac, ciprofloxacin and erythromycin 

were higher than those used under the EU water policy watch list screening (Loos et al. 2018), see 

Table 5.5. The observed concentrations of estrone and diclofenac were similar for the watch list 

screening, but the calculated RQ values differed, especially for estrone, due to differences in the 

PNEC values used in the studies. In this study, the RQ values for estrone would be much smaller 

using the PNEC value of Loos et al. (2018). 

 

 Conclusions 

The six case studies gave a good snapshot on the occurrence of the selected APIs in surface waters 

within Baltic Sea Region: pharmaceuticals are present in rivers, lakes, estuaries and coastal areas 

close to cities and under other anthropogenic influence. In each water sample, 8ï49 APIs were 

detected, and the sum concentration of the detected APIs varied from 1.8 ng/L to 12 µg/L per 

sample. Altogether 60 of the analysed 63 APIs were detected in at least one inland or coastal surface 

water sample.  

 

Eight APIs were detected in concentrations exceeding their PNEC values. These APIs were 

hormones estrogen and norethisterone, antibiotics clarithromycin and ofloxacin, an analgesic 

diclofenac, a veterinary medicine emamectin, an asthma and allergy medication momeasone furoate 

and a metabolic disease medicine metformin. At least one API exceeded its PNEC in 63 of 83 

surface water samples. In 8 of 83 samples, there were four APIs present in concentrations higher 

than PNEC. These results indicate an urgent need to decrease the emissions of pharmaceuticals into 

the surface waters. The case study screening results highlight the need to monitor pharmaceuticals 
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and to find ways to decrease their concentrations in the surface waters. The results may be utilized 

to design future studies and monitoring. 
 

Table 5.4 A summary of the sum risk quotients (sum RQ) and a list of APIs exceeding the PNEC (APIs with RQ>1) in each 

case study area. In the Swedish and Finnish case studies, the RQ for metformin was very close to 1 and thus presented in 

brackets. For non-detected concentrations the calculated RQ is marked as ND. Doxycycline RQ was calculated by comparing 

the sum concentration of tetracycline and doxyxycline to doxycycline PNEC. 

 Inland water samples Coastal water sampels 

 Sum RQ APIs with RQ>1 Sum RQ APIs with RQ>1 

Estonia Pärnu river: 2 sites Pärnu estuary / bay 

 1.2 ï 5.2 Norethisterone (NDï2.7) 

Clarithromycin (NDï1.3) 

Mometasone furoate (NDï2.0) 

Emamectin benzoate (NDï1.0) 

100 ï 215 Estrone (100ï213) 

Poland Rokitnica river: 2 sites Vistula mouth 

 11 ï 361 Estrone (NDï350) 

Clarithromycin (2.1ï150) 

Diclofenac (0.73ï26) 

Ofloxacin (NDï3.0) 

Norethisterone (NDï1.4) 

4.4 ï 32 Estrone (NDï31), 

Norethisterone (NDï2.4), 

Emamectin benzoate (NDï1.6)  

Germany Tollense river: 2 sites; Warnow upstream Peene estuary & Warnow river mouth 

 0.03ï352 Estrone (NDï340) 

Norethisterone (NDï14)  

Clarithromycin (NDï12) 

Diclofenac (NDï5.8) 

0.4 ï 680 Estrone (NDï674), 

Norethisterone (NDï1.7), 

Emamectin benzoate (NDï7.2)  

Latvia 7 river sites Riga (near WWTP pipe) 

 0.1 ï 301 Estrone (NDï300) 

Norethisterone (NDï1.6)  

Clarithromycin (NDï27) 

Diclofenac (NDï13) 

Metformin (NDï1.7) 

0.1 ï 2.3 Emamectin benzoate (NDï2.1)  

Sweden Chain of lakes and streams: 7 inland sites Bråviken 

 0.8 ï 20 Ofloxacin (NDï17) 

Norethisterone (NDï4.2) 

Emamectin benzoate (NDï3.2) 

Diclofenac (NDï1.9) 

Doxycycline (ND-1.3) 

[Metformin (NDï0.93)]   

1.0 ï 3,1 Norethisterone (NDï1.1) 

 

Finland River Vantaanjoki: 4 sites & a tributary site Estuary of river Vantaa: 2 sites 

 0.9 ï 1283  Estrone (NDï1260) 

Clarithromycin (0.49ï26) 

Diclofenac (0.19ï7.5) 

Norethistrone (NDï2.8) 

[Metformin (0.03ï0.98)] 

1.5 ï 580 Estrone (NDï64) 

Finland  Helsinki coast, about 7 km offshore 

   66 

0.28 ï 126 

estrone (RQ 64) at the WWTP pipe outlet 

estrone (NDï127) a mile from the pipe 

 

 
Table 5.5 Comparison of the inland surface water concentrations of the case studies with the results of the EU wide watch 

list screening. To improve the comparability of the studies, the presented results were calculated by treating <LOQ results 

as LOQ/2. 

 This study 

 

Watch list screening (Loos et al. 2018) 

API  PNEC 

(ng/L) 

n DF 

(%)  

Media

n 

(ng/L) 

95th 

percentil

e 

Max 

(ng/L) 

PNEC 

(ng/L) 

n DF 

(%) 

Media

n 

(ng/L) 

95th 

percentil

e 

Max 

(ng/L) 

Estrone (E1) 0.008 55 25 0.35 7.2 10 3.6  1358 55 2.5 5.7 99 

Diclofenac 85 55 87 33 1300 2200 50 17748 69 40 460 7100 

Clarithromycin 3.9 55 73 3.2 101 590 120 7443 59 15 130 1600 

Erythromycin 83.5 2 100 0.12 - 0.13 20 6313 8.4 10 50 1100 
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 Environmental levels of APIs in river and estuary sediments 

 Methods 

Sediment sampling was performed in Bråviken estuary (SE), Pärnu river (EST), Pärnu bay (EST) 

and the Gulf of Riga (LV). All sediment samples were frozen at -20° C after sampling and sent to 

SYKE for chemical analyses of 75 APIs and dry matter content. Sampling dates and raw data are 

presented in Annex 4. 

 

In Sweden, sediment samples were taken from Bråviken estuary in December 2017 and in June 

2018. At each visit, six sediment samples were taken using a core sampler and the upper 5 cm of 

these subsamples were integrated into one sample for analysis. The sampling location is located 

outside the city of Norrköping approx. 7,5 km downstream of the discharge of treated wastewater 

from the WWTP in Norrköping. The depth of the sampling location was 12 m. 

 

Estonian sediment samples were taken from Pärnu river in December 2017 and in Pärnu bay in June 

2018. The original plan was to take samples from the bay at both sampling time points, but due to 

bad weather conditions in December 2017, it was not possible to take sea samples and instead the 

samples were taken from the mouth of Pärnu river. For the December sample, five subsamples were 

taken in Pärnu river and the upper 10 cm of sediment from each was integrated into one sample for 

analysis. For the June sample, ten subsamples were taken from the middle of Pärnu bay and the 

upper 5 cm were then integrated into one sample for analysis. 

 

In Latvia, the Gulf of Riga was sampled one nautical mile (~1.85 km) from the shore in December 

2017 and May 2018. The depth of the station was 12 m and located near an outlet of a wastewater 

treatment plant pipe. At both sampling timepoints, three sediment subsamples were taken using a 

Van-Veen grab sampler and the upper 5 cm of the subsamples were integrated into one sample for 

analysis. 

 

  Results and discussion 

 Observed occurrence and concentration levels of APIs 
Sediments from three Baltic Sea Estuaries in Sweden (SE), Latvia (LV) and Estonia (EST), and an 

Estonian river, were analysed for 63-65 APIs. The number of detected compounds varied from 13 

to 41 per sample. Altogether 47 out of 65 analysed APIs were detected in at least one sample. All 

measured concentrations are presented in Annex 4. Substances that were detected above LOQ in at 

least one of the studied sediment samples are presented in figure 5.27-5.29. Five APIs were found 

in all sediment samples: caffeine, metformin, oxazepam, risperidone and tramadol. The APIs found 

in the highest concentrations were the NSAID and analgesic paracetamol in the sediments of 

Bråviken estuary and the asthma and allergy medication xylometazoline in Riga coast and in Pärnu 

bay.  

 

The concentrations of APIs were generally higher in the sediments from the mouth of Pärnu river 

than in Pärnu bay, probably due to higher dilution of APIs in coastal waters. The exceptions were 

xylometazoline, hydrochlorothiazide and the sum of tetracycline and doxycycline that were instead 

higher in the sediments of Pärnu bay than in Pärnu river. Since the bay and the river were sampled 

at different times of year, other explanations for the observed differences are seasonal variations in 

consumption of APIs and temperature dependent degradation rates, but further studies are needed 

to elucidate this.  
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Sediment sampling in Bråviken estuary, Sweden.  Photo: Sabina Hoppe, CAB.
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Figure 5.27. APIs in sediments of the Bråviken estuary (SE) in December 2017 and June 2018. API below LOQ are marked with ò*ò for samples taken in December 2017 and ò^ò for samples taken in June 

2018. Substances above LOQ in at least one of the sediment samples from the Baltic Sea Estuaries are included.   
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Figure 5.28. APIs in sediments from the Riga coast (LV) in December 2017 and May 2018. API below LOQ are marked with ò*ò for samples taken in December 2017 and ò^ò for samples taken in May 2018. 

Substances above LOQ in at least one of the sediment samples from the Baltic Sea Estuaries are included.  
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Figure 5.29. APIs in Estonian sediments from Pªrnu river (December 2017) and Pªrny bay (June 2018). API below LOQ are marked with ò*ò for samples taken in December 2017 and ò^ò for samples taken 

in June 2018. Substances above LOQ in at least one of the sediment samples from the Baltic Sea Estuaries are included.
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 Observed concentrations versus PNECs 
The measured environmental concentrations of APIs were compared with the predicted no effect 

concentrations (PNECs) derived from chapter 9 (Table 5.6). Ten of the detected 47 APIs exceeded 

their PNECs (Table 5.6-5.7):  

¶ hormones estrone and norethistrone,  

¶ antibiotics clarithromycin, ciprofloxacin, ofloxacin, and the sum of tetracycline and 

doxycycline,  

¶ NSAID and analgesic diclofenac and paracetamol,  

¶ a veterinary medicine emamectin benzoate, and 

¶ a metabolic disease medicine metformin.  

 

Also, eight of these APIs were found at problematic levels in some surface water samples (chapter 

5.1), while paracetamol and ciprofloxacin exceeded the PNECs in sediments only. 

 

The number of APIs occurring in concentrations higher than PNECs were: 2 in Pärnu bay, 8 in 

Pärnu river, 4-6 in Riga coast and 3-5 in Bråviken. Sediment samples collected in chapter 7, that 

were close to fish farms, also contained 2-5 APIs that exceeded the PNECs. Hence, all ten collected 

sediment samples within the CWPharma-project contained at least two APIs at levels that pose an 

environmental risk.  

 

For eight APIs, the environmental risk cannot be excluded because the LOQs were higher than the 

PNECs (Annex 20). These compounds were erythromycin, estriol, ivermectin, mometasone, 

sulfamethoxazole and tylosin. Also, the LOQs for estrone, norethisterone, and the sum 

concentration of tetracycline and doxycycline were higher than the PNEC in some of the analysed 

samples. The low LOQs of the other measured APIs allowed reliable risk estimations of these 

compounds.  

 

The RQ values of the detected APIs in each sample were summed together in order to estimate the 

potential mixture effects. The sum RQ values varied from 96 in Pärnu bay to 19 215 in Rigaôs coast 

(Table 5.7). The sum RQ was dominated by a few APIs, especially estrone in sediments from Rigaôs 

coast. When excluding estrone, the sum RQ values varied between 8,9 and 248. The risk quotient 

values indicate that both single APIs and the mixture of APIs may pose environmental risks to 

organisms in the sediments. In addition, several other APIs that are not covered in the present study 

may also contribute to the combined ecological risk. The concentration levels are further described 

by API groups. 

Hormones 
At least one of the five analysed hormones was found in each sediment sample. The most frequently 

detected hormone was progesterone which was detected in 83 % of the samples (n=6). 

Concentrations of hormones varied between below LOQ up to 8.8 µg/kg d.w. Estriol was not 

detected in any of the sediment samples, but the LOQ was higher than the PNEC and risk cannot be 

excluded. Progesterone and norethisterone were found in the highest concentrations in Bråviken bay 

(5.2 µg/kg d.w. and 0.46 µg/kg d.w., respectively) and in Pärnu river (8.8 µg/kg d.w. and 0.71 µg/kg 

d.w., respectively), while estrone was found in the highest concentration in Riga coast (4 µg/kg 

d.w.). The LOQs for estrone and norethisterone were higher than the PNEC in some of the analysed 

samples. The obtained concentrations of estrone in Latvia and norethisterone in Sweden and Estonia 

were much higher than their PNECs. Risk Quotients (RQs) were 9 200 ï 19 200 for estrone and 105 

ï 161 for norethisterone. The estrone detected in the environment is likely naturally excreted from 

humans and animals, while norethisterone may also derive from medicinal usage (Chapter 4). 

Testosterone was detected in sediments from Bråviken and Pärnu river in concentrations below the 

PNEC. 
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Table 5.6. Summary of the PNEC, API detection frequencies (DF) and concentration ranges in the sediments. Bold numbers 

indicate exceedance of PNEC and an environmental risk. LOQ* means that that limit of quantification was higher than the 

PNEC and that risk cannot be excluded.   

API  PNEC 

µg/kg d.w. 

DF 

(%)  

Bråviken bay 

(n=2) 

µg/kg d.w. 

Riga coast 

(n=2) 

µg/kg d.w. 

Pärnu bay 

(n=1) 

µg/kg d.w. 

Pärnu river 

(n=1) 

 µg/kg d.w. 

Atenolol 363 0 <LOQ <LOQ <LOQ <LOQ 

Amlodipine 0.81 33 <LOQ <LOQ - 0.65 <LOQ 0.24 

Bezafibrate 4.1 17 <LOQ - 0.20 <LOQ <LOQ <LOQ 

Bisoprolol 31 83 0.069 - 0.16 0.011 - 0.039 <LOQ 0.18 

Caffeine 1 470 100 2.4 - 3.4 0.73 - 2.36 2.4 11 

Carbamazepine 10 50 <LOQ - 0.18 <LOQ - 0.12 <LOQ 0.21 

Cetirizine 403 67 0.13 - 0.52 <LOQ - 0.05 <LOQ 0.17 

Ciprofloxacin 6.7 67 <LOQ - 7.1 12 - 14 <LOQ 34 

Citalopram 317 67 1.6 - 3.7 <LOQ - 0.10 <LOQ 0.59 

Clarithromycin 0.41 50 <LOQ - 0.19  <LOQ - 0.27 <LOQ 1.7 

Codeine 28 0 <LOQ <LOQ <LOQ <LOQ 

Diclofenac 0.47 33 <LOQ <LOQ 0.10 1.2 

Dipyridamole 5.1 67 0.24 - 1.2 <LOQ - 0.23 <LOQ 0.34 

Emamectin 0.31 33 <LOQ <LOQ - 0.31 <LOQ 0.47 

Enalapril 46 17 <LOQ <LOQ <LOQ 0.55 

Eprosartan 4 020 0 <LOQ <LOQ <LOQ <LOQ 

Erythromycin 1.2 0 <LOQ* <LOQ* <LOQ* <LOQ* 

Estriol (E3) 0.0038 0 <LOQ* <LOQ* <LOQ* <LOQ* 

Estrone (E1) 0.00020 33 <LOQ* 1.8 - 3.8 <LOQ* <LOQ* 

Fenbendazole 18 67 0.42 - 1.8 <LOQ - 0.43 <LOQ 0.29 

Fexofenadine 19 000 67 0.50 - 1.5 <LOQ - 0.043 <LOQ 0.19 

Florfenicol 48 67 <LOQ - 0.25 <LOQ - 0.029 0.040 0.10 

Fluconazole 17 300 50 <LOQ - 0.12 <LOQ - 0.032 <LOQ 0.088 

Fluticasone 3.6 0 <LOQ <LOQ <LOQ <LOQ 

Gemfibrozil 13 0 <LOQ <LOQ <LOQ <LOQ 

Hydrochlorothiazide 1040 33 <LOQ <LOQ - 22 41 <LOQ 

Irbesartan 198 000 33 <LOQ <LOQ N/A 0.082 

Ivermectin 0.0077 0 <LOQ* <LOQ* <LOQ* <LOQ* 

Ketoprofen 14 67 <LOQ - 0.59 <LOQ - 0.40 0.35 0.61 

Levetiracetam 89 17 <LOQ <LOQ - 7.6 <LOQ <LOQ 

Lincomycin 1.6 33 <LOQ <LOQ - 0.02 <LOQ 0.77 

Metformin 1.6 100 6.8 - 25 8.4 - 8.6 5.8 60 

Metoprolol 9.2 67 1.2 - 1.7 <LOQ - 0.10 <LOQ 0.84 

Mometasone 0.05 0 <LOQ* <LOQ* <LOQ* <LOQ* 

Naproxen 34 33 <LOQ - 2.5 <LOQ <LOQ 1.5 

Nebivolol 4.0 67 0.15 - 0.37 <LOQ - 0.15 <LOQ 0.37 

Norethisterone 0.0044 40 <LOQ* - 0.46 <LOQ* N/A 0.71 

Norfloxacin 637 83 7.8 - 15 8.9 - 19 <LOQ 17 

Ofloxacin 0.93 33 <LOQ - 0.73 <LOQ <LOQ 16 

Olanzepine 9.8 0 <LOQ <LOQ <LOQ <LOQ 

Oxazepam 3.3 100 0.41 - 1.2 0.04 - 0.07 0.10 0.19 

Oxycodone 4 320 17 <LOQ <LOQ <LOQ 0.31 

Paracetamol 1.3 67 61-84 <LOQ - 3.9 <LOQ 22 

Primidone 142 0 <LOQ <LOQ <LOQ <LOQ 

Progesterone 123 83 1.6 - 5.2 <LOQ - 0.17 0.39 8.8 

Quetiapine 12 33 <LOQ <LOQ - 0.04 <LOQ 0.14 

Ramipril 810 0 <LOQ <LOQ <LOQ <LOQ 

Risperidone 216 100 0.17 - 1.3 0.27 - 0.73 0.27 0.73 

Sertraline 344 83 0.30 - 0.83 0.044 - 0.37 <LOQ 1.7 

Simvastatin 3 870 17 <LOQ <LOQ <LOQ 0.57 

Sotalol 326 0 <LOQ <LOQ <LOQ <LOQ 

Sulfamethoxazole 0.11 0 <LOQ* <LOQ* <LOQ* <LOQ* 

Telmisartan 41 60 1.1 <LOQ - 1.28 <LOQ 1.2 

Temazepam 15 17 <LOQ <LOQ <LOQ 0.11 

Testosterone 21 50 0.60 - 1.1 <LOQ <LOQ 0.61 




















































































































































































































































































































































































































































































































































