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Sammanfattning 
Utsläppsvatten från avloppsreningsverk är en betydande källa för avföringsbakterier och 

antibiotika till recipienternas ytvatten.  Kontaminering av vattendrag med fekala 

mikroorganismer är ett stort globalt problem då mikroorganismerna kan orsaka sjukdomar och 

sprida antibiotikaresistens. Antibiotikaresistens är ett av de största hoten mot folkhälsan och 

modern sjukvård. Ett av de allvarligaste resistensproblemen är så kallade ESBL (Extended 

Spectrum Beta-Lactamase)-bildande tarmbakterier, vilka påvisas allt oftare inom sjukvården 

och i samhället. ESBL är ett enzym som kan bildas av olika bakterier, bland annat av 

Escherichia coli (E. coli) som är en vanligt förekommande tarmbakterie.  I Sverige är ESBL-

E. coli den vanligaste rapporterade resistenstypen. Enzymet ESBL bryter ner de flesta 

antibiotika i betalaktamgruppen (penicilliner- och cefalosporiner) vilket gör att dessa 

antibiotika inte är effektiva vid behandling av infektioner orsakade av ESBL-producerande 

bakterier.  

 

I denna studie genomfördes en screeningundersökning av förekomsten av fekala bakterier och 

antibiotika i inkommande och utgående vatten från Uppsala avloppsreningsverk, samt i 

ytvatten, vild fisk och burutsatta musslor från recipienten Fyrisån under åren 2017-2019. Syftet 

var att studera påverkan av utsläpp av avloppsvatten på den mikrobiella kvalitet i recipienten, 

vilket mättes genom förekomst av de fekala indikatorbakterierna E. coli och Enterococcus spp., 

antibiotikaresistenta ESBL-E. coli, potentiellt sjukdomsframkallande bakterier av Salmonella 

spp., samt även haltbestämning av antibiotika. 

 

I reningsverket uppmättes relativt stora reduktioner av de fekala indikatorbakterierna från 

inkommande till utgående vatten (> 90%), men mindre reduktion observerades för antibiotika 

(66%). Förekomsten av ESBL-E. coli ökade från inkommande till utgående vatten i 

reningsverket, vilket kan indikera att selektionstryck för uppkomst av antibiotikaresistens 

förekommer under avloppsreningsprocessen. I Fyrisån uppmättes förhöjda halter av både 

indikatorbakterier, resistenta ESBL-E. coli, samt antibiotikahalter flera kilometer nedströms 

utloppet från reningsverket, jämfört med provlokaler uppströms. Salmonella spp kunde isoleras 

från alla prover av inkommande och utgående vatten i reningsverket, samt från vissa 

provlokaler i Fyrisån. Undersökning av vild fisk och burutsatta musslor i Fyrisån visar att 

akvatiska djur i mottagarmiljön till utsläpp från reningsverk kan vara bärare av fekala bakterier 

och resistenta ESBL-E. coli. Utvärderingen av resistens mot 14 olika antibiotika hos ESBL-E. 

coli som isolerats visade att resistensmönstret var liknande i både prover från reningsverket 

och prover från Fyrisån. Förutom ampicillin och cefotaxim som användes för selektion av 

ESBL-E. coli, påvisades resistens även för ceftazidim och ciprofloxacin. Många av de isolerade 

ESBL-E. coli var också multiresistenta (resistenta mot minst 3 olika antibiotikaklasser). 

 

Denna studie visar att Uppsala reningsverk fungerar som en källa för avföringsbakterier, 

resistenta ESBL-E. coli, Salmonella spp. och antibiotika till ytvattnet i Fyrisån, som kan 

förekomma i betydande nivåer flera kilometer nedströms utloppet. Utsläppen belyser vikten av 

effektiv avloppsrening för att minska utsläpp av mikroorganismer och kemikalier till 

omkringliggande miljö. Resultaten indikerar också den potentiella risken för överföring av 

sjukdomsframkallande- och antibiotikaresistenta bakterier från både ytvattnet och 

vattenlevande djur som bor i mikrobiellt förorenade miljöer. 
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Summary  
One major source of faecal bacteria and antibiotics to surface waters are effluents from sewage 

treatment plants (STPs) which highlights the importance of efficient sewage treatment for 

reduction of microorganisms as well as chemicals. In the present study a broad and exploratory 

screening survey was conducted on water and, fish and caged mussels samples from the sewage 

treatment plant and the recipient river Fyrisån in Uppsala, Sweden, during the years 2017-2019. 

The aim was to study the impact of STP effluent discharge on the river water microbial quality 

measured through the presence of Escherichia coli (E. coli) and Enterococcus spp. as fecal 

indicator bacteria, antibiotic resistance by extended-spectrum beta-lactamase producing E. coli 

(ESBL-E. coli), potentially pathogenic bacteria Salmonella spp., as well as presence and levels 

of antibiotics. 

 

In the STP, large reductions of faecal bacteria from influent to effluent sewage water (>90%) 

was measured, but less reduction was observed for the antibiotics (66%). Measurement of 

ESBL-E. coli in the STP sewage water revealed increased ratio of ESBL-E. coli isolates in the 

STP effluent compared with influent samples indicating potential selection for antibiotic 

resistance during the sewage process. Recipient river water samples revealed increased faecal 

bacteria and resistant ESBL-E. coli concentrations several kilometers downstream the STP 

outlet. Salmonella spp were isolated from all samples of STP influent and effluent water and 

at some sites in the river. Screening of wild fish and caged mussels in the river show that 

animals in the recipient environment to STPs can be carriers of faecal bacteria and ESBL-E. 

coli. This highlights the potential risk for transmissions of pathogens and antibiotic resistance 

from both the water and aquatic animals inhabiting microbial polluted environments.  

 

Large variations in concentrations of bacteria as well as antibiotics were observed between the 

years, which were probably due to annual differences in river discharge flow, indicating that 

prevailing weather conditions influence the levels of bacteria and antibiotics in the river. 

Generally, the resistance pattern to the 14 different tested antibiotics were similar in ESBL-E. 

coli isolated from the STP influent and effluent, river and biota samples. Apart from ampicillin 

and cefotaxime which were used for selection of ESBL-E. coli, high resistances were detected 

also for ceftazidime and ciprofloxacin. Large proportions of the isolated ESBL-E. coli were 

also multidrug-resistant, i.e. resistant to at least three different antibiotic classes. 

The present study show that the Uppsala STP serves as a major source for faecal bacteria, 

ESBL-E. coli and antibiotics to surface water of the river Fyrisån, which can remain at 

considerable levels for several kilometers downstream the outlet. 
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Introduction 
The contamination of waters with faeces is a problem worldwide since human and animal 

faeces can consist of agents causing waterborne diseases as well as spread antimicrobial 

resistance. Faecal microorganisms, such as bacteria, viruses and parasites, are of main concern 

in faecally contaminated environments, such as surface waters receiving effluents from sewage 

treatment plants (STPs) or runoff water from agricultural lands. Faecal pathogens are easily 

transmitted via the faecal-oral route, mainly due to contaminated drinking water, irrigation 

contaminated food, poor hand hygiene, or recreational activities such as fishing and swimming. 

Thus, measurement of the microbial water quality in the environment is essential for human 

and animal health protection.  

 

Antimicrobial resistance (AMR) is a serious threat to animals and humans. The emergence and 

rapid spread of antibiotic resistant bacteria (ARB) has led to increased concern about the 

potential environmental and public health risks (WHO 2015). The intense use of antibiotics are 

considered to be the main driver behind the increased prevalence of ARB during the last 

decades. Antibiotics are released into municipal wastewater due to incomplete metabolism in 

humans or due to disposal of unused antibiotics, and can then end up in environmental 

compartments via the STP effluent or sludge. The knowledge on whether antibiotics 

concentrations in the STP can select for antibiotic resistance is inconclusive but STPs have 

been suggested as hotspots for resistance development and are known point sources for 

discharge of antibiotic resistant genes and bacteria into the recipient environment (Pruden 

2014, Hendriksen et al. 2019, Bengtsson-Palme et al. 2016, Flach et al. 2018). The knowledge 

about presence and in particular implications of pathogens and antibiotic resistant bacteria in 

aquatic environments in Sweden is somewhat limited. Some studies have been conducted 

investigating presence of resistance genes or bacteria isolates with main focus on the potential 

of STP sewage as selective for resistance development (e.g. Kwak et al. 2015, Bengtsson-

Palme et al. 2016, Flach et al. 2018).  Also downstream of STP outlets pathogenic bacteria and 

antibiotic resistance have been detected in the recipient surface waters (e.g. Elmarghani, 2013, 

Bighiu et al. 2019).   

 

In the present study a broad and exploratory screening survey was conducted on water and 

biota samples from the river Fyrisån in Uppsala, Sweden. The aim was to study the impact of 

STP effluent discharge on the microbial river water quality measured through the presence of 

Escherichia coli (E. coli) and Enterococcus spp. as fecal indicator bacteria, extended-spectrum 

beta-lactamase- (ESBL-) producing E. coli, and Salmonella spp., as well as antibiotic levels in 

both the STP sewage and the river. The Uppsala STP, Kungsängsverket, serve approximately 

170,000 persons and receive a mix of sewage from municipal, hospital and industrial sources. 

Depending on the river water discharge and turbulence the dilution factor of the STP effluent 

commonly varies between 4-15 times when released into the recipient. The river Fyrisån has 

been categorized as a sensitive recipient where pharmaceutical residues often exceed biological 

effect levels (Sweco 2016). The river Fyrisån enters the bay Ekoln which is the most northern 

bay of lake Mälaren. Lake Mälaren is the third largest freshwater lake in Sweden and serves as 

a drinking water source for 1.3 million people. Lake Mälaren has in turn the Baltic Sea as 

recipient. 
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Material & methods 

Survey of sewage and river surface water  

The present survey comprised several studies each including screening of faecal bacteria with 

antibiotic resistance and measurement of antibiotics. In the first study water samples from both 

Uppsala STP and the recipient river Fyrisån was screened to study the impact of STP effluent 

discharge on the microbial water quality on river surface water.  Secondly, wild fish and caged 

mussels was screened to study potential impact on aquatic animals in the river Fyrisån. The 

enterobacteria E. coli and enterococcus bacteria (Enterococcus faecium and E. faecalis) are 

present in high levels in faeces of humans and animals and are therefore used as indicator 

bacteria for faecal contamination of water. Most E. coli and Enterococcus spp. are harmless 

but certain types can cause diseases, such as gastrointestinal and urinary infections, why 

measurement of indicator bacteria also can reflect the presence of pathogenic bacteria. Bacteria 

use different mechanisms to become resistant to antibiotics. One type of resistance is the ESBL 

which hydrolyse most beta-lactam antibiotics (penicillins, cephalosporins). In Sweden, ESBL-

E. coli is the most commonly reported resistance type (Swedres-Swarm 2018). 

 

Sewage water  

Influent water, after primary sedimentation, and effluent water samples were collected at the 

Uppsala STP Kungsängsverket in October 2017. For bacteriological analyses ten different grab 

samples of 500 mL taken with 2 min intervals were collected each of the influent and effluent. 

One single grab sample of 100 mL were collected from each of the influent and effluent for 

chemical analyses. The temperature in the influent and effluent water was 17°C and 15°C, 

respectively. All samples were immediately refrigerated during and after collection. The 

samples were transported for 15 min to the laboratory at the Department of Biomedical 

Sciences and Veterinary Public health (BVF), Swedish University of Agricultural Sciences 

(SLU), Uppsala where samples for bacteriology were immediately analyzed. Samples for 

chemical analyses were stored at -20°C before being analyzed at the Department of Aquatic 

Sciences and Assessment, SLU, Uppsala. Processing and bacteriological- and chemical 

analyses are described below.  

 

River surface water 

Water samples from nine different sites were collected from the river Fyrisån in October 2017. 

Two samples were taken at 5km and 500m, respectively, upstream of the Uppsala STP effluent 

outlet into the river. The most upstream site (Up1) is situated upstream of the city of Uppsala 

whereas the second upstream site (Up2) is situated in the city center. Seven different samples 

were then taken downstream at different distances from the STP discharge into the river 

Fyrisån; i.e. at 10m, 50m, 100m, 1.5km, 3km, 6km and 9km. The site at 6km is located at the 

outlet of river Fyrisån before entering the bay of Ekoln in lake Mälaren, and the site at 9km 

was in the open bay of Ekoln. The temperature at the sites were 5-6°C except at the most nearby 

STP effluent outlet site at 10m which was 13°C, and at 9km where the temperature was 11°C. 

From each site two grab samples of 500mL were collected, with one sample being used for 

bacteriology and one for chemical analyses. Samples were refrigerated upon sampling and 

transported to the laboratory. Samples for bacteriological analyses were processed within 2 

hours from the first sampling. Samples for chemical analysis were stored at -20°C before being 

analyzed.  
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Survey of wild fish 

The survey on fish was performed in collaboration with the County Administrative Board of 

Uppsala performing electrofishing by boat in the river Fyrisån in September 2018. Roach 

(Rutilus rutilus) was chosen as study organism since the species is highly abundant in the river 

and therefore expected to be caught at all locations. Electrofishing was performed at four 

different site stretches in the river, with each stretch covering approximately 300 m of distance. 

Fish were caught at one upstream site of Uppsala STP and three downstream sites, i.e. 

corresponding to the river surface sampling sites Up2, 10m, 1.5km and 3km. Two 500mL grab 

water samples was taken from each site for bacteriological and chemical analyses, respectively. 

From each site ten fish were sampled for bacteriological analyses. The anal region of each fish 

was first dry blotted and then faeces was gently squeezed out. Faeces samples were then taken 

using Aimes swabs agar gel, with charcoal (Copan Diagnostics, Inc. Murrieta, USA) which 

were stored in refrigerator (4-8°C) until bacteriological analysis were initiated (see description 

below). Five fish from each of the four sites were sampled for chemical analyses of blood 

plasma, liver and muscle. Blood samples were taken from the caudal vein using heparinized 

syringes. Blood was transferred into Eppendorf tubes, centrifuged, and the blood plasma were 

pipetted into new tubes. The abdomen was then opened and 0.5-1g liver samples were taken 

and stored in Eppendorf tubes. Muscle samples of approx. 2g were then cut and stored in 

Eppendorf tubes. All samples were stored at -20°C until chemical analyses were started (see 

description below).  

 

Experimental study using caged mussels 

In May 2019 wild zebra mussel (Dreissena polymorpha) was collected (n=300) from a site in 

lake Mälaren situated around 25km downstream of river Fyrisån (Sigtuna Naturskola) and 

brought to the aquatic laboratory at BVF, SLU, Uppsala for storage. Groups of mussels (n=30, 

0.3-0.4g) were then placed in 12x12x12cm perforated steel cages and then deployed in the river 

Fyrisån for two weeks. Mussel cages were placed at the same sites used in the survey of river 

surface water, except for the upstream site Up1. This exception was due to the classification of 

zebra mussels as an invasive species and mussels were therefore not allowed to be placed 

upstream of the city of Uppsala. After two weeks of deployment the mussel cages were 

collected and brought to the laboratory. The mussels were opened and removed, blotted dry 

and weighed before bacteriological analysis, from each site three samples were analyzed, each 

consisting of 4-5 pooled mussels (approx. 1.5g). Each pooled sample was placed in 25 mL 

plastic tubes and an equal weight volume sterile water was added. The samples were 

homogenized using a handheld motor mixer with sterile plastic pestles (Fisherbrand) before 

bacteriological analysis. For chemical analyses mussels were opened and removed, dry blotted 

and then approximately 25 mussels were pooled as one sample from each site. The samples 

were stored in 50 mL plastic tubes at -20°C until chemical analyses. 

 

Bacteriological analyses 

Quantitative analysis of E. coli 

The water samples were analyzed for E. coli by transferring 10mL, 1mL and 0.1mL, 

respectively, on a member filter (MF) (MicroFunnel™, 0.45µm, Pall Coporation, USA). The 

filter were applied one each of Lactose Triphenyltetrazolium chloride (TTC) agar 

(MicroFunnel™, 0.45µm, Pall Coporation, USA). The TTC agar were incubated 44±0.5°C for 

24±2 hours. Bacteria with a yellow-orange colour were further analysed as suspected E. coli. 

Five colonies preliminarily identified as E. coli were cultured on blood agar and incubated at 

https://www.sigmaaldrich.com/catalog/product/sigma/t8877?cm_sp=Insite-_-prodRecCold_xviews-_-prodRecCold10-1
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37°C for 24±3 hours. The identity of the colonies were identified to species level using matrix-

assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) 

(BrukerDaltonics, Bremen). The number of E.coli were quantified at the agar and expressed as 

colony-forming units (CFU) per 100 mL water. 

 

Quantitative analysis of presumptive ESBL-E. coli 

The water samples were analyzed for presumptive ESBL-E. coli by transferring 100mL, 10mL, 

1mL respectively 0.1mL on a member filter (MF) (MicroFunnel™, 0.45µm, Pall Coporation, 

USA). The filters were applied, one each of CHROM agar Orientation (Chromagar, Paris, 

France) containing 1 mg cefotaxime (cephalosporin) per liter and incubated at 37°C for 24+24 

h. Up to five suspected ESBL- E. coli colonies on CHROM agar Orientation were recultured 

on blood agar and incubated at 37.0±1°C for 24±3 hours, and their identity was confirmed by 

matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF 

MS).The number of ESBL-E.coli  were quantified at the agar and expressed as colony-forming 

units (CFU) per 100mL water. 

 

Quantitative analysis of Enterococcus spp. 

The water samples were analyzed for Enterococcus spp. by transferring 10mL, 1mL 

respectively 0.1mL on a member filter (MF) (MicroFunnel™, 0.45µm, Pall Coporation, USA). 

The filter were applied one each of Slanetz och Bartley-agar (SlaBa) Oxoid, Basingstoke, UK). 

The SlaBa agar were incubated 44±0.5°C for 48±2 hours. Bacteria with a red to maroon colour 

were quantified as suspected Enterococcous spp. Five colonies preliminarily identified as 

Enterococcus spp. were cultured on blood agar and incubated at 37°C for 24±3 hours. The 

identity of the colonies were identified to species level using matrix-assisted laser 

desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics, 

Bremen). The number of Enterococcus spp. was expressed as colony-forming units (CFU) per 

100 mL water. 

 

Qualitative analysis of Salmonella spp. 

The presence of Salmonella spp. was analyzed according to a modified method ISO 

19250:2010. In brief, 80-300mL of the water sample were filtered (MicroFunnel™, 0.45µm, 

VWR). The filter were pre-incubated in 50mL Buffered Peptone Water (BPW) at 37°C for 

18±2 hours. After incubation, three drops of the culture with enrichment broth and RMBD 

sample with a total volume of 100 µL were added to selective Modified semi-solid Rappaport-

Vassiliadis (MSRV) with 10 mg/L novobiocin (Oxoid, Basingstoke, UK) and incubated at 

41.5°C for 24±3 hours. If no suspected Salmonella were detected, the sample was incubated 

for a further 24±3 hours. Putative Salmonella colonies were subcultured on Brilliant Green 

agar (BG) (Oxoid, Basingstoke, UK) and Xylose Lysine Deoxycholate agar (XLD) (Oxoid, 

Basingstoke, UK), according to NMKL standards. Up to five suspected Salmonella colonies 

on BG and XLD were re-cultured on purple lactose agar, incubated at 37°C for 24±3 hours, 

and further analyzed by MALDI-TOF MS. The results are expressed as Salmonella spp. 

detected or not detected in the volume of water filtered. 

 

Fish sample preparation 

Faeces samples from the fish were taken using Aimes swabs agar gel, with charcoal (Copan 

Diagnostics, Inc. Murrieta, USA). The swab were direct cultured on CHROM agar Orientation 
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(Chromagar, Paris, France) containing 1mg cefotaxime (cephalosporin) per liter for analyses 

of ESBL-E. coli and CHROM agar Orientation without cefotaxime for other E. coli. 

Furthermore, analysis for Enterococcus spp were performed by culture on SlaBa. The CHROM 

agar Orientation SlaBa were incubated and analysed as for the water samples. After the swabs 

were cultured on the solid agar plates, they were transferred in BPW and analyses were 

performed regarding the presence of Salmonella spp. as described for the water samples. 

 

Mussel sample preparation 

In the preparation of mussel sample 1g of peptone water (Oxoid, Basingstoke, UK) were added 

to 1g of mussel (initial suspension) and thereafter homogenized. The homogenate were diluted 

in a 10-fold serial dilution of 0.1% (v/v) peptone water (Dilucups, LabRobot Products AB, 

Stenungsund, Sweden). From each of the dilutions 0.1mL aliquots were surface plated on 

SlaBa for analyses of Enterococcus spp., and on CHROM agar Orientation containing 1mg 

cefotaxime (cephalosporin) per liter for analyses of ESBL-E. coli and one CHROM agar 

Orientation without cefotaxime for other E. coli. The plates of CHROM agar Orientation and 

SlaBa were incubated and analysed as the water analyses. The initial suspension that were left 

after the dilution were analysed regarding the presence of Salmonella spp. by dilution of 1:10 

in BPW, and thereafter analysed for Salmonella spp. as mentioned for the water samples. 

 

Species identification 

Bacteria considered interesting and relevant to the study were further analyzed by MALDI-

TOF MS (Bruker Daltonics, Billerica, MA, USA). In brief, single colonies were picked from 

fresh agar plates and smeared/spotted on the MALDI-TOF MS target plate, followed by 

addition of 1µL α-cyano-4-hydroxycinnamic acid matrix solution (Bruker Daltonics GmbH, 

Bremen). After drying, the mass spectral fingerprint was generated with the MALDI-TOF MS 

instrument and the spectra obtained were compared against a reference database spectrum. 

Genus and species identification was then performed using a Bruker Maldi Biotyper system.  

 

Antimicrobial susceptibility testing   

Susceptibility to 14 selected antibiotics from 9 different antibiotic classes was assessed with 

the EUVSEC™ panel analysis systems (Thermo Fisher Diagnostics AB). Susceptibility testing 

was performed on isolated strains of ESBL-E. coli and Salmonella spp.. Epidemiological cut-

off (ECOFF) values for determining susceptibility were obtained from the European 

Committee on Antimicrobial Susceptibility Testing (Swedres-Swarm 2018). Antibiotic 

resistance was defined as bacteria survival above cut-off values presented as minimum 

inhibitory concentrations in Table 1. Multi-drug resistance was defined as resistance to three 

or more antibiotic classes. 
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Table 1. Minimum inhibitory concentrations (MIC:µg/L) for E. coli & Salmonella spp. used 

for resistance testing 

Antibiotic E. coli Salmonella spp. Class 

Sulphamethoxazole >64 >256 Sulphonamids 

Trimethoprim >2 >2 Sulphonamids 

Ciprofloxacin >0.06 >0.06 Kinolones 

Tetracycline >8 >8 Tetracyclines 

Meropenem >0.125 >0.125 Karbapenem 

Azithromycin >16 >16 Makrolid 

Nalidixic acid >16 >16 Kinolones 

Cefotaxime >0.25 >0.5 Cephalosporins 

Chloramphenicol >16 >16 Phenicols 

Tigecycline >0.5 na Glycylcyklin 

Ceftazidime >0.5 na Cephalosporins 

Colistin >2 >2 Polymyxins 

Ampicillin >8 >8 Penicillins 

Gentamicin >2 >2 Aminoglycosids 

 

 

Chemical analyses 

Ultrapure water was generated by a Milli-Q Advantage Ultrapure Water purification system 

and filtered through a 0.22 µm Millipak Express membrane and LC-Pak polishing unit (Merk 

Millipore, Billercia, MA). Methanol, acetonitrile, isopropanol, formic acid and ammonium 

acetate of high analytical grade were acquired from Sigma-Aldrich (Sweden). All analytical 

standards used for analysis were of high purity grade (>95%). Native standards originate from 

Sigma-Aldrich (Sweden). Isotopically labeled standards (IS) for the target compounds were 

obtained from Wellington Laboratories (Canada), Teknolab AB (Kungsbacka, Sweden), 

Sigma-Aldrich and Toronto Research Chemicals (Toronto, Canada). Detailed information 

about internal and native standards can be found elsewhere (Rostvall et. al 2018).  

 

Water samples pre-treatment and extraction 

The two-dimensional liquid chromatography method (LC/LC method) was used for wastewater 

samples. Wastewater samples (10mL aliquots) were filtered through a syringe filter (0.22 μm, 

regenerated cellulose, Sigma-Aldrich Sweden). All samples were spiked with the ISs mixture 

to achieve a concentration of 50 ng/L. Methodology described by Sörengård et al. (2019) was 

used to extract the target compounds from surface water. Briefly, 0.5L of water sample was 

filtered through glass fiber filter (GFF, 0.45µm, Whatman, GE Healthcare, IL, USA). The 

filtered samples were spiked with the IS mix (50ng per sample aliquot). The samples were 

extracted by solid phase extraction (SPE). 200mg HLB cartridges were conditioned with 6mL 

of methanol followed by 6mL of ultrapure water without the use of vacuum. During sample 

loading, the flow was regulated to one drop per second. After that, the cartridge was washed 

using 6mL of ultrapure water. Finally, the cartridge was eluted with 4mL of methanol and the 

sample was concentrated to 0.5mL using a nitrogen evaporator N-EVAP™. Final extract was 

vortexed and 500µL of Milli-Q water was added before analysis. 
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Biota samples pre-treatment and extraction. 

Liver, muscle and mussel samples were extracted by using a method described by Grabicova 

et. al. 2018. Briefly, 0.5g of biota samples (fish liver and muscle and mussel) with internal 

standards (10 ng sample) and 0.5mL of extraction solvent (acetonitrile and isopropanol 

acidified with 1% of formic acid (3:1)) were homogenized at 1800 min-1 for 5 min. The extract 

was then centrifuged at 3900 x g for 15 min. The supernatant was filtered through a syringe 

filter (0.45 mm pore size, regenerated cellulose) and frozen for 24 h to ensure protein 

precipitation. The final extract was then centrifuged again at 10, 000 x g for 3 min and an 

aliquot was taken and analysed by liquid chromatography coupled with mass spectrometry 

(LC-MS/MS). Plasma samples (0.25g) with internal standards (10ng sample) and 0.25mL of 

extraction solvent (acetonitrile acidified with 1% of formic acid) were vortexed and frozen at 

-20 0C for 24 h. Then, samples were extracted in the same way as the rest of biota samples.  

 

Instrumental analysis 

The surface water and biota samples were analyzed by a DIONEX UltiMate 3000 ultra-high 

pressure liquid chromatography (UPLC) system (Thermo Scientific, Waltham, MA, USA). An 

Acquity UPLC BEH-C18 column (Waters, 100mm × 2.1 i.d., 1.7µm particle size from Waters 

Corporation, Manchester, UK) was used as an analytical column. Injection volume was 10µL 

for all samples. The same analytical column and a hypersil GOLD aQ column (20 mm × 2.1 

mm i.d, 12µm particles, from Thermo Fisher Scientific (San Jose, CA, USA) was used as an 

extraction column) were used for on-line solid phase extraction for wastewater samples. 

Injection volume was 1.0mL. The mobile phase consisted of Milli-Q with 5mM ammonium 

acetate and acetonitrile. The flow rate was 0.5mL/min and run time was 15 min. A triple 

quadrupole mass spectrometer (MS/MS) (TSQ QUANTIVA, Thermo SCIENTIFIC, Waltham, 

MA, USA) was used for the detection of compounds. The obtained data were evaluated using 

TraceFinder TM 3.3. software (Thermo Fisher). 
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Results 

STP sewage and river surface water  

The distribution of the presence of the detected in the STP sewage and river surface water 

samples are presented in Table 2. Total E. coli counts in the sewage water ranged between 3.8 

X 104 and 3.1 X 105 CFU/mL and 4.7 X 101 and 9.8 X 101 CFU/mL in influent and effluent 

samples, respectively. The mean treatment efficiency of E. coli in the STP was 92%. Total 

Enterococcus spp. counts in the sewage water ranged between 4.0 X 103 and 1.2 X104 CFU/mL 

and 4.1 and 5.4 CFU/mL, respectively. The mean treatment efficiency of Enterococcus spp. in 

the STP was 94%. Total counts of ESBL-E. coli ranged between 4.2 X 102 and 5.1 X 102 in 

influent water, and between 1.1 X 100 and 2.0 X 100 CFU/mL in effluent water. In comparison 

with total E. coli counts, the mean frequency of ESBL-E.coli in influent and effluent water 

were 0.8% (range 0.2-1.3%) and 2% (range 1.4-3.4%), respectively.   

 

Table 2. Distribution of detected bacteria in sewage and river surface samples years 2017-2019 

 Year   Up1 Up2 In STP Out STP 10m 50m 100m 1.5km 3km 6km 9km 

2017 E. coli (CFU/100mL) 16 34 8718000 7008 8 640 530 720 630 370 520 6 

 ESBL-E. coli (CFU/100mL) <1 <1 47300 138 12 7 6 7 1 3 <1 

 ESBL/E. coli (%) 0 0 0.8 2.0 0.1 1.3 0.8 1.1 0.3 0.6 0 

 Enterococcus spp. (CFU/100mL) 6 8 822222 479 1 400 55 69 73 42 55 1 

  Salmonella spp. neg. neg. pos. pos. pos. pos. neg. pos. neg. neg. neg. 

2018 E. coli (CFU/100mL)  500 na’  23000   3000 1200   

 ESBL-E. coli (CFU/100mL)  0 na na 320 na na 70 13 na na 

 ESBL/E. coli (%)  0 na na 1.4 na na 2.3 1.1 na na 

 Enterococcus spp. (CFU/100mL)  360 na na 2600 na na 460 640 na na 

  Salmonella spp.   neg. na  na pos. na  na neg. neg.  na  na 

2019 E. coli (CFU/100mL)  530 na na 408 680 470 680 76 17 2 

 ESBL-E. coli (CFU/100mL)  2 na na <1 <1 <1 <1 4 <1 <1 

 ESBL/E. coli (%)  0.4 na na 0 0 0 0 5.3 0 0 

 Enterococcus spp. (CFU/100mL)  13 na na 16 45 18 29 39 5 6 

  Salmonella spp.   neg. na  na  neg. neg. neg. neg. neg. neg. neg. 

*na=not analysed 
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The antibiotic resistance pattern was similar for the 50 influent and 50 effluent isolates, with 

slightly higher resistance prevalence ratios for the effluent isolates compared with the influent 

(Figure 1). All of the isolates were resistant to ampicillin and cefotaxime which were used for 

selection of ESBL-E. coli. Most of the isolates were resistant to ceftazidime and many of the 

isolates also showed resistance to sulphametoxazole, trimethoprim, ciprofloxacin, tetracyclin, 

azithromycin and nalidixic acid. No isolates were resistant to tigecycline, colistin and 

gentamicin. The E. coli isolates showed high multi-drug resistance, with 94% and 88% in the 

influent and effluent samples, respectively.  

 

 

 
Figure 1. Antibiotic resistance of ESBL-E. coli isolates from influent and effluent water 

samples from Uppsala STP. Data showing percentage of isolates resistant to 14 different tested 

individual antibiotics. Antibiotic resistance is based on bacteria survival above cut-off values 

shown in Table 1.  
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In the river surface water E. coli and Enterococcus spp. were detected in samples from all sites 

(Table 2). Low counts were measured in the upstream sites, whereas comparably increased 

counts were measured at all sites from the STP outlet (10m) and 6km downstream. ESBL-E. 

coli was detected at river sites downstream the STP, but not upstream or in the open bay site 

of Ekoln (9km). The presence of ESBL-E.coli compared with total E. coli counts ranged 

between 0.1 and 1.3% at different sampling sites. Resistance profiling of the ESBL-E. coli 

isolates from the river sites downstream the STP outlet are shown in Figure 2. Resistant patterns 

were similar that of the STP influent and effluent samples. All of the isolates were resistant to 

ampicillin and cefotaxime, as well as to ceftazidime. Many of the isolates also showed high 

resistance to ciprofloxacin, and also in varying ratios to sulphametoxazole, trimethoprim, 

tetracycline, azithromycin and nalidixic acid. No isolates were resistant to meropenem, 

chloramphenicol, tigecycline, colistin and gentamicin. The multi-drug resistance of the ESBL-

E. coli isolates ranged between 67% and 100% at the different river sites.  

 

 

 
Figure 2. Antibiotic resistance of ESBL-E. coli isolates from river samples year 2017 at the 

sites 10m (n=5), 50m (n=5), 100m (n=4), 1.5km (n=5), 3km (n=1) and 6km (n=3). Data 

showing percentage of isolates resistant to 14 different tested antibiotics. Antibiotic resistance 

is based on bacteria survival above cut-off values shown in Table 1. 
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Salmonella spp. were isolated from all samples of influent and effluent water and from samples 

from three river sites downstream the STP outlet, i.e. 10m, 50m and 1.5 km. The antimicrobial 

resistance of Salmonella spp. could only be performed on a limited number of isolates due to 

technical problems with sample volumes. Overall, isolates of Salmonella spp. showed 

resistance to 9 out of the 12 tested antibiotics with some also being multidrug resistant (Figure 

3).  

 

 

 
Figure 3. Antibiotic resistance of Salmonella spp. isolates from Uppsala STP influent (n=10) 

and effluent (n=2) and river samples (n=1/site) year 2017. Data showing percentage of isolates 

resistant to 14 different tested antibiotics. Antibiotic resistance is based on bacteria survival 

above cut-off values shown in Table 1. 

 

 

The chemical analyses of the influent and effluent STP samples showed that seven and six out 

of the eight analyzed antibiotics could be detected in influent and effluent sewage water 

samples, respectively (Table 3). No roxithromycin were detected and chloramphenicol was 

only detected in the influent sample. Highest concentrations were measured for 

sulfamethoxazole, erythromycin, clarithromycin and clindamycin. The total antibiotic 

concentrations were 916 ng/L in the influent and 401 ng/L in the effluent, resulting in a STP 

treatment efficiency of 66% for the measured antibiotics. In the river site samples, several of 

the antibiotics were detected at the upstream sites. All antibiotics except chloramphenicol were 

detected in downstream sites of the STP outlet. Highest total concentrations were measured at 

the site closest to the STP outlet and then generally decreased by the distance.  
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Table 3. Summary of measured antibiotics (ng/L) in influent and effluent sewage and river 

surface water samples during 2017-2019. *na=not analysed 
 Year 

 
Up1  Up2 In STP Out STP 10m 50m 100m 1.5km 3km 6km 9km 

2017 Chloramphenicol < LOQ  < LOQ 13 < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
 

Trimethoprim < LOQ  < LOQ 30 18 13 1.2 1.5 1.4 0.69 0.97 0.35 
 

Sulfamethoxazole < LOQ  < LOQ 290 84 36 6.5 7.3 9.4 4.2 < LOQ < LOQ 
 

Erythromycin 0.49  < LOQ 170 73 13 1.8 2.1 1.7 1.4 1.6 0.56 
 

Roxithromycin < LOQ  < LOQ < LOQ < LOQ 0,8 0,12 < LOQ < LOQ < LOQ < LOQ < LOQ 
 

Clarithromycin 0.35  0.24 270 79 12 2 1.7 1.5 0.99 0.96 0.37 
 

Clindamycin 0.51  0.4 130 120 47 7.7 9 9.6 4.6 5.3 3.1 

  Metronidazole 0.57  0.31 13 27 4.6 1.1 1.1 1.3 0.65 1 1.7 
 

Sum antibiotics 

(ng/L) 

2  1 916 401 126 20 23 25 13 10 6 

                           

2018 Chloramphenicol na*  0.24 na na 1.3 na na 0.53 6.2 na na 
 

Trimethoprim na  0.64 na na 57 na na 18 11 na na 
 

Sulfamethoxazole na  < LOQ na na < LOQ na na < LOQ < LOQ na na 
 

Erythromycin na  < LOQ na na 18 na na 6.4 3.4 na na 
 

Roxithromycin na  < LOQ na na 4.9 na na 1.1 0.7 na na 
 

Clarithromycin na  15 na na 398 na na 136 94 na na 
 

Clindamycin na  2 na na 390 na na 95 75 na na 
 

Metronidazole na  < LOQ na na 36 na na 9.7 4 na na 
 

Metronidazole-OH na  < LOQ na na 29 na na 5.4 3.4 na na 
 

Sum antibiotics 

(ng/L) 

na  18 na na 935 na na 272 198 na na 

                           

2019 Chloramphenicol 
 

na < LOQ na na < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
 

Trimethoprim 
 

na 1 na na 9.2 8.1 7.6 1.3 1.5 1.3 1 
 

Sulfamethoxazole 
 

na 4 na na 20 21 16 5.3 4.7 5.1 5.4 
 

Erythromycin 
 

na < LOQ na na 0.72 0.66 0.75 < LOQ < LOQ < LOQ < LOQ 
 

Roxithromycin 
 

na < LOQ na na 0.11 0.07 0.11 < LOQ < LOQ < LOQ < LOQ 
 

Clarithromycin 
 

na 0.32 na na 3.8 3 2 0.65 0.58 0.35 0.4 
 

Clindamycin 
 

na 0.83 na na 8.4 10 10 1.7 1.3 1.3 1.9 
 

Metronidazole 
 

na < LOQ na na 64 46 36 6.9 4 2.9 9.7 

  Metronidazole-OH   na < LOQ na na 1.8 1.9 1.7 < LOQ < LOQ < LOQ < LOQ 
 

Sum antibiotics 

(ng/L) 

 
na 6 na na 108 91 74 16 12 11 18 

 

 

Wild fish survey 

Bacterial counts of both E. coli and Enterococcous spp. in the four river water samples taken 

in 2018 were higher than corresponding site samples from 2017 (Table 2). In the upstream site 

E. coli and Enterococcus spp. counts were 15 and 45 times higher in 2018, and in sites 

downstream the STP outlet counts were approximately 3-5 and 2-15 times higher for E. coli 

and Enterococcus spp., respectively. The total counts of ESBL-E. coli were also higher at 

downstream sites, as well as the relative ESBL-E. coli counts compared with total E. coli 

counts. Salmonella spp. were detected at the site closest to the STP outlet but not at other sites. 
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Resistance patterns of ESBL-E. coli were similar that of the 2017 study (Figure 4). All isolates 

from the 10m and 3km sites were resistant to ciprofloxacin, and also showed resistance to 

sulphametoxazole, trimethoprim, tetracyclin, azithromycin and nalidixic acid. No isolates were 

resistant to meropenem, chloramphenicol, tigecycline, colistin and gentamicin. All of the 15 E. 

coli isolates from the three sites were multi-drug resistant. 

 

 

 
Figure 4. Antibiotic resistance of five ESBL-E. coli isolates/site from river water samples year 

2018. Data showing percentage of isolates resistant to 14 different tested antibiotics. Antibiotic 

resistance is based on bacteria survival above cut-off values shown in Table 1. 

 

 

In samples of fish faeces E. coli were detected in one out of ten fish from the 10m site closest 

to the STP outlet, but not in any other sample from the fish from any other sites (Table 4). 

Enterococcus spp. were detected in some fish samples at all sites whereas Salmonella spp. were 

not detected in any sample from the fish. ESBL-E. coli were isolated from two fish at the 10m 

site and two fish from the 1.5km site. Resistance profiling of these ESBL-E. coli isolates 

showed that all four isolates were resistant to ampicillin, ciprofloxacin, cefotaxime and 

ceftazidime (Figure 5). The isolates from the 1.5km site also showed resistant to trimethoprim, 

tetracycline, azithromycin, nalidixic acid. No resistance to meropenem, chloramphenicol, 

tigecycline or colistin was measured.  
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Table 4. Distribution of bacteria isolated from fish and mussels. 

  Up2 10m 50m 100m 1.5km 3km 6km 9km 

Fish         

E. coli 0/10 1/10 na* na 0/10 0/10 na na 

ESBL-E. coli 0/10 2/10 na na 2/10 0/10 na na 

Enterococcus spp. 7/10 2/10 na na 4/10 1/10 na na 

Salmonella spp. neg. neg. na na neg. neg. na na 

Mussel         

E. coli 128 123 136 171 61 2 <1 <2 

ESBL-E. coli <1 <1 <1 <1 <1 <1 <1 <1 

Enterococcus spp. 3 6 24 13 7 2 25 <1 

Salmonella spp. neg. neg. neg. neg. neg. neg. neg. neg. 

*na=not analysed 

 

 

 
Figure 5. Antibiotic resistance of ESBL-E. coli isolates from wild fish faeces samples from 

site 10m (n=8) and 1.5km (n=4) year 2018. Data showing percentage of isolates resistant to 14 

different tested antibiotics. Antibiotic resistance is based on bacteria survival above cut-off 

values shown in Table 1. 

 

 

The chemical analyses of river water samples revealed presence of antibiotics at all sites (Table 

3). Highest concentrations were measured at the site closest to the STP outlet and then the 

antibiotic concentration decreased by the distance. Compared with the chemical analysis 

performed on river samples in 2017, the total antibiotic concentrations year 2018 were more 

than 10 times higher at corresponding sites. No antibiotics were detected in blood plasma, liver 

or muscle of any wild fish from any site.  
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Experimental mussel caging 

Bacterial counts of both E. coli and Enterococcus spp. in the river water samples taken in 2019 

were similar to river water samples taken in 2017, with the exception of the upstream site where 

E. coli counts were higher (Table 2). ESBL-E. coli were detected in samples from the upstream 

site and the site at 3km downstream, but not at the other sites. Resistant patterns of E. coli 

showed that all six isolates from the two sites were resistant to ampicillin and cefotaxime (Fig 

6). Both isolates from the upstream site were also resistant to sulphametoxazole, trimethoprim, 

ciprofloxacin azithromycin and ceftazidime, while isolates from the downstream site at 3km 

showed varying resistance to these antibiotics. No isolates were resistant to meropenem, 

chloramphenicol, tigecycline, colistin and gentamicin. All but one isolates were multi-drug 

resistant. Salmonella spp. could not be isolated from any of the water samples. 

 

In caged mussels both E. coli and Enterococcus spp. were detected in samples from all sites 

with the exception of the most downstream sites (Table 4). No ESBL-E. coli or Salmonella 

spp. could be detected in those samples.  

 

The chemical analyses of river water samples revealed presence of antibiotics at varying 

concentrations at all sites (Table 3). Both individual and sum antibiotic concentrations were 

similar that of the 2017 study. No antibiotics were detected in mussel tissue from any site.  

 

 

 
Figure 6. Antibiotic resistance of ESBL-E. coli isolates from river water samples year 2019 at 

the sites Up2 (n=2) and 3km (n=4). Data showing percentage of isolates resistant to 14 different 

tested antibiotics. Antibiotic resistance is based on bacteria survival above cut-off values shown 

in Table 1. 
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Discussion 
One major source of faecal bacteria and antibiotics to surface waters are effluents from STPs 

which highlights the importance of efficient sewage treatment for reduction of microorganisms 

as well as chemicals.  In the present study a large reduction of faecal bacteria from influent to 

effluent sewage water (>90%) was measured, but less reduction was observed for the 

antibiotics (66%). However, even though sewage treatment reduce the numbers of bacteria the 

process do not completely remove them. This was reflected in the recipient river samples where 

increased faecal bacteria concentrations were measured for several kilometers downstream the 

STP outlet, compared with upstream samples. Of notice is also that there were large variations 

in concentrations of faecal bacteria as well as antibiotics between the years. Higher levels were 

detected in the study 2018. Sampling year 2018 occurred during a very warm and dry period, 

why low river discharge and high water temperature in Fyrisån can be factors influencing the 

levels of bacteria and antibiotics in the river. The presence of bacteria and antibiotics at 

upstream sites is probably mainly due to sewage discharges from private sewers and several 

minor municipal STPs upstream of Uppsala.  

 

The limits for non-acceptable levels of faecal indicator bacteria for bathing water quality in EU 

is >300 CFU/100mL for Enterococcus spp. and >1000 CFU/100mL for E. coli (HaV, 2016). 

In the present study the concentrations of both E. coli and Enterococcus spp. can exceed the 

recommended levels in the river, in particular during the 2018 study. This shows that the 

bacterial and chemical concentrations can increase largely at certain conditions and thus affect 

water quality. Salmonella is the second most commonly reported bacterial cause of 

gastrointestinal disease in humans in Sweden, as well as in the rest of Europe (Public Health 

Agency of Sweden, 2019, EFSA & ECDC, 2018). Hence, the finding of Salmonella spp. in this 

study was not unexpected. Salmonella in sewage water may pose a risk of disease spread to the 

environment including animals and back to humans again since it is a zoonotic bacterium. 

However, the Salmonella isolates detected in this study were not identified to species level and 

thus their significance is difficult to determine. 

 

Monitoring of antibiotic levels and resistance among commonly occurring indicator bacteria 

E. coli and Enterococcus spp., such as the important health resistance types ESBL-E. coli and 

vancomycin-resistant enterococcus (VRE), can reflect prevalences among the human 

population and predict environmental fate. The prevalence of ESBL-E. coli is rapidly 

increasing in Sweden and in other countries. In the present study, measurement of ESBL-E. 

coli in the sewage water revealed increased prevalence of ESBL-E. coli isolates in the STP 

effluent samples (mean 2%) compared with influent samples (mean 0.8%). In a large study 

comparing resistance in E. coli isolates from influent and effluent sewage water at 

Scandinavia’s largest STP, Ryaverket Gothenburg, no overall selection of antibiotic resistance 

was measured to occur during the sewage process (Flach et al. 2018). However, the 

measurements of ESBL-E. coli were higher in effluent samples at four out of the eight sampling 

occasions (Flach et al. 2018).  These and the present results indicate that selection for antibiotic 

resistance might occur in the STP process during certain periods and conditions. Comparison 

of measured antibiotic concentrations in the sewage samples in the present study with predicted 

no-effect concentrations (PNEC) for antibiotic resistance (Bengtsson-Palme & Larsson 2016) 

revealed that almost all antibiotic concentrations were commonly around or less than 10% of 

the PNECs. However, the concentration of clarithromycin in the influent sample (270 ng/L) 

exceeded the PNEC (250 ng/L) indicating potential resistance selection pressure in the present 

STP. The level of clarithromycin also exceeded PNEC at the 10m site river surface water year 

2018 and comparably high concentrations were also measured several kilometers downstream 

of the STP outlet. This implies that the environmental concentrations of antibiotics such as 
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clarithromycin can exert selection for resistant bacteria in the river Fyrisån during certain 

conditions. Whether selection occur also in bacteria in fish living in the river is not known. 

However, wild fish and in situ deployed mussels in the river show that animals in the recipient 

environment to STPs can be carriers of faecal bacteria and ESBL-E. coli. This highlights the 

potential risk for transmissions of pathogens and antibiotic resistance from both the water and 

wild animals inhabiting microbial polluted environments into other animals and humans. 

 

Generally, the antibiotic resistance patterns for ESBL-E. coli were similar in the STP influent 

and effluent, river and biota samples. Apart from ampicillin and cefotaxime which were used 

for selection of ESBL-E. coli, high resistances were detected also for ceftazidime and 

ciprofloxacin. Ciprofloxacin belong to fluoroquinolones and both the cefotaxime and 

ceftazidime are cephalosporins. The WHO has ranked fluoroquinolones and 3rd and 4th 

generation cephalosporins as Highest Priority Critically Important Antimicrobials for human 

medicine (WHO 2011). The third-generation cephalosporins have wide activity against gram-

negative bacteria resistant to other drugs. In addition, many of the drugs in this class 

(cefotaxime and ceftriaxone) also possess some coverage against anaerobic bacteria. Clinically 

the third-generation cephalosporins are highly important since they are used to treat in 

particular hospital-acquired infections or complicated community-acquired infections 

involving the respiratory tract, blood, skin and soft tissues, urinary tract, and intra-abdominal 

infections. Modern health care is today dependent on effective and reliable antibiotic treatment 

why antibiotic resistance can have serious consequences, with suffering for patients and 

increased costs for health and medical care services, and the society as a whole. 

 

 

Conclusions 
The present study show that the Uppsala STP serves as a major source for faecal bacteria, 

ESBL-E. coli, Salmonella spp., and antibiotics to the surface water of the river Fyrisån for 

several kilometers downstream the outlet. Even though the STPs reduce the numbers of 

bacteria they do not completely remove them. This is particularly troublesome for resistant and 

potentially pathogenic bacteria and indicates a risk for transmission from STPs into the 

surrounding environment and potential spread to humans and animals. The significance on 

human and animal health from spread of antibiotic resistant bacteria from sewage to recipient 

waters are today not known. The observed presence of resistant bacteria in the river is of 

concern and underlines the need to prioritize water safety management. This highlights the 

importance of efficient sewage treatment for reduction of both microorganisms and chemicals. 

Sewage-based surveillance of microorganisms and chemicals is representative for the specific 

population connected to the STP, and such surveillance methodology can support local and 

national priority settings and public health actions.  
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