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Abstract 

Indicator organisms like coliforms, E. coli and enterococci are normally associated with the 

intestinal tract of warm-blooded animals, and can thus be used for indicating fecal 

contamination of water. This study investigated the removal efficiency of indicator organisms 

in a free water surface constructed wetland used for additional treatment of municipal 

wastewater. The species composition of enterococci and the prevalence of the tetracycline 

resistance gene tetM were also investigated. Samplings were done at five different sites: at the 

inlet, within and at the outlet of the wetland, as well as upstream and downstream of the 

wetland outlet into the adjoining river. A total of 86 enterococci isolates were characterized as 

E. faecalis, E. faecium or other Enterococcus spp., and the two former were also screened for 

the tetM gene. The investigated wetland showed a high removal rate of indicator organisms, 

with a removal of approximately 98%. E. faecium was identified as the predominant species 

in the wetland at a mean of 55.8%. In comparison, only 9.3% were E. faecalis, while other 

Enterococcus spp. were found to comprise 34.9%. Of the 56 isolates identified as E. feacalis 

or E. faecium 10.7% were positive for the tetM gene. The high removal of bacteria shown by 

this investigation provides further evidence of the benefits of constructed wetlands on 

wastewater treatment. It also offers a first indication of the Enterococcus spp. composition in 

Ekeby wetland, Eskilstuna, Sweden, and shows that the prevalence of the tetM gene is 

relatively low at this point in time. 

 

Keywords: Removal efficiency; Constructed wetland; Indicator organisms; Enterococcus; 

tetM gene; Wastewater treatment 
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1 Introduction 

Escherichia coli and enterococci are ubiquitous commensal inhabitants of the gastrointestinal 

tract. Both are commonly used as indicator organisms for fecal contamination of water and 

can be isolated from various environmental sources (Kinzelman et al., 2003; Johnston and 

Jaykus, 2004). Apart from being used as indicators for recreational water quality, they can 

also be opportunistic pathogens and the cause of severe nosocomial infections. The 

Enterococcus genus contains a number of species that can originate from human, animal and 

environmental sources, such as plants. The predominant species found in human intestines are 

E. faecalis and E. faecium (Fisher and Phillips, 2009). 

 

Constructed wetlands are commonly used for wastewater treatment and often require very low 

or even zero energy input whilst providing many ecosystem services (Vymazal, 2010). 

Constructed wetlands can be classified according to hydrology into free water surface (FWS 

CW) and subsurface flow constructed wetlands (SSF CW), the latter of which can be 

subdivided according to whether the flow is horizontal or vertical. This study concerns a free 

water surface constructed wetland in Eskilstuna, Sweden. FWS CWs are a type of wetland 

often used for tertiary treatment of wastewater. While the removal of organics and suspended 

solids are high (through settling, filtration and microbial degradation), nitrogen removal is 

lower, occurring primarily through aerobic nitrification and anaerobic denitrification. The 

phosphorus removal is usually lower still because of the limited adsorption to soil particles 

due to the limited contact with water. Grain size of media is one determinant of removal 

efficacy, since a smaller grain size has a larger surface area for interactions. Plants can also 

contribute to some removal by nutrient uptake, but harvesting is required if the removal is to 

be long-lasting. 

 

Bacteria are removed by processes such as filtration, adsorption, natural death and predation 

by other microorganisms. Several previous studies of SSF CW have shown high removal 

rates, such as the one by Decamp and Warren (2000) demonstrating 96.6% to 98.9% removal 

of E. coli. Fewer studies have been done for FWS CW, but one by Garcia et al. (2008) 

showed a reduction of fecal coliforms and fecal streptococci by approximately 99%. More 

studies focusing on the removal of bacteria in FWS CW are needed. 
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Human intestines may function as a reservoir for antibiotic resistant bacteria (Salyers et al., 

2004). An important feature of enterococci is the high level of intrinsic resistance (Giraffa, 

2002), as well as the large capacity for acquiring antibiotic resistance genes which has lately 

caused concerns about the dissemination of vancomycin resistant enterococci. Bacteria may 

acquire resistance by mutations or by horizontal gene transfer, the latter of which may occur 

through conjugation (direct exchange of DNA between bacteria), transformation (via 

bacteriophage) or transduction (uptake of DNA from environment after another bacterium has 

lysed) (Tenover, 2006). The principal route for spreading resistance genes for the antibiotic 

tetracycline is by conjugation of plasmids and/or transposons. 

  

Tetracycline has been used extensively for decades because of its broad-spectrum activity, not 

only in treating bacterial infections in human and veterinary medicine but also as a feed 

additive for growth promotion in agriculture and aquaculture (Chopra and Roberts, 2001). By 

binding to the 30S subunit, and preventing the attachment of aminoacyl-tRNA to the acceptor 

site, tetracycline inhibits the protein synthesis of bacteria. Most antibiotics are only partially 

metabolized and residues are thus introduced into the environment via sewage treatment 

plants (STPs) and by application of sewage sludge and animal manure on farm lands (Kim 

and Aga, 2007). Adsorption is an important removal mechanism for tetracycline in the 

environment (Kim et al., 2005). Even though STPs remove some antibiotics (Batt et al., 2007) 

the antibacterial activity of antibiotics bound to soil has been shown to be maintained 

(Chander et al., 2005) and can thus continue to influence natural selection. According to 

Viveiros et al. (2005) it is possible to induce the resistance to tetracycline in E. coli by a 

gradual increase in exposure. 

 

There are at least 38 different acquired tetracycline resistance (tet) genes, of which three are 

oxytetracycline (otr) resistance genes (Roberts, 2005; Zhang et al., 2009). Of these, 23 encode 

efflux proteins that excrete the antibiotics, 11 encode ribosome protection proteins that alter 

the target site so the antibiotic cannot bind, 3 encode inactivating enzymes that destroy the 

antibiotic, and one gene has an unknown resistance mechanism. tetM is found in a total of 42 

genera and encodes a ribosome protection protein that induces target site modifications 

ensuring tetracycline cannot bind. The tetM gene has been detected in enterococci in fish 

farms utilizing manure from animal husbandry (Petersen and Dalsgaard, 2003) as well as in 

different foods (Frazzon et al. 2010). 
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In this study, three investigations were conducted in a free water surface constructed wetland 

used for the additional purification of municipal wastewater. The aim was to examine (i) the 

removal efficiency of coliforms, E. coli and enterococci, (ii) the Enterococcus spp. 

composition, and (iii) the prevalence of the tetM gene. This was achieved by examining the 

number of coliforms, E. coli and enterococci at different sample sites in the wetland and 

adjoining river. The isolated enterococci were then identified as E. faecium or E. faecalis 

using specific primers, and those identified as such were further analyzed for the presence of 

the tetM gene.   
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2 Methods 

2.1 Study site 

Ekeby wetland is a FWS CW located in conjunction with Ekeby sewage treatment plant 

approximately 3 km from the city of Eskilstuna, Sweden. The wetland was created by 

Eskilstuna Energi & Miljö for the additional treatment of municipal wastewater and has been 

in operation since 1999. In 2011 the STP received water from 89 042 person equivalents 

(calculated with a biochemical oxygen demand over a 7 day period (BOD7) with 70 g per 

person a day). The area was previously used for agriculture; therefore the wetland is built on 

clay (Eskilstuna Energi & miljö, 1999).  

 

Wastewater effluent (treated mechanically, chemically and biologically) from Ekeby STP 

enters the wetland and passes through 8 basins in two steps (Fig. 1, Appendix A). The 

wastewater first enters basins 1-5 and then, via a collecting and distributing channel, basins 6-

8 before reaching the Eskilstuna river via an outlet. Around 75% of the basins are covered 

with plants such as Schoenoplectus lacustris (L.) Palla (Common club-rush) and Glyceria 

maxima (Hartm.) Holmb. (Reed sweet-grass) that provide a good carbon source for 

denitrification, as well as a number of different floating leaves that provide a large attaching 

surface for microorganisms. Table 1 describes some of the dimensional data for Ekeby 

wetland. 

 

Table 1. Some of the dimensional data of Ekeby wetland.  

Dimensional data of  Ekeby wetland 

Total surface Ca 40 ha 

Total basin surface Ca 30 ha (incl. channels) 

Water depth                            Average 1 m  

                                                  Max Ca 2 m 

Volume 300 000 m
3 

Water loading*                        Min 350 l/s (30 000 m
3
/day) 

                                                  Average 490 l/s (42 000 m
3
/day)** 

                                                  Max*** 1 400 l/s (121 000 m
3
/day) 

Retention time                         Min Ca 3 days 

                                                  Average Ca 7 days 

Harvesting weed After 3-5 years 

*Including rain water 

**49 900 m
3
/day (2010) 

***If flows are higher than max., wastewater will be overflowed into the Eskilstuna River  

(Modified from Eskilstuna Energi & Miljö, 1999) 
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2.2 Water sampling 

Water samples were collected at 5 sample sites (Fig. 1), at the inlet, in the collecting and 

distributing channel and at the outlet from the wetland, as well as upstream and downstream 

of the wetland in the Eskilstuna River. These sites were chosen because Ekeby STP personnel 

regularly sample at these sites. Samples were taken at a depth of approximately 10-15 cm, 

with the exception of sample site 2 where running water was collected before entering basins 

6-8. All samples were kept in 1 L sterile glass bottles and stored in a cooler during transport to 

the laboratory at Örebro University, where they were refrigerated at 4°C within 2 h of 

sampling. The samples were then filtered within the first 32 h of sampling and analyzed for 

fecal coliforms (E. coli and total coliforms) and enterococci. 

 

 

Figure 1. Location of sample sites at Ekeby wetland. Site 1 is located at the inlet to the wetland, site 2 

at the collecting and distributing channel, site 3 at the outlet from the wetland, site 4 at the Eskilstuna 

River, upstream of Ekeby sewage treatment plant, and site 5 at the Eskilstuna River, downstream of 

the STP, beneath the bridge by the road E20 (picture from Eskilstuna Energi & Miljö). 

 

2.3 Membrane filtration 

Enumeration of fecal coliforms and enterococci was done by membrane filtration using sterile 

cellulose nitrate filters, 47 mm in diameter and with a 0.45 µm pore size (Sartorius Stedim 

Biotech), and by subsequent plate counts of colony forming units (CFU/100 ml). A volume of 

100 ml were filtered in triplicates at two different dilutions (based on previous counts) and 

results were taken as a mean of these for each sample site. Fecal coliforms were identified and 
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counted after placing filters on Chromocult
®
 Coliform Agar (MERCK) and incubating at 

37°C for approximately 22 h. Blue to violet colonies were classified as E. coli and salmon to 

red as other coliforms, and together they determined the total number of coliforms. 

Enterococci were counted after placing filters on membrane-filter Enterococcus Selective 

Agar acc. to Slanetz and Bartley (MERCK) and incubating for approximately 44 h. Plate 

counts were converted to log10 CFU/100 ml for better illustration. 

 

2.4 Isolation of E. coli and enterococci 

Isolation of E. coli was done by collecting 15 typical colonies per sample site and restreaking 

onto Chromocult agar. For the isolation of enterococci, 20 colonies were restreaked onto 

Bacto™ Brain Heart Infusion agar (BHI) from BD (containing Agar type E from Sigma). 

Plates were incubated at 37°C for approximately 24 h. All isolates were preserved in 750 µl 

broth with 15 % glycerol, LB broth (Sigma) for E. coli and BHI broth (BD) for enterococci, 

and frozen to –80°C. 

 

2.5 Genomic DNA extraction by boiling method 

Microfuge tubes (1.5 ml) were prepared with 200 µl aliquots of sterile Milli-Q (MQ) water 

and inoculated with colonies from each isolate. Tubes were microwaved for 6 min and put on 

ice for 5 min, after which they were centrifuged at 11 000 rpm for 2 min (MiniSpin, 

Eppendorf). A 130 µl volume of the supernatant was transferred to a new tube and the 

genomic DNA concentration was measured (results not shown) in 2 µl using NanoVue™ (GE 

Healthcare), with RNAse-free water (Macherey-Nagel) as a reference.  

 

2.6 Identification of Enterococcus spp. by multiplex PCR 

Enterococci isolates were identified as E. faecalis, E. faecium or other Enterococcus spp. by 

multiplex PCR (mPCR) until at least 10 isolates of E. faecium or E. faecalis from each sample 

site were identified. The primers used for all PCR reactions are described in Table 2. The total 

volume of the PCR mixture for a single reaction was 25 µl containing 2.5 µl of 10X 

DreamTaq™ buffer with 20 mM MgCl2 (Fermentas), 0.5 µl dNTP (10 mM), 1.5 µl each of 

EFs and EM primer sets (10 pmol/µl, Eurofins), 1 µl of 16S rRNA primer set (2.5 pmol/µl, 

Invitrogen), 11.8 µl sterile MQ, 0.2 µl Taq polymerase (DreamTaq™ DNA Polymerase 5 

U/µl, Fermentas) and 6 µl template DNA. E. faecalis 1131 and E. faecium 19434 were used 

as positive controls, and sterile MQ as a negative control. Thermal cycling was performed in a 
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BIORAD iCycler and conditions consisted of an initializing predenaturation step at 95°C for 

5 min followed by 30 cycles of denaturation (95°C, 30 s), annealing (53°C, 45 s) and 

elongation (72°C, 60 s), finished by a final elongation at 72°C for 10 min.  

 

The PCR products were separated by agarose gel electrophoresis. For the separation, 8 µl of 

each amplified DNA sample was mixed with 2 µl of a 1/10 dilution of 6X loading dye 

(Fermentas) and loaded on a 1% agarose gel (Topvision™ agarose, Fermentas) containing 

0.01% ethidium bromide (10 mg/ml). GeneRuler™ 1 kb Plus DNA (0,1 µg/µl) was used as a 

ladder and all gels were run in 1X TAE buffer at 90 V, 400 mA, for 30 min using BIORAD 

Power Pac 300 and viewed under a UV lamp (UVP Benchtop 2UV™ Transilluminator). 

 

Table 2. PCR primers used for Enterococcus spp. identification and tetM detection. 

Primer set  Primer sequence (5´-3´) Amplicon size 

EFs (E. faecalis) F TATTATCAAGTACAGTTAGTC 948 bp 

                                                    R AAAACGATTCAAAGCTAACTG  

EM (E. faecium)  F TTGAGGCAGACCAGATTGACG 658 bp 

                                                    R TATGACAGCGACTCCGATTCC  

16S rRNA  F AGGCCCGGGAACGTATTCAC 216 bp 

                                                    R GAGGAAGGTGGGGATGACGT  

tetM  F ACAGAAAGCTTATTATATAAC 171 bp 

                                                    R TGGCGTGTCTATGATGTTCAC  

 

2.7 Screening for tetM by PCR 

The enterococci isolates identified as E. faecalis and E. faecium were screened for the tetM 

gene by normal PCR. Thermal cycling was performed in a BIORAD iCycler and conditions 

consisted of an initializing predenaturation step at 95°C for 5 min followed by 30 cycles of 

denaturation (95°C, 30 s), annealing (51°C, 45 s) and elongation (72°C, 60 s), finished by a 

final elongation at 72°C for 10 min. The PCR reaction contained the same mixture as for 

mPCR but with a master mix containing PCR buffer, dNTP, 1 µl tetM primer set, 14.8 µl 

sterile MQ and Taq polymerase. E. faecalis 1396 was used as a positive control for tetM and 

PCR products were separated by same gel electrophoresis procedure as for mPCR. 
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3 Results 

3.1 Coliforms, E. coli and enterococci in Ekeby wetland during the past 6 years 

The water samples in this study were collected from sites where Ekeby STP personnel 

perform regular samplings for indicator organisms, and data obtained here is therefore 

compared with data from 2007-2011. For the 2007-2011 data, provided by Ekeby STP 

personnel, one colony count per year was chosen based on the proximity to the sampling date 

in this study. This was because the variation between different months of each year could be 

quite substantial.  

 

The number of coliforms, E. coli and enterococci acquired by membrane filtration and plate 

counts (Fig. 3), all showed a decreasing trend between sites 1-3 in the wetland. The largest 

decline was seen between sites 1 and 2. When observing the levels of indicator bacteria 

between site 4 (before the wetland) and site 5 (after the wetland) in the Eskilstuna River, the 

levels at site 5 were found to be higher. Figure 3a-c all show a substantial yearly variation, in 

particular for E. coli and enterococci. 

 

 

 

Figure 3. Colony-forming units (CFU) for coliforms (a), E. coli (b) and enterococci (c) at the different 

sample sites in Ekeby wetland shown in Figure 1. The CFUs from 2007-2011 were performed by 

Ekeby sewage treatment plant personnel during week 16 to 18 and are compared to the results of this 

study (2012). 
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3.2 Removal efficiency  

The largest decline was seen in the first step of Ekeby wetland, between sites 1 and 2, with a 

reduction of 93.4%, 92.7% and 98.9% for the counts in this study of coliforms, E. coli and 

enterococci, respectively. Between sites 4 and 5 in the Eskilstuna River there was an increase 

downstream in the river by 49.8%, 73.9% and 79.7% for coliforms, E. coli and enterococci, 

respectively.  

 

The removal efficiency was also investigated across the wetland (between sites 1 and 3) as 

well as between the wetland inlet and downstream of the wetland outlet in the river (between 

sites 1 and 5), as shown by Table 3. The removal efficiency for both was very high and nearly 

the same, except for coliforms and E. coli counts in this study between sites 1 and 3. The 

removal efficiency was also very close to that seen for previous years (2007-2011), except for 

fecal coliforms which were approximately 4% lower in this study between sites 1 and 3, as 

well as approximately 1% higher between sites 1 and 5.  

 

Table 3. Removal efficiency of indicator organisms in Ekeby wetland. 

Percentage removal 

efficiency 

Between sites 1 and 3 

(2007-2011) 

Between sites 1 and 5 

(2007-2011) 

Coliforms 94,5 (98,1) 99,6 (98,7) 

E. coli 94,7 (98,7) 99,7 (98,7) 

Enterococci 99,3 (99,3) 99,8 (99,7) 

 

3.3 Proportion of E. faecalis and E. faecium of total enterococci 

The enterococci were identified as E. faecalis, E. faecium or other Enterococcus spp. by 

mPCR using primers specific for the two former (EFs and EM, Table 2). Upstream in the 

river (site 4) only 7 isolates were identified as E. faecalis or E. faecium despite performing 

mPCR on all 20 isolates. Separation using gel electrophoresis showed a band at 216 bp for 

16S rRNA, which is ubiquitous for all bacteria, in all samples except the negative control, 

which had water instead of bacterial template DNA. Figure 4 shows some isolates from 

sample site 4, where lanes 5, 6, 11 and 12 had a band corresponding to that of E. faecium at 

658 bp. One isolate (in lane 9) had a band specific for E. faecalis at 948 bp, as well as a 

second band corresponding to E. faecium, which occurred for a few other isolates. Previously, 

bacteria with the same characteristics have been confirmed as E. faecalis using analytical 

profile index (API) strips ID 32 (Personal communication). Therefore, the isolates with two 
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bands were identified as E. faecalis. A few of these samples were found with the lower band 

visibly stronger than the upper band, and for these isolates the identity was uncertain. 

 

 

Figure 4. Identification of Enterococcus isolates via multiplex PCR. Lane 1 showed the 1 kb Plus DNA 

ladder, lane 2 the neg. control and lanes 3 and 4 the pos. controls E. faecium 19434 and E. faecalis 

1131, respectively. Lanes 5-12 all contained isolates from sample site 4, with lanes 5, 6, 11 and 12 all 

showing bands at 658 bp indicating E. faecium. Lane 9 showed a band at 948 bp indicating E. faecalis 

whereas lanes 7, 8 and 10 showed no bands specific for either and were thus described as other 

Enterococcus spp. 

 

The confirmed E. faecalis and E. faecium isolated at each site were analyzed as proportion of 

total enterococci (Fig. 5). Overall, E. faecium was the most prevalent species, accounting for 

55.8% of identified enterococci, followed by other Enterococcus spp. at 34.9%, and lastly E. 

faecalis at 9.3%. Species composition shifted as water filtered through the wetland (sites 1-3). 

Levels of E. faecium changed from 50.0% at the inlet (site 1) to 72.2% in the collecting and 

distributing channel (site 2) and finally to 68.4% by the outlet (site 3). While E. faecalis 

started at 28.6 % at site 1, none of the isolates at sites 2 and 3 were identified as E. faecalis. 

Levels of other Enterococcus spp. were found to be quite similar at 21.4%, 27.8% and 31.6% 

at sites 1, 2 and 3, respectively. Upstream in the Eskilstuna River (site 4), other Enterococcus 

spp. had its highest percentage at 65.0%, while downstream of the wetland outlet (site 5), 

levels were found to be 20.0%. E. faecium had its lowest percentage (25.0%) at site 4 while 

levels at site 5 were found to be 66.7%. The E. faecalis detected in the Eskilstuna River 

ranged from 10.0% at site 4 to 13.3% at site 5. 
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Figure 5. Percentage and number of E. faecalis, E. faecium and other Enterococcus spp. identified at 

the different sample sites. Total number of enterococci identified by mPCR was 14 (site 1), 18 (site 2), 

19 (site 3), 20 (site 4) and 15 (site 5). 

 

3.3 E. faecalis and E. faecium isolates with the tetM gene 

The enterococci identified as E. faecalis and E. faecium by mPCR were screened for the tetM 

gene using normal PCR. Of the 56 isolates screened for the tetM gene by PCR, six (10.7%) 

were found positive for the gene. As shown by Table 4, one positive isolate was found each at 

the wetland inlet (site 1) and the collecting and distributing channel (site 2). Both of these 

were E. faecium. At the wetland outlet (site 3), no tetM positive isolates were found, which 

was also the case at site 4, upstream in the Eskilstuna River. The highest number of tetM 

positive isolates, with a total of four (33.3%), were found downstream in the river at site 5. Of 

these four isolates, two were E. faecium and two were E. faecalis. 

 

Table 4. The number of tetM positive E. faecalis and E. faecium isolates at the different 

sample sites of Ekeby wetland. 

TetM positive isolates 

Location E. faecalis E. faecium Total % of screened isolates 

1 0 1 1 9.1 

2 0 1 1 7.7 

3 0 0 0 0.0 

4 0 0 0 0.0 

5 2 2 4 33.3 

Total 2 4 6 10.7 
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4 Discussion 

This is a pilot-study investigating the removal efficiency of indicator organisms (coliforms, E. 

coli and enterococci) from wastewater passed through a free water surface constructed 

wetland. Indicator organisms can be used as an estimate of fecal contamination of water, and 

thus serve the very important function as quality regulators for recreational waters. Ekeby 

wetland in Eskilstuna, Sweden has been in operation for over a decade with the purpose of 

decreasing levels of suspended solids, nitrogen, phosphorus and bacteria reaching the river 

and surrounding waters.  

 

According to the results presented in this study all indicator bacteria showed decreasing levels 

when filtered through the wetland (between sites 1 and 3, Fig. 3). The results in this study 

were mostly in consensus with the counts from previous years, except for coliforms and E. 

coli at site 3 where counts in this study were higher. The first step of the wetland (between 

sites 1 and 2), containing five of the wetland’s eight basins, showed the largest reduction. This 

is probably because these five basins have a larger total basin surface than the three basins 

found in the second step (between sites 2 and 3).  

 

The removal efficiency was >98% for all indicators except for the counts in this study of 

coliforms and E. coli between sites 1 and 3 which were only around 94%. This is still 

relatively high, but a direct effect of having found higher colony counts at site 3 (see Fig. 3a-

b). The removal efficiency was also very similar when comparing site 1-3 and site 1-5, which 

suggests that the wetland is responsible for almost all the removal. The high removal 

efficiency could be related to the wetland being constructed on clay; with the small grain size 

of clay particles giving a large total surface area for attaching bacteria and potential predators, 

as well as a better filtering capacity due to the smaller gaps between the grains. With 75% of 

the basins having plants, these provide an additional means of filtration and adsorption of 

bacteria. Plants also help ensure a vibrant ecosystem, meaning that the bacteria can also be 

reduced by predation from other microorganisms. The removal efficiency seen here for Ekeby 

wetland was in agreement with the high removal seen by Garcia et al. (2008) for four parallel 

pilot-scale FWS CWs treating municipal wastewater in León, Spain. The results of their study 

also showed that these planted wetlands had a significantly higher removal than the control 

systems. In this study, more indicator organisms were found in the river downstream of the 
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wetland outlet than upstream. This was expected since the removal of bacteria, albeit high, is 

not complete, and thus there is still an outflow of bacteria to the Eskilstuna River.  

 

For Ekeby wetland the goal is to have a reduction of bacteria in agreement with Swedish 

guidelines for recreational water (Table 1 and 2, Appendix B). All counts downstream in the 

Eskilstuna River (at site 5) performed between 2007 and 2011 were thus compared to the 

regulatory guidelines, and to simplify things, each count was compared to the guidelines with 

no regard to percentiles. According to the SNFS 1996:6 (Table 1, Appendix B), practiced for 

counts between Jan 2007 and May 2008, maximum limits were never exceeded and guideline 

values were met in 83% and 92% of cases for each type of fecal coliform and enterococci, 

respectively. According to the SNFS 2008:8 (Table 2, Appendix B) the water would be 

classified as excellent in 61% and 79% of cases for E. coli and enterococci, respectively. In 

comparison, 21% and 12% of counts, respectively, would be classified as bad. For the plate 

counts in this study of 220 E. coli and 30 enterococci per 100 ml water, the water downstream 

in the river would be classified as excellent. These comparisons, though not completely in 

accordance with the actual classification procedure, show that the water downstream of the 

wetland outlet in the Eskilstuna River in the majority of cases do meet the highest quality 

standards for indicator organisms in Swedish recreational water.  

 

The results of the mPCR indicated that E. faecium was the predominant species in Ekeby 

wetland, accounting for 55.8% of identified enterococci, while E. faecalis only constituted 

9.3%. Luczkiewicz et al. (2010) similarly found E. faecium to be the dominant species in a 

STP with 60.8%, while E. faecalis were found at 22.1%. In comparison, another study of a 

SSF CW by Graves and Weaver (2010) found that E. faecalis was the predominant species at 

30.6% while only 11.2 % were E. faecium. Other Enterococcus spp. was found to comprise 

34.9% of identified enterococci in this study. The composition of the different Enterococcus 

spp. shifted only somewhat during the filtering process of the wetland (site 1-3), and were 

also found at comparative levels downstream of the wetland outlet in the river (site 5). As a 

contrast, upstream in the river (site 4) other Enterococcus spp. dominated at a level of 65.0%. 

One possible explanation for this could be that the water upstream is influenced by a higher 

diversity of fecal origins.  

 

While the primary source of enterococci in the wetland is sewage, the adjoining river is 

probably influenced by the surrounding agricultural land, where the possible use of farm 
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animals or their manure as a fertilizer may contribute with enterococci. A study by Kühn et al. 

(2003) studying the enterococcal populations in different parts of the food chain revealed that 

while sewage was dominated by E. faecalis and E. faecium, cattle and pigs were dominated 

by E. hirae. The high level of other Enterococcus spp. found upstream (site 4) could then be a 

reflection of the surrounding farmlands contributing with E. hirae. In contrast, Lanthier et al. 

(2010) found E. faecalis to be dominant in domesticated animals, birds and wildlife feces 

while, in agreement with this study, E. faecium was the dominant species in wastewater 

isolates. Birds probably contribute enterococci to both the wetland and the river.  

 

The isolates identified as E. faecalis and E. faecium were also screened for the tetM gene, 

which confers resistance to tetracycline. Enterococci are not only common fecal indicators but 

known pathogens with a predisposition for antibiotic resistance. Of the 56 isolates tested, 

10.7% had the tetM gene present on the genome, which is quite a low frequency and thus a 

good indication of tetracycline resistance. The highest frequency of the tetM gene (33.3%) 

was found downstream in the river at site 5. Because of the few tetM positive isolates found in 

the actual wetland (Table 4), the wetland does not seem to be the only source of the tetM 

resistance gene. The adjacent agricultural land may have contributed with the practice of 

using tetracycline in livestock or by applying manure from animals treated with tetracycline. 

 

Other studies investigating tetracycline resistance have found variable results, though 

generally a higher resistance than in this study. Reinthaler et al. (2003) and Luczkiewicz et al. 

(2010) found tetracycline resistance in 24% (up to 57%) and 23%, respectively, of E. coli 

isolated from STPs, with Luczkiewicz et al. also showed a 20% resistance frequency for 

enterococci. da Costa et al. (2006) found a higher resistance frequency for tetracycline in 

STPs at 34.6%. Tao et al. (2010) found that a mean of 19% (0% to 58 %) of 

Enterobacteriaceae isolated from the Pearl Rivers, China, were resistant to tetracycline, while 

approximately 55% to 70% of isolates from wastewater and 90% of isolates from duck and 

pig manure were also tetracycline resistant. Johnston and Jaykus (2004), looking at the 

individual Enterococcus spp., found that 29% of E. faecium and 0% of E. faecalis isolated 

from produce were resistant to tetracycline. And for the tetM gene specifically, Frazzon et al. 

(2010) found that 38% of isolates from food in Southern Brazil carried the gene. From these 

studies one can deduce that the frequency of resistance to tetracycline can vary a great deal 

depending on the bacterium, geographical location, type of wastewater and STP. The 

sometimes very high resistance frequencies for tetracycline are most certainly a reflection of 
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its extensive use over the past several decades. It is therefore encouraging to find low to 

medium resistance frequencies in Ekeby wetland, Eskilstuna, Sweden.  

 

Since this was a pilot study the primary limitation was the low number of isolates. A larger 

study with more isolates could provide results of greater reliability and statistical significance. 

Further investigations on the functional resistance and origin, e.g. avian or mammalian, of all 

indicator bacteria may also be of interest in a future study in order to track the source of the 

problem. In addition, using more dilutions for the membrane filtrations would be helpful in 

preventing overgrowth of bacteria during plate counts. 

 

Conclusions 

In conclusion, constructed wetlands are a good addition to conventional wastewater treatment 

and effectively reduce the bacterial load. In this study, Ekeby wetland in Eskilstuna, Sweden, 

was seen to have a removal efficiency of approximately 98%, with most of the removal 

occurring in the first step of the wetland. E. faecium was the most prevalent Enterococcus 

spp. in this study with a mean of 55.8%, compared with E. faecalis at 9.3%. PCR analysis 

demonstrated that the tetracycline resistance gene tetM exists in the wetland and the 

Eskilstuna River, but at the relatively low mean of 10.7%. 
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Appendix A: Supplementary overview image of Ekeby wetland 

 

 

Figure 1. Overview of Ekeby wetland with numbered basins and other explanatory details 

(Eskilstuna Energi & Miljö, 1999) 
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Appendix B: Swedish guidelines for recreational water  

 

Table 1. Swedish regulatory guidelines for indicator organisms in recreational water 

according to SNFS 1996:6.  

Parameter (CFU/100 ml) Guideline Maximum allowed 

Total coliforms < 500 < 10 000 

E. coli < 100 < 1000 

Fecal strep. (enterococci) < 100 < 300 

 

 

Table 2. Swedish regulatory guidelines for indicator organisms in inland recreational water 

according to SNFS 2008:8. 

Parameter 

(CFU/100 ml) 
Excellent quality Good quality Satisfactory quality 

Intestinal 

enterococci 
200* 400* 330** 

E. coli 500* 1000* 900** 

 * Based on 95
th

 percentile 

** Based on 90
th

 percentile 
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