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 Abstract 

 

The aim of the present work was to  evaluate and  compare the performance in the removal  of 

pathogenic  mi- crobes  in  four  different  types  of  decentralized  wastewater  treatment  

systems,  namely:  horizontal  flow  con- structed  wetlands  (HFCW),  vertical  flow  constructed  

wetlands  (VFCW),  biological  sand  filters  (BSF)  and  bio- filters (BF). All the systems analyzed 

are located in Jutland, Denmark. Water sampling took place during a three months  period  that  

covered  from  winter  to  spring.  Conventional  microbial  indicators  such  as  ESCHERICHIA  coli, 

total  coliforms  (TC),  intestinal  enterococci  and  sulphite-reducing  clostridia  were  quantified  

using  traditional microbiological  culture  methods,  whereas  BACTEROIDES  spp.  determination  

was  performed  by  quantitative  PCR (qPCR).  Other  water  quality  parameters  such  as  

dissolved  oxygen,  biological  oxygen  demand  (BOD5),  total suspended  solids  (TSS),  pH,  

temperature,  ammonium  concentration  and  conductivity  of  influent  and  effluent water 

samples were also analyzed. The results showed that bacterial indicators significantly reduced 

in all the systems analyzed. In general, BF showed the best performance in the removal of 

microbes for all bacteria stu- died, while BSF demonstrated an improved capacity to eliminate 

E.  coli  and TC. Contrarily, VFCW seems to be more effective reducing the amount of intestinal 

enterococci, sulphite-reducing clostridia, and BACTEROIDES spp. In the present study, HFCW were 
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the less efficient wastewater treatment system for the elimination of the evaluated pathogens.  

However,  the  performance  in  the  removal  of  microbes  was  still  significant  considering  that  

such systems were the oldest under operation (with over 20 years of continuous task). 

 

Keywords: Constructed wetlands, Biological sand filters Biofilters, Wastewater treatment, 

Bacterial indicators, Removal of microbes 

 

 

Introduction 

 

During the last decades, many researchers have focused their at- tention on the use of natural 

systems to remove pharmaceuticals, mi- croorganisms, organic matter, and personal care 

products from urban wastewater. Constructed wetlands (CW), biological sand filters (BSF) and 

biofilters (BF) have been proven to be an effective technology able to reduce pollution generated 

from wastewaters, runoff, and other types of pollutants in waters, being specially designed to solve 

wastewater treatment needs where the centralized systems are not economically or technically 

viable (Hedmark and Scholz, 2008; Vymazal and Kröpfelová, 2009; Vymazal, 2011; Kurzbaum et 

al., 2012). In parti- cular, these water treatment technologies have been used in Denmark for > 20 

years, and are still being established with very good results to  comply with the stringent Danish 

discharge demands. Horizontal flow constructed wetlands (HFCW) have been used since the early 

1980 to treat domestic wastewater generated in urban areas from around 200 Danish 

municipalities (Brix et al., 2007). The selection of this tech- nology was influenced by the apparent 

low building costs and minimum operation and maintenance needs, as well as its expected 

effective performance to treat waters from different origins (Uhl and Dittmer, 2005; Healy et al., 

2007; Babatunde et al., 2008; Vymazal and Kröpfelová, 2009). Unfortunately, after some years of 

implementation most of such systems presented operational problems (clogging), and the 

pollutants removal expectations were not totally fulfilled. Further- more, in 1997, Denmark emitted 

new and more stringent requirements for wastewater treatment that made HFCW obsolete. 

Following local research and foreign experiences new constructed wetland developments were 

investigated and implemented; and finally, in 2004, the Danish Environmental Protection Agency 

(EPA) published a series of guidelines for the design and construction of vertical flow con- structed 

wetlands (VFCW) (Brix and Arias, 2005a,b). Since then, around 1000 VFCW have been built 

across the country. 

Biological sand filters (BSF) are another technological solution for decentralized domestic 



 

 

wastewater treatment frequently used in dif- ferent countries around the world (Healy et al., 2007; 

Bali et al., 2011; Stauber et al., 2012). These systems were widely used in Denmark since 1997 to 

treat domestic wastewater, and currently this technology is nationally accepted (Brix and Arias, 

2005a,b). BSF use similar opera- tional principles than VFCW but the construction guidelines 

suggest the need of larger treatment surfaces and therefore higher construction costs. 

Biofilters (BF) are a different technology developed in Norway during  the early  90́s to meet the  

needs exerted  by   the  unfavourable 

climatic conditions for plant development where constructed wetlands could not achieve their full 

potential. BF pollutant removal mechanisms rely on the combination of oxic-anoxic environments 

and the use of specific light weight aggregates and specific media (Fitralite-P®) to re- move 

phosphorus (Jenssen et al., 2010). There are only two BF con- structed in Denmark that were 

built in 2003 as a part of an industrial sponsored research initiative looking for a common 

decentralized wastewater treatment solution at the Nordic countries. The high con- struction costs 

of such systems combined with the possibility to use other equally efficient and more economical 

alternatives to wastewater treatment explains why no more BF have been constructed in Denmark 

since then. However, BF are still widely used in Norway and Sweden. Sanitary risk is directly 

associated with the presence of microbial pathogens in waters, especially those present in 

untreated wastewater. Pathogenic organisms should be removed before water discharge to the 

environment in order to ensure population safety (Graczyk and Lucy, 2007). The reuse of treated 

wastewater is also a major challenge as global warming increases and water scarcity increases, 

especially in warm latitudes. In general, natural wastewater treatment systems are not designed 

but for secondary treatment, and not to remove microbial pollution. It is known that these systems 

could act as excellent bacterial sinks through a combination of complex physical, chemical and 

biolo- gical factors that actively participate in the reduction of the number of bacteria present in 

water (Vymazal, 2005; Wu et al., 2016). In the last 15 years, significant resources have been 

invested to improve the un- derstanding of the mechanisms involved in the removal of microbes 

at decentralized systems (Arias et al., 2003; Hansen et al., 2004; Ibekwe et al., 2003; Karim et 

al., 2004; Vacca et  al.,  2005;  Winward  et  al., 2008; Adrados et al., 2014; Morató et al., 2014; 

Wu et al., 2016; Alexandros and Akratos, 2016; Akunna et al., 2017). However, there is still a lack 

of information from comparative studies evaluating the re- moval of microbes between  natural 

wastewater treatment systems  ac- 

tively working during long-term operation periods. 

 



 

 

Therefore, the aim of the present work was to evaluate the perfor- mance in the removal of 

conventional indicator organisms and patho- genic microbes (ESCHERICHIA  coli, total coliforms, 

intestinal enterococci, sulphite-reducing clostridia and BACTEROIDES spp.) for a series of different 

non-conventional  wastewater  treatment  systems  (HFCW,  VFCW,  BSF and BF) located at 

Denmark. In addition, systems capability to improve wastewater physicochemical parameters was 

also considered. 

 

1. Material and methods 

 

1.1. Site description 

 

Samples were taken from real-operating decentralized wastewater treatment systems 

constructed in the vicinity of Aarhus (Jutland, Denmark). All the selected systems have been 

effectively functioning for several years and are representative of similar systems used all over the 

world. The analyzed systems correspond to horizontal flow con- structed wetlands (HFCW), 

vertical flow constructed wetlands (VFCW), biological sand filters (BSF) and biofilters (BF) with 

expanded clay aggregate as filtering and bed material. The operative and design characteristics 

are shown in Table 1. A general scheme of each kind of treatment system is presented in Fig. 1. 

 

1.2. SAMPLE collection 

 

Grab samples were collected between March and June (2014) in three sampling 

campaigns (approximately one per month) over three consecutive days (n = 9); except for BF 

where the first campaign did not take place (n = 6). Influent and effluent water samples were 

col- lected from each system in 1 L sterile glass bottles and transported under refrigeration (4 

°C) to the laboratory within 24 h for the micro- biological analysis. 

 

1.3. PHYSICOCHEMICAL PARAMETERS 

 

Water temperature, dissolved oxygen (O2), pH and electric con- ductivity were measured in-situ 

using commercially available calibrated electrodes (Hach Lange BmbH, Barcelona). Samples 

were immediately transported under refrigeration to the laboratory of the Department of 

Bioscience (Aarhus University) for further analysis. Additional water quality parameters evaluated 

included total suspended solids (APHA 2540 D method), ammonia nitrogen (APHA 4500 NH3 D 



 

 

method) and BOD5 (APHA 5210B method) (APHA, 2012). 

 

1.4. MICROBIOLOGICAL ANALYSES 

 

Total coliforms, E. coli and intestinal enterococci were determined by the membrane filtration 

method (0.45 µm pore size sterile cellulose, Millipore, MA, USA) with subsequent colony counting, 

and were expressed as colony forming units (CFU/100 mL). Total coliforms and E. coli were 

detected and enumerated incubating the membranes in Chromocult coliform agar (Merck, 

Darmstadt, Germany) for 24 h at    37 °C (Byamukama et al., 2000). Intestinal enterococci were 

en- umerated using Slanetz-Bartley selective agar (Merck, Darmstadt, Ger- many) and incubating 

the membranes for 48 h at 37 °C (ISO 7899-2, 2000). Sulphite-reducing clostridia were 

enumerated by membranes transfer onto S.P.S. agar surface (Merck, Darmstadt, Germany) and 

in- cubating the plates inverted for 48 h at 37 °C under anaerobic condi- tions. For each bacterial 

group analyzed, the samples were properly diluted before being cultured on the specified media. 

Experiments were performed in duplicate. 

 

1.5. QUANTITATIVE PCR (qPCR) 

 

BACTEROIDES  spp.  levels  were  analyzed  by  quantitative  PCR  (qPCR). Up  to  100 mL  of  water  

sample  (50 mL  for  some  effluents)  were  con- centrated  by  membrane  filtration  using  a  nylon  

membrane  (0.45 µm pore diameter, Millipore, MA, USA). Cells were resuspended in 5 mL of sterile 

saline solution (0.9% NaCl), vigorously vortexed for 60 s in the presence  of  15  glass  spheres  

(5 mm  diameter),  and  further  treated during 3 min in an ultrasonic water bath (150 W-6L, JP 

Selecta, Spain). Suspensions  (4 mL)  were  concentrated  to  200 µL  by  centrifugation (8000g, 

5 min). DNA was extracted using the E.Z.N.A. Tissue DNA kit (Omega Bio-Tek, Doraville, USA) 

according to manufacturer’s instruc- tions. The specific primers used for DNA amplification were 

those de- scribed by Layton et al. (2006). Since different kits can lead to different levels  of  target  

gene  (Nõlvak  et  al.,  2012)  the  PCR  protocol  was  pre- viously adapted and optimized to our 

thermal cycler and reagents and verified according to Pérez et al., 2013. Quantification was 

performed using  real-time  PCR  with  the  LightCycler  1.5  PCR  system  (Roche  Ap- plied Science, 

Mannheim, Germany). 

 

1.6. STATISTICAL ANALYSES 

 



 

 

Statistical analyses were performed using the StatGraphics Centurion XV program (Statpoint, 

Herndon, VA, USA). The normality of the variables was verified to support the use of parametric 

tests. One- way ANOVA analysis was used to evaluate the existence of significant differences (p 

< 0.05) between the four different types of treatment systems evaluated. The difference of means 

between groups was re- solved via confidence intervals using Tukey's test. The significance level 

was set at p < 0.05. The non-parametric Kruskal-Wallis test was applied when data could not be 

adjusted to a normal distribution. 

 

2. Results and discussion 

 

2.1. PHYSICOCHEMICAL PARAMETERS 

 

Water samples from all the treatment systems under study were taken from March to June 

2014. During this 3-month period the am- bient temperature in Aarhus varied from 0 °C in the first 

campaign (March) to 16 °C in the third one (June). This temperature increase has some effect on 

water temperature inside the systems which, despite remaining relatively constant, showed an 

increase of 5 °C in the influent samples and 6–7 °C in the effluent samples (i.e., from the first to 

the third sampling campaign). Although, physicochemical characteristics of the influent water were 

different for each decentralized system under evaluation all treatments were effective to improve 

effluent water quality (Table 2). The efficiency of BOD5 removal was high in all the systems 

analyzed with average removals ranging from 90% to 99%. However, our results showed a clear 

tendency for a better performance in BOD5 removal for BF and VFCW systems compared with 

BSF and HFCW (p = 0.01). The removal of NH4-N follows a similar trend being VFCW the most 

effective treatment systems, showing average removal rates around 99%. In contrast, the 

saturated HFCW systems only pre- sented an ammonia removal capability that ranges between 

30 and 60%. Similar results were obtained for TSS elimination. In this case, VFCW showed the 

best performance for suspended solids elimination in comparison with the other treatments 

analyzed (p = 0.03). All these facts can be explained since BF and VFCW operate with 

unsaturated beds with higher availability for O2 and, therefore, aerobic processes involved in 

organic matter elimination and nitrification are facilitated. As can be seen in Table 2, highest O2 

concentrations were found for VFCW and BSF whereas the lowest were verified for BF. This 

observa- tion can be explained by the fact that BF have two sections. The first one is intended to 

remove organic matter and nitrogen, and operates in an unsaturated manner. The second section 

is a 49 m2 bed with 1 m deep filled with Filtralite-P®, intended to retain inorganic phosphorus 



 

 

before water discharge. This configuration produces a hydraulic re- tention time (> 20 days) that 

is long enough to deplete the dissolved oxygen present in the water. 

 

2.2. MICROBIAL INDICATORS 

 

Bacterial indicators were significantly reduced in all systems analyzed.  Differences  in  the  

removal  of  microbes  between  the  three sampling  campaigns  were  expected,  especially  for  

both  types  of  con- structed wetlands (VFCW and HFCW) where the effect of the plants on the 

bacterial removal may be inactive in the first campaign (at winter) and  more  vigorous  in  the  last  

one  (during  the  spring)  (Karathanasis et al., 2003; Stottmeister et al., 2003; Vacca et al., 

2005). However, no plant  effect  was  evident  between  the  two  types  of  CW  over  the  three 

campaigns  (DATA  not  shown).  Therefore,  it was possible  to  process and analyze all the data 

collected in order to compare the performance in the bacterial elimination for each treatment 

system independently of the sampling campaign. As can be seen in Fig. 2, bacterial indicator 

concentrations at influent and effluent water samples were variable for each system but, in 

general, removal efficiencies were higher than 90% in all cases. However, this high performance 

was not necessary related with low bacteria count at the outflows. In order to compare the effi- 

ciency in the removal of microbes between the different types of wastewater treatment systems 

analyzed the logarithm of the average removal rates are presented in Table 3. Both BF and BSF 

were equally effective in E. coli removal showing significant differences (p < 0.05) compared to 

HFCW and VFCW. A similar trend was observed for TC removal, where again BF and BSF seems 

to be the most effective sys- tems. 

Regarding  intestinal  enterococci  and  BACTEROIDES  spp.  removal,  no statistically  significant  

differences  were  found  between  all  treatments systems. However, a slight performance 

improvement could be detected for  BF  and  VFCW.  A  similar  trend  was  observed  in  sulphite-

reducing clostridia elimination, although statistically significant differences were only observed for 

BF vs. HFCW, and VFCW vs. HFCW. All these results are  in  agreement  with  existing  data  about  

the  performance  in  the  re- moval  of  microbes  for  wastewater  treatment  systems  similar  to  

those evaluated at the present study (Gerba et al., 1999; Karim et al., 2004; Ulrich  et  al.,  2005;  

Reinoso  et  al.,  2008).  Vymazal  (2005)  presented removal  efficiencies  and  first-order  aerial  

rates  recorded  for  different CW  in-use  at  the time  of the  study. This  author  informed  removal  

ef- ficiencies for four different indicator organisms (total coliforms, faecal coliforms,  faecal  

streptococci  and  E.  coli)  ranging  from  65%  to  99%, where  the  highest  removal  rates  were  



 

 

observed  for  hybrid  systems, followed by HFCW, and lastly free water surface (FWS) systems. In 

his study, VFCW were not included. 

In general, BF was the decentralized wastewater treatment system with the higher organic 

matter and bacterial removal efficiencies, whereas HFCW was the one that showed the lower 

performance in the removal of indicator microorganisms. 

Pathogen treatment in wetlands relies on different mechanisms in- cluding sedimentation, 

natural die-off, temperature, oxidation pro- cesses, predation, water chemistry, adhesion to biofilm, 

mechanical filtration, exposure to biocides and UV radiation (Gerba et al., 1999; Vymazal, 2005; 

Alexandros and Akratos, 2016). With all these me- chanisms in mind, some of the most prevalent 

latent variables that are not described with a simple first- order aerial based rate constant are 

substrate type, plant type, microbial ecology and activity within the CW system, biofilm interactions, 

temperature, incoming water quality, and wetland depth. Although many other variables could be 

identified, this short list has been restricted to provide an overview about the most prevalent and 

obvious. 

In our case, BF with expanded clay aggregate and BSF showed best results for E. coli, TC and 

BACTEROIDES spp. In addition, BF was the most efficient  system  for  intestinal  enterococci  and  

sulphite-reducing  clos- tridia  elimination  followed  by  VFCW,  whereas  HFCW  was  the  system with 

the worst performance in bacterial removal. Key factors that can explain these higher efficiencies 

for BF can be the combination of long hydraulic retention time (> 20 days), the operation in two 

sections, and the material used (Filtralite-P®). Moreover, fine granulometry for both BF  and  BSF  

can  be  another  important  factor  that  strongly  influenced and improved the removal of microbes. 

In a previous study, the effect of the  granulometry  was  also  significant  for  E.  coli  and  TC  

removal  in HFCW,  but  this  factor  did  not  affect  the  elimination  of  Clostridium spores  (Morató  

et  al.,  2014).  In  the  present  study,  the  higher  specific surface  area  available  for  microbial  

attachment  in  the  fine  medium could explain the better performance observed for BF and BSF. 

The efficiency of the removal of microbes is basic for Public Health and especially if we want to 

promote water reuse. An integral man- agement of water resources should take into account the 

establishment of a circular economy approach, reusing all treated effluents although ensuring no 

health risks. In that sense, all the systems tested with the exception of the HFCW, could be used 

for unrestricted irrigation crops (vegetable and salad crops) because E. coli levels at the outlet 

were lower than 103 CFU/100 mL, considering the recommended minimum verification monitoring 

of microbial performance targets for waste- water and excreta use in agriculture (WHO, 2006). 

However, the HFCW could be used for drip irrigation, considering the same standards. 

Additionally, it is noteworthy that, at the present study, BACTEROIDES spp. detection using 



 

 

quantitative PCR have shown similar trends to that obtained  for  the  indicator  microorganisms  

(i.e.,  E.  coli  and  TC)  using conventional microbiology techniques. Knowing the limitations of 

the traditional  indicator  microorganisms  in  order  to  assess  the  risk  to human  health  due to  

the potential  presence  of pathogenic  bacteria  in water  samples,  BACTEROIDES  spp.  

determination  could  be  an  attractive alternative  for  a  more  real  quantification  of  the  

microbial  health  risk (Ahmed et al., 2016). Moreover, BACTEROIDES are constituents of a larger 

portion  of  faecal  bacteria  compared  to  E.  coli   or  Enterococcus   spp. (Kreader, 1995; Sghir 

et al., 2000). 

 

3. Conclusions 

 

In general, all the non-conventional wastewater treatment systems analyzed in this study were 

highly efficient to remove both physico- chemical and bacterial indicators from urban wastewaters. 

From our results, BF appears to be a more effective technology than HFCW, VFCW or BSF for the 

reduction of BOD5, TSS, and pathogenic microbes from wastewater; although these differences 

were not always statisti- cally significant. In contrast, HFCW proved to be the less effective 

technology for the removal of all parameters analyzed but, at the same time, these systems are 

the oldest at functioning. Our preliminary analysis has been rather broad and mainly descriptive; 

however, in our opinion, it represents one of the first efforts to compare the perfor- mance in the 

removal of microbes for a substantial number of real- operating natural treatment systems, 

through considering a consider- able array of data. 
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Fig. 1. Schemes of the four types of wastewater treatment systems studied at the present work: a) horizontal flow constructed wetlands (HFCW), b) vertical flow 

constructed wetlands (VFCW), c) biofilters (BF), and d) biological sand filters (BSF). 1) inlet, 2) sedimentation tank, 3) pumping well, 4) bed, 5) outlet well, 6)     

recycling, 7), phosphorus removal system, 8) light weight aggregates dome biofilters. Arrows indicate water flow. 
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Table 1 

Specific details of household wastewater treatment systems analyzed at the present study. VFCW and BSF are unsaturated systems; therefore, residence time is about 

some hours. 

Location System Planted* Area (m2) P.E.** served Recirculation Phosphorous removal TRH*** (days) Years of operation Organic loading (g/m2 d) 

Bjødstrup HFCW1 Yes 470 80 No No 6.12 > 20 8.2 

Gronfeld HFCW2 Yes 1800 220 No No 42.6 > 20 12.3 

Friland VFCW1 Yes 90 30 Yes No < 1 2 20 

Tisset VFCW2 Yes 16 2 No Chemical < 1 4 4.7 

Astrup VFCW3 Yes 16 4 Yes Chemical < 1 5 15 

Logenskovvej BSF1 No 26 5 Yes Yes < 1 5 12 

Bojenskovvej BSF2 No 26 6 No Chemical < 1 2 9.8 

Friland BF1 No 50 4 No Filtralite® P 31 6 4.8 

Hanne‘s BF2 No 50 6 Yes Filtralite® P 20.6 6 7.2 

*  Planted systems with PHRAGMITES  AUSTRALIS. 

** P.E.: person equivalent. 

*** TRH: hydraulic residence time. 
 

 
 
 
 
Table 2 

Physicochemical characteristics of influent and effluent water samples. 

System Influent (mg/l) Effluent (mg/l) 
 

 
TSS BOD5 NH4-N O2 pH Conduct. TSS BOD5 NH4-N O2 pH Conduct. 

HFCW1 89 ± 31 294 ± 35 79 ± 26 0.3 ± 0.2 6.9 ± 0.2 1256 ± 186 5.7 ± 1.8 2.6 ± 0.9 31 ± 9 6.0 ± 0.5 7.0 ± 0.3 981 ± 188 

HFCW2 90 ± 39 188 ± 163 28 ± 11 2.1 ± 1.1 7.2 ± 0.3 1018 ± 194 19 ± 12 16 ± 8.1 19 ± 4 4.7 ± 1.8 7.1 ± 0.3 847 ± 158 

VFCW1 57 ± 25 163 ± 38 80 ± 33 0.5 ± 0.1 7.2 ± 0.3 1481 ± 101 9.3 ± 5 1.3 ± 1.2 0.5 ± 0.4 4.8 ± 2.3 7.3 ± 0.3 1155 ± 168 

VFCW2 92 ± 35 243 ± 90 91 ± 28 0.5 ± 0.2 7.3 ± 0.4 1440 ± 95 8.4 ± 2.2 3.0 ± 2.7 0.5 ± 0.4 7.0 ± 4.0 7.1 ± 0.2 1183 ± 185 

VFCW3 110 ± 22 250 ± 56 57 ± 26 0.5 ± 0.1 7.4 ± 0.2 1248 ± 238 4.4 ± 2.2 1.3 ± 0.5 1.2 ± 1.0 7.4 ± 2.0 7.3 ± 0.2 1328 ± 118 

BSF1 95 ± 2 240 ± 56 99 ± 32 0.4 ± 0.1 7.1 ± 0.3 2177 ± 573 17 ± 10 18 ± 10 4.9 ± 7 8.6 ± 0.6 7.1 ± 0.4 1477 ± 350 

BSF2 113 ± 37 237 ± 59 153 ± 71 0.5 ± 0.1 6.8 ± 0.3 1205 ± 87 15 ± 5 4.7 ± 4.6 34 ± 25 3.8 ± 1.8 6.9 ± 0.3 1001 ± 90 

BF1 70 ± 13 198 ± 36 74 ± 22 2.4 ± 1.5 7.2 ± 0.4 1050 ± 95 4.1 ± 2.5 1.6 ± 0.9 30 ± 6 1.2 ± 0.2 8.6 ± 0.3 764 ± 43 

BF2 94 ± 24 310 ± 179 101 ± 15 0.5 ± 0.2 7.3 ± 0.3 1802 ± 124 26 ± 26 1.8 ± 0.4 8.9 ± 5 1.8 ± 0.4 7.1 ± 0.3 1256 ± 77 

TSS = total suspended solids; BOD5 = biological oxygen demand; NH4-N, ammonia nitrogen, O2 = dissolved oxygen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Removal of microbes in horizontal flow constructed wetlands (HFCW), vertical flow constructed wetlands (VFCW), biological sand filters (BSF) and biofilters 

(BF). Influent (I, black) and effluent (E, white) water samples were analyzed for E. coli, total coliforms, intestinal enterococci, sulphite-reducing (SR) clostridia and 

BACTEROIDES spp. 1, 2 or 3 are the number of system analyzed. Dotted line represents the recommended E. coli threshold values for wastewater use in agriculture (WHO, 

2006). 

 



 

 

 

 

 

 

Table 3 

Removal of microbes (log10 CFU/100 mL) for horizontal flow constructed wetlands (HFCW), vertical flow constructed wetlands (VFCW), biological sand filters (BSF) 

and biofilters (BF). 

 
E. coli Total coliforms Intestinal enterococci Sulphite-reducing clostridia BACTEROIDES  spp. 

HFCW 2.70 ± 1.05b 2.30 ± 1.26c 2.97 ± 0.80a 1.41 ± 0.68b 2.07 ± 0.70a 

VFCW 3.35 ± 0.88b 2.41 ± 1.27bc 3.10 ± 0.96a 1.83 ± 1.03a 2.51 ± 0.69a 

BSF 4.12 ± 0.92a 2.91 ± 0.92ab 2.84 ± 1.10a 1.77 ± 0.57ab 2.44 ± 0.54a 

BF 4.06 ± 0.62a 3.16 ± 0.81a 3.34 ± 0.64a 2.08 ± 0.39a 2.58 ± 1.44a 

Different letters at same column represent statistically significant differences (p < 0.05)



 

 

 


