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1. SUMMARY
This Deliverable D2.7 describes experimental results of W4C partners UNICT, TUC, IRSA,
ENVIHEALTH/TMS, VITA34, and UFZ on the effectiveness of constructed wetlands (CW) incl.
technological upgrades as hygienization system for reuse of pre-treated municipal wastewater. Most
of the new data reported below are already provided in the 2nd Activity Report of W4C’s WP2. These
results are also compared with those described in the recent literature. Some of the herein described
features of microbial faecal indicator removal have been published in a recent review article, which
was supported through W4C (Wu et al. 2016).
Specifically, this deliverable addresses technological variations within the CW system (e.g. different
wastewater flow regimes and aeration) and treatment enhancement via downstream additions such as
lagooning, slow sand filtration, black peat filtration, UV illumination. Further aspects of
hygienization to be considered such as water loss via evapotranspiration as well as the fate of
antibiotic resistant bacteria are described elsewhere (Milestones 2.2 and 2.9, and Deliverable 2.2)
For reasons of analytical feasibility, wastewater quality was assessed based on enumerations of faecal
indicators such as generic Escherichia coli rather than of specific human pathogens (Dufour et al.,
2003; discussed during W4C Joint Meeting at Bari, Italy, on 3-5- December 2013). The performance
of various types of CWs and systems integrated with other advanced technologies are evaluated also
based on the removal of faecal indicators rather than on specific etiological agents.
Partner UNICT assessed hygienization efficiency of a horizontal sub-surface flow constructed
wetland (HSSF-CW) unit on Sicilia. Its effluent was treated by either UV disinfection or lagooning.
The system was monitored during 12-month sampling campaigns; four types of samples were
collected: (1) raw wastewater; (2) CW effluent; (3) tertiary effluent after lagooning and (4) tertiary
effluent after UV treatment. The UV treatment achieved substantial removal of faecal indicators
(around 6 log units) while some improvement in microbiological water quality was achieved by
combining CW with the lagooning system (about 3 log units).
Partner TUC investigated the same system used by Partner ENVINHEALTH/TMS (see first
Annual Progress Report) also concerning Enterococci removal. Furthermore, partner TUC has
developed a fast and sensitive methodology for the detection of enteroviruses and adenoviruses in
raw sewage and treated effluents. The procedure is being further tested on samples from the Heraklion
CW system, and the removal efficiency of the system for these viruses is being investigated. Also,
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the system were examined for the presence of bacteriophages (MS2 Coliphages) and their correlation
with viruses.
Partner ENVINHEALTH/TMS examine the removal of faecal indicators (Total coliforms and E.
coli) in novel system (HSSF-slow sand filter-inactivate unit) as well as in the new established
constructed wetlands [free-water surface (FWS) and vertical flow wetland (VFW)]. In the novel
system results showed an overall reduction of about 2 log units for both examined microbiological
parameters. Total coliforms concentration in the inlet of the system was 6.1 log units (MPN/100 ml)
while in the outlet it was 4 log units (MPN/100 ml). Similar the concentration of E. coli reduced from
5.4 in the inlet to 3.3 log units (MPN/100 ml) in the outlet of the system. Results from free water
surface wetland planted with Juncus acutus showed limited removal efficiency for both pathogens.
On the other hand VFW planted with Atriplex halimus reduced total coliforms and E. coli by about 2
log units.
Partners Vita34 and UFZ have been working on improving wastewater treatment by CWs via
integrating slow sand filtration. Partner Vita 34 observed a germ reduction below detection limit
within the pre-treated waste water after passing the SSF. Partner UFZ completed the evaluation of
the 4 various pilot-scale slow sand filter (SSF) units that were set-up during the first reporting year.
Results showed that only the static cascade (N+N) and a rotating cascade (C) systems complied with
European standards for E. coli and Enterococci water concentrations, achieving mean log removal of
2.7-4.7 and 2.1-2.4, respectively (Seeger et al., submitted). The important contribution of the
Schmutzdecke to the removal of faecal indicators was accentuated in a second study on standard SSF
columns of various grain sizes (Pfannes et al. Appl. Microbiol. Biotechnol., 2015).
Partner UFZ completed the characterization of predatory microbes that contribute to pathogen
removal in such treatment systems. Furthermore, the in-depth molecular microbiological evaluation
of wastewater treatment in standard horizontal sub-surface flow (HSSF) constructed wetlands and
intensified HSSF constructed wetlands has been continued.
In conclusion, sufficient removal of faecal indicators may be achieved by (i) combining domestic
wastewater treatment in traditional CW types such HSSF, VFW, FWS with additional treatment
approaches, UV illumination or slow sand/black peat filtration; and (ii) in newly developed CWs
with different configurations and operational strategies, like aerated and tidal operated CWs. The
results obtained thus far show remarkable bacteria removal efficiencies. Further assessments and
mechanistic interpretations of indicator bacteria removal will guide the way to significant pathogen
elimination in in these newly developed treatment units. Importantly, these R&D activities have to
Pag. 6
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be coupled with further detailed cost analyses (see also 3.3.1. Optimization of sanitation by
combining CWs with Slow Sand Filtration).
2. INTRODUCTION
Water overexploitation and pollution as consequences of human population growth and economic
development have caused a marked decrease of per capita water availability (WHO 2006).
Concomitantly with the rising demand for clean water, large amounts of wastewater are being
generated. Thus, reclamation and reuse of treated wastewater has begun to attract more attention as
an alternative water resource, in particular for applications such as agricultural irrigation and city
landscaping (Asano et al., 2007). Reclamation of primary treated wastewater for those scenarios does
have the additional benefit of utilization of residual nutrients such as nitrogen and phosphorous
(Norton-Brandao et al., 2013). However, human health should not be jeopardized by residual
pathogens remaining in the water after treatment. Hence reclamation and reuse of primary treated
wastewater are tightly regulated in some counties (Winward et al., 2008a). WHO (1989) guidelines
for the safe use of wastewater in agriculture recommend faecal coliforms to be less than 1000
CFU/100 mL for food crops eaten raw. Therefore, attention has been given to testing the capacity for
human pathogen removal in eco-sustainable systems such as constructed wetlands (CWs), which are
designed to reduce pollutants cost-effectively and without or with less addition of disinfection
chemicals (Decamp & Warren, 2000). CWs are a low-tech and effective treatment technology for
removal of pathogens. However, reported effluent loads of total coliforms (TC), faecal coliforms (FC)
and E. coli from secondary subsurface flow CWs and free water surface (FWS) CWs (Decamp and
Warren, 2000; Masi et al., 2004; Vymazal, 2005; Ghermandi et al., 2007; García et al., 2013; Headley
et al., 2013; Abou-Elela et al., 2014) are too high for a safe reuse even in restricted irrigation (US
EPA, 2004;WHO, 2006; Ghermandi et al. 2007; Norton-Brandão et al., 2013). In order to provide
irrigation water quality, CW effluents require further disinfection steps such ozone treatment
(Miranda et al., 2014), lagoon systems, UV illumination (Toscano et al., 2013), Slow Sand Filtration
(Pfannes et al. 2015), or passage through a TiO2-coated pumice (this report’s section by
ENVIHEALTH) for further CW effluent disinfection. The main focus of the W4C team working on
WP2 was on installing and evaluating additional treatment approaches. Consequently, a large portion
of the results below pertains to improved sanitation of CW effluent by such additional disinfection
units. The removal effectiveness of various wetland configurations is reported in this deliverable
based on an extensive literature review.
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An increasing number of investigations have focused on the capacity of CWs to eliminate faecal
indicator bacteria, i.e. surrogates for human pathogens (e.g. Gersberg et al. 1989; Green et al., 1997;
García et al., 2008; Headley et al. 2013). Results from these studies suggest physico-chemical and
biological mechanisms and factors that may contribute to removal of pathogens and faecal indicator
bacteria in CWs such as adsorption, sedimentation, reactive oxygen species, starvation, and predation
by other microbial entities (Garcia & Bécares, 1997; Ottová et al., 1997; Boutilier et al., 2009).
However, the complexity of abiotic and biotic relations in CWs has hampered a conceptual
understanding of indicator bacteria removal processes in these treatment systems. In addition, the
inherent variability between CW units even of the same type, e.g. difference in root density,
hydraulics, and water characteristics, has impeded the systematic description and prediction of the
removal processes that occur within these environments (Werker et al., 2002; Vymazal, 2005). For
this deliverable, it is important to keep in mind that the present investigations were also carried out at
different locations and thus, obviously, different wastewater characteristics and wetland types. Hence,
presently only suggestions for further research activities and tentative guidelines can be formulated
rather than precise treatment recommendations for a wide range of scenarios.
2.1. Microbiological quality assessment of treated wastewater
There are about 60 known general types of waterborne human pathogens. These include viruses such
as rotavirus, bacterial pathogens such as Vibrio cholerae, protozoa such as Cryptosporidium parvum,
and multicellular eukaryotic parasites such as the guinea worm, Dracunculus medinensis. Any
potential etiological agent in the effluent of a CW may stem from human or animal excreta and being
capable to survive or even grow in the wetland for a prolonged timeframe (Leclerc et al. 2002), may
be a member of the autochthonous wetland community, e.g. the opportunistic pathogen Aeromonas
hydrophila (Hazen et al. 1978), or may be ubiquitous in nature, i.e. naturally present in water bodies
and the human body such as Klebsiella pneumoniae (Podschun et al. 2001). It would be too costintensive to survey all potentially present pathogens in a CW and its influent and effluent on a regular
basis. Except during diseases outbreaks, their abundance in wastewater is low or even below detection
levels; and the diversity of pathogens plus the breadth of their environmental distribution patterns
demand elaborate detection methodologies. Furthermore, the targeted cultivation of human
pathogens, i.e. microbes of Biological Safety Level (BSL) ≥2, has to occur in designated laboratories.
Comprehensive surveys of seasonal, out-break associated, and geographical occurrences of pathogens
in CWs are hence not available nor unlikely to be generated in the near future. Instead, microbial
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indicators for faecal contamination in the wastewater sources are quantified for analytical feasibility
and convenience to evaluate the pathogen removal performance of wastewater treatment and
sanitation processes (Payment and Locas, 2011). These indicators typically include E. coli, total
coliforms (TC) and faecal coliforms (FC), more stress-resistant faecal streptococci (FS) (= faecal
enterococci), sometimes staphylococci (ST), and Clostridium perfringens (CLP), which spores are
considered conservative surrogates for Cryptosporidium parvum and Giardia lamblia (oo)cysts. Only
few studies have measured etiological agents such as the enteric bacterium Salmonella typhimurium
and the opportunistic pathogen Pseudomonas aeruginosa (Karim et al. 2004; Winward et al., 2008a),
Listeria spp. (Karpiscak et al., 2001), and Cryptosporidium oocysts and Giardia cysts. (Falabi et al.,
2002; Karim et al. 2004; Reinoso et al., 2008).
At W4C Joint Meeting in Bari, Italy, on 3-5- December 2013, it was agreed that the present
evaluations of treatment approaches will be based on enumerations of E. coli and, if possible, more
stress-resistant Enterococci as well as selected viral indicators by molecular methods (partner TUC
and IRSA, see also subtask 2.1.4).
2.2. Assessment of viral load in wastewater
Thus far there are only few studies on virus removal - either human pathogens like enterovirus
(Hegazy et al. 2013) or viral indicators like certain bacteriophages (Chendorain et al. 1998; Vega et
al. 2003) – in constructed wetlands. Their fate is a function of sorption, (bio)chemical and UV (in
wetlands’ surface waters) inactivation, yet due to the paucity of studies in which viral removal was
investigated there is great uncertainty about the magnitude of the various removal processes in
different CW systems.
Viruses that are naturally found in water and wastewater thrive in wetlands, which may provide
suitable environmental conditions for their survival and proliferation. Among them, enteric viruses
are of great concern since they pose considerable risk for public health. Enteric viruses may be present
naturally in aquatic environments or more commonly are introduced through human activities such
as leaking sewage, septic systems, urban runoff and agricultural runoff. The destruction of virus
pathogens through wastewater treatment system is extremely variable, depending on the number of
viruses entering the treatment system as well as the type of treatment used.
The presence of enteroviruses (EV) in the environment is a public health hazard even when very few
viral particles are present. Human enteroviruses infect millions of people worldwide each year. In the
United States, enteroviruses are responsible for 30,000 to 50,000 meningitis hospitalizations per year
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as a result of 30 million to 50 million infections. Adenoviruses (HAdV) are also pathogenic to humans
and their presence in the environmental samples (polluted waters) may cause infections.
Adenoviruses are the only human enteric viruses to contain DNA. Many adenoviruses serotypes are
difficult to culture in regular cell lines. For this reason and because adenoviruses are slow growing,
their presence in polluted water and their role as originators of gastroenteritis have probably been
underestimated.
The development of nucleic acid-based methods has facilitated the detection of viruses that replicate
poorly or not at all in cell cultures Within the framework of the proposed project our main objective
is to study the disinfection efficiency of CWs, in terms of their potential to remove Enteroviruses and
Adenoviruses, which are considered the two most important and representative groups of enteric
viruses. These specific groups have been chosen on the basis of their persistence and presence in
considerable numbers in treated effluents and their use as an index of environmental viral
contamination. In this sense the effect of various CW operating conditions (mainly HRT) and other
factors such as initial viral concentration, temperature and the aqueous matrix are examined

3. W4C-WP2 RESEARCH ACTIVITIES ON IMPROVED SANITATION IN CWs
3.1. Optimization of sanitation by combining CWs with UV light or lagoons (Partner UNICT)
A detailed description of the experimental setup was included in the 1st periodic activity report (Fig.
3.1). Overall, good hygienization efficiencies were obtained by the investigated wastewater treatment
solution. In detail, the microbiological contamination detected in the HSSF-3 influent was in the range
of 2.4-7.0 log ufc/ml for E. coli, in the range of 3.01-7.33 log ufc/ml for total coliforms, and in the
range 2.11-5.79 for Enterococcus. The average reduction of the microbiological indicators in CW
effluent was quite low, about 1.47 log unit for E. coli and 1.7 log unit for Enterococcus and total
coliforms. These results could be due to the high hydraulic loading rate, maintained over the design
flow rate (2 l/day) during the monitoring period. E. coli concentrations in the H-SSF3 effluent were
always higher the maximum limit for wastewater reuse in agriculture fixed by Italian legislation (50
ufc/100 ml is the maximum value to be detected in 80% samples for natural treatment systems).
An improvement in microbiological water quality was achieved by combining CW with the lagooning
system, extending the average decrease from 1 to 2.4 log units, for the different considered indicators.
The CW combined with lagooning system produced a mean of 2.64 E. coli log reduction, 1.85 total
coliforms log reduction and 3.37 Enterococcus log reduction.
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Figure 3.1. UNICT- Treatment unit systems incl. sampling point locations

A higher considerable improvement in microbiological water quality was achieved by combining CW
with UV treatment. The indicators densities detected in UV effluent samples were always below 10
cfu/100ml, meaning a reduction of 6 log units, approximately, confirming that the Italian E. coli legal
reuse limit was satisfied in all samples.
3.2 Optimization of sanitation by combining CWs with TiO2-coated pumice and sand filter
(Partners TUC and ENVIHEALTH)
A detailed description of the experimental setup was included in the 1st periodic activity report
According to the results, there was an approximately 5 log units reduction regarding TC throughout
the system. The CWs (sampling points 2 and 5) achieved a 3 log units reduction, while the final sand
filter (sampling point 6) offers an additional 2 log units reduction to the system.

Total

CFUs/100ml

Total Coliforms
Coliforms;(TC)

Total
1; Coliforms; 1Total 2
4532727,27 2; Coliforms;
3 312909,090 5; Total
Coliforms;
9 13763,3333
6;
3
328,333333
3
Sampling points

Figure 3.2.1. Detection and quantification of Total Coliforms (TC) in ENVIHEALTH CWs system
with TiO2 disinfection unit
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For E.coli, this reduction was 3 log units from the inlet point of the system (sampling point 1) to the
outlet of the sand filter (point 6), but in this case the the reduction that was achieved from the sand
filter was less than 1 log unit. In conclusions, results indicated a significant removal efficiency of
the system in the case of fecal indicators. The total removal efficiency was 99% for TC, E.coli and
Enterococci. It also seems that the sand filter can improve the CWs system but is more effective for
TC removal.
Monitoring of total coliforms and E.coli was conducted by partner TMS using MPN technique as
described in the APHA by using Colilert medium (IDDEX, USA) with appropriate dilutions. Figure
3.2.2 shows variation of total coliforms concentration in novel system (HSSF-slow sand filter and
inactivate unit operate in a series). Mean total coliform concentration was found 6.13 ± 1.07, 5.49 ±
0.80, 4.43 ± 1.02 and 4.04 ± 0.74 log (MPN)/100ml for Inlet, horizontal subsurface wetland outlet,
slow sand filter outlet and inactivate unit outlet respectively.
10

Inlet
Slow sand filter

9

Subsurface wetland
Inactivate unit

log(MPN)/100ml

8
7
6
5
4
3
2
1
0
0

40

80

120

160

200

Time (d)

Figure 3.2.2. Variation of total coliforms concentration in the novel system (HSSF-slow sand filterinactivate unit)
Figure 3.2.3 shows variations of total coliforms concentration in new established constructed
wetlands (FSW and VFW, operated in parallel). Mean total coliform concentration was found 7.00 ±
0.99, 6.60 ± 0.85 and 5.34 ± 0.55 log (MPN)/100 ml for Inlet, free surface CW outlet and vertical
flow constructed wetland outlet, respectively.
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Figure 3.2.3. Variation of total coliforms concentration in Free Surface CW and vertical flow CW

3.3.1. Optimization of sanitation by combining CWs with Slow Sand Filtration (Partner Vita
34)
For increase of pathogen removal efficiency of CW alternative filter materials were tested. In the first
step a pretesting of different materials via 24 h batch experiments was realized. Based on results of
batch tests a column trial was designed. Therefore slow sand filters (SSF) were equipped with
alternative filter material to enhance removal of pathogens.
Partner Vita 34 observed a germ reduction below detection limit within the pre-treated waste water
after passing the SSF. Oak chips did not provide suitable results for application as additional filter
component as bacterial load exceeded the load of the fed significantly. By modifying experimental
setup Vita 34 proved a significant effect on germ reduction by sand-black peat filter. According to
international threshold of WHO (2006) with 1,000 CFU/100 ml for E. coli, Vita 34 demonstrated that
sand-black peat filter observed this standard.
Two different systems consisting of a SSF with an additional module containing mixture of sand and
granulate of black peat (variant 1) or oak chips (variant 2) were installed, operated and monitored.
For each variant three replicates were installed, whereas each consisting of two modules. The
scheduled retention time was about 11 hours.
Because the promising results of oak from pretesting could not be confirmed these systems were no
longer operated after 55 days. Further investigation focusing the following variants:
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Variant 1: SSF plus module with granulate of black peat
Variant 2: pre-column (deposition of total suspended solids to minimize the clocking of module 2)
plus module with granulate of black peat (to observe the potential reducing pathogens of this
alternative module without SSF).
Since October 2013 amount of coliform bacteria and physico-chemical parameter have been
monitored. Operation and monitoring of the column test ended after 230 d.
This deliverable presents a summary of all recent investigations, already propounded in 1st and 2nd
activity reports as a detailed repetition at this point is renounced. However, the results led to a
technical draft of application of SSF in full scale. Therefore, economical analysis was conducted in
comparison to conventional waste water treatment technologies such as chlorination or UV radiation.
Description of work
Pretesting of materials (batch experiments)
For pretesting of feasible materials 24 h batch experiments were performed according to DIN 384144 (1984). Each test was assembled with shaking flasks containing 200 ml pre-treated and filtered
waste water from a nearby sewage plant (Rosental, Leipzig, Germany) and alternative filter material.
Different materials were dosed depending on their individual properties (Table 3.3.1.1.2). The flasks
were shaken, solutions filtered and diluted for derivation of total count of coliforms and
enterobacteria. All materials were chosen by their naturalness, their low costs and good availability.
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Table 3.3.1.1.3: Pretested materials and dosage
Pretested materials
Chitosan

seeds

(Biopolymer)

of

granulate

Seeds

Moringa

of

Reetha

oleifera

peat

black

of

coconut

wood

wood

wood

fibers

shaving

shaving

shaving

(Sapindus

from

from

from oak

Dosage of

(crushed

mukorossi),

pine

pine

(about 2

pretested

seeds)

Indian

(about 3

(fine)

cm)

materials

soap/washing

cm)

[g/200 ml]

nut

0.05

x

x

x

0.1

x

x

x

0.5

x

x

x

0.75
1.0

x

x
x

x

x

x

2.0

x

2.5

x

5.0

x

10.0

x

x

x

x

x
x

x

Pilot-scaled column trial
In Errore. L'origine riferimento non è stata trovata. the location of the pilot-scaled column trail at main
sewage plant in Leipzig (Germany) is illustrated. The pilot experiment was directly set up in the
sampling station of the secondary clarifier effluent of a local sewage plant in Leipzig, Germany.

Figure 3.3.1: aerial view of the sewage plant and location of pilot experiment
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The experimental set up consisted of 12 PVC columns (DN 110, 130 cm height) at 6 separate filter
modules. As illustrated in Errore. L'origine riferimento non è stata trovata. each filter module included
one column for SSF and downstream one column with sand and respective alternative filter material
(oak chips / granulate of black peat). A detailed description of the experimental setup was included
in 1st periodic activity report. The schematic setup of the entire experiment is pictured in Errore.

L'origine riferimento non è stata trovata..3.2.

Figure 3.3.2: Detailed scheme of column system

Figure 3.3.3: Schematic experimental setup with sampling points
In Table 3.3.1.1.2 the main design and operation parameters of the columns is summarized.
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Table 3.3.1.1.2: operation parameters and material characteristics
SSF–sand-oak system

SSF–sand-black peat system

Volume of column (reactor volume)
[cm³]

12,566

Volume of sand filter [cm³]

4,000

Grain size of sand [mm]

2-8

Pore volume of sand filter [%]

40

Hydraulic conductivity of sand filter
[m*s-1]
Ratio

1.42*10-3 – 2.30*10-4
of

components

(sand

/
1:1

2:3

material [cm]

1-4 (fiber length)

1-2 (grain size)

Volume of gravel [cm³]

785

alternative filter material)
Dimensions of alternative filter

Hydraulic performance at start phase
[cm/h]

4.1

Hydraulic performance at operation
phase [cm/h]

8.2

Samples were taken weekly from October 2013 until April 2014 from inflow and effluents of each
module for analyzing coliform bacteria (E. coli) and enterobacteria, electric conductivity, pH, redox
potential, oxygen content, total phosphate, total nitrogen and COD. The operator of the sewage
treatment plant provided online measurements of following inflow parameters that are displayed in
the sampling station: PO4-P, NH4-N, NOx-N, TKN, COD, pH, TS and water temperature.
Modified experimental setup for SSF-sand/black peat modules
Vita 34 modified the setup of SSF-sand-black peat modules after 100 days as the maximum
achievable cleaning performance was reached by the SSF. Consequently SSF was replaced by water
filled pre-column for filtering solids to prevent blocking within the second module as illustrated in
Errore. L'origine riferimento non è stata trovata.. The experimental setup, sampling points and

accompanying analysis remained unchanged.
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Figure 3.3.4: modified experimental setup for SSF - sand-black peat modules
Microbial and physico-chemical methods
Materials and methods for microbial analyzing, as well as analyzing of physico-chemical parameters
are described in detail in 1st and 2nd periodic activity reports, as we renounce a repetition at this point.
Results
Pre-testing of alternative filter materials
Best results for pre-tested materials were obtained for oak shaving and granulate of black peat as
other tested materials failed pre-testing. The results of oak shaving and granulate of black peat are
summarized in Figure 3.3.5 and Figure 3.3.6.

Figure 3.3.5: Results of coliforme bacteria reduction from pretesting of oak chips and black peat
granulate
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Figure 3.3.6: Results of enterobacteria reduction from pretesting of oak chips and granulate of black
peat
Pilot-scaled column trial
The bacterial load in inflow was subject to temporal fluctuations as minimum concentrations were
detected at 1.25E+04 CFU/100 ml and maximum at 2.78E+05 CFU/100 ml.
Oak chips did not provide suitable results for application as alternative filter component as bacterial
load exceeded the load of the fed significantly. Consequently, these systems were no longer operated
after 55 days.
Vita 34 focused subsequently on two variants: (1) SSF plus module with granulate of black peat and
(2) water filled pre-column plus module with granulate of black peat. Second variant was installed to
observe the potential reducing pathogens without upstream SSF because Vita 34 observed a germ
reduction below detection limit within the pre-treated waste water after passing the first module, the
SSF.
By modifying experimental setup Vita 34 proved a significant effect on germ reduction with max.
log-reduction of 2.3 by sand-black peat filter (Figure 3.3.7; Table 3.3.1.1.3).
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log-reduction (log10)
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sand-black peat filter

210

240

270

max. log-reduction

Figure 3.3.7: maximum log reduction of coliforms within sand-black peat system
Table 3.3.1.1.3: Results on microbial analysis for modified sand-black peat system
inflow

outflow pre-column

outflow sand-black peat granulate

coliforms [CFU/100 ml]

coliforms [CFU/100 ml]

coliforms [CFU/100 ml]

mean value

SD (absolute)

mean value

SD (absolute)

mean value

SD (absolute)

31,318

9,024

9,943

3,984

270

85

According to international threshold of WHO (2006) with 1,000 CFU/100 ml for E. coli, Vita 34
demonstrated that sand-black peat granulate filter observed this standard.
Within inflow and outflow of pre-column and sand-black peat column pH conditions increased after
start phase from acid conditions continuously and remained almost stable at neutral conditions. The
course of oxygen content for inflow hold continuous fluctuations from 1.2 to 8.5 mg/. Within both
columns oxygen content decreased significantly by biological reduction activities. Lowest
concentrations occurred within sand-black peat system (min 1.3 mg/l). Electric conductivity showed
almost identical responses for inflow and outflows (max. 1.6 mS/cm at sand-black peat column). For
redox potential similar development was documented (min. 220 mV at sand-black peat column and
max. 250 mV at inflow). Total phosphorus and total nitrogen remained almost stable within the
system as COD decreased significantly (Table 3.3.1.1.4).

Table 3.3.1.1.4: total phosphorus, total nitrogen and COD for inflow, SSF and sand-black peat system
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sampling point

total phosphorus [mg/l]

total nitrogen [mg/l]

COD [mg/l]

inflow

0.91

11.93

22.18

SSF

0.84

12.04

16.51

sand-black peat system

0.73

13.88

17.81

Up-scaling of advanced slow sand filter
Design and function
Technical drawing of up-scaled variant of slow sand filter with granulate of black peat is included in
annex 3. Draft bases on exemplary dimension for treatment of waste water of a municipality of about
3,000 inhabitants with 120 liters of waste water per day and inhabitant (360 m³/d).
Necessary size of up-scaled filter is about 300 m². For effective removal of pathogenic germs a
retention time of about 6 h has to be realized (results from column tests). Third parties describing best
efficiency will be reached by hydraulic load between 0.06 – 0.3 m*h-1 [Gujer, 2002].
Besides using granulate of black peat within sand filter for improvement of pathogen removal
hydraulic efficiency could be increased by mixing fine filter sand with gravel.
Schematic view of up-scaled of slow sand filter with granulated black peat is illustrated in Figure
3.3.8.

Figure 3.3.8: Schematic view on up-scaled slow sand filter system
Waste water derives into filter system as solid particles sediment on top of sand-black peat filter.
Sediment layer works as a biological active layer of biosolids arise on top. The formation of “biofilm”
is basic requirement for function of this filter system. Within sand-black peat layer pathogen reduction
sustains. Underlaying gravel layer warrants filtration of solids and conveying of treated waste water.
For excessive influent flow system is equipped with overrun. In Errore. L'origine riferimento non è stata
trovata. an example of slow sand filter from treatment plant in Merklingen, Germany is shown.
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Example

of

slow

sand

filter

system

(Merklingen,

Germany,

http://schussenaktivplus.de/de/probestellen-standorte/kl-ranlage-merklingen)
Operation and operational reliability
Principle of slow sand filtration is warranted by different physical, biological and chemical
mechanisms like sieving, filtration, sorption, oxidation and hydrolyze. Moreover, full efficiency is
guaranteed by formation of layer of biosolids on top of sand filter.
If load of organic suspend and light degradable matter exceed a critical threshold blocking of sandblack peat filter can occur. This colmation arise from insufficient pre-treatment of waste water and/or
increased bacterial load. Colmation is characterized by pressure loss of streaming water within filter
and formation of precipitates from manganese, iron or carbonate. For preventing colmation a
reduction of filterable solids is recommended by appropriate pre-treatment (coarse filter). Moreover
a suitable choice of filter materials can inhibit blocking of draining pores. Therefore filter materials
with higher hydraulic conductivities (fine sand – medium gravel) are feasible.
In case of colmation blocking layer has to be removed. Depending on size of filter, quality of waste
water respectively efficiency of pre-treatment removal has to be carried out every 3 – 24 months
[Gujer, 2002]. After removal a regeneration of biofilm has to be warranted. Within this time optimal
treatment performance is not guaranteed. Therefore multilane operating filters are recommended.
Generally maintenance of sand filters is low. In case of multilane operating system a year round
operation can be ensured.

Advantages and disadvantages
Pag. 22

Water4Crops

EU‐FP7 Project n° 311933

Technology offers a eco-friendly and safe option for removal of pathogenic germs from municipal
waste water. The system consists usually from basic materials and is reduced to a minimum of
technical equipment. When installed with a slope it is able to operate without external power supply.
Operation is characterized by low effort and technology serves as a reliable tool for delivering water
which can be recycled e.g. for irrigation.
Therefore no chemical additives are needed such as ozone, chlorine or chlorine compounds. These
substances pose not only risks to the environment, but they are also relevant for the operational safety,
due to special demands on their storage and handling.
Due to its simple construction, low investment costs and requirements to technology and operation
sand filter are suitable for use in rural areas where decentralized solutions for waste water treatment
are necessary.
Shortcoming/deficit analysis
According to current results from pilot-scaled column trial efficiency of pathogen removal by sandblack peat filter was proved. During experiment chemical and physical conditions stabilized
beneficially. Though, limits of pathogen removal could not be tested due to dependence of recent
conditions of inflow water. Resulting, no evidence can be given for adequate dimensioning of pretreatment system or potential timing for exchange of filter segments.
Comparative cost benefit analysis
For comparison of different treatment technologies (chlorination, UV radiation, SSF) operating costs
and investment costs for one selected case study is regarded: treatment of waste water of a
municipality of about 3,000 inhabitants (120 liters of waste water per day and inhabitant). Cost
estimation of operating and investment costs of chlorination and UV radiation bases on a comparative
literature study. Costs were typically specified in
Investment costs

USD/m²,

Operating (treatment) costs

USD/m³.

Waste water treatment by chlorination
Chlorine is an effective measure for disinfection of waste water. However, it is related to
disadvantages in usage. There are carcinogen and mutagen reaction products related to chlorination
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and security-relevant handling risks. The use of waste water treated with chlorine for agricultural
irrigation is not recommended due to the formation of harmful disinfection products.
For waste water treatment facility using chlorine operating costs (costs for energy, maintenance and
service) amount to 0.02 – 0.03 USD/m³ (m³ treated water). These costs amount about 60 % of total
costs. Hence investing costs add up to 0.03 – 0.05 USD/m³ [Elefritz, 2000; Gilette et al., 2003;
Lazarova et al., 2004; Leong et al., 2008].
According to municipality size of 3,000 inhabitants with about 120 liters of waste water per day per
inhabitant operating costs add up to 7.20 – 10.80 USD/d. Investing costs account to 10.80 – 18.00
USD/d. This leads to following cost prognosis shown in Table 3.3.1.1.5.
Table 3.3.1.1.5: Cost prognosis for operating and total costs for waste water treatment facility using
chlorine
Time of operation

operating costs [USD]

investing costs [USD]

10a

26,300 – 39,400

39,400 – 65,700

20a

52,600 – 78,800

39,400 – 65,700

Alternatively chlorine dioxide can be used for disinfection. It is commonly used as dilution in order
to avert the high risk of explosion. Therefore maximum storage period is very short and dilution
production must be done at the place of usage. As an advantage in general no harmful reaction
products occur. Treated water is suitable for agricultural irrigation.
Operating costs (costs for energy, maintenance and service) for waste water treatment facility by
using chlorine dioxide add up to 0.03 – 0.08 USD/m³. As operating costs amount about 60 % of total
costs, investing costs amount 0.05 – 0.13 USD/m³ [Malcolm-Pirnie, 1998; Lazarova et al., 2004;
Leong et al., 2008; Wirth, 2010].
According to municipality size of 3,000 inhabitants with about 120 liters of waste water per day per
inhabitant operating costs add up to 10.80 – 28.80 USD/d. Hence investing costs account to 18.00 –
46.80 USD/d. This leads to following cost prognosis presented in Table 3.3.1.1.6.
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Table 3.3.1.1.6: Cost prognosis for operating and total costs for waste water treatment facility using
chlorine dioxide
Time of operation

operating costs [USD]

investing costs [USD]

10a

39,400 – 105,100

65,700 – 170,800

20a

78,800 – 210,200

65,700 – 170,800

Waste water treatment by UV-radiation
Disinfection by UV-radiation is more effective concerning removal of pathogens than disinfection
with chlorine [WHO, 2006]. In contrast to chlorination UV treatment is effective for degrading of
biofilms.
The leading influencing cost factor for design of disinfection facilities by UV radiation is transmission
of waste water. For high transmissions (high amount of total suspend solids) a separate connected
upstream sand filter is necessary which leads to higher investment costs and operating costs. For
following cost analysis disinfection facility without upstream sand filter is taken into account.
Operating costs (costs for energy, spare parts, UV emitter, maintenance and service) for waste water
treatment facility by UV radiation amount to 0.02 – 0.03 USD/m³. These costs amount about 47 % of
total costs. Hence investing costs add up to 0.04 – 0.06 USD/m³ [Lazarova et al., 2004; Leong et al.,
2008].
According to municipality size of 3,000 inhabitants with about 120 liters of waste water per day per
inhabitant operating costs amount to 7.20 – 10.80 USD/d. Investing costs account to 14.40 – 21.60
USD/d. This leads to following cost prognosis shown in Table 3.3.1.1.7.
Table 3.3.1.1.7: Cost prognosis for operating and total costs for waste water treatment facility using
UV radiation
Time of operation

operating costs [USD]

investing costs [USD]

10a

26,300 – 39,400

52,600 – 78,800

20a

52,600 – 78,800

52,600 – 78,800
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Waste water treatment by sand-black peat filter
According to technical drawing in annex 3, cost estimation for construction costs of slow sand filter
was conducted. Technical drawing comprises two examples for construction dimensioning, minimum
and maximum dimensioning. Adapted from both variants two different cost estimations for
construction costs are represented in Table 3.3.1.1.8 and Table 3.3.1.1.9
For establishment of slow sand filter earth works has to be conducted. Formwork of basin consists of
plastic liner. Depending on local circumstances concrete can be used as formwork material. As
technical drawing does not consider variant with natural gradient installation of electrical pump is
included in cost estimation. Application of electrical pump entails installation of additional piping.
As frequent removal of biofilm is necessary installation of mechanical grafter is respected.
Table 3.3.1.1.8: Estimation for construction costs of sand-black peat filter for case study: community
with about 3,000 inhabitants (minimum dimension variant)
position

item

amount

unit

unit price

total price

1

earth works
480

m³

$20,00

$9.600,00

375

m²

$15,00

$5.625,00

filtersand

120

m³

$80,00

$9.600,00

black peat granulate

120

m³

$70,00

$8.400,00

60

m³

$60,00

$3.600,00

manhole

3

piece

$1.000,00

$3.000,00

pump

1

piece

$2.000,00

$2.000,00

200

m

$10,00

$2.000,00

earth works
2

liner
installation of liner

3

4

filter

gravel
gravel

5

installations

piping
infrastrucutre

technical

total

$43.825,00

Pag. 26

Water4Crops

EU‐FP7 Project n° 311933

Table 3.3.1.1.9: Estimation for construction costs of sand-black peat filter for case study: community
with about 3,000 inhabitants (maximum dimension variant)
position

item

1

earth works

amount

unit

unit price

total price

750

m³

$20,00

$15.000,00

installation of liner 390

m²

$15,00

$5.850,00

195

m³

$80,00

$15.600,00

195

m³

$70,00

$13.650,00

120

m³

$60,00

$7.200,00

manhole

3

piece

$1.000,00

$3.000,00

pump

1

piece

$2.000,00

$2.000,00

200

m

$10,00

$2.000,00

earth works
2

3

liner

filter
filtersand
black

peat

granulate
4

gravel
gravel

5

installations

piping

technical

infrastrucutre
total

$64.300,00

For minimum dimension of san-black peat filter total costs for construction of 43,800 USD were
estimated. For maximum variant 64,300 USD are calculated.
Operating costs are comprised mainly of personal efforts like supervision and functional check (see
Table 3.3.1.1.10). Calculation of costs included variant without operating pump. If system is
equipped with electrical pump about 300 USD for maintenance of pump have to be calculated. For
electricity about 3.000,00 USD for a 5 kW pump are calculated.
Table 3.3.1.1.10: Estimation for operating costs of sand-black peat filter for one year
position

item

amount

1

removal of biofilm

unit

unit price

total price

lump sum

$150,00

$150,00

mechanical removal
and

disposalof 1

biofilm yearly
2

replacement

sand

filter
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replacement

sand

filter

30

m³

$30,00

$90,00

about 52

hours

$20,00

$1.040,00

every 10 years
3

personal efforts
personal

efforts

per year
total

$1.280,00

Cost estimation leads to following cost prognosis shown in Table 3.3.1.1.11.
Table 3.3.1.1.11: Cost prognosis for operating and total costs for sand-black peat filter (minimum
variant)
Time of operation

operating costs [USD]

investing costs [USD]

10a

12,800

43.825

20a

25,600

43.825

Summary
In Table 3.3.1.1.12 comparison of operating and investing costs after 10 years and 20 years for sandblack peat filter and treatment technologies using chlorine, chlorine dioxide and UV radiation is
illustrated.
Resulting least cost result for sand-black peat filter in long term. Although investing costs are higher
compared to treatment facility using chlorine, operation costs are lowest compared to any other
technologies. As illustrated in Figure 3.3.2 technology of sand-black peat filter are lowest compared
to treatment technologies using chlorine, chlorine dioxide and UV radiation after 4 years.
Table 3.3.1.1.12: Comparison of operation and investing costs for analyzed treatment technologies
Sand-black peat filter
(minimum variant)
operating
of costs
operation [USD]
Time

10a

12,800.00

20a

25,600.00

Chlorine

Chlorine dioxide

UV radiation

investing

operating

investing

operating

investing

operating

investing

costs

costs

costs

costs

costs

costs

costs

[USD]
43,825

[USD]
– 26,300

[USD]
– 39,400

[USD]
– 39,400

[USD]
– 65,700

[USD]
– 26,300

[USD]
– 52,600

64,300

39,400

65,700

39,400

78,800

43,825

– 52,600

– 39,400

– 52,600

– 52,600

64,300

78,800

65,700

78,800

78,800

105,100
– 78,800
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cost prognosis
$160.000,00
$140.000,00

total costs

$120.000,00
$100.000,00

Sand‐black peat filter

$80.000,00

Chlorine

$60.000,00

Chlorine dioxide

$40.000,00

UV radiation dioxide

$20.000,00
$‐
0

5

10

15

20

years

Figure 3.3.2: cost prognosis of analyzed treatment technologies

3.3.2. Optimization of sanitation by combining CWs with Slow Sand Filtration (Partner UFZ)

Partner UFZ compared pathogen indicator removal efficiency of four different SSF designs: standard,
recirculating, static series of two SSFs, and a rotating cascade. A detailed description of the
experimental setup was included in the 1st periodic activity report (Fig. 3.3.11). The underlying aim
was to improve SSF performance by an enhanced use of the biologically active Schmutzdecke layer(s)
by (i) increasing the contact time between the wastewater and the active layer via partial recirculation
of the effluent, or by (ii) formation of several active layers when operating multiple SSFs either in a
static series or as a rotating cascade. By periodically rotating the wastewater recipient order in a SSF
cascade, the formation of several Schmutzdecke layers could be promoted, each receiving high loads
of organic carbon, nutrients and microbial matter in turn. So far, investigations on SSF cascades have
very rarely been reported (e.g. Kadewa et al., 2010).
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Figure 3.3.10 Experimental set-up: Combination of CW and different SSF varieties
Results showed that only static cascade (N+N) and a rotating cascade (C) complied with European
standards for E. coli and Enterococci water concentrations, achieving mean log removal of 2.7-4.7
and 2.1-2.4, respectively (Figures 3.3.11 and 3.3.12). The best performance was reached by C with
weekly filter rotation; N+N may be a promising, technically simpler alternative. The crucial role of
biological removal mechanisms for E. coli and Enterococci elimination was indicated by (i) the
increased efficiency of the standard SSF column (N) after 1½ years of operation and (ii) the positive
impact of several Schmutzdecke layers (Seeger et al., submitted). All investigated filter configurations
achieved substantial mean removal for E. coli (≤ 4.7 log), enterococci (≤ 2.4 log), C. perfringens
spores (≤ 2.1 log), coliphages (≤ 2.8 log) and Heterotrophic Plate Counts (≤ 1.5 log) with the tested
operational conditions.
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Enterococci
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N

R

C
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N

R

C
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median

R

C

N

N +- N

C

inflow

N

N +- N

C

10-1
inflow

mean

inflow

N

R

C

EU guideline (DIN 1999)

Figure 3.3.11: SSF inflow and outflow concentrations of Enterococci and E. coli during the three
experimental phases. For both parameters the time series (Phase I, II, III) showed no significant slope
in a relevant order of magnitude, allowing for box plot presentations. Box plots settings: boxes
comprise data within the first and third quartile with whiskers at 95th and 5th percentile; outliers are
represented by open dots. For the graphical presentation in log 10 units, zero values were set to 0.1.
N: standard SSF, R: recirculating SSF, C: rotating cascade, N+N: static cascade.

Pag. 31

Water4Crops

EU‐FP7 Project n° 311933

Clostridium perfringens spores
CFU / 100 ml
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Figure 3.3.12: SSF inflow and outflow concentrations of C. perfringens spores, heterotrophic
bacteria and coliphages during the three experimental phases. For all parameters the time series
(Phase I, II, III) showed no significant slope in a relevant order of magnitude, allowing for box plot
presentations. Box plots settings: boxes comprise data within the first and third quartile with whiskers
at 95th and 5th percentile; outliers are represented by open dots. For the graphical presentation in log
10 units, zero values were set to 0.1. N: standard SSF, R: recirculating SSF, C: rotating cascade, N+N:
static cascade.

Specifically, only rotating (C) and static (N+N) cascade systems concurrently complied with
European irrigation water standards for both E. coli and enterococci at HLR = 5 cm h-1. The best
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performance was reached by the cascade with weekly rotation, but preliminary results indicated that
the static cascade may be a promising, technically simpler alternative. During an operation period of
up to 1 ½ years, the standard filter (N) showed considerable improvement of removal efficiency for
E. coli and enterococci. Hence, it needs to be clarified whether advantages of cascade over standard
systems persist after years of operation. A good C. perfringens spore removal performance was
observed for all investigated SSF systems, indicating presumably even better protozoan (oo)cyst
removal; recirculating filters (R) showed significant advantage over standard filters (N) at low HLR.
The dominant role of sorption and negligible contribution of active biological mechanisms for spore
removal was indicated by: (i) decreased efficiency in N and C filters at long operation times, and (ii)
no impact of several Schmutzdecken on removal performance. Thus, long-term removal performance
of SSF for spores and (oo)cysts remains questionable. Somatic coliphages were reduced to
concentrations close to the detection limit in N, N+N and C, and therefore potential differences
between filters could not be determined. F-specific RNA coliphage removal was ~1.1 log for N, R
and C filters and thus lower than reported in the literature. Mean removal efficiency of HPC in the
investigated filters was low (0. 5 – 1.5 log) compared to other studies. As compliance with irrigation
water standards is mandatory for wastewater reuse, only cascade systems C and N+N can be
recommended to potential users. From a practical perspective static cascade systems are easier to
implement and maintain.
The microbial mechanisms important for the removal of faecal indicators were analysed in an
accompanying study on standard SSF columns, evaluating to which extent faecal indicator microbes
were removed by mechanical filtration or due to ecological interactions such as grazing and
competition for nutrients (Pfannes et al. 2015. Appl. Microbiol. Biotechnol.). The SSF columns were
packed with different sand grain sizes and eliminated 1.6 – 2.3 log-units of faecal indicators, which
translated into effluents of bathing water quality according to the EU directive (< 500 colony forming
units of E. coli per 100 ml) for columns with small grain size. Most of that removal occurred in the
upper filter area, the Schmutzdecke. Within that same zone, total bacterial numbers increased
however, thus suggesting a specific elimination of the faecal indicators. An analysis of the microbial
communities revealed that some taxa were removed more from the wastewater than others. These
results accentuate the contribution of biological mechanisms to water purification in SSF.
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3.4. Virus removal in CWs (Partners TUC and UNICT)
At the system of Partner UNICT, presence of somatic coliphages and spores of Clostridium
perfringens in the H-SSF3 influent was in the range of 3.96-1.76 unit log and 4-1, respectively (Fig.
2.16). The average reduction of the alternative microbiological indicators in CW effluent was of 0.85
for somatic coliphages and 1.82 U log for spores. A total reduction of the concentration of these two
parameters was obtained by combining CW treatment with UV treatment.
At the system of Partner ENVIHEALTH, samples were taken from points 1, 6 and 7 and analyzed by
Partner TUC. Plaques were detected in all sampling points, highlighting the persistence of
bacteriophages during wastewater treatment and their tolerance throughout the pilot system. A 2 log
units reduction achieved in the system from the influent of WWTP (sampling point 1) to the outlet of
the sand filter unit (sampling point 6). It could be noticed that the sand filter is more effective in the
removal of bacteriophages as the reduction that achieved from the SSF wetland was less than 1 log
unit. The total removal efficiency for bacteriophages was 98%.

PFUs/ml

Detection and quantification of
Bacteriophages
Bacteriopha
ges; 1;
1
5
6
Bacteriopha
8333,33333
ges; 5; 3150
Bacteriopha
3
ges; 6;
135,25
Samplings points

Figure 3.4.1 Detection and quantification of MS2 Coliphages

After the NESTED-PCR (please see 2nd Activity Report, Annex 1 to Subtask 2.2.1 for details), a gel
electrophoresis procedure was applied to confirm the presence/absence of adenoviruses (HAdV) and
enteroviruses (EV). Viruses were presented at all sampling points examined. Most of the samples
were from the influent of the WWTP (sampling point 1) and from the outlet of the SSF (sampling
point 5). Generally, the presence of HAdV was more frequent compare to EV and liklely due to the
fact that HAdV are more resistant under environmental stresses and adverse environmental conditions
as they are DNA viruses. HAdV were detected in 25 of the 30 samples while EV detected only in 9
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of the samples. Observing the presence of viruses at the outlet of SSF, HAdV detected at 86% of the
samples which indicates that HAdV were resistant throughout the CWs system. EV were detected
only at 25% of the samples from the outlet of the SSF. EV were found in sewage during all seasons
and they are not affected from the seasonal trends, but the variation of the temperatures was not
significant in the sampling period.

3.5. Innovation in CW design
As described above (Section 3.2), Partner TMS operates a pilot scale CW system located in
Heraklion, Crete, South Greece. The system includes: a) a free water surface wetland (FWS) planted
with mixed cultures of two species of reed, Phragmites australis and Arudo donax, b) a subsurface
wetland (SSF) planted with four species of halophytes, Tamarix parviflora, Limoniastrum
monopetalum, Junkus sp and Sarcocornia perennis, c) a slow sand filter and d) a novel inactivation
unit equipped with a series of low-depth plastic canals containing TiO2-coated pumice or/and
expanded clay aggregate. In addition, reeds from the existing FWS wetland removed and substituted
with Juncus sp (Figure 3.4.2a). Furthermore, a vertical flow wetland (VFW) planted with Atriplex
halimus (halophyte) was established (Figure 3.4.2b). The system operates receiving partially treated
wastewater (sedimentation) from the City of Heraklion, Greece sewage treatment plant.

Figure 3.42. Free water surface wetland planted and vertical flow wetland planted with Juncus sp
and Atriplex halimus, respectively.
Water samples taken from influent and effluent of each CWs and were analyzed for Chemical Oxygen
Demand (COD), Biochemical Oxygen Demand (BOD), Total Suspended Solids (TSS), Total
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Nitrogen (TN) and Total Phosphorus (TP). Results for HSSF (Table 3.5.1) showed a significant
removal (>90%) of organic matter (COD, BOD) as well as total suspended solids. Moderate removal
(~50%) was found for nitrogen while phosphorus concentration was not significant different in the
effluent and effluent for all examined units at different HLRs.
Table 3.5.1. Variation of effluent mean concentrations of the horizontal subsurface flow constructed
wetland at different HLRs.
HLR
(m3/d)
1.05
1.40
1.75

COD (mg/L)
Mean
SD
129
146
152

97
107
76

BOD (mg/L)
Mean SD
41
48
52

TSS (mg/L)
Mean
SD

9
8
12

68
75
77

32
41
44

TN (mg/L)
Mean SD
53
68
54

10
13
19

TP (mg/L)
Mean
SD
10
11
16

6
1
3

Partner VITA 34 works on novel systems with floating mats as an innovative variant of the more
traditional Constructed Wetlands and pond technologies. The intentional design of floating mats
enables non-floating plants moving freely at the water surface. Certain characteristics of plants in
environmental services could be combined for waste water quality improvement. The intention of
investigating the efficiency of floating mats for their potential of agricultural reuse of treated waste
water should lead to innovative designs of Constructed Wetlands.
For implementation of a pilot-scaled experiment VITA 34 chose two plant species, Carex acuta
(sedge) and Scirpus lacustris (true bulrush). Both showed best results on reduction of coliform
bacteria in preliminary greenhouse experiment (detailed results are included in the 1st periodic activity
report and in Annex 3 to Subtask 2.2.4 of the 2nd activity report.).
The pilot experiment was installed at a local waste water treatment plant in Leipzig, Germany. In
total nine containers were installed. Each system consists of three containers connected in series. The
skeletal structure of floating plant mats was build up from dried bamboo sticks and mats from coconut
fibers. 15 plants were fixed on each mat as roots were arranged in water and green biomass grew
above. First system composes from floating plant mats with Carex acuta, second system from floating
plant mats with Scirpus lacustris and third system exhibits control with floating plant mats without
plants. Each system is connected with tubes. The entire system is supplied separately with treated
waste water from secondary clarifier by steady flow. Retention time was reduced after 4 weeks by
one day, starting with 4 days. Vita 34 passed analysis of coliform and other enteric bacteria as well
as of E. coli. In addition physical and chemical parameters within the system were observed.
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Preliminary results showed best efficiency in germ reduction for enterobacteria for plant mats with
S. lacustris for 4 days retention with 95.8% (plant mats with C. acuta: 68.8%). For reduction of
coliform bacteria best results were monitored for plant mats with S. lacustris for 4 days retention with
34.1% (plant mats with C. acuta: 9.6%). Best efficiency for E. coli was observed for plant mats with
S. lacustris for 4 days of retention (plant mats with C. acuta: 7.1%). The results showed 18.5% on
pathogen reduction.
Significant correlation between variations of retention time and germ reduction cannot be derived yet
as Vita 34 investigated the highest increase in biomass within the retention time period of three days
for both plant species as C. acuta showed higher increase in biomass.
Vita 34 intends to expand the operational time of pilot experiment to test seasonal influence to the
performance of the efficiency of plant mats and to collect more data. To test the limits of pathogen
reduction of the system Vita 34 proposes to decrease retention time and afterwards to increase the
bacterial load artificially. Therefore, investigations on developing an inoculum are projected.
Furthermore, Vita 34 performs examinations for detailed identification of contained pathogens in the
pilot-scaled experiment.
3.6. Results from non-W4C research on CW modifications for better pathogen removal
Removal of faecal bacteria and pathogens in CWs may occur via physical, chemical, and biological
factors, alone or in combination. Physical factors consist of mechanical filtration, sedimentation, and
sorption to organic matter and the CW’s matrix. Chemical factors include oxidation and exposure to
biocides excreted by plants. Biological factors comprise antimicrobial activity of root exudates
(Axelrood et al., 1996), predation by nematodes and protists (Decamp & Warren, 1998; Decamp et
al., 1999), activity of lytic bacteria or viruses (Axelrood et al., 1996), retention in biofilms (Brix,
1997), natural die-off, and competition for limiting nutrients (Green et al., 1997). The most significant
removal mechanisms of faecal bacteria and pathogens in CWs might vary depending on the particular
design type of the treatment unit, the hydraulic regime, wastewater characteristics, and even the local
climate. The following section briefly reviews selected studies in which stimulation of above removal
factors were achieved.
Sedimentation, filtration, and adsorption
About 10–50% of E. coli were found to be associated with particles >5 µm in wastewater (Boutilier
et al., 2009), and are thus more amenable to sedimentation. Kansiime and van Bruggen (2001)
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assessed the role of suspended material such as peat on the settling of FC in the water column of
Nakivubo wetland in Kampala, Uganda (Kansiime & van Bruggen, 2001). Their results showed that
addition of fresh peat material from Cyperus papyrus mats to wetland water resulted in a more rapid
removal of FC, as compared to that wetland which contained plain water. Likewise, organic detritus
derived from plants could contribute to the sedimentation of FC in suspension (Kansiime & van
Bruggen, 2001).
Redder et al. (2010) investigated the influence of two different filter materials on the removal of
protozoan pathogens, Cryptosporidium oocysts and Giardia cysts. In their experiment, 7 pilot scale
subsurface flow CWs, including both vertical and horizontal flow types, were filled with washed sand
(grain size, 0-2 mm), while 7 other wetlands were filled with a mixture of expanded clay and sand,
of grain size of 2-4 mm and 0-2 mm, respectively. Their results indicated that filtering of wastewater
was the main effective mechanism of reducing protozoan parasites. The removal of Cryptosporidium
oocysts and Giardia cysts, however, seemed to be independent of the filter types used. However,
small particle sizes (0-2 mm sand particles) appeared to favor bacteria reduction. Likewise, Tanner
et al. (2012) observed better elimination of E. coli in a vertical flow bed filled with fine sand as
compared to a bed filled with coarser gravel (3.2 versus 1.9 log10CFU/100 mL removal). Therefore,
physical processes like adsorption, filtration and sedimentation associated with particle size are
apparently important factors.
The role of granular medium in removal of FC and somatic coliphages was investigated in four
parallel horizontal subsurface flow CWs, each one containing a different type of granular medium.
Microbial inactivation ratio ranged between 0.1 and 2.7 log10CFU/100 mL for FC and 0.5 to 1.7
log10CFU/100 mL for somatic coliphages in beds with coarser granular material (5–25 mm), while it
ranged between 0.7 and 3.4 log10 units for FC and from 0.9 to 2.6 log10CFU/100 mL for somatic
coliphages in beds with finer material (2–13 mm) (Garcia et al., 2003). Torrens et al. (2009) also
found no significant difference (p > 0.05) between two kinds of sand (crushed and river) in microbial
indicator removal in vertical flow intermittent dosed CWs. These results indicated that if the particle
size distribution is suitable, the use of alluvial material is not indispensable. Sand from quarries might
also be used after crushing and sieving (Torrens et al., 2009).
Vegetation
The general contribution of vegetation to pathogen removal as well as differences between various
plant species is uncertain. While there are several studies in which vegetation enhanced pathogen
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removal (Rivera et al. 1995; Decamp et al. 1999; Jinadasa et al. 2006; Avelar et al. 2014), there are
also some reports in which vegetation had a minor, if any, effect (Torrens et al., 2009; Headley et al.
2013). With all studies it is difficult to distinguish between the effect of vegetation and different
hydraulic regimes.
Hydraulic retention time and regime
The importance of hydraulic retention time (HRT) on indicator bacteria removal in CWs has been
demonstrated by the fact that longer HRTs increase bacteria exposure to removal processes, such as
sedimentation, adsorption to organic matter, predation, impact of toxins from microorganisms or
plants, and UV radiation (Diaz et al., 2010). The removal of indicator bacteria appears to be
exponentially related to the loading rate. HRT depends on various factors including vegetation,
texture of the substrate (the porous media), water depth, and flow velocities in the CW (Kansiime &
van Bruggen, 2001). It has been well recognized that inefficiencies in hydraulics are a major barrier
to optimize the removal of pathogens in CWs. Short-circuiting can result in water having a range of
residence times in wetlands and reduce their treatment efficiencies. This is especially detrimental for
wetlands designed to remove waterborne pathogens, which require reduction in a concentration of
several orders of magnitude and thus are severely compromised by even a modest amount of shortcircuiting (Jasper et al., 2013).
Sawaittayothin and Polprasert (2007) reported a positive correlation between faecal indicator removal
and HRTs in a horizontal subsurface flow CW. Tunçsiper (2012) also found that an increase in HRT
considerably affects the removal efficiency for both FC and TC. The relationships between HRT and
average removals were shown to be polynomial (Tunçsiper et al., 2012). Removal performances
increased during the first three days of operation, and then started to decrease. It has been reported
that microbial inactivation reaches saturation values when HRT is approximately three days (Garcı́a
et al., 2003). Moreover, this trend might be related to the assumption that first-order microbial decay
is irrelevant as HRT rises (Kadlec & Wallace, 2009).
In a study by Tanner et al. (1995), an HRT of 7 days was about twice as effective in coliforms removal
as compared to an HRT of 2 days. In horizontal subsurface flow CWs cultivated with Typha
angustifolia and operating at HRT of 1.5, 3, 5 and 6 days, removals of TC were 0.8, 1.7, 2.3 and 2.4
log10CFU/100 mL, respectively (Khatiwada & Polprasert, 1999). Solano et al. (2004) obtained
removals of E. coli of 1.3 and 1.1 log10CFU/100 m, respectively, in horizontal subsurface flow CWs
cultivated with P. australis and operating at HRT of 3.0 and 1.5 days (Solano et al., 2004b). In
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addition, Diaz et al. (2010) investigated treatment of agricultural runoff in four surface flow CWs
with different HRTs and found a strong relationship between removal efficiency and HRTs. In
contrast, the relationship between removal efficiency for enterococci and HRTs was not clear (Diaz
et al., 2010).
Solano et al. (2004) evaluated the treatment performance of a pilot-scale horizontal subsurface-flow
CW. Their results demonstrated that during the first year, there was no significant relationship
between the removal of TC, FC and FS from raw municipal wastewater and hydraulic application
rate. However, in the second year of wetland operation, the best removal efficiency was found in
those beds with the lowest hydraulic application rate (75 mmday-1) and the longest retention times (3
days). These results also indicated that HRT is an important factor influencing bacterial inactivation,
particularly in long-term operation (Solano et al., 2004a). Considering the better performance of
faecal indicator bacteria removal at longer HRT, a buffered horizontal subsurface flow CWs appears
to be a promising approach for bacteria removal.
Effect of increased oxygenation - Intensified CW systems
Previous studies have correlated increased dissolved oxygen with bacterial die-off in aquatic
environment (Fernández et al., 1992; Pearson et al., 1987). Fernandez et al. (1992) have reported 8–
10 fold increase in bacterial die-off rate constant for TC, FC, FS and CLP in response to short aeration
treatment (2 h per day) in aquatic environment. Winward et al. (2008) observed a higher performance
of bacteria removal in vertical flow CWs as compare to that in horizontal flow CWs, indicating that
aerobic unsaturated removal pathways might be more appropriate for bacteria removal in cases of
grey water treatment (Winward et al., 2008a). Recently, an intensive comparison of E. coli removal
in different types of CWs all fed with the same influent revealed a remarkable performance of an
aerated system, achieving effluents suitable for agricultural purposes according to WHO guidelines
(< 103 E. coli /100 ml) (Headley et al. 2013). The precise effect of oxygen in such aerated systems
remains to be elucidated.

4. CONCLUSIONS
For many potential application sites where no more space would be economically available for
increasing the wetland dimensions, either further improvements of the wetland technology or a
combination with subsequent treatment of the wetland effluent are needed to eliminate the health
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risks associated with wastewater used for crop irrigation and landscaping (Richter & Weaver,
2003b). Aeration of the wetland bed, as one mode of treatment intensifications, appears to be a
promising approach (Headley et al. 2013). Added chemical or physical disinfection methods, as
reported on in this Deliverable, may be used to polish wetland effluents. The principal advantage of
employing those methods in combination with the CW technology rather than as stand-alone units
is that the reduced total suspended solid (TSS) level in CW effluent improves their operational
effectiveness.
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