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1. EXECUTIVE SUMMARY
This deliverable reports the activities performed by TMS & Vita 34 within Subtask 2.2.4. It
regards the testing of two novel CWs systems: Halophytes (TMS) and Floating mats (Vita
34). Specifically:
Halophytes (TMS)
Activities include testing of novel systems with halophytes for their potential to remove
organic matter, nitrogen, phosphorus and pathogens (Total coliforms and E.coli as
indicators) from domestic wastewater. Tests include a) three different types of CWs: Free
water surface (FWS), horizontal subsurface (HSF) and a vertical (VF) CW, b) five different
halophytes: Tamarix Parviflora, Limoniastrum Monopetalum, Junkus Acutus, Sarcocornia
Perennis and Atriplex Halimus. c) post-treatment with a slow sand filter and a novel
inactivation Unit with TiO2-coated materials (pumice and expanded clay aggregate). Figure
1 shown a schematic diagram of tests performed. All experiments took place at an
experimental pilot plant located in Heraklion, Crete, South Greece (N 35o, 19”; E 25o, 10”).

Figure 1. Schematic presentation of systems tested
At the beginning, a literature search was performed in order to select appropriate halophytes
for horizontal subsurface CW. In addition, previous results obtained by Technical University
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of Crete (TUC) about the potential of several halophytes on heavy metal phytoremediation
were took under consideration during selection phase.
In order to polish the effluent from HSSF CW, a slow sand filter (SSF) and an inactivation
unit (IU) was designed and operated. SSF was constructed according to suggestions by UFZ.
IU was designed and constructed based on the technology of solar photocatalytic
disinfection. It contains a series of low-depth plastic canals containing TiO2-coated low cost
material (pumice and expanded clay aggregate).
At the end of 2014, a free water surface and a vertical flow CW were planted with
halophytes. These systems operated receiving primarily treated wastewater from wastewater
treatment plant of the city of Heraklion, Greece. Monitoring started in January 2015 and
ended in May 2016.
Major conclusions obtained during this study were that:
-

CWs planted with halophytes efficiently remove organic matter and suspended solids from
domestic wastewater.

-

Vertical flow CW shown better performance in comparison with Horizontal flow CWs

-

The combination of CW planted with halophytes with slow sand filter and inactivation unit
with TiO2-coated expanded clay aggregate achieved international threshold of WHO for
waste water reuse for agricultural irrigation (1 ,000 CFU/100 ml for E. coli)

-

Investigated technologies are more cost efficient in terms of operation and investment costs
in comparison to conventional wastewater treatment process (activated sludge and
chlorination)

Floating Mats (Vita 34)
Activities focusing investigations on novel systems with floating plant mats for their
potential for removal of pathogens (esp. E.coli as indicator) from municipal waste water and
for subsequent agricultural reuse. This contribution should lead to innovative design of
Constructed Wetlands. An overall illustration of series of tests (pre-test in lab, secondary
test in greenhouse and pilot test in field) is shown in figure 2.
After an initial literature research on pathogen reduction using plants, suitable plant species
were selected for pretesting in lab – phase 1. In preliminary tests in greenhouse different
plant species were investigated for their potential to reduce coliform bacteria from pretreated municipal wastewater with respect to international water quality standards for
agricultural reuse.
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Therefore hydroponic systems in technical scale (in greenhouse) were used for monitoring
effects on coliform removal according to chosen plant species – phase 2. Additionally
dependence of efficiency on contact time of plant roots and associated microbes
(rhizosphere) with pre-treated municipal wastewater was investigated.
Beside these pre-tests suitable floating matrices were evaluated for establishing pilot test in
field, started in May 2015 and ended up in December 2015 – phase 3. For construction of
plant mats a frame made from bamboo and carrier matrix of tissue made from coconut fibers
were chosen by their advantages of cost-efficiency, availability, eco friendliness and slowly
rotting. All results of preliminary investigations are described in detail in 1st and 2nd periodic
activity report.
Following results represent pilot testing of floating plant mats to their efficiency for removal
of pathogens from pre-treated municipal wastewater.

Figure 2. Overall illustration of series of tests
Pilot experiment was located at main sewage treatment plant of city Leipzig, Germany.
There Vita 34 installed three parallel test systems. Each system consisted of three containers
connected in series. Every system was equipped with floating plant mats and charged
continuously with pre-treated wastewater from secondary clarifier. First system composed
of floating plant mats planted with Carex acuta (acute sedge) and second system planted
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with Scirpus lacustris (true bulrush) since they showed best results in preliminary tests for
reduction of E. coli. Third system was installed with floating plant mats without plants
(control system).
The pilot experiment provides reliable results for suitability of chosen materials for floating
plant mats and on removal of coliform bacteria. For investigation on efficiency retention
time of pre-treated municipal wastewater within the systems was decreased from 4 to 2
days. Obtained results show 100% efficiency for removal of E. coli.
Irrespective an inoculum was developed for artificial increase of bacterial load within the
influent. Treatment effect amounted up to 2 log-steps (CFU/100 mL) for system with Carex
acuta and 2.5 log-steps (CFU/100 mL) for system with Scirpus lacustris. However, also
control system without plant mats showed hygienisation effect as inter alia potential removal
of pathogens by UV-disinfection was assumed.
There was no significant trend within course of COD. Moreover, concentration of COD
within inflow was very low. Concentration of total nitrogen was reduced significantly in
both systems.
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2. INTRODUCTION

2.1 Halophytes (TMS)
2.1.1 CWs description
As already mentioned, the TMS operates a pilot scale CW system located in Heraklion,
Crete, Greece (Figure 3). Initially, the system includes: a subsurface wetland (HSSF)
planted with four halophytes: Tamarix Parviflora, Limoniastrum Monopetalum, Junkus
Acutus and Sarcocornia Perennis (Figure 4a), a slow sand filter (Figure 5a) and a novel
inactivation unit (IU) equipped with a series of low-depth plastic canals containing TiO2coated pumice (Figure 4b). At the end of 2014, reeds from an existing FWS wetland
removed and substituted with Juncus Acutus (Figure 5b). Furthermore, a vertical flow
wetland (VFW) planted with Atriplex halimus was established (Figure 6a). In addition, IU
was tested with TiO2-coated expanded clay aggregate (Figure 6b).

IU

HSSF
VF

SSF

FWS

Figure 3. Aerial view of the CW system in Crete, Greece.

The system operates receiving partially treated wastewater (sedimentation) from the City of
Heraklion, Greece sewage treatment plant. Primarily treated wastewater inserted in a 4 m3
storage tank. Then, a timer-controlled pump distributed the wastewater onto the surface of
the wetlands in parallel.
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Figure 4. a) horizontal subsurface flow CW and b) Free water surface CW

Figure 5. a) Slow sand filter and b) Inactivation Unit containing TiO2-coated pumice

Figure 6. a) Vertical flow CW and b) Inactivation Unit containing TiO2-coated expanded
clay aggregate
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2.1.2 Selection of halophytes
Halophytes were selected with the criteria presented below: a) Species already grown in the
natural ecosystem of Crete, b) species that already proved their potential to remove
pollutants (TUC previous studies). Five different halophytes examined: Tamarix Parviflora,
Limoniastrum Monopetalum, Junkus Acutus, Sarcocornia Perennis and Atriplex Halimus
(Figure 7).

Figure 7. Halophytes tested in this study. a) Tamarix Parviflora (in HSSF), b) Junkus Acutus
(in HSSF), c) Sarcocornia Perennis (in HSSF), d) Limoniastrum Monopetalum (in HSSF),
e) Junkus acutus (in FWS) and e) Atriplex Halimus (in VF)
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2.2 Floating Mats (Vita 34)
Among the activities included in WP2, the objective of Subtask 2.2.4 was to evaluate
effectiveness of novel CW systems and their suitability for reuse of pre-treated wastewater
deriving from small to medium communities or rather small villages for irrigation of crops.
Pre-tests on suitable plant species and investigations on suitable material for construction of
floating mats led to installation of pilot experiment in one of main wastewater treatment
plants in Leipzig, Germany (Figure 8). Pilot experiment was operated from 21/05 –
03/12/2015.
Accordingly, two systems with floating mats planted with different plant species were tested
to their effectiveness on removal of coliform bacteria from pre-treated wastewater from
secondary clarifier.
A comprehensive description of preliminary tests for selecting plants and investigations in
the run-up to operation of pilot test are included in 1st and 2nd activity reports as Vita 34
renounce a revision at full length at this time.

Figure 8. Aerial view of the sewage treatment plant and view on pilot experiment
2.2.1 Earlier tests in lab and greenhouse
After an extensive pre-testing phase with different plant species in lab followed by
secondary test using hydroponic systems in greenhouse in technical scale, suiTable plant
species were selected for pilot-scaled test in field. Material and methods, plants species,
design of hydroponic batch test and microbial tests used for investigations in technical scale
have been described in the first periodic activity report.
A summary of the results of all investigated species is given in Table 1. Collected data
indicated best results for Carex acuta (acute sedge) and Scirpus lacustris (true bulrush) as
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they were chosen for pilot-scaled application. Both selected species indicated high potential
for germ reduction. Although this effect appointed later compared to other test plants a
significant higher level of germ reduction could be maintained permanently.
Table 1. Summary of results for pre-tested plant species
pre-tested species in batch experiments
Mentha
aquatica

Iris
pseudacorus

Carex
acuta

Scirpus
lacustris

Juncus effusus

1.22

1.51

1.97

2.30

1.45

[72]

[48]

[168]

[168]

[48]

0.15

0.32

0.97

1.20

0.03

max. root length

-8.1%

33.8%

2.8%

3.8%

7.8%

max. spear length

20.0%

0.3%

-3.0%

1.7%

0.5%

increase in fresh
weight

19.2%

16.0%

6.7%

18.9%

2.0%

No

No

scanned factors
max. effective log
reduction* at
particular time [h]
average of effective
log reduction*

WHO limit**
(WHO, 2006)
reached at
particular time [h]
regermination at
particular time [h]
suitability for pilotscaled application

Yes
[240]
Yes
[336]
-

No

No


Yes
[240]
Yes
[336]


No


Yes
[216]
-

* E. coli
** E. coli concentration: 1,000 CFU/100 mL

2.2.2 Selection of material for construction of floating plant mats
After first screening on suitable carrier material, Vita 34 decided to test biodegradable mats
using tissue made from coconut fibers and bamboo sticks. They promised to act best as a
floating carrier material. In Table 2 an overview of material for first screening by their
feasibility is given.
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Table 2. Overview of considered material for floating plant mats
criteria on suitability
material

stability

environmental
acceptability

disposability

costs efficiency

frame
bamboo sticks









plastic tiles (PE)



-





coconut tissue









rock wool



-

()

()

glass wool

-

-

()

()

natural sheep
wool

-



()

()

bamboo fiber

()



insulating mats
from hemp

()



mat


()


()

2.2.3 Pilot test description
Results from testing of plant species and evaluation of carrier material led to design of pilot
experiment. The schematic design of the pilot experiment is illustrated in Figure 9 and
Figure 10. It consisted of nine containers (L*W*H (cm): 72*42*30, material: polyethylene)
with a total capacity of 540 L (60 L each). Vita 34 installed three parallel systems. Each
system consisted of three containers connected in series. First system composed from
floating plant mats planted with Carex acuta, second system from floating plant mats with
Scirpus lacustris and third system exhibited control with floating plant mats without plants.
Each system was connected with tubes (diameter: 13 mm, material: polyvinylchloride).
Two peristaltic pumps (Saier Concept 2105, Output: 2–150 ml/min) in alternate circuit
supplied one system each with pre-treated municipal waste water from secondary clarifier
from local waste water treatment plant by steady flow. The pumps were installed inside an
existing sampling station to protect them from outside influences (Figure 11). All static
tubes were protected from external influences using PE-isolation or aluminum folia.
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Differences in altitude of containers amounted 5 cm to establish a steady flow by gravity.
Each container was equipped with a sampling tap (material: stainless steel).

Figure 9. Setup of pilot-scaled experiment and identification of sampling points

Figure 10. Schematic side view of pilot-scaled experiment

Figure 11. Sampling station of secondary clarifier (left). Peristaltic pumps inside the
sampling station used for loading of systems (right)
Pag. 15
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3. MATERIALS AND METHODS
3.1 Halophytes (TMS)
3.1.1 Operation of pilot systems
The HSSF was constructed with a length of 8.4 m and a width of 5.4 m. The average gravel
porosity was equal to 0.45 and the depth of the bed was 0.45 m. The front and the effluent
end of the bed were established with 60 to 100 mm diameter gravel. The CWs bed consisted
of 30 mm diameter gravel with a top layer of 10 mm diameter for supporting the vegetation.
Wastewater was mixed with tap water at gradually increasing wastewater/tap water ratios
until only wastewater was added after three weeks. HSSF was planted with four species of
halophytes, Tamarix parviflora (5 plants), Limoniastrum monopetalum (8 plants), Junkus sp
(8 plants) and Sarcocornia perennis (15 plants). The overall hydraulic loading was at the
first phase 1.4 m3/d, and 2.8 m3/d at the second phase.
The FWS system was constructed with dimensions of 12.4 m long and 3.4 m wide. A soil
layer of 40 cm depth was added in the vegetated zone, and was planted with Juncus Acutus
(15 plants). The incoming wastewater entered the wetland through a 40 cm gravel layer to
distribute the water across the width of the bed. The initial wastewater addition was carried
out in a similar way to the HSSF. The overall hydraulic loading was at the first phase 1.0
m3/d, and 1.5 m3/d at the second phase.
The VF system was constructed with dimensions of 2.5 m long and 2.5 m wide. As the
system initially was used as a sand filter the depth of the tank was 2.0 m. During this study,
the actual depth was 1.0 m. The overall hydraulic loading was at the first phase 1.2 m3/d,
and 1.8 m3/d at the second phase.
Slow sand filter was constructed using a plastic (PE) cylindrical tank. The surface of sand
filter is 0.38 m2 and the tank was filled with:
 05 cm, gravel 4-8 mm
 05 cm, gravel 2-4 mm
 50 cm, sand 14% 0.25 mm, 72% 0.50mm, 100% <1.00mm
 30 cm, water
 40 cm, free volume
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SSF was operated receiving treated wastewater from HSSF planted with halophytes. The
loading rate was ranged from 2.6 m/d to 3.7 m/d depending on evapotranspiration of HSSF.
Inactivation unit was constructed by using a series of low-depth plastic canals containing
TiO2-coated pumice at the first phase and TiO2-coated expanded clay aggregate at the
second phase. The length of each canal was 2.0 m corresponding to a total length of 12.0 m
(6 canals). The average loading rate in the IU was about 0.28 m/d.

3.1.2 Physicochemical analysis
Influent and effluent were sampled and analyzed for pH and Electrical Conductivity (EC)
according to APHA (2005) using a pH-meter (model 3110, WTW) and conductimeter
(model 525, Crison). Chemical oxygen demand (COD), Total Nitrogen (TN), Total
Phosphorus (TP) and Boron concentration were determined spectrophotometrically by use
of standard test kits (Hach-Lange). Unfiltered 5-day Biochemical oxygen demand (BOD5)
was analyzed using WTW OxiTop meters. Total coliforms and Escherichia coli were
determined using the IDEXX Quanti-Tray® enumeration procedure with Colilert-18®
reagent (APHA, 2005). Sealed trays were incubated for 18 h at 37oC, after which the MPN
of total coliforms and E. coli were determined.

3.2 Floating Mats (Vita 34)
3.2.1 Operation of pilot systems
Pilot systems were operated from 21/05 – 03/12/2015. Retention time was shortened every
four resp. five weeks for increasing microbial load fed to the system.
It was assumed that the load of indicator organisms within the fed of the system fall below
critical threshold for obtaining significant results for appropriate interpretation of efficiency
of tested system. Thereupon gradually, increase of microbial load was conducted.
For shortening retention times the flow of pumps were increased according to details within
Table 3.
For testing influence of coconut tissue on pathogen removal mats were removed from
control system at 09/07/2015 (50 days after start of operation). To test external impacts
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(especially impacts of UV radiation) on pathogen removal the control system without mats
was covered with plastic liners at 21/09/2015.
Within 07/09 – 25/09/2015 concentration of E. coli in inflow was artificially increased to
test efficiency of systems in dependence of pathogen load. General changes in operation
mode are documented in operation diary and summarized in Table 4.
Table 3. Retention times and flow rates
retention time [d]
4
3
2

flow rates [mL/min]
31.0
41.5
62.0

Table 4. Changes in operation mode of pilot experiment
date
21/05 – 18/06/2015
18/06 – 30/07/2015
09/07/2015
30/07 – 27/08/2015

changes in operation mode
retention time 4 d
retention time 3 d
removal of mats from control
retention time 2 d
retention time 3 d in
preparation of artificial
artificial increase of bacterial

27/08 – 14/10/2015
07/09-25/09/2015

covering of control system
with plastic liner
retention time 2 d

21/09/2015
14/10 – 03/12/2015

Due to nonconforming performance of pumps changes of two pumps each occurred on
24/9/2015 and 20/10/2015. Changes were associated merely to brief shut downs of all
pumps.

3.2.2 Monitoring of pilot experiment
Beside water levels in each container, flow rates of pumps were controlled regularly and
validated to scheduled flow rates (Table 3) to ensure constant hydraulic conditions. Plant
stock was monitored in regard to number of plants, plant height, vitality and visible signs of
plant diseases or pest attacks. Water sampling was conducted weekly as samples were taken
threefold for triple determination of scheduled parameter (except field parameters measured
on site: pH-value, oxygen content, redox potential, electric conductivity and water
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temperature). The operator of sewage treatment plant provided additionally results from
online measurements of pre-treated water used for pilot test (PO4-P [mg/L], NH4-N [mg/L],
NOx-N [mg/L], TKN [mg/L], COD [mg/L], pH [-], TS [mg/L], water temperature [°C]).
Control of operation state of pilot plant, deviations or adjustments, as well as sampling
activities were documented in an operation diary.

3.2.3 Physical and chemical analysis
A detailed description of materials and methods for physical and chemical analysis is
included in 2nd periodic activity report. Beside on site measured field parameters chemical
oxygen demand (COD) and total nitrogen (Ntot) were determined between 07/27 –
03/12/2015 using photometric water analysis (tube tests) of Macherey-Nagel GmbH & Co.
KG (NANOCOLOR® COD 40; range: 0.5 - 40 mg COD / l; Total nitrogen TNb 22; range:
0.5-22 mg TNb / l).

3.2.4 Microbial analysis
A detailed description of materials and methods for microbial analysis is included in 2nd
periodic activity report. For detection of coliform and different enteric bacteria ENDO-Agar
(AppliChem ®), selective and differential for Escherichia coli and coliforms, was utilized.
CHROMO-Agar (Carl Roth ®) was used for detection of E. coli and different coliform
bacteria.
3.2.5 Increase of microbial load
After terminating investigations on decrease of retention time Vita 34 decided to increase
microbial load artificially for testing efficiency of system. Therefore, Escherichia coli from
effluent was isolated from CHROMO-Agar medium, propagated and cultivated in liquid
nutrient solution in flask in lab.
Cultivation of Escherichia coli took place in shaking flasks (500 ml, DURAN®) filled with
self produced 250 ml lysogeny broth growth media (LB-media, most common for the
cultivation of Escherichia coli). The media was prepared using following components listed
in Table 5.
.
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Table 5. Composition of applied lysogeny broth–media
concentration [g] according to

ingredient
sodium chloride

1 L distilled water
31.0

tryptone

41.5

yeast extract

62.0

The LB-media was set to pH 7 with 1M sodium hydroxide solution and afterwards sterilized
by autoclave (Varioklav, typ 400, H+P Labortechnik GmbH) at 121 °C for 20 minutes.
For cultivation of E. coli two colonies were taken from a CHROMO-Agar medium and
transferred into 250 mL LB-media. The cultivation took place at room ambient temperature
over night on a laboratory shaker (Heidolph Instruments, UNIMAX 2010) set to 120 rpm.
Fermentation of E. coli was monitored by measuring turbidity (optical density, OD) of
dilution every 30 minutes at 600 nm. Bacterial doubling time (td) and specific growth rate
(μ) were calculated graphically from exponential growth phase of E. coli by (1) and (2)
μ = (ln xt– ln x0) / (t – t0)

(1)

td = ln 2 / μ

(2)

with xt representing optical density at the end of exponential growth phase and x0
representing optical density at the beginning of exponential growth phase divided by time
difference between t and t0. In preparation of field test series concentration of the E. coli
suspension with OD = 1 was measured for determination suspensions concentration
(CFU/100 mL) fed to the system. Suspension was subsequently analyzed via dilution series
by microbial analysis. In general, an E. coli suspension with an OD = 1 corresponds to a
concentration of approximately 107 CFU / 100 mL.
For importing inoculum into inflow of pilot experiment, retention time was set up to three
days one week before artificial increase of microbial load. During three weeks 0.5 L of
inoculum was added every Mondays to the inflow. Every 24 hours, after breakthrough of
inoculum of each container, sampling was conducted.
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4. RESULTS AND DISCUSSION
4.1 Halophytes (TMS)
4.1.1 Horizontal subsurface flow CW
Plant growth
Halophytes had an active growth, attaining roughly 100% cover in six months (Figure 12).
In particular, Sarcocornia perennis, Junkus acutus, Tamarix parviflora and Limoniastrum
monopetalum covered about 38%, 31%, 25% and 6% of CW’s area, respectively. Low plant
development observed for Limoniastrum monopetalum in comparison with other halophytes
was correlated with natural low growth rate of this plant as well as the difficulty of this
xerophyte to adapt in water-saturated environment of HSSF. Halophytes’ height varied
significantly from 0.3 m for Sarcocornia perennis to 2.0 m for Tamarix parviflora.

Figure 12. Halophyte’s growth in the HSSF (a: plantation, b: 3 months, c: 8 months, d: 3
years).
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After second year of operation several other plants observed in the surface area covered by
Sarcocornia perennis indicating the weakness of this species to dominate in the HSSF
environment.
Physical-chemical parameters
Figures 13-19 have shown the variation of all examined parameters in the influent and
effluent of HSSF during the operation. It is mentioned that from March 2013 until April
2014, the primarily treated wastewater from sewage treatment plant of Heraklion used in the
experiment was also treated from a FWS CW planted with reeds before added in the HSSF.
Influent
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HLR: 1.4 m3/d

Effluent
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Figure 13. pH variation in the influent and the effluent of HSSF during operation
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Figure 14. EC variation in the influent and the effluent of HSSF during operation
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Figure 15. COD variation in the influent and the effluent of HSSF during operation
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Figure 16. BOD variation in the influent and the effluent of HSSF during operation
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Figure 17. TN variation in the influent and the effluent of HSSF during operation
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Figure 18. TP variation in the influent and the effluent of HSSF during operation
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Figure 19. Boron variation in the influent and the effluent of HSSF during operation

Overall performance of HSSF was presented in Table 6. The pH value was slightly
increased in the effluent of HSSF. EC was almost the same before and after treatment. It is
mentioned that due to evapotranspiration normally in CWs the EC slightly increased in the
effluent. In this study EC value was stable indicating the ability of halophytes to desalinate
wastewater. Organic matter removal was found about 50-60%. Moderate nitrogen removal
was also found in both HRTs (~40%). Phosphorus concentration decreased from 13-14 mg/l
in the influent to 11-12 mg/l in the effluent. Boron removal was found between 40-46 %
during experimental period. Finally, pathogens removed at about 1.5 log units.

Pag. 24

Water4Crops

EU‐FP7 Project n° 311933

Table 6. Overall performance of HSSF planted with halophytes for domestic wastewater treatment
Parameter

Influent

Effluent

Mean (Min-Max)

Mean (Min-Max)

HRT (6.2 d)

HRT (3.1 d)

HRT (6.2 d)

HRT (3.1 d)

pH

7.4 (6.9-7.9)

7.5 (6.9-8.0)

7.8 (7.2-8.5)

7.8 (7.1-8.6)

EC (mS/cm)

1.7 (1.3-2.2)

1.6 (1.2-2.2)

1.7 (1.3-2.3)

1.6 (1.2-2.3)

BOD (mg/l)

109 (41-136)

109 (81-140)

45 (11-62)

51 (41-66)

COD (mg/l)

257 (119-336)

285 (223-330)

118 (58-168)

144 (102-185)

TN (mg/l)

97 (76-132)

96 (57-131)

55 (32-96)

63 (38-99)

TP (mg/l)

13 (9-16)

14 (9-16)

11 (7-14)

12 (9-16)

0.40 (0.32-0.51)

0.47 (0.31-0.56)

0.26 (0.23-0.28)

0.26 (0.22-0.31)

Total coliforms log(MPN/100ml)

5.8 (3.1-6.8)

5.4 (3.4-5.9)

4.6 (2.9-5.7)

4.5 (3.0-5.5)

E. coli log(MPN/100ml)

5.2 (2.8-6.1)

4.9 (2.5-5.3)

3.9 (2.1-4.8)

4.1 (2.3-5.1)

Boron (mg/l)
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Post-Treatment
The effluent of HSSF was treated by a slow sand filter and a novel Inactivation Unit for
pathogens removal and water polishing. More details about pathogens disinfection was
reported in deliverable D2.7 “Report on Improved hygienisation of CW”. The effectiveness
of slow sand filter to polish the effluent of HSSF was reported in Table 7. The filter had the
ability to decrease a significant amount of organic matter as well as pathogens from treated
wastewater.
Table 7. Performance of slow sand filter
HSSF effluent

SSF’s effluent

pH

7.7 ± 0.2

7.8 ± 0.2

EC (mS/cm)

1.7 ± 0.3

1.7 ± 0.3

BOD (mg/l)

17 ± 6

10 ± 3

COD (mg/l)

64 ± 23

32 ± 15

TN (mg/l)

49 ± 14

34 ± 16

TP (mg/l)

11 ± 2

11 ± 1

Total coliforms log(MPN/100ml)

4.4 ± 1.2

3.3 ± 1.4

E. coli log(MPN/100ml)

4.0 ± 0.8

3.1 ± 1.1

Parameter

4.1.2 Horizontal Free water surface CW
Plant growth
From the five halophytes examined in this study only Juncus acutus could have the ability to
survive in water-saturated conditions of free water surface CW. So, it was the only species
used for the plantation of FWS. Indeed, Juncus acutus grown in FWS with no visible
problems. However, the macrophyte Typha sp starts to grow in the system 1-2 months after
the plantation. A year after the plantation, Typha sp covered the 70% of the FWS’s area and
Juncus acutus the 30% of the FWS’s area (Figure 20).
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Figure 20. Plant’s growth in the FWS (a: plantation, b: 1 months, c: 3 months, d: 12
months).

Figures 21-26 show the variation of all examined parameters in the influent and effluent of
FWS during the operation.
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Figure 21. pH variation in the influent and the effluent of FWS during operation
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Figure 22. EC variation in the influent and the effluent of FWS during operation
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Figure 23. COD variation in the influent and the effluent of FWS during operation
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Figure 24. BOD variation in the influent and the effluent of FWS during operation
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Figure 25. TN variation in the influent and the effluent of FWS during operation
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Figure 26. TP variation in the influent and the effluent of FWS during operation

Overall performance of FWS was presented in Table 8. The pH value and EC value were
slightly increased in the effluent of HSSF. Organic matter removal was found about 4050%. Low nitrogen removal was found in both HRTs (~20%). Phosphorus concentration
was 13-14 mg/l in the influent with no tendency to decrease in the effluent. Finally,
pathogens removed at about 0.5 to 1.0 log units.

Pag. 29

Water4Crops

EU‐FP7 Project n° 311933

Table 8. Overall performance of FWS planted with halophytes for domestic wastewater treatment
Parameter

Influent

Effluent

Mean (Min-Max)

Mean (Min-Max)

HRT (8.4 d)

HRT (5.6 d)

HRT (8.4 d)

HRT (5.6 d)

pH

7.4 (7.0-8.0)

7.6 (6.9-8.0)

7.6 (7.2-8.2)

7.8 (7.5-8.5)

EC (mS/cm)

1.6 (1.2-2.2)

1.5 (1.2-1.8)

1.7 (1.4-2.1)

1.8 (1.3-2.4)

BOD (mg/l)

107 (81-136)

117 (88-140)

63 (56-68)

74 (64-84)

COD (mg/l)

293 (226-336)

269 (223-322)

151 (122-192)

190 (156-216)

TN (mg/l)

88 (57-126)

105 (60-131)

78 (58-104)

86 (63-108)

TP (mg/l)

13 (9-16)

14 (11-16)

13 (10-16)

13 (10-15)

Total coliforms log(MPN/100ml)

5.6 (3.1-6.8)

5.4 (3.4-5.9)

5.1 (2.9-5.5)

4.9 (3.2-5.8)

E. coli log(MPN/100ml)

5.2 (2.8-6.1)

4.9 (2.5-5.3)

4.3 (2.8-5.0)

4.3 (2.7-5.3)
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4.1.3 Vertical flow CW
Plant growth
For the operation of VF the halophyte Atriplex Halimus was used. It is a species
of fodder shrub in the Amaranthaceae family, which is native to Europe, including Crete and
Northern Africa. This plant is often cultivated as forage because tolerating severe conditions
of drought, and it can grow up in very alkaline and saline soils. Twelve months after the
plantation, Atriplex Halimus covered the 100% of the VF’s area (Figure 27).

Figure 27. Plant’s growth in the VF (a: plantation, b: 10 months, c: 12 months).

Figures 28-33 show the variation of all examined parameters in the influent and effluent of
VF during the operation.
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Figure 28. pH variation in the influent and the effluent of VF during operation
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Figure 29. EC variation in the influent and the effluent of VF during operation
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Figure 30. COD variation in the influent and the effluent of VF during operation
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Figure 31. BOD variation in the influent and the effluent of VF during operation
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Figure 32. TN variation in the influent and the effluent of VF during operation
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Figure 33. TP variation in the influent and the effluent of VF during operation
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Overall performance of VF was presented in Table 9. The pH value and EC value were
slightly decreased in the effluent of HSSF. Organic matter removal was found about 80%.
Low nitrogen and phosphorus removal was found. Specifically, nitrogen mean concentration
decreased from 96 mg/l to 85 mg/l and phosphorus mean concentration decreased from 14
mg/l to 12 mg/l. Finally, pathogens removed at about 1.0 log units.

Table 9. Overall performance of VF planted with halophytes for domestic wastewater
treatment
Parameter

Influent

Effluent

Mean (Min-Max)

Mean (Min-Max)

pH

7.5 (6.9-8.0)

7.4 (6.8-7.8)

EC (mS/cm)

1.6 (1.2-2.2)

1.5 (1.0-2.2)

BOD (mg/l)

109 (81-140)

40 (24-54)

COD (mg/l)

285 (223-330)

49 (34-62)

TN (mg/l)

96 (57-131)

85 (61-110)

TP (mg/l)

14 (9-16)

12 (9-15)

Total coliforms log(MPN/100ml)

5.1 (2.9-5.5)

3.8 (2.6-4.3)

E. coli log(MPN/100ml)

4.3 (2.8-5.0)

3.1 (2.2-3.9)
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4.2 Floating Mats (Vita 34)
4.2.1 Rating of plants
Root length of both plant species amounted in average 9 cm (Carex acuta) and 7.5 cm
(Scirpus lacustris) at the beginning of pilot experiment. The average root lengths measured
during whole field experiment are illustrated in Figure 34.

Figure 34. Average root lentghs of plant species in 129 d

Within Figure 35 and Figure 36 root length of Carex acuta in June and July 2015 are
illustrated.
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Figure 35. Root formation of Carex acuta in June 2015

Figure 36. Root formation of Carex acuta in July 2015

In parallel, shoot lengths were measured. Results are summarized in Figure 37. State of plant stock
during operation of field experiment is pictured in Figure 38. The decrease of plant heights from
first to third container (Figure 39) is connected to decrease of nutrients during whole system.
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Figure 37. Average shoot lengths of plant species in 129 d
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10/2015

11/2015

Figure 38. Plant heights during field experiment from 05 - 11/2015

Figure 39. Illustration on decreasing plant heights in pilot experiment
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Composition of inflow

Pilot experiment was supplied by pre-treated municipal wastewater from effluent of
secondary clarifier (inflow of pilot experiment). Physical-chemical parameters from inflow
were provided by the operator of wastewater treatment plant. They are illustrated in Table
10.
Table 10. Physical-chemical parameters from inflow of pilot experiment with standard
deviation (SD) in % and n=47 (19/05 -03/12/2015)
concentration

mean (n=47)
SD

NH4-N
PO4-P [mg/L]
[mg/L]
0.15
0.00
0.40
0.20
0.23
0.08
16.51 %
3.61 %

pHvalue
value
[-]
6.45
6.92
mean (n=47) 6.73
SD
.65 %

DOM
[mg/L]
1.00
7.28
2.85
52.71 %

NOx-N
[mg/L]
3.81
10.13
7.41
18.97 %

elec.
conductivity
[mS/cm]
350.5
700.3
554.1
16.87 %

total nitrogen
[mg/L]
3.93
10.39
7.52
19.41 %
water
temperature
[°C]
14.47
21.69
18.98
7.76 %

COD
[mg/L]
0.15
0.40
0.23
21.56 %

air
temperature
[°C]
2.3
31.7
16.2
31.64 %

The parameters are subjected to slight daily and seasonal fluctuations. In general, these are
very low concentrations, partial below suitable conditions for field trial. Hereby, N and P
concentration have the greatest influence because of their direct impact on plant physiology.
These nutrients can limit plant growth and thus the formation of rhizosphere as processes
within rhizosphere are responsible for hygienisation processes within water.
Field parameters (oxygen content, pH-value, electric conductivity, water temperature and
redox potential) of inflow were further investigated from 19/05 - 03/12/2015 using a multiparameter portable meter (multi 340 i, WTW GmbH). Results are presented in Table 11.
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Table 11. Physical-chemical parameters from inflow measured by multi-parameter
instrument from 19/05 -03/12/2015
value

mean (n=23)

oxygen
content
pH value
[mg/L]
[-]
5.9
6.8
9.5
8.4
8.0
7.3
2.7 %
5.1 %

elec.
conductivity
[mS/cm]
0.74
1.38
1.21
16.6 %

water
redox
temperature
potential
[°C]
[mV]
15.8
175.8
26.2
304.3
20.6
221.2
13.8 %
11.3 %

In Figure 40 bacterial load in inflow for enterobacteria, coliform bacteria and E. coli
between 12/05 – 03/12/2015 are illustrated. For enterobacteria concentration varied between
1.1E+04 CFU/100 mL and 8.4E+05 CFU/100 mL, for coliform bacteria between 6.7E+03
CFU/100 mL and 5.4E+05 CFU/100 mL and for E. coli between 3.5E+03 CFU/100 mL and
4.2E+04 CFU/100 mL.
Within 07/09 – 25/09/2015 artificial increase of bacterial load in inflow occurred. Therefore
no primary inflow concentrations are shown. Afterwards intervals between measurements
were enlarged. E. coli concentration was detected every two sampling campaigns.

Figure 40. Inflow concentration of enterobacteria, coliform bacteria & E. coli (12/05–
03/12/2015)
4.3

Physical-chemical parameters

In Figure 41 - Figure44 results of physical and chemical field parameters for all sampling
points from 21/05 - 03/12/2015 are shown.
PH values showed almost neutral conditions for systems with floating mats planted with
Carex acuta and Scirpus lacustris. Within control system slightly higher pH-values were
measured compared to inflow.
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Electric conductivity holds continuous fluctuations between 506 µS/cm and 1,586 µS/cm.
Redox potential showed no significant deviations between different systems. Values varied
between 97 mV and 343 mV. Especially in summer with high air temperatures, the redox
potential decreased significantly. Redox potential indicates anoxic conditions within all
systems until December 2015. Within anoxic conditions denitrification processes occur. In
rhizosphere aerobic conditions should dominate effecting nitrification processes in parallel
but in comparison at a smaller extent. In December 2015 redox potential changed to oxic
conditions as water temperature decreased and oxygen content (for Carex acuta and control
system) increased.
Oxygen content within planted systems (Carex acuta and Scirpus lacustris) varied between
2.53 mg/L and 11.89 mg/L. Values underran significantly inflow concentrations as lower
oxygen content could arise from oxygen consumption of microorganisms e.g. executing
nitrification processes [Kadlec & Wallace, 2008], reduced wind disturbance and reduced gas
exchange to water by covered water surface [Van DeMoortel, 2010]. Within control system
a higher oxygen level was detected. In parallel an algae growth was monitored which can
lead to higher photosynthesis rate. Improved gas exchange derived from uncovered water
surface (from 09/06/2015) that can lead to higher oxygen content.
With increasing root formation the COD reduction became slightly more effective
(Figure45). For the system with Carex acuta reduction up to 49 %, for Scirpus lacustris
reduction up to 52 % was measured. However concentration of COD within inflow was very
low.
Similar trend was detected for reduction of total nitrogen as illustrated in Figure46.
Reduction of total nitrogen for Carex acuta was up to 84%, for Scirpus lacustris up to 83 %.
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Figure 41. Trend of pH-value for inflow and outflow of tested systems (21/05 - 03/12/2015)

Figure 42. Trend of electric conductivity for inflow and outflow of tested systems (21/05 - 03/12/2015)
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Figure 43. Trend of redox potential for inflow and outflow of tested systems (21/05 - 03/12/2015)

Figure 44. Trend of oxygen content for inflow and outflow of tested systems (21/05 - 03/12/2015)
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Figure 45. Trend of COD for inflow and outflow of tested systems (21/07 - 03/12/2015)

Figure 46. Trend of total nitrogen for inflow and outflow of tested systems (21/07 - 03/12/2015)

Pag. 45

Water4Crops
4.4

EU‐FP7 Project n° 311933
Results on microbial analysis on test for decreasing of retention time

Within Annex 2 results on microbial analysis for E. coli, enterobacteria and coliform
bacteria are summarized for investigations on decreasing of retention time. Results of
increase of microbial load are excluded. They are summarized in chapter 4.5. Single values
are represented as average with n=3 (3 repetitions).
Measuring of E.coli was conducted from 02/06 – 03/12/2015 every two weeks. Weekly
monitoring took place for coliform bacteria from 02/06 – 03/12/2015 and for enterobacteria
from 12/05 – 03/12/2015.
Efficiency of pathogen removal [%] was calculated for each system (Carex acuta, Scirpus
lacustris and control system). Therefore concentration of pathogens in inflow and
concentration of pathogens after passing whole system (outflow third container, sampling
points 3) was evaluated. Efficiency of pathogen removal is related to establishment of
distinct root system as treatment efficiency at the start of pilot experiment was restricted by
smaller root system.
For E. coli treatment efficiency for system with Carex acuta was between 92 and 100 %.
For Scirpus lacustris efficiency of about 98.77 to 100 % was calculated. Both plant species
showed no significant differences between results obtained at different retention times. For
control system removal between 43.52 and 100 % was be monitored. Thereby no influence
on treatment efficiency by removal of unplanted mats (09/07/2015) could be observed.
Treatment efficiency for E. coli by all systems related to inflow concentration is illustrated
in Figure47.
It was supposed that carrier material of mats (coconut tissue) may act as a growth media for
microorganisms (C-source) due to its extreme large surface area. Additionally, the slowly
biodegradable material may supply microbes with nutrients. It was assumed that microbial
reduction arose from consumption by different predator organisms. However, previous
considerations did not provide information about which microbes are predominating.
Covering the system with plastic liners (21/09 – 03/12/2015) had a remarkable effect on
removal of E. coli from pre-treated wastewater. Afterwards rates significantly decreased
from over 98 % to 43.52 % and 86.80 %. It can be assumed that exposition of pre-treated
wastewater directly to UV-radiation before covering the system led to comparable efficiency
of pathogen removal to systems planted with Carex acuta and Scirpus lacustris.
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Figure 47. Treatment efficiency for E. coli by system with Carex acuta, Scirpus lacustris
and control system
According to international threshold of WHO (2006) for waste water reuse for irrigation
with 1,000 CFU/100 ml for E. coli, Vita 34 demonstrated that new designed floating plants
mats with Carex acuta and Scirpus lacustris undershoot this threshold.
For enterobacteria treatment efficiency in pilot experiment is illustrated in Figure48. For
Carex acuta efficiency of removal of enterobacteria was determined to 2.93 to 100 % as
results for retention of about 2 and 3 days showed 54.50 – 100 %. For Scirpus lacustris
efficiency varied between 0 and 100 %. Thereby results for retention of about 2 and 3 days
ranged between 59.88 – 100 %.
Results from control system showed almost similar trend with rates from 0 to 100 %, for
retention of 2 and 3 days 20 to 100 %. Reasons for partial high treatment efficiency are
unexplained. Removal of mats and covering control system with plastic liners to protect
water from UV-radiation did not show significant changes of results.
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Figure 48. Treatment efficiency for enterobacteria for system with Carex acuta, Scirpus
lacustris and control system
Efficiency for coliform bacteria is illustrated in Figure49. Coliform bacteria were removed
in system with Carex acuta with 65.21 to 100 % and by Scirpus lacustris with 59.88 to
100 %. Best results were monitored during retention time of three days (Carex acuta: 99.95
– 100 %, Scirpus lacustris: 99.62 - 100 %). Efficiency of control system varied between 0
and 68.05 - 100 %. Removal of mats and covering control system with plastic liners did not
influence treatment potential.
Overall field trial was influenced by variable conditions like fluctuating concentrations of
pathogens in inflow which confined statistical evaluation. Dilution effects caused by
precipitation interfered inflow concentrations secondary.
In addition growing stage of plants, especially formation of root system effected treatment
efficiency. Moreover an influence of hygienisation by UV radiation for uncovered control
system was assumed. For E. coli this effect has been proven within last two measurements.
At last there is no resilient statistical evidence.
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Figure 49. Treatment efficiency for coliform bacteria for system with Carex acuta, Scirpus
lacustris and control system

4.5

Results on microbial analysis for test on artificial increase of bacterial load

Because pathogen load in pre-treated water in terms of E. coli was between 3.5E+3 and
4.2 E+4 CFU/100 mL Vita 34 decided to increase artificially the bacterial load of inflow by
adding an inoculum for 3 weeks. Results are shown in Figure50, Figure51 and Figure52.
On the 07/09, 14/09 and 21/09/2015 (in total about 3 test runs) an inoculum with E. coli
concentration ~ 1.5E+3 CFU / 100 mL (OD =1) was added to inflow (0.5 L per system, flow
rate 60.5 L/d). On the following three days breakthrough of inoculum within whole system
was monitored by water sampling and microbial analysis. Retention time was set to three
days one week before first addition of inoculum.
Using the third test run as an example (Figure), when adding inoculum on 07/09/2015
complete breakthrough was measurable on 08/09/2015 at first sampling point, on
09/09/2015 at second sampling point and on 10/09/2015 on third (last) sampling point.
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Figure 50. Reduction of E. coli after inoclulation (1st test run)

Figure 51. Reduction of E. coli after addition of inoculum (2nd test run)

Figure 52. Reduction of E. coli after adding inoculum (3rd test run)
First breakthrough showed a reduction of E. coli for system with Carex acuta of about one
log step just for the second test run. During first and third test run no removal of E. coli was
observed.
Same results were obtained for system with Scirpus lacustris as in first test run
(07/09/2015). Concentrations in control system excelled inflow concentrations invariably.
At second breakthrough the concentration of E. coli exceeded inflow concentration
(07/09/2015) within first trial for all planted systems and control system. Results from
second and third test run gave evidence for removal of E. coli for all systems by maximum
of about 1.5 log steps.
Third breakthrough showed reduction of E. coli within all systems at a maximum of about 3
log steps. Within first and second test run a significant hygienisation effect within control
system was proven as Vita 34 decided to cover control system with plastic liners before
Pag. 50

Water4Crops

EU‐FP7 Project n° 311933

starting investigations on third test run. It was assumed that uncovered water surface was
directly exposed to UV radiation leading to hygienisation processes. After covering of the
control system hygienisation effect was still measurable but international threshold of WHO
with 1,000 CFU/100 ml for E. coli was not exceeded.
Underrun of WHO threshold for wastewater reuse for irrigation (2006) after third
breakthrough was verified just for system with Scirpus lacustris within third test run.
Referring to E. coli concentrations of inoculum and concentrations after third breakthrough
treatment efficiency rates were calculated (see Table 12).
Table 12. Treatment efficiency [%] for E. coli during test on artificial increase of bacterial
load (07/09 - 24/09/2015)
value
1st test run
2nd test run
3rd test run

treatment efficiency [%]
System with
System with
Scirpus
Carex acuta
lacustris

control
system

93.6

68.3

99.8

96.7

94.5

100.0

94.5

99.5

90.7

Effective removal of E. coli was proven during three test runs. However threshold of WHO
for waste water reuse for irrigation (2006) was only reached for system with Scirpus
lacustris and control system.

5. EFFICICENCY OF FLOATING PLANT MATS FOR REMOVAL OF PATHOGENS
FROM PRE-TREATED MUNICIPAL WASTE WATER
Threshold of WHO for wastewater reuse for irrigation (2006) with 1,000 CFU/100 mL for
E. coli was underrun invariably at the outflow of the system as maximum inflow
concentration of 41,689 CFU/100 mL were monitored. Despite artificial increase of E. coli
did not provide reliable results on treatment efficiency as E. coli concentrations of inflow
and last sampling points did not display dependencies.
Data base did not admit reliable statistical interference for limit of treatment performance in
terms of upper threshold of E. coli concentration within inflow. Nevertheless, Vita 34
proved that floating plant mats represent a suitable method for removal of E. coli from prePag. 51
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treated municipal wastewater. Efficiency of removal of E.coli for both tested systems with
planted mats varied between 92 to 100 %. For enterobacteria removal ranged between 54.5
to 100 %, for coliform bacteria between 60 – 100 %. Moreover a reduction of COD (up to
52 %) and total nitrogen (up to 84 %) was proven.
6. UP-SCALING OF FLOATING PLANT MATS
6.1

Design and function

Pilot-scaled investigation provided base for design of full-scale systems including
estimation of investment and operation costs. A technical drawing of treatment step with
floating plant mats for pathogen removal is included in Annex 1. Draft bases on same
scenario Vita 34 assumed within subtask 2.2.1 (“Improved hygienisation of Constructed
Wetlands and innovation in CW design”) for up-scaling respective pilot experiment.
As case study a municipality of about 3,000 inhabitants with 120 liters of waste water per
day and inhabitant (360 m³/d) was chosen. In terms of 3 days retention the basin for
treatment of water with floating plant mats should seize at least 1,080 m³. Water level is set
to 0.8 m as average root length of both investigated plants did not exceed 0.5 m. Vita 34
designed treatment system with 2 parallel basins (cell A and cell B, see Annex 1). For
installation of basins excavation of soil, profiling of base area, slopes (1:1.5) and sealing
using a plastic liner is needed. In Table 13 draft base and dimensions of one basin are
summarized.
Table 13. Summary of planning criteria and dimensions for up-scaling floating plant mats
planning criteria
municipality

3,000 inhabitants

waste water per day and inhabitant

120 L

total amount of waste water per day

360 m³/d

retention time

3d

minimal required volume of basin
flow rate of pump (according to 1,080 m³ )

1,080 m³
15 m³/h

dimension of one basin
length x width (base area, excluding slopes)
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water level

0.8 m

freeboard

0.5 m

size of basin (base area, excluding slopes)

750 m²

dimension of single floating plant mat
length x width

1.5 m x 1.5 m

amount of single plant mats

672

amount of plants per mat

9

amount of plants in total

6,048

Taking single floating plant of about 1.5 x 1.5 m in total 672 floating plant mats are needed
in this case (336 floating plant mats per basin/cell).
According to Annex 1 after inflow and before outflow a gravel wall has to be created for
detention storage of suspending solids. Single mats are connected with ropes as illustrated in
Annex 1. Every second mat in a row is equipped with an anchor made from rope and stone
or sand filled bag.
Pre-treated wastewater is charged by pump into basin with floating plant mats. Retention
time is set to three days. For hydraulic load of 360 m³/d wastewater the flow/pump rate has
to be set to 15 m³/h for the whole system. Operation of the two basins/cells can be realized
alternating or parallel.
Treatment effect is directly associated with formation of large root system. Rhizosphere
stimulates settlement and growth for microorganisms (biofilm).
Further oxygen enrichment within rhizosphere and consumption by different predator
organisms lead to pathogen removal. Beside removal of germs reduction of COD, TN and
phosphorus are achievable. In Figures 53-55 examples for floating plant mat are pictured.
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Figure 53. Floating plant mat in New Zealand (www.kauriparknurseries.co.nz)

Figure 54. Prototype of floating plant mats in Avilés, Spain (Layman Report, LIFE02
ENV/E/182)
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Figure 55. Floating Wetland in El Salvador (www.whix.fiu.edu)

6.2

Operation and operational reliability

Efficiency of floating plant mats is guaranteed by different physical, biological and chemical
mechanisms. Therefore, root system with large surface area is required.
Depending on climatic conditions, operation is warranted during whole vegetation season of
plants. During dormancy above ground plant parts die off. Their root system is able to form
new shoots with beginning of new vegetation season. In semi-tropical or tropical climate
vegetation season is yearlong.

6.3

Advantages and disadvantages

The technology offers a cost efficient, safe and eco-friendly option for removal of pathogens
from pre-treated municipal wastewater. Materials are ubiquitous available and slowly
rotting. Construction of plant mats is easy and reduced to minimum of material effort as
mats can be built and replaced self-dependent. Planting of mats can be conducted with local
available plant species as logistic is minimized and local producers can benefit.
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Floating plant mats are able to reduce pollutants by roots and roots associated microbes.
Reduction of suspended solids, phosphorous, total nitrogen and COD/BOD is well
investigated. Moreover, heavy metals can be extracted.
The technology is independent from power supply, except operation of pump discharging
water into basin. Therefore, installation of solar driven system is feasible. Floating plant
mats are independent from oscillating water levels and can adapt to fluctuations in
wastewater emerge.
Operation is characterized by low effort. Maximum weekly monitoring of flow rate and
water level as well as monthly visible control of status of plant stock is recommended.
Accruing personal costs are low.
Technology is independent from chemical additives commonly used for disinfection of
wastewater. This aspect displays it not only as eco-friendly technology but also operational
safe as there are no special demands on handling and storage of chemicals.
Due to its reliable and low effort this technology is suitable for economic reuse of pretreated municipal waste water for irrigation. Due to its simple construction, low investment
costs and few requirements for technical equipment floating plant mats are suitable for use
in rural areas.
Efficiency is decreased if low air temperatures occur like in winter time in Europe. Despite
during dormancy less or no water is required for irrigation. In subtropical or tropical regions
efficiency is constant year-round.

6.4

Shortcoming / deficit analysis

According to recent results of pilot experiment efficiency of pathogens removal (esp. E.
coli) by floating plant mats was proven. Though, limits of hygienisation could not be tested
due to statistical inference and variable field conditions. Consequently no evidence can be
given for exact dimensioning of pre-treatment system.
After finishing field trial (after about seven months) Vita 34 did not observe significant
rotting or wearing of material (bamboo or coconut tissue). In general, operating period of
floating plant mats is estimated with 10, 20 or more years. From time to time single or only
a part of floating mats can be renewed very easily. Also possible is a management concept
for scheduled step by step exchange to guarantee continuous and long term efficient
operation and sewage treatment (prevention of need to placing out of operation).
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Step by step exchange management concept is illustrated in Figure 56. Thereby segments
from about 10 x 7 plant mats are exchanged, that is about 20% of total amount of plant mats.
In the first step the first segment (dark green segment in Figure56) next to inflow is removed
and composted. Remaining 4 segments right to it are shifted to the left. New segment
(orange segment in Figure56) can be set next to the outflow.

Figure 56. Management concept of step by step exchange of floating plant mats

Step by step renewal of floating plant mats is foreseen yearly, starting from the 5th year of
operation. Procedure is illustrated in Figure 57.

Figure 57. Concept of yearly step by step exchange of floating plant mats
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Comparative cost-benefit-analysis

Within subtask 2.2.1 Vita 34 carried out cost–benefit-analysis considering improved slow
sand filters and common technologies using chlorine, chlorine dioxide and UV radiation.
Therefore same scenario was assumed as for comparison with technique using floating plant
mats. As case study treatment of waste water of a municipality of about 3,000 inhabitants
with 120 liters of waste water per day and inhabitant was chosen.
Comparative cost-benefit-analysis from subtask 2.2.1 (Table 14) is now updated by
investment and operation (treatment) costs for technique using floating plant mats.
Costs were typically specified in operating costs and investment costs in USD.
Table 14. Comparative cost-benefit-analysis
sand-black peat
filter

chlorine treatment

chlorine dioxide
treatment

UV radiation

period
of
operation

operat.
costs
[USD]

investm.
costs
[USD]

operat.
costs
[USD]

investm.
costs
[USD]

operat.
costs
[USD]

investm.
costs
[USD]

operat.
costs
[USD]

investm.
costs
[USD]

10a

12,800

43,825 –
64,300

26,300 –
39,400

39,400 –
65,700

39,400 –
105,100

65,700 –
170,800

26,300 –
39,400

52,600 –
78,800

20a

25,600

43,825 –
64,300

52,600 –
78,800

39,400 –
65,700

78,800 –
210,200

65,700 –
170,800

52,600 –
78,800

52,600 –
78,800

Vita 34
source

Elefritz (2000),
Gilette et al. (2003),
Lazarova et al.
(2004),
Leong et al. (2008)

Malcolm-Pirnie
(1998),
Lazarova et al.
(2004),
Leong et al. (2008),
Wirth (2010)

Lazarova et al.
(2004),
Leong et al. (2008)

According to technical drawing in Annex 1 cost estimation for construction costs of
treatment facility with floating plant mats was conducted. Cost estimation is represented in
Table 15.
For establishment of basin earth works have to be conducted. They comprise excavation of
soil, profiling of base area and slopes (1:1.5). Basis of basin consists of plastic liner with
geotextile that has to be installed underneath liner. Alternatively concrete can be used to
construct basins. However, cost estimation respects plastic liner and geotextile.
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Costs for sewage pump are excluded in cost estimation. Application of sewage pump would
entail installation of additional piping that is also excluded.
Table 15. Estimation for construction costs of 2 basins with floating plant mats for case
study: community with about 3,000 inhabitants and waste water of 360 m³/d
position
1

2
3

4

item
earth works
earth works
gravel (8/16) for gravel walls
liner
installation of geotextile and liner
installations
fairleads for pipes through liner
pipes (PE)
gate valves
formed parts
manholes
floating plant mats
bamboo stick (diameter 4 cm)
coconut fibre (weight: 700 g/m², mesh
size: 10*10 mm)
ancor (every scond plant mat)
outlay fixation (screws, cords)
plants

amount unit

unit price

total price

1050 m³
53 m³

$10.00
$5.00

$10,500.00
$265.00

1875 m²

$8.00

$15,000.00

$6.00
$5.00
$25.00
$100.00
$500.00

$24.00
$130.00
$125.00
$100.00
$1,500.00

$0.50

$2,150.50

$0.70
$1.50
$100.00
$0.50

$1,323.00
$504.00
$100.00
$3,024.00
$34,745.50

4
26
5
1
3

piece
m
piece
lump sum
piece

4301 m
1890
336
1
6048

m²
piece
lump sum
piece

total

For construction of basin and installation of floating plant mats total costs were estimated to
about 34,750 USD.
Operating costs compose mainly from personal efforts like functional check and
replacement measures. They comprise circa 2,000 USD per year (Table 16).
Table 16. Estimation for operating costs of basin with floating plant mats for one year
position item
1
personal efforts
personal efforts
per year
2
replacement plant mats
replacement plant mats

amount

unit

about 52 hours

1 lump sum
total
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Estimation of investment and operation costs leads to following cost prognosis for 10 and 20
years shown in Table 17. According to cost estimation, treatment costs for 1 m³ waste water
amount 0.03 USD.
Table 17. Cost prognosis for floating plant mats for operation period of about10a and 20 a.
period of
operation

investment costs [USD]

operation costs [USD]

10a

34,750

20,500

20a

34,750

41,000

Results were used for updating cost-benefit-analysis conducted in subtask 2.2.1. They are
summarized in Tables 18 and 19. Results were integrated in comprehensive cost estimation
and prognosis, illustrated in Figure 58.
Table 18. Comparison of investment costs for selected treatment technologies
investment costs [USD]
floating plant
mats

sand-black
peat filter

chlorine
treatment

10a

34,750

43,825 –
64,300

39,400 –
65,700

chlorine
dioxide
treatment
65,700 –
170,800

20a

34,750

43,825 –
64,300

39,400 –
65,700

65,700 –
170,800

period of
operation

UV radiation
52,600 –
78,800
52,600 –
78,800

Table 19. Comparison of operation costs for selected treatment technologies
operation costs [USD]
floating plant
mats

sand-black
peat filter

chlorine
treatment

10a

20,500

12,800

26,300 –
39,400

chlorine
dioxide
treatment
39,400 –
105,100

20a

41,000

25,600

52,600 –
78,800

78,800 –
210,200

period of
operation
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Figure 58. Cost prognosis of selected treatment technologies
Investment costs for treatment facility using floating plant mats are the lowest compared to
any other treatment technique. As illustrated in Figure 58 floating plant mats are most
economic for the operation period of the first 11 years compared to treatment facilities using
sand-black peat filter, chlorine, chlorine dioxide or UV radiation. After 11 years, sand-black
peat filter is more economic.
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ANNEX 1
Technical drawing of ground view and cross
section of up scaled floating plant mats
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ANNEX 2
Results obtained from microbial analysis for
shortening retention time
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