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1. EXECUTIVE SUMMARY

This Deliverable reports on the activities performed by IRSA within Subtask 2.1.1.
Activities were aimed at testing non-conventional technologies for the treatment of
municipal sewage and the production of effluents suitable for reuse in irrigation.
Tests were performed at the pilot scale, and two experimental plants were operated in order
to evaluate the suitability of the adopted technologies and the quality of produced effluents
with respect to current national water quality standards for reuse in agriculture.
Both the tested technologies were based on the coupling of biological processes and surface
filtration, and two large experimental installations located at the municipal wastewater
treatment plant of Castellana Grotte (Apulia Region, Southern Italy) were operated.
Each of the two pilots was made of two parts: 1) a process based on surface filtration which
treated a continuous flow; 2) a UV disinfection system treating only the effluent fraction
used for irrigation, and operated on demand.
The first plant was based on the technology IFAS-MBR (Integrated Fixed-film Activated
Sludge – Membrane BioReactor, De La Torre et al. 2013), and treated raw sewage after
preliminary screening. The second pilot plant was based on the FDG (Filtro a Dischi a
Gravità, Gravity Disk Filter) technology (Bourgeous et al. 2003), and treated a fraction of
the effluent taken downstream the secondary settling tank of the main wastewater treatment
plant. The effluents of both plants were accumulated into storage tanks and then submitted
to UV disinfection, operated on demand (when the irrigation line was switched on).
Considering the importance of the fecal indicator Escherichia coli for the reuse of treated
wastewater in agriculture, some experiments were also performed at the lab scale to evaluate
the fate of this parameter in soil. A set of soil columns was operated and monitored for E.
coli concentration over time and along depth.
Results showed the effectiveness of both tested technologies in producing effluents suitable
for reuse in agriculture and complying with the local standards. Soil column tests showed
the decay rate of the fecal indicator as the dominant mechanism with respect to
accumulation and possible leaching through the deeper soil layers.
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2. INTRODUCTION
Among the activities included in WP2, the objective of Sub-task n. 2.1.1 is to evaluate
municipal wastewater treatment schemes based on surface filtration through membranes or
cloth for decentralized applications and aimed at the production of water suitable for
irrigation.
The technologies proposed in Sub-task 2.1.1 were tested at the pilot scale by IRSA, and two
large experimental installations were designed, installed and operated at the municipal
wastewater treatment plant of Castellana Grotte (Apulia Region, Southern Italy).
The two pilot plants, based on different technologies, treated wastewater flows that were
deviated from the main plant at different points. Both the plants were made of two parts: 1) a
process based on surface filtration, treating a continuous flow; 2) a UV disinfection system,
treating only the water volumes sent to the field and used for irrigation.
Considering the importance of the fecal indicator E. coli for the reuse of treated wastewater
in agriculture, some experiments were also performed at a small pilot scale to evaluate the
fate of the fecal indicator E. coli in the soil. A set of soil columns was operated and
monitored for E. coli concentration over time and along depth.
2.1

Pilot plant 1: description.

The first pilot plant (Figure 1) was based on the technology IFAS-MBR (Integrated Fixed
film Activated Sludge – Membrane BioReactor, De La Torre et al. 2013) and treated the
municipal sewage after preliminary screening. This system was composed of a suspended
growth pre-denitrification step, followed by an aerated IFAS dedicated to nitrification and
removal of the organic fraction (COD). The process was completed by a membrane
separation reactor, where solid/liquid separation was achieved through submerged
membranes operating out-in.

Figure 1. Scheme of the IFAS-MBR+UV pilot plant.
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The IFAS technology is based on the presence of plastic carriers in the aerobic bioreactor.
These carriers promote biomass accumulation in the form of biofilm, therefore biological
processes are carried out synergistically by the suspended biomass and the biofilm.
Considering the lower growth rates of biofilms with respect to suspended biomass, this may
result in reduced sludge production, with consequent savings in terms of sludge disposal
costs. Another interesting feature of these systems is the possibility that the biofilm develop
both aerobic (in the surface layers) and anoxic (in the deeper layers) metabolisms, thus
allowing for improved denitrification efficiencies. In the specific case of this experimental
application, nutrient removal is not a very relevant requirement considering the type of
treated wastewater (municipal) and the final destination of the effluents (irrigation).
However, testing went beyond the specific experimental situation and aimed at evaluating
this unconventional technology also for application to different cases. Coupling the IFAS
with an MBR has further potential benefits, since the membrane bioreactor allows optimal
control of suspended biomass in terms of sludge retention time, possibly resulting in
reduced production of partially stabilized sludge. Moreover, membrane separation results in
high quality effluent in terms of suspended solids, favoring the adoption of UV disinfection
technologies.
In the present activity, the effluent from the IFAS -MBR plant was accumulated into storage
tanks (30 m3) in order to comply with the volumes required for irrigation of an experimental
field located immediately outside the main treatment plant. The outlet of these tanks was
connected to a closed vessel UV disinfection system, that was automatically activated when
the irrigation line was switched on. The UV (UV-C) lamps were housed inside a stainless
steel cylindrical reactor and placed parallel to the water flow (Figure 2).

Figure 2 – Picture of the UV disinfection system and working scheme.
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2.2

Pilot plant 2: description.

The second pilot plant was based on the FDG (Filtro a Dischi a Gravità, Gravity Disk Filter)
technology (Bourgeous et al. 2003). It treated a fraction of the secondary effluent, that was
taken downstream the secondary settling tank of the main wastewater treatment plant.
Therefore, the FDG provided a tertiary physical treatment allowing for improved removal of
residual suspended solids. The system was based on cloth filtration, operated through a set
of disks submerged into the tank (Figure 3).

Figure 3. Scheme of the pilot plant FDG+UV.

The secondary effluent flowed by gravity through the cloth that covered these disks. When
filtration was hindered by the accumulation of solids on the disks surface, the water level in
the tank tended to increase. Once a pre-defined level was reached, the disks were rotated and
a cleaning system was switched on to clean the cloth surfaces through a vacuum device. In
this way filtration was restored, the water level in the tank tended to decrease, and rotation
of the disks was interrupted until the level increased again. Therefore the system operated
mostly in a still mode, and water treatment occurred by passive (gravity) filtration through
the cloth surfaces.

Figure 4 – Picture of the open channel disinfection system and set of UV lamps.
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A UV disinfection system was placed downstream and treated the FDG effluent when
irrigation was performed. In this case an open channel UV-C system with submerged (selfcooling) ballast was used (Figure 4).

2.3

Soil columns: description.

Twelve identical soil columns were set-up and drip-irrigated with identical water volumes
and frequency. Soil columns consisted of cylindrical containers of 16 L volume (diameter:
23 cm; height: 40 cm). The columns were packed with 19.26 (±0.03) kg of soil for a depth
of 36 cm and were installed vertically on a steel structure and separated by a distance of 50
cm between each other. Samples of topsoil (first 10 cm) and subsoil (from 10 to 36 cm
depth) were collected along the experiment. Each sampling was performed in a different
column and corresponded to its destruction, meaning that after the sampling the column was
not used for the experiment anymore. This procedure allowed to consider all the soil
samples as belonging to a unique column and was chosen to avoid the disturbance that
sampling would have had on the transport of E. coli through the soil, if a single column was
used for multiple sampling.

3. MATERIALS AND METHODS
3.1.

Pilot plants monitoring

The regular functioning of the pilot plants was continuously monitored by a remote control
system, which also allowed logging of the main operational parameters, i.e. flow rates
(influent and waste), membrane pressure, level in the tanks and disks surface washing
frequency and duration.
The pilot plants were sampled at least twice a month and the relative analysis protocols were
established depending on the specific treatment processes. The effluents of the pilot plants
were periodically characterized for the main chemical, physical and biological parameters
related to biological process development (COD, SS, N-NH4, N-NO3, TKN etc), and in
order to evaluate their suitability for irrigation. For the IFAS-MBR plant, a regular biomass
characterization, which includes VSS concentration in the tanks and the waste sludge,
biomass activity and microscopic observations, was also planned. The performances of the
IFAS-MBR, FDG and UV systems in terms of microbiological contamination are evaluated
considering the indicator E. coli. Moreover, from July 2014 the pathogen indicators
Clostridium Perfrigens and Somatic Coliphages were determined in the influent and the
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outlet of the pilot plants. All analyses are performed according to standard methods (APHA
1995).
3.2.

Soil column tests

The experiment took place outside. The pollution scenario consisted of a single fecal
contamination event, which simulated a sewage spill or a supplemental irrigation with raw
wastewater, and subsequent irrigations with conventional water (tap water). Initially the soil
columns were irrigated with 48 mm of raw wastewater, taken from a local municipal
wastewater treatment plant. Then three irrigations with tap water (48 mm) were performed
at day 8, 14 and 27. Three rainfall events also occurred at day 3, 36 and 41. The
concentrations of E. coli in the topsoil, the subsoil and outflow were monitored along the
experiment. Soil samples were collected at days 0, 1, 6 8, 14, 22 and 42. At both days 8 and
14 two samplings were performed, one before and one after the watering event. For two of
the columns samples of outflow were collected after each watering event.

4. RESULTS AND DISCUSSION
4.1.

Pilot plant 1.

The IFAS-MBR+UV pilot plant was installed in May, hydraulically tested in June and
started-up in September 2012. Operating parameters of the IFAS-MBR process were set-up
in order to maximize COD and nitrogen removal: hydraulic load of about 0.5 m3/h
(corresponding to a hydraulic retention time of about 15 d), return sludge flow of about 2.5
m3/h, sludge retention time of 20 d.
Immediately after start-up, several problems related to the presence of the carriers were
observed. These, due to their dimensions (Diam 15mm x H 15mm) and to weaknesses in the
hydraulic design of the pilot plant, caused clogging in several points of the plant. Clogging
between the oxidation tank and the membrane filtration reactor was initially tackled by
blowing air into the connection pipe, but this strategy revealed insufficient. Therefore the
passage between the two reactors was structurally changed. The accidental presence of
carriers in the membrane filtration reactor caused frequent clogging of the sludge
recirculation pump, which delayed the steady state and limited the denitrification capacity of
the system. The occurrence of carriers in the MBR was then prevented and the recirculation
pump was replaced with a different one, less vulnerable to clogging. More relevant changes
in piping and pumping were planned and carried out in the following months. In general,
monitoring and solution of the pilot plant’s problems required a relevant effort both in terms
of on-site evaluation and support to upgrade design.
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AS for the closed vessel UV disinfection system, no interruptions were observed during the
first year of operation.
In order to reach steady state process conditions, biological wastewater treatment plants
require continuous operation for a sufficient period to ensure biomass growth to constant
solid concentrations, determined by a pre-defined sludge retention time (SRT, or sludge
age). This allows the development of a microbial ecosystem able to remove the dissolved
organic substances and nitrogen. In conventional activated sludge systems and for “normal”
operating parameters (volumetric loading rate 0,5-1,0 gCOD/Lreact/d, 15-20 d SRT, etc.)
this period is normally in the range of some weeks. In this experiment, during the period
October 2012 - January 2013 the plant could not reach steady state conditions due to the
clogging problems described above.
Between February 2013 and January 2014 three experimental periods can be considered:


Experimental period 1 (February-March 2013). The MBR suction pump operated
with constant flow (and variable rotation speed) and the TMP (TransMembrane
Pressure) was measured in order to evaluate membrane fouling. Average flow rate
during this period was 340 L/h, corresponding to 26 h HRT (Hydraulic Retention
Time). Suspended biomass concentration varied between 0,7 gVSS/L (early
February) and 2,5 gVSS/L (end of March).



Experimental period 2 (April-September 2013). Due to a malfunctioning of the PLC
that controls the pilot plant, the MBR suction pump operated with constant rotation
speed (and variable flow) and the TMP and flow rate were measured in order to
evaluate the membrane fouling. Flow rate varied between 800 L/h and 350 L/h,
corresponding to 10 d and 25 d HRT, respectively. Suspended biomass concentration
was in the range 2,0-3,0 gVSS/L.



Experimental period 3 (October 2013-January 2014). Flow rate was about 200 L/h.
Suspended biomass concentration grew from 1.0 to 3.0 gVSS/L, with no sludge
discharge during the period.

During all experimental periods the membranes operated according to cyclic periods of relax
(1.25 min) and suction (9 min). No regular backwashing was performed, except a short
period during Experimental period 1, when backwashing was accidentally operated.
To overcome the technical problems observed in the first 18 months of operation, relevant
modifications (to the automation system, the extraction pump and the related pipeline) were
executed to the IFAS-MBR plant during February and March 2014. The new automation
system allowed also the remote control of the main process parameters. Plant operation was
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restarted in April 2014. From April 2014 the suction pump was operated as before the
interruption, i.e. with a constant rotation speed and according to cyclic periods of suction (9
min) and relax (1 min), while no backwash was performed. Both TMP (transmembrane
pressure) and flow rate were monitored in order to evaluate membrane fouling. The flow
rate varied in the range 200-300 L/h and the TMP was between -560 mbar and -600 mbar.
Between April and December 2014 two experimental periods can be considered:
1. 1st April- 10th June. The plant was operated to achieve the complete removal of
nitrogen.
2. 11th June- 1st December. The anoxic phase was eliminated. Therefore the IFAS-MBR
only performed COD removal and nitrification.
The UV system was operated as in the first 18 months.
In December 2014 the operation of the pilot plant ended.
In terms of results, during these last two experimental periods considered, the IFAS-MBR
treatment plant allowed a complete removal (i.e. at least 90%) of COD and TKN (Figure 5).
After the relevant modifications completed in March 2014, the IFAS-MBR showed a good
denitrifying capacity. During the first experimental period the average removal of NOx was
82±6%. After eliminating the anoxic phase from the biological process (10th June 2014), a
relevant denitrification activity was still observed until the end of July (on average 43±16%
removal of N-NOx). This is probably related to the presence of anoxic zones in the oxidation
tank. The plastic carriers, reducing the oxygen transfer toward the biomass present in their
inner volume, could have contributed to this.
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20
0
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Figure 5. COD, TKN and NOx (NO2+NO3) removal achieved with the IFAS-MBR plant.
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During June and July 2013, with the plant operated at 600-800L/h (corresponding to an
organic loading rate of 0.20 gCOD/gVSS/d), the presence of attached biomass on the plastic
carriers submerged in the aerobic tank had been noticed. Since October 2013 the plant was
operated at a lower flow rate, due to a loss of membrane permeability probably caused by
discontinuous operation, and the biofilm attached to the carriers decreased significantly.
However, even when the operating conditions were those adopted from June to November
2014 (corresponding to an organic loading rate of about 0.15 gCOD/gVSS/d), the attached
biomass growth was still negligible, indicating that the biofilm growth could be significantly
limited by very low organic loading rates.
Two chemical cleanings were operated in March and July 2014. The TMP (TransMembrane
Pressure) varied between -560 mbar (immediately after the chemical cleaning) and -600
mbar.
Average values of the main parameters measured in the effluent of the IFAS-MBR+UV are
reported in Table 1. During the first experimental period the plant produced water suitable
for agricultural reuse (e.g. complying with Italian law DM 185/2003). In particular, E. coli
was always absent in the membrane’s permeate.

Table 1. Average values (± standard deviation) of the main parameters measured in the
effluent of pilot plant 1 (IFAS-MBR+UV) at Castellana Grotte.
IFAS-MBR+UV

IFAS-MBR+UV

(1st Apr-10th June

(11th June-1st

2014)

December 2014)

pH (-)

7.5±0.2

7.0±0.5

Electrical Conductivity (µS/cm)

721±47

770±82

COD (mgO2/L)

21.4±7.0

16.8±4.5

Ntot (mgN/L)

16.6±6.5

41.5±14.8

NH4 (mgN/L)

<2

<2

Ptot (mgP/L)

8.5±1.9

8.1±2.9

TSS (mg/L)

<5
absent

<5
absent

Parameter

E.Coli (UFC/100mL)

Also the indicator C. perfrigens was never detected in the effluent of the IFAS-MBR (Figure
6a). However, its presence was observed in the effluent of the UV disinfection system, even
if at very low concentrations, confirming possible contamination of the storage tanks. The
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membrane ultrafiltration allowed a consistent abatement (about 4 log) of Somatic
Coliphages. An additional 2 log removal of Somatic Coliphages was achieved by the UV
radiation (Figure 6b).
1E+06
1E+10
Somatic Coliphages
(PFP/100mL)

C. perfrigens
(CFU/100mL)

1E+05
1E+04
1E+03
1E+02

1E+06
1E+04
1E+02

1E+01

1E+00

1E+00
IN

a)

1E+08

out IFASMBR

out UV

b)

IN

out IFASMBR

out UV

Figure 6. Removal of the pathogen indicators Clostridium perfrigens and Somatic
Coliphages by the Pilot Plant IFAS-MBR. Legenda: IN=influent, out IFAS-MBR=outlet of
the biological process, out UV=outlet of the UV system. Box plots represent the first,
second and third quartiles; whiskers represent maximum and minimum values.

4.2.

Pilot plant 2.

The FDG treatment plant was installed and hydraulically tested in July 2012, and started-up
in September 2012. There were three short interruptions (about 15 days) of the pilot plant
operation due to damages to the feeding pump (September 2012 and September 2013) and
the feeding tubes (May 2013). Foam coming from the full scale plant caused a relevant
problem to the level control system, and consequently to the filtration process, producing the
stop of the plant operation from June 1st to July 12th, 2013. This problem was solved
introducing a physical protection around the level control sticks (plexiglass cylinder).
During the first year (September 2012 – August 2013) polyester filter cloths with 20 µm
mesh were used, and the FDG treated about 25 m3 /h of secondary effluent. Two waste flows
were discharged:
-

“bottom flow”, discharged the deposit sediments, that tended to accumulate at the
bottom of the tank, at a regular frequency (8 sec/30min);

-

“disk washing flow”, discharged the solid material removed from the disk surface
with a frequency that depended on the influent characteristics, and for pre-defined
duration.
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Three test periods were run during the first year, characterized by different disk washing
durations and different solids concentrations in the influent (due to changes in the full scale
plant operation):
1. Test period 1. High load influent (on average 52 mgTSS/L) and fixed washing
duration (80 sec);
2. Test period 2. High load influent and variable washing duration (80 sec plus the time
necessary to reach an intermediate level in the tank);
3. Test period 3. Low load influent (on average 34 mgTSS/L) and variable washing
duration (80 sec plus the time necessary to reach an intermediate level in the tank).
The open channel UV system was installed in September 2012 and, in order to hydraulically
connect the channel to the upstream gravity filter, some modifications were made in the
following weeks. The presence of solids in the effluent of the FDG caused some
malfunctioning of the system that automatically switches on the lamps when the irrigation
starts, and it needed to be changed. A problem of water leakages within the electric part of
the system caused the stop of the UV operation from February to April 2013.
During the first 16 months (September 2012 – November 2013) the FDG was operated with
the same filters (which will be referred to as type#1). In December 2013 a set of new filters
was installed (which will be referred to as type#2). Type#2 filters were made of the same
material (polyester) of the previous ones and had the same mesh (20µm). However the two
filters had different thickness: approximately 2 mm for type#1 and 3 mm for type#2 filters.
As for the UV system, to reduce the influence on the disinfection performances of the
suspended solids content in the FDG effluent (observed in the first 18 months of operation),
the operation mode of the plant was hydraulically modified. During the first 18 months of
operation, due to occasional malfunctioning of the settling tank of the main wastewater
treatment plant, relevant amounts of settleable solids were irregularly discharged in the
secondary effluent and thus reached the FDG negatively affecting the permeate quality. This
greatly affected the disinfection performances of the UV system. To reduce this problem, in
February 2014 a small sedimentation unit (about 2 m3) was introduced between the FDG
and the UV system. Moreover the operational mode of the UV plant was hydraulically
modified: the FDG effluent passed through the UV channel only when the system was in
operation, i.e. during irrigation, while in the first 18 months the UV channel was
continuously fed, also when no UV treatment was provided (lamps off). These modifications
allowed a consistent reduction of the solids accumulation into the UV channel.
In December 2014 the operation of the pilot plant ended.
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The FDG plant operated with the filters type#1 allowed a consistent removal of TSS (and
related COD), while as expected it resulted ineffective for the removal of nitrogen,
phosphorus and microbiological contamination. In Figure 7 the performance of filters
type#1 and type#2 are compared.
type#1

type#2

type#1

40
TSS outlet (mg/L)

COD outlet (mg/L)

50
40
30
20

type#2

30
20
10

10

0
0
50
100
150
COD influent (mg/L)

0

50

100

150

Figure 7. Comparison between the two types of filters used in the FDG plant, showing the
relationship between influent and effluent characteristics (in terms of TSS and COD).
For influents to the FDG plant having similar characteristics, the effluent of type#1 filter had
higher COD and TSS with respect to the effluent of type#2 filter, indicating that the
thickness of the cloth can significantly affect the filtration effectiveness. Average TSS
removal ranged between 62±11% (type#1) and 83±20% (type#2), and the average COD
removal passed from 42±14% (type#1) to 59±20% (type#2). The operation with filters
type#1 confirmed the non-linear relationship between influent and effluent characteristics
found for type#1.
Filters type#2 allowed a small, but still significant, E.coli abatement (included between 0.1
and 0.4 log), which had not been noticed with filters type#1. Moreover, filters type#2
retained a relevant amount of Clostridium Perfrigens, allowing about 1 log removal while
Somathic Coliphages decreased by up to 0.5 log. Performance of type#2 filters in the period
February-December 2014 is reported in Table 2.
As for the UV channel, which treats the outlet of the FDG plant, the disinfection
performance significantly increased after the hydraulic modification that allowed a
consistent reduction of the solids accumulation into the channel. E.coli concentration after
the UV treatment was reduced by 3-4 log, up to values included in the range 1E+00–1.E+02
UFC/100mL. About pathogens indicators, UV treatment allowed a removal between 0 and 3
logs for C. perfrigens and between 0.2 and 1 log for Somathic Coliphages.
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Table 2. Average values (± standard deviation) of the main parameters measured in the
effluent of pilot plant 2 (FDG+UV) at Castellana Grotte.
FDG+UV

Parameter

(Feb-Dec 2014)

pH (-)

7.1±0.2

Electrical Conductivity (µS/cm)

700±37

COD (mgO2/L)

25.7±4.9

Ntot (mgN/L)

9.2±3.1

NH4 (mgN/L)

<2

Ptot (mgP/L)

4.7±1.1

TSS (mg/L)

7.6±5.1

E.Coli (UFC/100mL)
(*)

4.3.

(*)

2 ; 41(**); 674(***)

First quartile; (**) Median; (***) Third quartile.

Soil columns.

The results reported in this section were recently published (Vergine et al. 2015).
After the pollution event, the concentrations of E. coli in the topsoil, the subsoil and the
outflows collected at the bottom of the soil columns were monitored over time until all
reached values below the detection limit (1 CFU/g for soil samples, 1 CFU/100 mL for
water samples). Between day zero and day 14, the mortality of E. coli in the topsoil (E.
colits) followed a log-linear model (log10 E. colits = 4.7-0.249·d, with R2 of 0.991), as can be
seen in Figure 8. After 14 days from the pollution event, the concentrations of E. coli in the
topsoil and the subsoil reached values of 1 CFU/g or lower. Nevertheless, a detectable
presence of E. coli in the outflows was observed for longer. This means that values of E. coli
in the soil lower than 1 CFU/g have still to be considered with regards to the potential
leaching to groundwater.
Comparing the concentrations of E. coli in the topsoil and in the subsoil, there was no
evidence of a continuous movement downward of E. coli from the topsoil to the underlying
layers during the experiment. A small movement downward seemed to occur only in
correspondence to the irrigations, as suggested by the increase of the concentration of E. coli
in the subsoil observed after the irrigation performed at day 8 (Figure 8).
The concentration of E. coli in the leaching water that may possibly reach the groundwater
table (supposed to be at a depth of 36 cm) depends on several parameters, such as the die-off
rate, the leaching coefficient, soil porosity and the natural movement of E. coli through the
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soil. Even if these parameters can vary over time and were not individually determined in
this study, it was observed that the overall trend of the E. coli concentrations in the leaching
water may be described by a log-linear model (Figure 8). Indeed, the concentration of E. coli
in both outflows (E. coliout1 and E. coliout2) followed log-linear models (log10 E. coliout1 =
4.9-0.130·d, with R2 of 0.996; log10 E. coliout2 = 4.6-0.136·d, with R2 of 0.995). The same
pattern was observed by Gagliardi and Karns (2000) for the E. coli O157:07 in the leaching
of various types of soils amended with animal manures.
topsoil
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Figure 8. Soil column experiment: concentrations of E. coli in the topsoil (first 10 cm), the
subsoil (from 10 cm to 36 cm depth), and in the outflows of two soil columns. At day 0
columns were irrigated with 48 mm of raw wastewater having 1.0E+07 CFU/100mL of E.
coli. Vertical dotted lines represent rain and irrigation events (Vergine et al. 2015).
5. CONCLUSIONS
The experimental activities reported here refer to those planned within Subtask 2.1.1, and
involved long term testing at the pilot scale of different non-conventional filtration-based
technologies for the production of water suitable for irrigation.
It is relevant to stress that the whole approach to these activities during the project was
oriented towards the production of water, rather than the disposal of effluents. The adoption
of technologies allowing for an effective removal of the main chemical and microbiological
contaminants possibly providing nutrient conservation is critical with specific reference to
reuse in irrigation.
The technologies adopted for the project’s activities were selected based on two prevalent
criteria: The possibility of nutrient conservation, and the sustainability in terms of cost of
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operation and management. In particular, the IFAS-MBR technology was considered
appropriate for the complete treatment of municipal sewage and the production of effluents
suitable for irrigation. Indeed this technology offers the possibility of limiting the sludge
production by favoring the growth of biomass onto the carriers as biofilm, thus limiting the
operational costs related to sludge handling and disposal. At the same time, appropriate
management of the biological processes may ensure nitrogen conservation in the form of
nitrate, and provide high removal of suspended solids, COD, and microbial contamination.
IFAS-MBR can be considered a highly technological wastewater treatment option,
considering the need of accurate monitoring and automation for the operation of the
biological and membrane filtration processes. On the other hand the FDG technology was
selected for the tertiary treatment of secondary effluents due to its conceptual simplicity and
operational cost-effectiveness. As a matter of facts this “passive” filtration system mostly
operates under gravity, thus it has extremely limited electric power requirements. It can be
considered a low-tech treatment technology, nevertheless providing good performance with
respect to the main parameters that are relevant for effluent reuse. Both these filtration-based
technologies were coupled with a disinfection system. The selection of the most suitable
disinfection process was made on the basis of two main requirements: Operational
flexibility, and no by-products generation. As a matter of facts, when nitrogen and organic
concentrations are considered acceptable (and beneficial) in water for irrigation, the possible
formation of toxic chlorinated by-products (chloro-amines, trihalomethanes, other
chlorinated organics) needs to be avoided. Therefore chlorine-based disinfection systems
should not be adopted in these cases. Furthermore, considerations related to cost and dosage
(or over-dosage) drove the choice towards UV based disinfection. The well-known limited
persistence of the UV disinfection effects over time suggested to apply this tool under a nonconventional operational scheme. Therefore, the UV systems were connected to the
irrigation pumps, allowing the lamps to be switched on only when the treated water was sent
to the field (“on-demand” disinfection). This operational strategy revealed very effective
both for contrasting the bacterial regrowth possibly occurring within the effluent storage
tanks placed downstream the IFAS MBR, and ensuring disinfection to the water stream
produced by the FDG, provided sufficient quality of the latter in terms of clearness and
transparency.
The experimental activities carried out within the project and involving the above mentioned
technologies provided very relevant insights on their effectiveness, suitability to the
objectives, and operational sustainability. The IFAS-MBR technology confirmed high
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effectiveness in producing effluents of excellent quality and suitable for irrigation in terms
of chemical and microbiological characteristics. Nevertheless, the overall complexity of the
combined treatment and the difficulties encountered in maintaining steady operation under
variable wastewater characteristics suggested that this technology could be appropriate for
very high added value applications, where higher water production costs can be sustained.
On the other hand, the FDG technology confirmed its robustness and showed operational
reliability even when the upstream processes (full scale wastewater treatment plant) did not
perform perfectly. However, in this case the quality of the produced tertiary effluents was
clearly dependent on the features of the incoming secondary effluent, and poor quality of
this stream sometimes reflected in lower characteristics of the produced water. Furthermore,
reliability of this technology is strongly related to the quality of filter materials and their
assemblage. Cloths should be preliminary tested for their filtering characteristics and their
fitting to the system’s mechanical parts requires particular care. Once these aspects are
considered, and the incoming water has reasonable quality levels, the FDG technology can
be seen as a sustainable and reliable option for producing water suitable for irrigation (after
a disinfection step). The UV disinfection operated “on demand” revealed very effective in
removing the fecal contamination indicators included in the current regulations for treated
wastewater reuse in irrigation. As a matter of fact, parallel agronomic investigations (results
not shown) revealed no microbial contamination of soil and crops in parcels irrigated with
the reclaimed effluents. This strategy ensuring lower operation cost and higher effectiveness
of the disinfection process can be considered optimal for all situations of discontinuous
delivery of treated wastewater. The investigation on the fate of the fecal indicator
Escherichia coli also provided interesting results and indicated limited persistence of this
indicator in the environment. These results should drive the attention towards the suitability
of current quality standards in the field of treated wastewater reuse, and suggest that
possible revisions of current regulations should carefully consider aspects including
sustainability of strategies and technologies, resource conservation, environmental
protection, and public health.
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