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EOLI

Efficient Operation of Urban Wastewater Treatment Plants

Work Package 1 

Second year Mid Term Report

WP1 - POLIMI - Second year Mid Term Report 

November 2003 -May 2004

Summary

Within the main objectives of WP1, during the period November 2003- May 2004, data related to further 10 SBR cycles were collected to be used for model calibration.

The following report summarises:

- 
SBR performance during the experimentation period;

· analytical results and data discussion for 10 cyclic tests;

· experimented SBR abnormal conditions. 

SBR performance

In order to follow the SBR performance, the following parameters were periodically analyzed:

· biomass concentration (volatile suspended solids – VSS, total suspended solids – TSS), Figure 1;

· effluent ammonium and nitrite concentrations, Figure 2;

· effluent soluble COD, Figure 3,

· sludge volume index – SVI and effluent suspended solids, Figure 4;

· sludge age, Figure 5.
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Figure 1: suspended solids concentration in the SBR sludge.
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Figure 2: ammonium and nitrite concentration in the SBR effluent.
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Figure 3: COD concentration in the SBR effluent.
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Figure 4: sludge volume index (SVI) and effluent TSS.
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Figure 5: SBR sludge age.

Notable events in the SBR conduction related to the period Nov 03-Apr04 are reported in table 1. It has to be noticed that, after the decrease of the anoxic react duration (day 235) which was operated in order to favor complete nitrite oxidation, which could not be achieved before, nitrates concentration increased from below 10 mgN/l to approximately 20 mgN/l in the new operating conditions. Probably, this was due to a lower denitrification capacity  (the anoxic phase was shortened) and an increased release of reduced nitrogen by cell lyses  during the prolonged endogenous phase at the end of the aerobic react, resulting in higher nitrates production by nitrification of the released nitrogen. Periodically, acetate was added to limit nitrates built up. 

It has to be concluded that the feed COD/N ratio was not sufficient to guarantee nitrates concentration below 20 mgN/l for discharge in fresh waters. This low limit could be met by dosing a readily biodegradable carbon source, such acetate, in the denitrification phase.

Table 1: SBR relevant events.

	date
	operational time (d)
	Relevant events

	3-nov-03
	234
	Inoculated 3.5 liters of  nitrifying sludge to improve nitrite oxidation capacity

	4-nov-03
	235
	anoxic time reduced to 1.5 h, aerobic time increased to 3.5 h

	11-nov-03
	242
	cyclic test  #10: COD/N +50%

	20-nov-03
	251
	cyclic test  #11-  +75% overload

	26-nov-03
	257
	cyclic test  # 12- 50% underload

	2-dic-03
	263
	floating worms in the reactor

	4-dic-03
	265
	cyclic test  #13 - +50% overload

	5-dic-03
	266
	drawn 10 liters of effluent, sludge resuspended in tap water to reduce nitrates concentration

	10-dic-03
	271
	cyclic test #14-+25% overload

	11-dic-03
	272
	drawn 13 liters of effluent, sludge resuspended in tap water to reduce nitrates concentration

	12-dic-03
	273
	Added  1.5 g of acetate to reduce nitrates concentration

	15-dic-03
	276
	increased effluent turbidity

	16-dic-03
	277
	Added  2 g of acetate to reduce nitrates concentration

	17-dic-03
	278
	Added  2.5 g of acetate to reduce nitrates concentration

	18-dic-03
	279
	cyclic test #15 Inhibition by ATU

	22-dic-03
	283
	Christmas stop

	14-gen-04
	285
	SBR restarted

	16-gen-04
	287
	no worms are observed as before Christmas stop

	19-gen-04
	290
	Added  1.5 g of acetate to reduce nitrates concentration

	20-gen-04
	291
	0,5g di acetato

	21-gen-04
	292
	air flow rate lower than before Christmas stop

	22-gen-04
	293
	pH, DO, ORP trends similar to those reported before Christmas stop

	27-gen-04
	298
	cyclic test #16, +50% aeration

	29-gen-04
	300
	cyclic test #17, -50% aeration

	4-feb-04
	306
	cyclic test #18, standard conditions

	5-feb-04
	307
	high nitrates concentration, low pH value, added 2g acetate to decrease nitrates and increase pH

	11-feb-04
	313
	cyclic test #19 Inhibition by ATU

	26-feb-04
	328
	cyclic test #20  Inhibition by 4 Cl-phenol


SBR Cyclic tests (#10- #20)

The lab-scale SBR characteristics, sampling and analytic methods have been already described in the first annual reported. 

Main changes regarded the ANOXIC REACT phase. In fact, in order to better follow the denitrification dynamics, sampling timing in the ANOXIC REACT phase was modified as described in Figure 6. Moreover, since most of the denitrification reaction was over after 30 min, the ANOXIC PHASE duration was shorten from 2.5 to 1.5 h, while the nitrification phase was increased from 2.5 to 3.5 h. 

Data related to each cyclic test are reported in Appendix.
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Figure 6: sampling timing and phases durations.

Cyclic test #10 (11/11/03)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR modifying (from the standard conditions that have been defined) the ratio COD/Ntot in the feed, increasing it by the +50% of the standard value.

According to the objective of the experiment, the ratio COD/Ntot was increased by adding glucose to the standard influent (the new ratio was 12 instead of 8, so the influent was prepared to have a COD concentration of 900 [mg/L] instead of 600 [mg/L]).

Results

Nitrates were present at the beginning of the cycle, at a concentration of 9.7 mgN-NO3-/L, remaining from the last cycle of the reactor. No nitrites were detected. During the anoxic phase, nitrates were rapidly depleted leading to a moderate built up of nitrites (up to 2.3 mgN-NO3-/L) which were also rapidly reduced. Within 30 min, all oxidised-nitrogen forms were denitrified. At the same time, soluble COD was depleted to 26 mg/L. As far as nitrification is concerned, ammonium was oxidised in less than 60 min of aeration; nitrites built up to 2.4 mgN-NO2-/L but were rapidly depleted. Therefore, after 60 min of aeration, endogenous conditions were reached. During the remaining 2.5 h of aeration, nitrates kept increasing of 3 mgN-NO3-/L, indicating nitrification of the ammonium released by cell lysis and ammonification. 

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat and DO-stat titration and was estimated to be, respectively, 4.5 and 5.4 mgN-NH4+/(gVSS(h). Similarly, the activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be 3.2 mgN-NO2+/(gVSS(h). 

NOTE:
 Between the previous cycle test (16/10/03) and this one, the following actions were taken to improve the nitrite oxidising capacity of the sludge, which had been keeping deteriorating from September onward:

· the load was halved for 4 d (20/10 and 24-25-26/10);

· from the 21/10/03 onward, micronutrients were added to the feed to support nitrifiers growth;

· from the 22/10/03 onward, we started pre-aerating overnight the tap water used to prepare the SBR influent to remove residual chlorine (detrimental to NOB); 

· the 3/11/03, sludge from a standard WWTP was inoculated (17.5% of the biomass in the SBR);

· from the 4/11/03 onward, the anoxic phase was shortened from 2.5 to 1.5 h and the aerobic phase was prolonged from 2.5 to 3.5 h, to reduced NOB anoxic decay and to increase the time for nitrite oxidation. 

Problems

No problems are to be mentioned. 

Cyclic test #11 (20/11/03)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR modifying (from the standard conditions that have been defined) the reactor load, i.e. increasing both COD and N load by the +75% of the standard value.

According to the objective of the experiment, COD and Ntot concentration of the feed was increased by adding glucose and ammonium chloride to the standard influent (the influent was prepared to have a COD concentration of 1050 [mg/L] and a Nsol concentration of 131.3 [mg/L]).

Results

Nitrates were present at the beginning of the cycle, at a concentration of 18.1 mgN-NO3-/L, nitrites were less than 0.2 mgN-NO2-/L. Since the previous test (11/11/03), effluent nitrates increased from approx. 10 to 18 mgN-NO3-/L. This is likely related to the variation in the duration of the react phases (i.e. decreased anoxic time from 2.5 to 1.5 h, and increased aerobic time from 2.5 to 3.5 h), which may have enhanced the aerobic ammonification process, making more reduced nitrogen available for nitrifiers.

Due to the increased influent load, denitrification took approx. 1 hour to be completed, while it takes less than 30 min under standard loading conditions. Also, nitrites built up to almost 10 mgN/l, while they keep lower than 4 mgN/l under standard loading conditions. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decrease slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase. 

As far as nitrification is concerned, ammonium was oxidised in less than 60 min of aeration; nitrites built up to 3.0 mgN-NO2-/L but were rapidly depleted. Therefore, after 90 min of aeration, endogenous conditions were reached. During the remaining 2.0 h of aeration, nitrates kept increasing of 2 mgN-NO3-/L, indicating the nitrification of the ammonium released by cell lysis and ammonification. Therefore, the influent overload did not aversely affect reactor performance. 

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat titration and was estimated to be 5.0 mgN-NH4+/(gVSS(h). Similarly, the activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be: 4.3 mgN-NO2+/(gVSS(h). 

Problems

No problems are to be mentioned

Cyclic test #12 (26/11/03)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR modifying (from the standard conditions that have been defined) the reactor load, i.e. decreasing both COD and N load by the 50% of the standard value.

According to the objective of the experiment, the COD and Ntot concentration of the feed were decreased (the influent was prepared to have a COD concentration of 300 [mg/L] and a Nsol concentration of 37.5 [mg/L]).

Results

Nitrates were present at the beginning of the cycle, at a concentration of 22.6 mgN-NO3-/L, nitrites were less than 0.2 mgN-NO2-/L. As already noticed during the previous test (20/11/03), effluent nitrates were found to be significantly higher than those measured under standard loading conditions (approx. 10 mgN-NO3-/L). This is likely related to the variation of the duration of the react phases (i.e. decreased anoxic time from 2.5 to 1.5 h, and increased aerobic time from 2.5 to 3.5 h), which may have enhanced the aerobic ammonification process, making more reduced nitrogen available for nitrifiers.

Due to the decreased influent COD load, denitrification could not be complete and nitrates did not decrease below 12.3 mgN/L. On the contrary, after 30 min of anoxic react, nitrates concentration started increasing and nitrites concentration decreasing, indicating that nitrification was taking place, likely triggered by oxygen dissolution from the atmosphere, which may have caused micro-aerobic conditions, undetected by the dissolved oxygen probe. Accordingly, soluble COD was depleted to less than 20 mgCOD/L during the anoxic phase and did not decrease significantly during the following aeration phase, indicating that the biodegradable COD fraction was completely oxidised during the anoxic phase. Therefore, the influent underload aversely affected the reactor denitrification capacity. 

As far as nitrification is concerned, ammonium was oxidised in less than 30 min of aeration; nitrites built up was not observed. Therefore, after 30 min of aeration, endogenous conditions were reached. During the remaining 3.0 h of aeration, nitrates kept increasing of 2 mgN-NO3-/L, indicating the nitrification of the ammonium released by cell lysis and ammonification. 

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat and DO-stat titration and was estimated to be, in both cases, 5.0 mgN-NH4+/(gVSS(h). Similarly, the activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be: 4.1 mgN-NO2+/(gVSS(h). 

Problems

No problems are to be mentioned.

Cyclic test #13 (04/12/03)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR modifying (from the standard conditions that have been defined) the reactor load, i.e. increasing both COD and N load by the +50% of the standard value.

According to the objective of the experiment, the COD and Ntot concentration of the feed was increased by adding glucose and ammonium chloride to the standard influent (the influent was prepared to have a COD concentration of 900 [mg/L] and a Nsol concentration of 113 [mg/L]).

Results

Nitrates were present at the beginning of the cycle, at a concentration of 19 mgN-NO3-/L, nitrites were less than 0.1 mgN-NO2-/L. As already reported, since the 20/11/03, the effluent nitrates increased from approx. 10 mgN-NO3-/L, observed during SBR standard operation, to 18-20 mgN-NO3-/L. This is likely related to the variation of the duration of the react phases (i.e. decreased anoxic time from 2.5 to 1.5 h, and increased aerobic time from 2.5 to 3.5 h), which may have enhanced the aerobic ammonification process, making more reduced nitrogen available for nitrifiers.

Due to the increased influent nitrates concentration, denitrification lasted approx. 1 hour, while it takes less than 30 min under standard loading conditions. Also, despite the increased organic load, nitrates and nitrites could not be completely reduced and 3.7 mg N-NOx were still present at the end of the anoxic phase. Moreover, soluble COD was depleted to less than 25 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase. 

As far as nitrification is concerned, ammonium was oxidised in less than 60 min of aeration; nitrites built up to 3.3 mgN-NO2-/L but were rapidly depleted. Therefore, after 90 min of aeration, endogenous conditions were reached. During the remaining 2.0 h of aeration, nitrates kept increasing of 1.3 mgN-NO3-/L, indicating the nitrification of the ammonium released by cell lysis and ammonification. 

The influent overload did not aversely affect reactor performance. 

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat and DO-stat titration and was estimated to be, respectively, 6.6 and 5.4 mgN-NH4+/(gVSS(h). Similarly, the activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be: 3.6 mgN-NO2+/(gVSS(h). 

Problems

Since 02/12/03, the presence of floating pluricellular organisms (1-2 mm length) resempling worms or grubs, was observed, together with increased effluent turbidity. During the same period, reduction of VSS, TSS and SVI was also observed. The observed organisms may have exerted a grazing activity on sludge flocs, favouring a reduction of biomass in the SBR. Eggs of these organisms may had been present in the sludge sample inoculated in the SBR the 3/11/03.
Cyclic test #14 (10/12/03)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR modifying (from the standard conditions that have been defined) the reactor load, i.e. increasing both COD and N load by the +25% of the standard value.

According to the objective of the experiment, the COD and Ntot concentration of the feed was increased by adding glucose and ammonium chloride to the standard influent (the influent was prepared to have a COD concentration of 750 [mg/L] and a Nsol concentration of 93.8 [mg/L]).

Results

Nitrates were present at the beginning of the cycle, at a concentration of 18.6 mgN-NO3-/L, nitrites were less than 0.3 mgN-NO2-/L. As already reported, since the 20/11/03, the effluent nitrates increased from approx. 10 mgN-NO3-/L, observed during SBR standard operation, to 18-20 mgN-NO3-/L. This is likely related to the variation of the duration of the react phases (i.e. decreased anoxic time from 2.5 to 1.5 h, and increased aerobic time from 2.5 to 3.5 h), which may have enhanced the aerobic ammonification process, making more reduced nitrogen available for nitrifiers.

Due to the increased nitrates concentration, denitrification lasted approx. 1 hour, while it takes less than 30 min under standard loading conditions. Also, despite the increased influent load, nitrates and nitrites could not be completely reduced and 5.9 mg N-NOx were still present at the end of the anoxic phase. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase. 

As far as nitrification is concerned, ammonium was oxidised in less than 60 min of aeration; nitrites built up to 4.7 mgN-NO2-/L and were depleted in 90 min of aeration. Later on, endogenous conditions were reached. During the remaining 2.0 h of aeration, nitrates kept increasing of 2.4 mgN-NO3-/L, indicating the nitrification of the ammonium released by cell lysis and ammonification. 

The influent overload did not aversely affected reactor performance. 

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat and DO-stat titration and was estimated to be, in both cases, 6.4 mgN-NH4+/(gVSS(h). Similarly, the activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be: 4.9 mgN-NO2+/(gVSS(h). 

Problems

Since 02/12/03, the presence of floating pluricellular organisms (1-2 mm length) resempling worms or grubs, was observed, together with increased effluent turbidity. During the same period, reduction of VSS, TSS and SVI was also observed. The observed organisms may have exerted a grazing activity on sludge flocs, favouring a reduction of biomass in the SBR. Eggs of these organisms may had been present in the sludge sample inoculated in the SBR the 3/11/03.
Cyclic test #15 (18/12/03)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR in the presence of a nitrification inhibitor (allylthiourea – ATU -  0.11 mg/l) in the influent.

According to the objective of the experiment, allylthiourea (ATU) was added to the standard influent, in order to reach an inhibitor concentration in the SBR reactor, during the REACT phase, of 0.11 mg ATU/L. According to a preliminary short-term inhibition test, this concentration corresponded to the EC30 (30% effective concentration). 

Results

Nitrates were present at the beginning of the cycle, at a concentration of 15.2 mgN-NO3-/L, nitrites were less than 0.2 mgN-NO2-/L. As already reported, since the 20/11/03, the effluent nitrates increased from approx. 10 mgN-NO3-/L, observed during SBR standard operation, to approx. 18-20 mgN-NO3-/L. In order to limit nitrates build up, acetate was added to the feed during the week before this experiment. As a consequence, nitrates concentration was reduced to 15.2 mgN/L. Nevertheless, the standard COD load was insufficient for a complete denitrification and oxidised nitrogen was still 6.5 mg N-NOx/L at the end of the ANOXIC REACT. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase.

As far as nitrification is concerned, ammonium oxidation was found to be slowed down significantly. Ammonium concentration was found to be 0.9 mgN/L after 120 min of aeration, while it was normally completely oxidised within 60 min, even in presence of a +75% N overlaod (see 20/11/03). However, complete nitrification could be achieved within the aerobic react phase. Differently, nitrites, which were almost 5 mg N/L at the end of the anoxic react phase, were completely oxidised within 60 min of aeration, being the oxidation of nitrites unaffected by the presence of ATU and, therefore, faster than the oxidation of ammonium.

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat and DO-stat titration and was estimated to be, respectively, 2.2 and 3.4 mgN-NH4+/(gVSS(h). The average value (2.8 mgN-NH4+/(gVSS(h)) is the 43% of the activity measured the week before (10/12/03, C and N overload of +25%), corresponding to an actual inhibition of 57%, higher than that one (30%) observed in a previous short term inhibition test. 

Problems

Since 02/12/03, the presence of floating pluricellular organisms (1-2 mm length) resempling worms or grubs, was observed, together with increased effluent turbidity. During the same period, reduction of VSS, TSS and SVI was also observed. The observed organisms may have exerted a grazing activity on sludge flocs, favouring a reduction of biomass in the SBR. Eggs of these organisms may had been present in the sludge sample inoculated in the SBR the 3/11/03.
Cyclic test #16 (27/01/04)

Test conditions

The aim of the experiment was to monitor the behaviour of the SBR in the presence of an increased aeration capacity (air flow rate +50%  in the aerobic react phase).

According to the objective of the experiment, an additional air pump was used in order to increase the total air flow rate of +50% with respect to the flow rate measured the week before during standard operation.

Results

Nitrates were present at the beginning of the cycle, at a concentration of 11.6 mgN-NO3-/L, nitrites were less than 0.1 mgN-NO2-/L. As already reported, since the 20/11/03, the effluent nitrates increased from approx. 10 mgN-NO3-/L, observed during SBR standard operation, to approx. 18-20 mgN-NO3-/L. In order to limit nitrates build up, acetate was added to the feed during the week before this experiment. As a consequence, nitrates concentration was reduced to 11.6 mgN/L. Nevertheless, the standard COD load was insufficient to ensure a complete denitrification and oxidised nitrogen was still 2.0 mg N-NOx/L at the end of the ANOXIC REACT. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase.

As far as nitrification is concerned, ammonium and nitrites oxidation was found to be completed within 60 min of aeration. No appreciable increase in ammonium oxidation, due to increased air flow, was reported. 

The activity of Ammonia-Oxidizing Bacteria was evaluated by pH-stat and DO-stat titration and was estimated to be, respectively, 5.6 and 5.5 mgN-NH4+/(gVSS(h). The activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be, 5.2 mgN-NO2-/(gVSS(h). The average value approx. 10-15% lower than average values obtained before Christmas SBR stop. 

Problems

After the Christmas stop, a decrease in the aeration capacity of the aeration system was observed. As a consequence, DO values during a standard cycle, as well as the KLa value, were found to be lower than average values observed before. Therefore, this test should be compared with the replicate test of standard conditions performed later (test #18: 04-02-2004). 

Cyclic test #17 (29/01/04)

Test conditions

The aim of the experiment was to monitor the behaviour of the SBR in the presence of a decreased aeration capacity (air flow rate -50%  in the aerobic react phase).

According to the objective of the experiment, an additional air pump was used in order to decrease the total air flow rate of -50% with respect to the flow rate measured the week before during standard operation.

Results

Nitrates were present at the beginning of the cycle, at a concentration of 15 mgN-NO3-/L, nitrites were less than 0.3 mgN-NO2-/L. As already reported, since the 20/11/03, the effluent nitrates increased from approx. 10 mgN-NO3-/L, observed during SBR standard operation, to approx. 18-20 mgN-NO3-/L. In order to limit nitrates build up, acetate was added to the feed during the week before this experiment. As a consequence, nitrates concentration was reduced to 15 mgN/L. Nevertheless, the standard COD load was insufficient to ensure a complete denitrification and oxidised nitrogen was still more than 5.0 mg N-NOx/L at the end of the ANOXIC REACT. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase.

As far as nitrification is concerned, ammonium and nitrites oxidation was found to be completed within 90 min, compared to the 60 min time required when aeration was increased of +50% with respect to standard conditions. Accordingly, the activity of Ammonia-Oxidizing Bacteria, evaluated by pH-stat and DO-stat titration and was estimated to be, respectively, 3.6 and 3.9 mgN-NH4+/(gVSS(h), while it was found to be 5.5-5.6 in the previous test. The activity of Nitrite-Oxidizing Bacteria was evaluated by DO-stat titration and was estimated to be, 4.8 mgN-NO2-/(gVSS(h). 

Problems

After the Christmas stop, a decrease in the aeration capacity of the aeration system was observed. As a consequence, DO values during a standard cycle, as well as the KLa value, were found to be lower than average values observed before. Therefore, this test should be compared with the replicate test of standard conditions performed later (test #18: 04-02-2004).

Cyclic test #18 (04/02/04)

Test  conditions

The aim of the experiment was to monitor the behaviour of the SBR in standard conditions. Compared to previous standard conditions tests (26/06/03; 14/07/03), the following conditions have changed:

- the duration of the ANOXIC REACT decreased from 2.5 to 1.5 h; the duration of the AEROBIC REACT increased from 2.5 to 3.5 h;

- the aeration capacity of the aeration system decreased (the KLA decreased from 0.2-0.4 1/min to 0.1-0.2 1/min).

According to the objective of the experiment, standard influent was used.

Results

Nitrates were present at the beginning of the cycle, at a concentration of 20 mgN-NO3-/L, nitrites were less than 0.1 mgN-NO2-/L. As already reported, since the 20/11/03, the effluent nitrates increased from approx. 10 mgN-NO3-/L, observed during SBR standard operation, to approx. 18-20 mgN-NO3-/L. As observed earlier, the standard COD load was insufficient to ensure a complete denitrification and oxidised nitrogen was still more than 12 mg N-NOx/L at the end of the ANOXIC REACT. Nitrites built up to 10 mgN-NO2-/L. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase.

As far as nitrification is concerned, ammonium and nitrites oxidation was found to be completed in less than 60 min.. the activity of Ammonia-Oxidizing Bacteria, evaluated by pH-stat and DO-stat titration and was estimated to be, in both cases, 5.8 mgN-NH4+/(gVSS(h). The same value was obtained for the activity of Nitrite-Oxidizing Bacteria, which was evaluated by DO-stat titration. 
Problems

No problems are to be mentioned.

Cyclic test #19 (11/02/04)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR in the presence of a nitrification inhibitor (allylthiourea – ATU -  0.08 mg/l) in the influent.

According to the objective of the experiment, allylthiourea (ATU) was added to the standard influent, in order to reach an inhibitor concentration in the SBR reactor, during the REACT phase, of 0.08 mg ATU/L.
Results

Nitrates were present at the beginning of the cycle, at a concentration of 13.4 mgN-NO3-/L, nitrites were less than 0.1 mgN-NO2-/L. Lower nitrates concentration than that one averagely reported in previous cycle is due to acetate addition performed the 05/02/04 aimed at reducing nitrates concentration and at increasing suspension pH which was observed to decrease to values lower that 7. As observed earlier, the standard COD load was insufficient to ensure a complete denitrification and oxidised nitrogen was still more than 3.5 mg N-NOx/L at the end of the ANOXIC REACT. Nitrites built up to 6.7 mgN-NO2-/L. Moreover, soluble COD was depleted to less than 30 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase.

As far as nitrification is concerned, ammonium and nitrites oxidation was found to be completed in approximately 60 min. The activity of Ammonia-Oxidizing Bacteria, evaluated by pH-stat and DO-stat titration and was estimated to be 4.1 and 4.2 mgN-NH4+/(gVSS(h), respectively. 

The average value (4.05 mgN-NH4+/(gVSS(h)) is the 70% of the activity measured the week before (04/02/04, standard conditions), corresponding to an actual inhibition of 30%, lower than the inhibition caused by 0.1 mgATU/l, which cause a 57% inhibition (see test #15, 18/12/03). 

A similar rate was observed for the activity of Nitrite-Oxidizing Bacteria, which was evaluated to be 4.4 mgN-NO2-/(gVSS(h) by DO-stat titration. As observed in preliminary inhibition tests, ATU did not affect significantly NOB activity which was limited only by the rate of nitrite formation by AOB. 
Problems

No problems are to be mentioned. 

Cyclic test #20 (26/02/04)

Test conditions

The aim of the experiment is to monitor the behaviour of the SBR in the presence of a nitrification inhibitor (4 chlorophenol – 4ClP-  0.6 mg/l) in the influent. In a preliminary pH/DO-stat titration test, this concentration was found to correspond to the EC25 for AOB, while it did not affected NOB activity.

According to the objective of the experiment,  4ClP was added to the standard influent, in order to reach an inhibitor concentration in the SBR reactor, during the REACT phase, of 0.6 mg/L

Results

Nitrates were present at the beginning of the cycle, at a concentration of 11.5 mgN-NO3-/L, nitrites were less than 0.1 mgN-NO2-/L. Lower nitrates concentration than that one averagely reported in previous cycles is due to sludge settling, supernatant decanting and sludge resuspension in tap water performed several times after the test #19 in order to reduce ATU concentration to non inhibiting levels.  Due to the low initial nitrates concentration, denitrification was complete, leading to an oxidised nitrogen level at the end of the ANOXIC REACT of less than 0.5 mg N-NOx/L Nitrites built up to 3.5 mgN-NO2-/L. Moreover, soluble COD was depleted to less than 25 mgCOD/L during the anoxic phase and decreased slightly during the following aeration phase, indicating that the biodegradable COD fraction was almost completely oxidised during the anoxic phase.

As far as nitrification is concerned, ammonium and nitrites oxidation was found to be completed in less than 90 min. The activity of Ammonia-Oxidizing Bacteria, evaluated by pH-stat and DO-stat titration and was estimated to be 4.1 and 4.0 mgN-NH4+/(gVSS(h), respectively. 

The average value (4.05 mgN-NH4+/(gVSS(h)) is the 70% of the activity measured the week before (04/02/04, standard conditions), corresponding to an actual inhibition of 30%, close to the expected value of 25% estimated in short term acute toxicity tests. 

A similar rate was observed for the activity of Nitrite-Oxidizing Bacteria, which was evaluated to be 4.1 mgN-NO2-/(gVSS(h) by DO-stat titration. As observed in preliminary inhibition tests, 4-ClP did not affect significantly NOB activity, which was limited only by the rate of nitrite formation by AOB. 

Problems

No problems are to be mentioned.

Abnormal conditions

As requested by WP6, the following abnormal conditions were identified during the POLIMI’s SBR operations

The following two abnormal conditions have been experienced in our SBR.

Abnormal Condition: Reduced nitratation capacity
1. During several weeks a constant increase in the effluent nitrites concentration was observed, indicating a reduced nitratation capacity. 

2. The evidence was the accumulation of nitrites in the SBR effluent. A specific cause was not identify, however the following hypotheses were outlined:

shortage of micronutrients in the feed, which was prepared with an increased fraction of distilled over tap water.

Increased content of chlorine residues in the tap water used to prepared the feed. It is known that chlorates act as selective inhibitors of nitrite oxidisers (Belser and Mays 1980; Hynes and Knowles, 1983).
Excessive duration of the anoxic phase during. It is known that during the anoxic phase only the decay process is active for aerobic bacteria which may not be compensated by aerobic growth. It is also known that the anoxic decay for nitrite oxidisers is faster than the same process for ammonia oxidisers leading to an unbalanced nitrifying population (Morgenroth et al., 2000).

3. Description of actual or possible operator action

The following actions are likely to improve nitratation:

· increase the ratio aerobic/anoxic reaction phases.

· Add micronutrients to the influent
· Inoculate the SBR with fresh well nitrifying sludge
4. Occurred or expected to occur in your EOLI dedicated reactor? (yes/no/don’t know)

It occurred for several weeks.

5. Frequency or expected frequency of occurrence (low, medium, high)

Low/medium

6. Importance/criticality you would assign to this abnormal condition: 5

7. References or literature that you consider to be related to this abnormal condition

Belser L.W., Mays E.L. (1980) Specific Inhibition of nitrite Oxidation by Chlorate and Its use in Assessing Nitrification in soils and Sediments. Applied and Environmental Microbiology. 39(3), 505-510. 

Hynes R. K. and Knowles R.  (1983) Inhibition of chemoautotrophic nitrification by sodium chlorate and sodium chlorite: a reexamination. Applied and Environmental Microbiology. 45(4), 1178-1182. 

Morgenroth E., Obermayer A., Arnold E., Bruhl A., Wagner M. and Wilderer P.A. (2000) Effect of long-term idle periods on the performance of sequencing batch reactors. Water Science & Technology. 41(1), 105-113.  

Abnormal Condition: Growth of grazing organisms
1. The presence of floating pluricellular organisms (1-2 mm length) resembling worms or grubs, was observed.

2. Description of observations or reasoning indicating the abnormal condition:

Increased effluent turbidity, reduction of VSS, TSS and SVI was also observed

3. Description of actual or possible operator action

No specific actions can be taken, a natural adaptation of the biocenosis is expected to take place. 

4. Occurred or expected to occur in your EOLI dedicated reactor? (yes/no/don’t know)

Occurred once in the POLIMI SBR likely enhanced by activated sludge inoculation (performed to improve nitrogen removal)

5. Frequency or expected frequency of occurrence (low, medium, high)

low

6. Importance/criticality you would assign to this abnormal condition (1=low-5=high)

low (1)

7. References or literature that you consider to be related to this abnormal condition

Ratsak, C.H.; Maarsen, K.A.; Kooijman, S.A.L.M. (1996) Effects of protozoa on carbon mineralization in activated sludge. Water Research. Vol. 30, no. 1, pp. 1-12. 1996.

APPENDIX: cyclic tests results

	Experiment 10th
	time
	10.00
	10.10
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	11/11/03
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	Cod/N +50%
	Influent
	10.00
	10.01
	10.02
	10.03
	10.04
	10.05
	10.01
	10.02
	10.03
	10.04
	10.05
	10.06
	E10

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	CODtot
	908
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	29

	COD sol
	884
	14
	82
	37
	26
	23
	16
	21
	19
	20
	19
	18
	16
	18

	TOC sol
	299
	7.2
	31
	13
	8.3
	7.8
	7.1
	8
	8.1
	8
	7.9
	7.9
	7.5
	6.6

	NH4+-N
	3.72
	0.21
	3.02
	4.56
	5.35
	5.88
	6.26
	1.14
	0.05
	0.04
	0.04
	0.04
	0.03
	 

	NO3--N
	<0,2
	9.68
	4.11
	0.73
	0.1
	0.33
	0.34
	4.74
	8.01
	8.65
	9.48
	10.1
	11
	 

	NO2--N
	<0,02
	0.37
	2.34
	2.25
	0.08
	0.12
	0.12
	2.44
	0.39
	0.05
	0.05
	0.05
	0.06
	 

	N tot
	75
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	71
	13.5
	18
	11.5
	8.9
	8.6
	8.9
	9.6
	11
	12.4
	12.4
	12
	14.1
	13

	N org
	 
	3.24
	8.53
	3.96
	3.37
	2.27
	2.18
	1.28
	2.55
	3.66
	2.83
	1.81
	3.01
	 

	SVI [ml/g] - 1
	76.36
	VSS/TSS
	79.65%

	VSS biomass
	2.25
	VSS effluent
	0.00

	TSS biomass
	2.825
	TSS effluent
	0.00

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.296

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 11th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	20/11/03
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	(COD-N)/X +75%
	Influent
	11.00
	11.01
	11.02
	11.03
	11.04
	11.05
	11.01
	11.02
	11.03
	11.04
	11.05
	11.06
	E11

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	CODtot
	1266
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	52

	COD sol
	1258
	19
	131
	91
	68
	37
	29
	25
	25
	15
	15
	22
	23
	14

	TOC sol
	406
	7.4
	45
	30
	22
	12
	10
	8
	8.6
	8.3
	8.3
	8.7
	8.8
	14

	NH4+-N
	6.61
	0.75
	5.07
	5.06
	7.22
	8.5
	10.2
	5.46
	0.07
	0.05
	0.05
	0.05
	0.04
	 

	NO3--N
	<0,2
	18.1
	7.04
	2.42
	1.67
	0.55
	0.51
	5.8
	11.4
	15.3
	15.8
	16.2
	17.2
	 

	NO2--N
	<0,02
	0.16
	6.39
	9.31
	6.39
	0.79
	0.17
	2.48
	3.03
	0.03
	0.02
	0.03
	0.02
	 

	N tot
	132
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	129
	22.9
	31.5
	26.3
	21.8
	16.1
	16
	20.1
	18.5
	19.8
	18.5
	18.6
	21.5
	22

	N org
	 
	3.89
	13
	9.51
	6.52
	6.26
	5.12
	6.36
	4
	4.42
	2.63
	2.32
	4.24
	 

	SVI [ml/g] - 1
	76.36
	VSS/TSS
	79.33%

	VSS biomass
	2.38
	VSS effluent
	0.0397

	TSS biomass
	3.000
	TSS effluent
	0.05

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.418

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 12th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	26/11/03
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	(COD-N)/X -50%
	Influent
	12.00
	12.01
	12.02
	12.03
	12.04
	12.05
	12.01
	12.02
	12.03
	12.04
	12.05
	12.06
	E12

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	CODtot
	352
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	30

	COD sol
	346
	23
	32
	22
	22
	20
	16
	16
	19
	18
	14
	18
	18
	14

	TOC sol
	114
	8.8
	11
	7.9
	7
	6.6
	7
	7.3
	7
	7.4
	6.7
	6.5
	6.7
	6.8

	NH4+-N
	1.96
	0.62
	2
	2.86
	3.12
	3.08
	2.78
	0.06
	0.06
	0.06
	0.05
	0.05
	0.05
	 

	NO3--N
	<0,2
	22.6
	14.26
	12.95
	12.25
	13.3
	15.53
	19.28
	19.59
	19.89
	20.59
	21.19
	21.39
	 

	NO2--N
	<0,02
	0.16
	2.24
	2.55
	2.55
	1.5
	0.27
	0.02
	0.01
	0.01
	0.01
	0.01
	0.01
	 

	N tot
	38
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	36
	26.3
	24.6
	23
	22.9
	22.4
	21.6
	22.3
	23
	23.6
	24.1
	24.4
	25.7
	24.7

	N org
	 
	2.92
	6.1
	4.64
	4.98
	4.52
	3.02
	2.94
	3.34
	3.64
	3.45
	3.15
	4.25
	 

	SVI [ml/g] - 1
	71.15
	VSS/TSS
	82.31%

	VSS biomass
	2.14
	VSS effluent
	0.0021

	TSS biomass
	2.600
	TSS effluent
	0.0025

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.447

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 13th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	04/12/03
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	(COD-N)/X +50%
	Influent
	12.00
	12.01
	12.02
	12.03
	12.04
	12.05
	12.01
	12.02
	12.03
	12.04
	12.05
	12.06
	E12

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	CODtot
	920
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	COD sol
	899
	19
	85
	52
	37
	24
	20
	22
	20
	18
	18
	20
	17
	16

	TOC sol
	295
	6.4
	30
	17
	11
	7.6
	7
	6.4
	5.8
	6.3
	6.9
	6.8
	6.2
	5

	NH4+-N
	5.48
	0.39
	3.95
	6.31
	7.76
	9.52
	9.75
	3.57
	0.05
	0.05
	0.05
	0.04
	0.04
	 

	NO3--N
	<0,2
	19
	11.1
	7.22
	4.97
	2.3
	2.21
	7.16
	12.3
	16
	16.1
	16.6
	17.3
	 

	NO2--N
	<0,02
	0.07
	3.16
	4.26
	4.6
	3.53
	1.53
	3.26
	1.96
	0.01
	0.01
	0.01
	0.01
	 

	N tot
	110
	
	
	
	
	
	
	
	
	
	
	
	
	 

	N sol
	107
	21.5
	37.7
	23.9
	20.6
	17.1
	14.8
	16.7
	19.5
	17.6
	18.8
	18.7
	18.9
	21.3

	N org
	 
	
	
	
	
	
	
	
	
	
	
	
	
	

	SVI [ml/g] - 1
	66.23
	VSS/TSS
	80.96%

	VSS biomass
	2.45
	VSS effluent
	0.002

	TSS biomass
	3.02
	TSS effluent
	0.0025

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.352

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 14th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	10/12/03
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	(COD-N)/X +25%
	Influent
	14.00
	14.01
	14.02
	14.03
	14.04
	14.05
	14.01
	14.02
	14.03
	14.04
	14.05
	14.06
	E14

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	755
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	28

	COD sol
	741
	18
	77
	48
	42
	32
	26
	28
	23
	22
	19
	20
	21
	19

	TOC sol
	237
	7.1
	24
	15
	12
	7.7
	6.3
	8
	6.7
	6.6
	6.9
	5.7
	6.7
	6.8

	NH4+-N
	4.75
	0.27
	3.39
	5.23
	6.39
	8.03
	8.35
	2.39
	0.04
	0.06
	0.04
	0.05
	0.05
	 

	NO3--N
	<0,2
	18.6
	11.1
	7.49
	5.37
	2.66
	2.13
	8.4
	14
	15.8
	16.6
	17.3
	18.2
	 

	NO2--N
	<0,02
	0.24
	3.23
	4.38
	5.08
	5.11
	3.8
	4.69
	1.87
	0.05
	0.02
	0.02
	0.02
	 

	N tot
	90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	85
	24.1
	27.9
	23.3
	22.1
	17.9
	17
	18.2
	19.1
	20.7
	22.4
	21
	21.9
	22

	N org
	 
	4.99
	10.18
	6.2
	5.26
	2.1
	2.72
	2.72
	3.19
	4.79
	5.74
	3.63
	3.63
	 

	SVI [ml/g] - 1
	52.92
	VSS/TSS
	80.94%

	VSS biomass
	2.335
	VSS effluent
	0.0202

	TSS biomass
	2.885
	TSS effluent
	0.025

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.313

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 15th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	18/12/03
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	ATU (EC30)
	Influent
	15.00
	15.01
	15.02
	15.03
	15.04
	15.05
	15.01
	15.02
	15.03
	15.04
	15.05
	15.06
	E15

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	623
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	71

	COD sol
	621
	26
	68
	52
	42
	31
	30
	26
	24
	22
	24
	23
	21
	21

	TOC sol
	195
	7.5
	22
	15
	12
	8.1
	8.4
	8.4
	8
	7.6
	7.9
	8
	7.9
	6.6

	NH4+-N
	3.8
	0.01
	3.02
	4.27
	4.94
	6.36
	6.68
	4.45
	3.06
	2.11
	1.56
	0.92
	0.11
	 

	NO3--N
	<0,2
	15.2
	8.22
	5.55
	4.15
	2.09
	1.98
	7.09
	10.1
	11.8
	13.1
	14.5
	16.6
	 

	NO2--N
	<0,02
	0.14
	3.24
	4.81
	5.61
	5.51
	4.45
	1.27
	0.08
	0.06
	0.05
	0.05
	0.04
	 

	N tot
	78
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	75
	19.8
	23.6
	20.3
	19.4
	17.7
	17.3
	16.8
	18.1
	17.5
	18.7
	19.3
	20.8
	20.5

	N org
	 
	4.45
	9.12
	5.67
	4.7
	3.74
	4.19
	3.99
	4.86
	3.53
	3.99
	3.83
	4.05
	 

	SVI [ml/g] - 1
	34.30
	VSS/TSS
	80.58%

	VSS biomass
	1.950
	VSS effluent
	0.0403

	TSS biomass
	2.420
	TSS effluent
	0.05

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.347

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 16th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	27/01/04
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	Air Flow +50%
	Influent
	16.00
	16.01
	16.02
	16.03
	16.04
	16.05
	16.01
	16.02
	16.03
	16.04
	16.05
	16.06
	E16

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	617
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	24

	COD sol
	609
	25
	52
	36
	28
	19
	21
	19
	20
	15
	15
	16
	16
	15

	TOC sol
	203
	7.5
	18
	9.7
	7.4
	6.2
	6.1
	5.8
	5.3
	5.3
	5.9
	4.7
	5.2
	5.4

	NH4+-N
	3.94
	0.17
	3.44
	4.88
	5.7
	6.72
	7.11
	2.25
	0.06
	0.04
	0.04
	0.04
	0.04
	 

	NO3--N
	<0,2
	11.6
	3.41
	1.61
	1.42
	0.76
	0.64
	6.86
	10
	10.4
	10.9
	11.4
	11.9
	 

	NO2--N
	<0,02
	0.07
	5.66
	5.75
	4.11
	2.05
	1.27
	0.42
	0.01
	0.01
	0.01
	0.01
	0.01
	 

	N tot
	77
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	74
	16.4
	19.1
	16.6
	14
	12.5
	12.1
	13
	13.8
	14.1
	14.5
	15
	15.6
	15.6

	N org
	 
	4.56
	6.59
	4.36
	2.77
	2.97
	3.08
	3.47
	3.73
	3.65
	3.55
	3.55
	3.65
	 

	SVI [ml/g] - 1
	68.97
	VSS/TSS
	81.31%

	VSS biomass
	2.240
	VSS effluent
	0.0081

	TSS biomass
	2.755
	TSS effluent
	0.01

	Air flow
	~675 l/h

	Mixing (rpm)
	406

	Kla
	0.109

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 17th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	29/01/04
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	Air Flow -50%
	Influent
	17.00
	17.01
	17.02
	17.03
	17.04
	17.05
	17.01
	17.02
	17.03
	17.04
	17.05
	17.06
	E17

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	671
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	26

	COD sol
	668
	20
	51
	36
	30
	24
	23
	22
	18
	18
	17
	17
	19
	18

	TOC sol
	205
	6
	16
	9.5
	7.2
	6.1
	5.8
	6
	5.8
	5.6
	5.5
	5.5
	5.5
	5.4

	NH4+-N
	3.77
	0.39
	3.57
	5.39
	6.04
	6.94
	7.11
	4.22
	0.76
	0.05
	0.06
	0.06
	0.05
	 

	NO3--N
	<0,2
	14.9
	5.4
	2.62
	2.26
	1.75
	1.72
	7.25
	12.5
	13.9
	14.2
	14.5
	15.4
	 

	NO2--N
	<0,02
	0.23
	6.39
	8.76
	7.67
	5.74
	4.66
	1.37
	0.3
	0.01
	0.01
	0.01
	0.01
	 

	N tot
	70
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	67
	18.7
	20.5
	18.1
	17.5
	17.8
	17.9
	15.2
	16.2
	16.9
	17.9
	18.6
	18.8
	18.5

	N org
	 
	3.18
	5.14
	1.33
	1.53
	3.37
	4.41
	2.36
	2.64
	2.94
	3.63
	4.03
	3.34
	 

	SVI [ml/g] - 1
	69.15
	VSS/TSS
	80.85%

	VSS biomass
	2.280
	VSS effluent
	0.0040

	TSS biomass
	2.820
	TSS effluent
	0.005

	Air flow
	~225 l/h

	Mixing (rpm)
	406

	Kla
	0.109

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 18th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	04/02/04
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	Condizioni Standard
	Influent
	18.00
	18.01
	18.02
	18.03
	18.04
	18.05
	18.01
	18.02
	18.03
	18.04
	18.05
	18.06
	E18

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	624
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	32

	COD sol
	610
	21
	50
	39
	33
	31
	28
	26
	20
	19
	20
	19
	20
	16

	TOC sol
	204
	6.8
	15
	9.5
	6.8
	6.3
	5.9
	5.8
	5.6
	5.8
	5.7
	6.3
	5.8
	5.9

	NH4+-N
	3.94
	0.39
	3.78
	5.57
	6.49
	7.07
	7.1
	1.98
	0.06
	0.06
	0.05
	0.07
	0.06
	 

	NO3--N
	<0,2
	20.6
	11
	7.04
	4.74
	4.15
	4.81
	11.5
	19.3
	20.5
	20.9
	21.4
	22.6
	 

	NO2--N
	<0,02
	0.34
	5.93
	9.25
	10.1
	9.8
	8.03
	6.09
	0.79
	0.02
	0.01
	0.01
	0.01
	 

	N tot
	72
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	71
	24
	24.7
	23.1
	22.7
	21.6
	21.4
	25.2
	22.9
	23.7
	24.4
	25.1
	26
	25.4

	N org
	 
	2.67
	3.99
	1.24
	1.37
	0.58
	1.46
	5.63
	2.75
	3.12
	3.44
	3.62
	3.33
	 

	SVI [ml/g] - 1
	63.79
	VSS/TSS
	82.41%

	VSS biomass
	2.390
	VSS effluent
	0.0206

	TSS biomass
	2.900
	TSS effluent
	0.025

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.126

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 19th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	11/02/04
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	ATU
	Influent
	19.00
	19.01
	19.02
	19.03
	19.04
	19.05
	19.01
	19.02
	19.03
	19.04
	19.05
	19.06
	E19

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	622
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	49

	COD sol
	615
	21
	45
	34
	28
	23
	21
	20
	18
	16
	15
	19
	20
	16

	TOC sol
	205
	6.8
	13
	9.3
	7.6
	6.3
	6.7
	5.2
	6.4
	6.2
	5.9
	6.2
	5.6
	5.6

	NH4+-N
	4
	0.1
	4.44
	5.76
	6.36
	7.18
	7.42
	3.35
	0.1
	0.05
	0.05
	0.05
	0.05
	 

	NO3--N
	<0,2
	13.4
	3.93
	1.97
	1.76
	1.4
	1.27
	7.31
	12
	12.5
	12.9
	13.3
	14.7
	 

	NO2--N
	<0,02
	0.14
	6.01
	6.7
	5.01
	3.02
	2.28
	0.5
	0.1
	0.01
	0.01
	0.01
	0.01
	 

	N tot
	75
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	73
	16.3
	18
	16.8
	14.9
	13.2
	12.5
	13.8
	14.3
	14.7
	14.8
	16.2
	16.4
	16.9

	N org
	 
	2.66
	3.62
	2.37
	1.77
	1.6
	1.53
	2.64
	2.1
	2.14
	1.84
	2.84
	1.64
	 

	SVI [ml/g] - 1
	54.98
	VSS/TSS
	81.10%

	VSS biomass
	2.360
	VSS effluent
	0.0324

	TSS biomass
	2.910
	TSS effluent
	0.04

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.120

	Cycle configuration
	Anox -60'

	Cycle duration
	standard


	Experiment 20th
	time
	10.00
	10.00
	10.20
	10.30
	11.00
	11.30
	12.00
	12.30
	13.00
	13.30
	14.00
	15.00
	16.00

	26/02/04
	progressive
	0
	10
	20
	30
	60
	90
	120
	150
	180
	210
	240
	300
	360

	4CP
	Influent
	20.00
	20.01
	20.02
	20.03
	20.04
	20.05
	20.01
	20.02
	20.03
	20.04
	20.05
	20.06
	E20

	
	
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Anoxic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Aerobic
	Effluent

	COD tot
	612
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	38

	COD sol
	604
	19
	54
	37
	28
	21
	24
	20
	19
	19
	17
	17
	15
	16

	TOC sol
	209
	6.7
	20
	13
	7.6
	7
	6.9
	5.8
	6.8
	5.2
	5.5
	5.7
	5.4
	4.7

	NH4+-N
	3.85
	0.06
	3.69
	5.44
	6.37
	7.25
	7.61
	3.42
	0.07
	0.06
	0.05
	0.05
	0.05
	 

	NO3--N
	<0,2
	11.5
	4.58
	1.75
	0.84
	0.1
	0.28
	4.7
	9.26
	10.1
	10.5
	11.1
	11.9
	 

	NO2--N
	<0,02
	0.06
	2.15
	3.45
	1.95
	0.83
	0.04
	0.07
	0.53
	0.01
	0.01
	0.01
	0.01
	 

	N tot
	72
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	N sol
	71
	13.9
	16.7
	13.8
	11.4
	10
	10.1
	10.9
	11.7
	12.4
	12.8
	13.1
	13.9
	14.4

	N org
	 
	2.28
	6.28
	3.16
	2.24
	1.82
	2.17
	2.71
	1.84
	2.23
	2.24
	1.94
	1.94
	 

	SVI [ml/g] - 1
	66.90
	VSS/TSS
	82.75%

	VSS biomass
	2.350
	VSS effluent
	0.0331

	TSS biomass
	2.840
	TSS effluent
	0.04

	Air flow
	~450 l/h

	Mixing (rpm)
	406

	Kla
	0.130

	Cycle configuration
	Anox -60'

	Cycle duration
	standard
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