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SUMMARY

During the first 6th months of the second year, POLIMI main activities can be summarised as follows:

a) the applicability of pH/DOstat titration for nitrification monitoring was further developed; particularly, the following aspects/problems have been clarified/solved:

· the discrepancy between pH/DOstat titration in the evaluation of ammonium oxidation rates has been overcome, leading to a satisfying correspondence between estimates obtained by pH-stat and DO-stat titration

· DO-stat and pH-stat titration data could be coupled to assess both ammonium and nitrites oxidation rates and to estimate trends of ammonium, nitrites and nitrates concentrations in the SBR reactor during the aerobic phase;

· Estimates of ammonium and nitrites oxidation rates by pH/DOstat titration were compared with those obtained by mass balances in the SBR reactor;

· Estimates of the duration of the nitrification phase by pH/DOstat titration were compared with those obtained by pH, DO, ORP trends in the SBR reactor.

· Estimates on the N-content in the SBR feed obtained by pH/DOstat titration was compared with values obtained by mass balances on the N-forms at the beginning and at the end of the aeration phase.

· The importance of the ammonification process was  estimates by pH/DOstat titration

b) preliminary pH/DOstat titration tests were performed on sludge end on the primary treated effluent samples drawn from the full scale WWTP were the prototype of the on-line titrator will be tested. 

c) Preliminary pH-stat denitrification tests were performed in order to assess the ratio between acid titration rate and nitrate reduction rates and the ratio between the volume of acid titrant dosed and the initial nitrates concentration.

d) In cooperation with SPES, progresses were made in the development of the on-line titrator.

Further insights on the applicability of pH/DO-stat titration for nitrification monitoring

Discrepancy between ammonium oxidation rates  estimated by both pH-stat and DO-stat titrations

As reported in the first annual report, pH-stat and DO-stat titrations were applied simultaneously on the same sludge sample in order to assess the activity of  ammonium oxidisers by both techniques. A significant discrepancy was frequently observed, which was attributed to unreliable DO reading by the MARTINA prototype and to imprecise calibration of the flow rate of the electro-valve used to regulate H2O2 dosage.  

Therefore, in cooperation with SPES, efforts were made to enhance MARTINA’s hardware and software performance to improve the reliability of DO-stat titration data. As a result, the correspondence between activity estimated by the two titration techniques improved remarkably, leading, in titration tests performed after November 2003, to differences averagely of  10 % and < 5 % for 7 test over 11, compared to an average difference of more than 50% obtained during the first year of experimentation (Table 1).  

Table 1: Comparison of activities of ammonium oxidising bacteria (AOB) estimated by  pH-stat and DO-stat titration.

	Test date

	AOB activity

mgN/(gVSS(h)


	Difference

(%)

	
	DO-stat
	pH-stat
	

	26/06/03
	1.54
	3.07
	66.6

	02/07/03
	
	
	

	09/07/03
	1.96
	4.14
	71.5

	14/07/03
	1.79
	3.10
	53.5

	22/07/03
	3.80
	3.17
	17.9

	24/09/03
	2.12
	3.75
	55.3

	mean
	53.0

	11/11/03
	4.47
	5.43
	19.4

	20/11/03
	5.27
	5.02
	4.9

	26/11/03
	4.97
	4.99
	0.4

	04/12/03
	5.40
	6.62
	20.4

	10/12/03
	6.48
	6.50
	0.2

	18/12/03
	2.53
	1.91
	27.7

	27/01/04
	5.51
	5.62
	1.9

	29/01/04
	3.92
	3.62
	7.9

	04/02/04
	5.84
	5.85
	0.1

	11/02/04
	4.15
	4.14
	0.3

	26/02/04
	4.01
	4.07
	1.7

	mean
	7.7


Combining pH/DO-stat titration to estimate nitrites and nitrates concentrations

Once DO-stat titration data reliability was improved, pH-stat and DO-stat titration data could be applied in order to assess, simultaneously, both AOB (ammonium oxidising bacteria) and NOB (nitrite oxidising bacteria) activity and to estimate nitrites and nitrates concentration in the SBR reactor by appropriate interpretation of pH/DOstat titration curves.

First, pH-stat titration data were elaborated to assess AOB oxygen uptake, by taking into account the stoichiometric ratio between acidity production and oxygen consumption (2 mol H+/ 1.5 mol O2) and to assess the amount of nitrite produced (1 mol NO2/ 2 mol H+). Then, AOB oxygen uptake was subtracted to the overall oxygen uptake, estimated by DO-stat titration, to evidence NOB oxygen uptake. By taking into account the stoichiometric ratio between oxygen uptake and nitrite oxidation and NO3 production  for NOB (1 mol NO2/0,5 mol O2; 1 mol NO3/0,5 mol O2), the amount of oxidised nitrites could be assessed. Finally, the net variation of nitrites concentration could be estimated by taking into account both nitrites production and oxidation. 

In Figure 1, ammonium, nitrites and nitrates concentrations estimated by pH/DOstat titration data are compared with analytical determinations. A satisfying correlation can be observed in both trials. 
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Figure 1: : Ammonium, nitrite and nitrate concentrations estimated by pH/DOstat titration data (lines) and determined by analytical determinations (dots). 

Nitrite and ammonium oxidisers activity, estimated by coupling pH/DO-stat titrations, are summarised in Table 2. These values were obtained in titration tests on sludge samples drawn from the SBR at the beginning of the aeration phase and compared to activity values obtained by fitting N-forms concentrations assessed in the SBR vessel. An average difference of 13 % (min: 2.6 %, max: 22.4 %) was found for AOB and of  11 % (min: 0.4 %, max: 28.1 %) for NOB, which can be considered satisfying. 

Table 2: AOB and NOB activity estimated by coupling pH/DO-stat titrations.

	Test
	AOB activity  - mgN/(gVSS(h)
	NOB activity - mgN/(gVSS(h)

	data
	Loading conditions
	Fitting N-forms
	titration data
	Fitting N-forms
	titration data

	04/02/04
	Standard
	4.30
	5.33
	5.57
	5.87

	11/11/03
	COD/N +50%
	4.56
	4.82
	3.90
	3.01

	10/12/03
	(COD/N)*X +25%
	5.12
	6.03
	5.35
	5.96

	04/12/03
	(COD/N)*X +50%
	5.08
	5.70
	4.03
	3.52

	20/11/03
	(COD/N)*X +75%
	4.27
	4.86
	4.56
	4.54

	27/01/04
	Standard
	4.36
	5.16
	5.54
	5.44

	29/01/04
	Standard
	2.80
	3.45
	4.70
	4.82

	18/12/03
	Inhibition
	2.31
	2.25
	5.22
	6.93

	11/02/04
	Inhibition
	3.47
	3.92
	5.10
	4.35

	26/02/04
	Inhibition
	3.58
	3.89
	3.75
	4.07


Identification of the nitrification end-points

For the same tests reported in Table 2, titration curves were also elaborated (Figure 2) in order to assess the end of ammonium and nitrites oxidation. End points tF1 and tF2 were compared with those which identified from analytical determinations of ammonium and nitrites concentration and from notable points in DO and pH tends measured in the SBR reactor. An excellent correlation was observed in all SBR tests (Table 3).  Results demonstrated the feasibility of applying pH/DO-stat titration to assess end-points of the nitrification reactions. Being the latter the slowest processes, their duration can be used to regulate the duration of the AER phase, avoiding either incomplete nitrification or excess costs due to unnecessary aeration. 
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Figure 2:  Using pH/DO-stat titration curves to identify the end-point of ammonium oxidation (tF1) and nitrite oxidation (tF2).

Table 3: End-points of ammonium and nitrite oxidation assessed by titration, from N-forms profiles and from notable points of DO and pH trends.

	Cycle Date
	End-point ammonium oxidation 

(min)
	End-point nitrites oxidation

(min)

	
	DO/pH trend
	[NH4+]
	pH/DO-stat
	DO trend
	DO-stat
	[NO2-]

	01/10/03
	71
	60-90
	66
	nd
	nd
	>150

	11/11/03
	37
	30-60
	33
	69
	59
	60

	20/11/03
	55
	30-60
	59
	81
	95
	60-90

	26/11/03
	25
	<30
	15
	32
	38
	<30

	04/12/03
	48
	30-60
	43
	78
	77
	60-90

	10/12/03
	42
	30-60
	39
	77
	67
	60-90

	27/01/04
	40
	30-60
	33
	nd
	50
	30-60

	29/01/04
	67
	60
	59
	nd
	70
	60

	04/02/04
	40
	30-60
	37
	67
	62
	60

	11/02/04
	59
	30-60
	54
	nd
	<90
	67

	26/02/04
	57
	30-60
	55
	nd
	<90
	71


Estimation of the nitrifiable nitrogen content in the SBR feed and of the ammonification rate

Titration data were also elaborated in order to addess the nitrified nitrogen in the aeration phase. During 10 SBR cycles nitrified nitrogen was estimated both by pH-stat titration (Ntitration) and by balancing NOx species at the beginning (in) and at the end (out) of the aeration phase:

Nanalyses = (N-NO2- + N-NO3-)in – (N-NO2- + N-NO3-)out
In Figure 3: Nsol in the feed compared with N nitrified according to NOx balance (Analyses) and to pH-stat titration (Titration). A very good correlation can be noticed between the N content in the feed and the nitrified nitrogen. An average difference of 1.8 mgN/l was found between estimates of Nanalyses and Ntitration. This difference can be explained by taking into account the ammonification process, which takes place during the whole AER phase, as indicated by the constant increase of nitrates concentration observed after complete ammonium oxidation. The average value for the ammonified nitrogen, calculated as: 

Nammonified = Nanalyses - (N-NH4+)in  + (N-NH4+)out
was found to be 3.4 mgN/l. As a matter of fact, in pH-stat titration tests, point F, which corresponds to the complete oxidation of ammonium, is used to identify the end of the nitrification process. Therefore, this estimate does not account for nitrification of the nitrogen ammonified later on. 

In order to clarify the kinetics of the ammonification process, ammonification rates were estimated as follows:

· in the anoxic phase: rate of ammonium built up;

· in the anoxic phase: 

· rate of nitrates built up after complete ammonium consumption;

· titration rate assessed as difference between the titration rate estimated after complete ammonium consumption and the titration rate measured after addition of allylthiourea (Figure 4).

Results of these determinations are reported in Table 4:  Estimates of the ammonification rate in aerobic and anoxic conditions.It may be observed that nitrification rates are not negligible although they are one order of magnitude lower than nitrification rates (see Table 2, for comparison). Ammonification should therefore be taken into account when assessing nitrogen mass balance. It can be observed that ammonification rates estimated by titration are significantly higher and this may be due to the addition of ATU which may have increased cell lyses and N release. 

By considering the following average values during the aeration phase:

ammonification rate = 0.4 mgN/gVSS/h, 

volatile suspended solids = 2.4 gVSS/l,

duration  of the aerobic react phase = 3.5 h

overall ammonified nitrogen results to be 3.4 mgN/l which perfectly corresponds to the average value obtained by N mass balance. Moreover, by considering that nitrification normally lasts approximately 1 h, the ammonified nitrogen which is not assessed by titration (since it is included into the endogenous titration rate) is approximately:

(N =  (0.5 mgN/gVSS/h) ( (2.4 gVSS/l) ( (3.5-1) h = 2.4 mgN/l, 

which should be added to the concentration of nitrified nitrogen estimated by titration reported in Figure 3. By taking into account the ammonification rate, a much better correspondence between nitrified nitrogen estimates from mass balances and  from titration would be obtained. 
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Figure 3: Nsol in the feed compared with N nitrified according to NOx balance (Analyses) and to pH-stat titration (Titration).
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Figure 4: Estimation of the ammonification rate by pH/DOstat titration by addition of allylthiourea at the end of the aerobic phase.

Table 4:  Estimates of the ammonification rate in aerobic and anoxic conditions.

	Test
	Ammonification rate mgN/(h(gSSV)

	   Data           Loading conditions
	Anoxic phase

(NH4+ built up)
	Aer phase

(NO3- built up)
	Aer phase

(Titration)

	26/06/03
	Standard
	0.38
	0.31
	 

	04/02/04
	Standard
	0.12
	0.39
	0.44

	09/07/03
	COD/N -50%
	0.37
	 
	 

	02/07/03
	COD/N -35%
	0.51
	 
	 

	24/09/03
	COD/N -20%
	0.33
	 
	 

	17/04/03
	COD/N +20%
	0.46
	0.46
	 

	22/07/03
	COD/N +35%
	0.24
	0.28
	 

	11/11/03
	COD/N +50%
	0.28
	0.43
	 

	26/11/03
	(COD.N)/X -50%
	
	0.37
	 

	10/12/03
	(COD.N)/X +25%
	0.69
	0.47
	 

	04/12/03
	(COD.N)/X +50%
	0.64
	0.26
	 

	20/11/03
	(COD.N)/X +75%
	1.07
	0.36
	 

	27/01/04
	Standard
	0.49
	0.31
	 

	29/01/04
	Standard
	0.33
	0.29
	 

	18/12/03
	Inhibition
	0.75
	 
	 

	11/02/04
	Inhibition
	0.31
	0.32
	0.60

	26/02/04
	Inhibition
	0.38
	0.36
	0.60

	Mean
	0.43
	0.35
	0.55


Preliminary pH/DOstat titration tests on sludge and sewage samples from a full scale WWTP
POLIMI is developing an on-line automatic pH-stat/DO-stat titration unit in cooperation with SPES and ENEA. In order to check the applicability of this technique in real conditions, preliminary tests were carried out on real sewage sample at ENEA laboratories in Bologna by using an off-line titration unit. 

First, tests have been performed on sludge samples which have been taken from a conventional activated sludge treatment plant (located in Trebbo di Reno, Bologna). 

Secondly, the SBR pilot reactor owned by ENEA will be located close to this plant, in order to be fed on the wastewater coming from the main municipal sewer. A sludge inoculum from Trebbo plant will be used for the start-up of the pilot SBR.

Evaluation of biomass nitrifying activity by pH/DO-stat tests

Biomass nitrification activity was measured by means of titration tests performed at 20°C; solutions of H2O2 0.19 N and NaOH 0.047 N were used as titrants. Sludge samples were collected from the aeration basin of Trebbo di Reno WWTP and aerated overnight. The following day, pH/DO-stat titration was activated (set points values: pH=8.3, DO= 8 mgO2/L). At the beginning of the test, endogenous titration rates for both H2O2 and NaOH were evaluated. Then, nitrification was started in the sample by addition of known amounts of NH4Cl (initial ammonium concentration of 10-12 mg N/L). The titration test was performed until a knee in both titration curves (NaOH and H2O2 cumulated volumes versus time) was observed, indicating the end of the nitrification reaction and the complete consumption of ammonium. Titration was then continued during additional 1-2 h to evaluate, again, the titration rate under endogenous 
respiration conditions (Figure 5).

Under endogenous respiration conditions, DO-stat titration rate is slightly higher because more oxygen is required for the oxidation of the hydrogen content in biomass. In fact, assuming C5H7O2N as the empirical biomass composition, it can be seen that the amount of internal oxygen is less than the amount required to oxidise the hydrogen content, therefore more oxygen will be required for H oxidation to H2O which will not lead to an equivalent production of CO2. On the contrary, during oxidation of organic substrates such as glucose (C6H12O6) or acetic acid (C2H4O2), the internal oxygen is sufficient to compensate the hydrogen oxidation demand.

This test allowed assessing the maximum nitrification activity of the WWTP sludge under controlled working conditions.

Average values of  3.05 mgN-NH4+ gVSS-1 h-1 (by DO-stat titration) and 2.87 mgN-NH4+ gVSS-1 h-1 (by pH-stat titration) were measured, with an average discrepancy of 13% between the two titration techniques. This difference may be due to both imprecise determination of titrants concentration and/or imprecise calibration of the flow rates released through the micro-solenoidvalves.

Data collected for nitrifying activity are in agreement with the typical values measured for activated sludge samples: 1.5 to 5 mgN-NH4+ gVSS-1 h-1 (Ficara & Rozzi, 2001), and with data collected during tests performed in Milan by POLIMI on synthetic sewage, dealing with WP1 experiments.
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Figure 5: – Titration curves from the nitrification test performed on the sludge of Trebbo di Reno WWTP on the 2nd March 2004

First tests for the determination of influent acute toxicity

A task that the on-line automated titration unit should be able to accomplish deals with the detection of the presence of an acute toxicant in the plant feed (see ANNEX WP3 - POLIMI - 1st year activities for details). For this purpose, some preliminary pH/DO-stat tests were performed on the sludge fed on the influent withdrawn from the Trebbo di Reno WWTP. 

Tests are aimed to detect a decrease in the nitrifying activity of the biomass in case of the  presence of acute toxicants in the influent. For the first tests performed, no toxicant was added to the influent in order to identify the two processes taking place in the batch reactor by means of the titration curves. 

First, titration rate was measured on the sludge (VS=0.6 L) kept in endogenous conditions, then influent was loaded (Vinf=0.15-0.3 L).  After influent addition both removal of organic matter by heterotrophic biomass and nitrification of the ammonium content by autotrophic biomass occur, and it could be difficult to distinguish the two processes from the titration curve.

By performing the pH/DO-stat test with a F/M ratio in the range of 0.05-0.08 gCOD/gVSS, (Ekama et al. 1986) it is possible to observe that the uptake (oxidation and storage) of the readily biodegradable COD (rbCOD) lasts no more than twenty minutes (see Figure 6,  Figure 7, Figure 8), as it is confirmed by analytical determinations (see Figure 7).
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Figure 6: Titration rates from batch test on the18th March 2004
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Figure 7 - Titration rates from batch test on the 21st April 2004
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Figure 8 – Titration rates from batch test on the 24th March 2004
Since the volumetric ratio used in the preliminary tests (Vinf/Vtot=0.3-0.33) was higher than that adopted for the ordinary operation of the SBR (Vinf/Vtot=0.2), the time required for the uptake of the rbCOD should be even shorter in the SBR. 

Once the rbCOD appeared to be uptaken according to the profiles of the titrants, allylthiourea was added to the sample (10 mgATU/L) to inhibit the nitrification. A sharp decrease in the titration rate is observed after this addition is (Figure 8), and the activity measured from this moment onward is close to endogenous activity. If the influent had contained a toxicant, the decrease in the titrants curves after the addition of ATU would have been less sharp. 

More tests will be performed by adding a toxicant to the feed to observe titration rates in for several inhibition percentage. 

Preliminary pH-stat denitrification tests

As described in the first year annual report, pH-stat titration can be applied also in anoxic condition to assess denitrification rates, although the concomitant production of alkalinity and of carbon dioxide, which accompanies nitrogen oxides reduction, makes titration data interpretation less straightforward. 

During the first year, some denitrification pH-stat tests were performed to assess denitrification rates by dosing acetate as carbon source. In that case, being the composition of the latter organic compound known, the denitrification reaction stoichiometry can be written and the relative effect of OH- and CO2 produced evaluated. 

However, when dealing with carbon sources of unknown or variable composition, the ratio between acid titration rate and denitrification rate should be evaluated experimentally. A first batch of denitrification tests was performed for this purpose. Sludge samples were drawn from the SBR reactor at the end of the denitrification phase, nitrates or nitrites were added as electron acceptors while a sample of SBR influent was dosed as carbon source. Titration was then performed and samples were taken to measure nitrates/nitrites concentrations (Figure 9). 

Two denitrification rates were considered: the rate of  nitrates reduction to nitrites and (v1) and the rate of nitrites reduction to nitrogen gas (v2):
(v1)
       (v2)

NO3-    →    NO2-    →    N2 







         
Both rates were estimated from nitrites and nitrates concentrations as: 
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The latter equation takes into account that the denitrification potential of nitrites is 0.6 that of nitrates. The overall denitrification rate was then estimated from v1 and v2  as follows:
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Then, COD consumption rate was calculated as:
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while the carbon to nitrogen ratio for the SBR influent was assessed as: 

COD/N = vCOD/v

As far as titration data are concerned, the titration rate was calculated:
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Finally, the ratio between titration rate and denitrification rate was assessed as follows: 
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Values of the above listed parameters obtained in four denitrification tests are summarised in Table 5. Denitrification rates and COD/N values are in accordance with those estimated for several SBR cycles (Table 6). As far as titration rates are concerned, as expected from the stoichiometry of the two denitrification steps, a higher titration rate was obtained when nitrites were the sole oxygen source. As a matter of fact, the reduction of nitrites to nitrogen gas leads to alkalinity and CO2 production, the net effect on pH depending on its set point value select for the titration test (see the first annual report for more details). On the contrary, in the first step (reduction of nitrates to nitrites) the only reaction product, which affects the suspension pH, is carbon dioxide, which has an acidifying effect that reduce the alkalising effect of the overall reaction  (NO3-→ N2).  Titration rates were also found to be well reproducible, as well as the ratio f between titration rate and denitrification rate for denitrification tests in the presence of nitrites. A higher variability was observed for f calculated in denitrification tests in the presence of nitrates, which is caused by the fact that denitrification rates in the test performed the 17th of November were found to be different from those measured the 13th , while titration rates were, in the two tests, more similar.0

More tests have to be performed to understand the origin of the observed variability.

However, available results are encouraging, showing the feasibility to assess denitrification rates from titration rates, once reliable estimate for f will be available.  

Table 5: Results of four denitrification tests.

	Denitrification 

parameter
	Test date

	
	11-nov
	13-nov
	17-nov
	17-nov

	Type of nitrogen form
	NO2
	NO3
	NO2
	NO3

	v2 (mgN/gSSV/h)
	4.62
	4.31
	4.62
	1.65

	v1 (mgN/gSSV//h)
	 
	7.84
	 
	5.34

	v (mgN/gSSV/h)
	4.62
	7.45
	4.62
	2.57

	vtit (mmol HCl/gSSV/h)
	0.26
	0.19
	0.31
	0.22

	f
	0.79
	0.35
	0.94
	1.20

	vCOD (mgCOD/gSSVh)
	46
	77
	131
	56

	(COD/N) 
	8.4
	9.5
	22.2
	9.5


Table 6: Denitrification rate and COD/N ratio assessed during the anoxic phase in the SBR reactor.

	SBR test
	v (mgN/gSSV/h)
	COD/N

	04/02/04
	4.2
	4.5

	29/01/04
	2.5
	8.9

	27/01/04
	3.4
	8.2

	18/12/03
	4.1
	9.3

	10/12/03
	4.8
	7.6

	04/12/03
	5.4
	9.1

	26/11/03
	nd
	13.9

	20/11/03
	6.4
	11.8
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Figure 9:  Results of two denitrification tests (T1 and T2) with nitrates as the oxygen source. Titration curve (line), nitrates concentration (diamonds), nitrites concentration (circules).

Development of the on-line pH/DO-stat titrator

Following the specifications that have been reported in the first-year report, the on-line pH/DO-stat titrator is under construction. A schematic of the apparatus is shown in Figure 10.
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Figure 10: Overall outline of the FIELD UNIT (sampling circuits are included); VF: sludge storage beaker; VI: influent storage beaker; VMT: measuring and titration beaker; EV3: 3-way solenoid valves; EV: actuated solenoid valves.
The on-line titrator can be operated according to four different modes:

Mode 1: Determination of influent acute toxicity (1 test per hour): nitrification activity is assessed on biomass samples taken from the SBR reactor an fed with the influent to be analysed. The comparison with historical data (or model) can highlight acute toxicity on nitrification activity.

Mode 2: Determination of ammonia - nitrogen load (max 1 test per each SBR cycle): nitrification activity is assessed as in mode 1, but concentrated sludge taken at the end of the settling phase is used; once all ammonia has been removed, it would be possible to assess whether the duration of the next aerobic phase can cope with the load detected by the test.

Mode 3: Monitoring SBR nitrification capacity (max 1 test per each SBR cycle): this kind of test allows to assess the maximum nitrifying activity of the sludge. The resulting value is compared with historical data of the plant in order to highlight increasing or decreasing trends due to chronic toxicity or to variations in influent load, operational conditions (pH, temperature, dissolved oxygen, …) or operational parameters (phase duration, loading strategy. …). 

Mode 4: Identification of the end of the nitrification reaction during the SBR aeration phase
In this test, sludge is withdrawn from the SBR at the beginning of the aeration phase and pH/DO-stat titration is immediately started. The nitrification process proceeds in the titrator at the same rate as in the SBR, so that the knee observed in the titration curve indicates the end of the nitrification reaction in the SBR. This information can be used to optimize phases duration in the SBR.
At present, the prototype is going to be installed at the plant “Trebbo” (near Bologna) and will be tested on an SBR pilot-plant owned by ENEA. First results are expected by end of June 2004.

Future activities

WP3 activities of POLIMI and ENEA have been planned according to the following programme:

1) Tests at the ENEA’s pilot-scale SBR plant at Trebbo (Bologna):

1.1) June – July 2004: after testing Martina on real sewage (see above), the prototype of the on-line pH/DO-stat titrator will be installed and tested for faults;

1.2) August – November 2004: the on-line titrator will be tested for the assessment of overloads, maximum nitrification capacity, duration of the aerobic phase); by the end of October 2004 the deliverable D3.2 (Automated DO-stat and pH-stat titration biosensor for process control) will be issued and a report on design of the biosensor wil be produced.

1.3) November 2005 – mid April 2005: more tests will be performed with the on-line titrator, especially on acute toxicity.

At the end of April, the prototype will be ready for shipping to INRA (Narbonne) for the completion of the programme of other WP (WP5 and WP7, not included in WP3 activities).

2) Tests at the lab-scale SBR plant at POLIMI (Milan):

2.1) June – December 2004: 

2.1.1) the off-line titrator (MARTINA) will be used to perform denitrification tests with different sources of organic carbon;

2.1.2) the SBR will be operated with a dairy-like influent, artificially made to simulate the dairy wastewater that is used at INRA;

2.2) September – December 2004: a researcher from UNAM will take part in the experimental programme (both field work and data evaluation); it has been scheduled mainly for work at POLIMI. but some short periods can be performed at Trebbo SBR also;

2.3) A seminar will be held in Bologna in November 2004 to show the performance of the on-line titrator prototype.
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