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SECOND EOLI ANNUAL REPORT
1. Activities
At UU, the main objectives during the first six months were to operate two laboratory scale SBR reactors loaded with two different dairy wastewaters in an automatic mode, and to perform the set of experiments defined by the EOLI protocol. In order to provide the required data, on- line sensors were installed and connected to an adquisition data system. During October-December 2003, the main activities were  beginning the full automatic mode operation and repeat the start-up of Reactor M (Manolo) and Reactor F (Flora) after severe valve clogging was observed (all valves have to be replaced(. From March to July 2004, experiments defined by EOLI protocol were performed. During the second six months, we have focused our attention in the data interpretation and evaluation of actual operating conditions and operational problems related with air supply and settling. Also, experiences were made in order to evaluate microbiological population composition, kinetic information, and adsorption of COD. Changes in operating conditions were proposed for both reactors, and implemented for Reactor M: during October 2004,  in order to operate it closer to its  maximum depuration capacity.  To reach the same objective, some changes in the Scada Supervisory Control Program have to be done to   implement other operating recipes  for Reactor F .  
In this report, we  describe the reactor operation, the experimental results for standard cycles, we discuss reactors evolution, and we state conclusions about the reactors  operation. A  microbiological evaluation of Reactor F is  presented, and we discuss the results obtained from different techniques are discussed. After that, some data analysis and batch experiences related with: denitrifying rate, adsorption capacity, semi-saturation concentration, maximum heterotrophic growth rate and  decay rate are described. Finally, we list the problems found during reactor operation, and we present the future activities for the next six months.
1.1.- Reactor design and operation

· Influent characteristics
As described in last report, Reactor M (Manolo) is fed with a semi-synthetic dairy wastewater, by diluting ultra pasteurized hole milk, and by adding sodium nitrate solution, to simulate the wastewater generated in Rivera dairy plant. 
Sodium nitrate addition is needed to simulate industrial wastewater, as the dairy plant employs nitric acid and sodium hydroxide during washing routines. Experimental pH of the industrial wastewater was studied and found to be between 5 and 8.5 for 8 days of composed wastewater samples. Nitrate industrial concentration was estimated with the nitric acid and water consumption of the plant. 
The influent is prepared daily and maintained at 4ºC in a 15 l tank. A pipe connects the cold tank with the feeding line to the reactors. Influent average characteristics for standard conditions are:  3gCOD/l, 60mgN-NTK/l, pH 6.2, 80 mgN-NO3/l. and 370 mgTSS/l.
Reactor F   (Flora) was fed with a mixture composed of 25% of Reactor M influent and 75% of an effluent from an anaerobic pond of a dairy plant (Florida dairy plant). Anaerobic pond effluent is kept in a 20l tank at room temperature. 2 pumps: one for the pond effluent and one or cold synthetic wastewater are adecuately calibrated and connected to the same controller, to feed Reactor F   with the proper influent relation. Influent average characteristics are: 0.9 gCOD/l, 90 mgTKN/l, pH: 7.2, 16 mgN-NO3/l and 270 mg/l TSS. Reactor F   influent contents anaerobic sludge, and its amount is variable depending on the pond activity and temperature stratification.  
· Reactor characteristics
Reactor was already described in last annual report. They are cylindrical with a semi-spherical bottom, and maximum liquid volume of 20 l and 60 cm height, and 23 cm diameter.  
· Reactor operation

Full automatic mode operation of both reactors is running from November 2003 up to date. It consists on automatic load and drainage commanded with a control–level system with electrodes, a mixer automatically activated, an aerator system composed by a automatically activated compressor and an air flowmeter, and controlled purge pumping at a fixed flow rate. Additionally, a recycle with a controlled pump was installed in both reactors to connect on-line sensors: Temperature, dissolved oxygen, pH probes. There is a cleaning system implemented to rinse the recycle system and probes: it consists on a clean water tank and commanded solenoid valves, and twice during a cycle, the cleaning system is activated by closing recycle valves and opening cleaning valves. Additionally, as there is 3 m piping from the  storage influent tanks up to the reactors, a discarding procedure is implemented: during a step of preparation, the feeding pump is activated and  a solenoid valve is opened to discard the first portion of influent which remains in the pipe and it is derived to a discarding tank. 
The data acquisition, historical management, alarms, reports and operator interface is carried out by an SCADA system. It was implemented as an Intellution FIX ® application. Figure 1.- shows a diagram of  the system.

Both reactors operate 2 cycles by day, starting at 8:30 and 20:30, during 12 hours each. 
Operation  time is showed in Figure2.-, for Reactor M operation during the first period- during march and april-. Then, the anoxic time was reduced to avoid excess of anoxic conditions that could deteriorate settling properties, since 30/4/04 up to September: the end of  anoxic time was 1 hour instead of 1.5 hours. In Figure 3.- operating time table is showed for Reactor F  . (up to  23/07/04). During the second period (since 23/07), the end of anoxic time was 2.5 hours instead of 1.5 hours. In this case, the anoxic phase was extended as dentrification was not complete. 
FEEDING: (Reactor M).- Before cycle starts, the preparation step is set : during 2 minutes feeding pump 2 is ON and remaining influent in pipes is throw out to a discharge tank (valves 4 closed and 3 open). Also, the recycle pump 10 and recycle valves 9 and 11 are ON, to allow probes stabilization. At 8:30 (or 20:30) feeding starts by closing valve 3 and open valve 4. Feeding time is variable and is controlled by electrode levels. The feeding time is registered each cycle by the control system. For Reactor M is about 30 minutes. (Reactor F  ).-. Feeding time for Flora is around 50 minutes. 

MIXING: During feeding, anoxic period and aeration, mixing system 6 and recycle pump 10 are ON.   

AERATION: aeration is controlled by valve 1.

WASHING RECYCLE SYSTEM: two washing steps at 14:30 (or 2:30 for night cycle) and 18:30 (6:30) are programmed. During 2 minutes, valves 9 and 11 are closed while 8 and 12 are open, and clear water is recycled from a 15 l tank.

PURGING: at the end of aeration phase, purging is activated by pump 7. Time of purging is fixed in 6 minutes. Purging volume can be modified by adjusting pump time on. Manual control of purging volume is made, and registered. Mixed liquid is purged, as during purging, mixing (6) is ON. Purge is adjusted at 1/40 (each cycle) of total liquid volume to obtain an operation cellular residence time of 20 d. 

SETTLE: during settle, valve 1, mixing system 6 and recycle pump 10 are OFF. 

DRAW: at the end of settle time, draw pump 5 is put ON. Draw time is variable and defined by electrode level. It is recorded each cycle by the control system. 

TEMPERATURE CONTROL: temperature was kept stable by employing air conditioning in the laboratory. 
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Figure 1.- full automatic operation 

[image: image2]
Figure 2.- Reactor M cycle time ( up to 30/04/04).
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Figure 3.- Reactor F   cycle time (up to  23/07/04)
· Experimental data
On-line measurements:

Since January 2004, reactors had available on-line measurements, employing the following probes:  DO, pH, and T. Redox probes are available since 03/08/04.  Also, aeration flow rate was manually registered every 30 minutes. The probes characteristics were already described in last Annual Report. Ammonia and Nitrate probes were employed, but then retired due to calibration problems and unreliable data, even when Nitrate probe was specially recommended for wastewater use.
Off- line measurements:

COD, total nitrogen and ammonia nitrogen, VSS, TSS, nitrite and nitrate were analyzed employing the techniques already  reported .- The total influent, total  effluent, the centrifuged  reactor’s  mixed liquor (12 time-seried samples per studied cycle) and mixed liquor are analyzed, according with EOLI protocol. Settling velocity and IVL are also evaluated. 


1.2.- Experimental results and disussion

1.2.1 EOLI protocol

Experimental plan was proposed by EOLI during Narbonne and Mexico meetings. First, data had to be collected for standard conditions. Then, different influent C/N, C/X and C/DO ratios and toxic compounds addition  had to be tested. Results of  the set of experiments were completed during March to June.

· Reactor M. A standard condition cycle for this reactor is presented in Table 1.-:
	Influent:
	

	CODt_inf (mg/l)
	3353

	TKN _inf (mgN/l)
	59.4

	NH4_inf (mgN/l)
	6.0

	NO3 (mgN/l)
	93.4

	InfluentFR (l/h)
	5.3





Table 1.- Reactor M conditions for standard cycle
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Figure 4.- Reactor M standard cycle
In Reactor M, OD quickly reaches a stable value after aeration begins, corresponding with significant COD reduction (Figure 4.-). Due to the high C/N relation, nitrate and nitrite concentrations are very low in this reactor, as it is shown in figure 5.-. This result is in accordance with very low activity tests values  and  microbiological studies (see 1.2.2 Reactor evolution and 1.2.3 Microbiological evaluation). A mass balance  estimation in the Standard cycle for nitrogen is presented   in Figure 6.- As described in Reactor operation, a c of 20 days is maintained in the reactor, so that 1/20 of mixed liquor liquid volume  is removed every day. This sludge contents most of the nitrogen which enter each cycle with the influent. This balance is an estimation considering %N of the sludge as 12% of  the Volatile suspended solids (Orhón, 1994).
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Figure 5.- Reactor M standard cycle
Denitrification in Reactor M is complete, as at the end of the anoxic phase very low nitrate and nitrite concentration is detected. 
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Figure 6.- Reactor M Nitrogen  balance. * Estimated considering 12%  N/VSS.


Reactor F  
A standard condition cycle for  Reactor F   is presented in Table 2.-:

	Influent:
	

	CODt_inf (mg/l)
	909

	TKN _inf (mgN/l)
	98.8

	NH4_inf (mgN/l)
	73

	NO3_ inf (mgN/l)
	3.3

	InfluentFR (l/h)
	5.52




Table 2.- Standard cycle conditions for Reactor F 
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Figure 7.- Reactor F   standard cycle
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Figure 8.- Reactor F   standard cycle
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Figure 9.- Reactor F   standard cycle
In Reactor F,, OD profile has three appreciable “knees”. The first corresponds to COD disappearance (See figure 7). The second and third, corresponds to ammonia and nitrite respectively (See figure 8 and 9). 

In this case, due to the lower C/N relation, nitrate and nitrite concentrations and autotrophic sludge activity are higher than Reactor M. A typical standard N-NO3/N-NO2 concentration profile is shown in Figure 10.-. 
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Figure 10.-  N-NO3/ N-NO2 profiles for standard cycle.

Denitrification  is not complete in this reactor, even when COD and nitrate are present at the end of the actual anoxic phase: (130 mg/l and  47 mg/l of COD and nitrate respectively). For this reason the anoxic time was extended 1 hour since 23/July. Also, mixer was changed by a more powerful one. The result of these changes are presented later in 1.2.2. Reactor evolution.  

1.2.2 Reactor evolution 
· Reactor M 
Total and Volatile suspended solid evolution during 10 months is showed in Figure 11.-. VSS was maintained around 2 and 3 g/l during March and the beginning of April. After that, sludge lost its settling capacity, SVI increased, and effluent increased its VSS content, and sludge was washing out throw the reactor. At 13/May, a flocculant was added to the reactor, and purge was closed. The settleability was restored, and VSS started to increase again. Since this date, flocculant was periodically added to the reactor. 
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Figure 11 .- Reactor M  VSS evolution.
Heterotrophs, ammonia  and nitrite oxydisers  potential and real activities were followed  according with the respirometric techniques established in the EOLI protocol and described in Annex 1.  According with mass balance estimation and analytical results, in this reactor very low levels of ammonia and nitrite oxidation were detected by activity test. This result was also corroborated by FISH (see microbiological  evaluation). 
 Heterotrophic  potential activity is presented in Figure 8.- It can be seen that heterotrophic activity presents a high variability, specially during February to April and it has a mean value of 500 mgO2/gVSS/d during this period. Since the middle of May, activity was stabilized, but in a mean value of 200 mgO2/gVSS/d.  The effect of washing out  during april and may and the flocculant addition, seems to yield microbial selection, with a lower specific degradation rate.  
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Figure 12.-Reactor M Heterotrophic Potential Activity: OUR_heterotrofic (mgO2/gVSS/d)
Soluble COD and NTK removal efficiency for May and June are presented in Figure 13.- and Figure 14.-. It is shown a high and constant COD removal efficiency, and a high TKN removal efficiency, independently of activity variations. The blue bar corresponds to  the removal efficiency at the end of the cycle (t=12 hours). The violet bar, to the efficiency reached after 4 hours of aeration (t=5.5 hours). It can be seen that for the actual organic load,  no better efficiencies are obtained for longer periods excepting for some TKN value. These efficiency reduction is not important since this reactor does not show significant TKN concentrations. 
In order to evaluate the maximum loading capacity of Reactor M, loading rate was increased and purge was closed during a week. Loading rate is actually at 100% higher than in the previous conditions. Evaluation of the operation in this new condition is  actually conducted. 
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Figure 13.- Reactor M % COD removal 
Figure 14.-Reactor M  %TKN removal 
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Figure 15.- Reactor M soluble effluent COD (pink) and BOD (yellow)
The mean effluent soluble COD -Figure 15.- for this reactor  is 85 mg/l. This is a relatively high value, but with a  low BOD, corresponding to  BOD of 0.15 gBOD/gCOD, indicating that there is an important inert  (recalcitrant) fraction of the COD, that could  come from biomass decay.  Also, considerable variability is observed for effluent quality. This could be due to a poorer separation of solids during centrifugation. TKN and ammonia  mean effluent concentration is low: 2.4 and 0.8 mg/l  respectively,  and its present a high TKN/ammonia relation. This is not what expected after a long aeration period.  Organic nitrogen should be  part of inert fraction of COD.
· Reactor F  
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Figure 16.- Reactor F  . VSS evolution.
Figure 16 shows the VSS concentration. The mean value during the period was 1500 mg/l. Some events can explain the variations observed: During   the first  days of March, VSS started to decrease, due to a enhanced  purge  volume, as cleaning cycle washed out  a not negligible amount of mixed liquor. The volume purged was corrected and VSS increased (black arrow). During April, no operational problems were registered, and VSS decay  (blue arrow)  probably corresponds to a reduction in heterotrophic activity during the same period, since heterotrophic organisms are the most important fraction of sludge (see Microbiological evaluation). Purge was closed and VSS increased again (red arrow). During the first 2 weeks of July, VSS decreased again. Reduction of VSS can be due to a lower COD concentration of the influent (influent was not 25% of diluted milk- 75% anaerobic effluent, but (20%-80% respectively) during this time (green arrow).   
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Figure 17.- Reactor F   Potential activity evolution. 
In Figure 17.- the nitrifying and heterotrophic activities for this reactor are shown. The mean values during this period were: 350 (ammonia-ox.), 130 (nitrite-ox.), and 700 (heterotrophs) mgO2/gVSS/d. Even when we expected a similar heterotrophic activity, Reactor F   shows a greather mean potential activity of acetate than Reactor M. Also, for Reactor M and F, “real” activities (respirometry employing real wastewater as substrate: see Annex 1) were measured. While in Reactor M both  real and potential activities are similar, for Reactor F  , “real” activity is greather than the potential one, in all cases (nitrifying and heterotrophic), aroung 30-40% greather as a mean value. This observation allow to put the potential activity test under consideration, as it should be the reference of a maximum value. We don´t have an explanation for this behavior. The mean real heterotrophic activity for  Reactor F   is 900  mgO2/gVSS/d.
On 15th of March, all activities dramatically fall, at red arrow in the figure. This observation corresponds to an abnormal input of total and volatile solids in the reactor that comes from the anaerobic pond (Figure 18.-). March is for Uruguay the beginning of Autonm, and thermal inversion in anaerobic ponds removes sludge from the bottom, and enhances its concentration in the effluent. Also, a high concentration of archea was found in the Reactor at this date. Fish technique shows that at these days, viable eubacteria and nitrite and ammonia oxidizers are reduced. (see Microbiological evaluation). As archea comes from anaerobic medium, this confirms the presented hypothesis. Input of anaerobic sludge should carefully be avoided as it seems to be toxic for all organisms in the reactor.    
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Figure 18.- TSS  in the influent of Reactor F  
After that, inocculum from a SBR if Florida Dairy Plant was added and ammonia and nitrite oxydisers activities started to increase, as it is shown by the white arrow. Nitrite and ammonia oxidizers were growing in the reactor up to end of May. During the first days of June, all activities fall. cycles with ATU were conducted, but this cannot explain the loss of activity during this period, as activity was already low before the ATU addition. No explanation could be found  for this phenomena, but after that, during June to Agust, activities remained stable at a lower value.

In Figure 19.- and 20.-  the (COD  and TKN removal for Reactor F  are  presented. It average value is 91( and 90( for COD efficiency  and 97 and 98 ( at the end of the cycle and at 4 hour aeration time respectively. The blue bar corresponds to  the removal efficiency at the end of the cycle (t=12 hours). The violet bar, to the efficiency reached after 4 hours of aeration .In any case, the difference between them is not greater than 10(. As in Reactor M,  for Reactor F   no better efficiencies are obtained for longer periods.

[image: image15.emf]0

20

40

60

80

100

04-May 25-May 08 - June 28 - June

Removal efficacy (%)

[image: image16.emf]0

20

40

60

80

100

31-May 02 - June08 - June09 - June 15 - June 28 - June


Figure 19.- Reactor F  soluble (COD removal   Figure 20.- Reactor F   (TKN removal
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Figure 21 .- Reactor F  effluent  soluble COD and BOD
Similar comments than for Reactor M can be concluded from Figure 21-. BOD/COD relation for Reactor F  resulted in 0.1. 

Ammonia and Total Kjeldhal Nitrogen average values  in Reactor F  effluent are very low: was 0.3 and 1.1 mg/l.

From these results, it can be concluded that for  Reactor F   as well as Reactor M, aeration time is excessive in the actual loading condition.   
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Figure 22.- Reactor F  effluent nitrite and nitrate concentration
Nitrate and concentration in the effluent, Figure 22.-, presents variation according with activity variations. Mean values during the period -March to July- are:52 and 1.6 mg/l for nitrate and nitrite.  As described previously, after 23/07, anoxic phase was increased 1 hour, and a new mixer was installed, to enhance nitrate removal efficiency, due to  higher denitrifying performance. After the changes, mean effluent nitrate concentration in the effluent was 38 mg/l, a smaller value than  in the  last period.
As in Reactor M,, to optimize the operation of this reactor, its loading capacity should be tested, by increasing influent organic and nutrient load. Also, it is desirable that nitrate concentration was reduced, by modifying the cycle operation and to include an anoxic phase at the end of the cycle. For implementing these new operating conditions, some changes needs to be implemented in SCADA program.



1.2.3  Microbiological evaluation


1.2.3 a.- Bacterial number determination using Fluorescent In Situ Hibridization.

In situ hybridization techniques with whole cells using rRNA-targeted oligonucleotide probes (FISH) allow the enumeration and identification of bacteria in complex microbial communities. For this purpose the samples are treated with fixatives (paraformaldehyde or ethanol) to preserve cell morphology and allow the accessibility of oligonucleotide probes. Fixed samples were hybridized with fluorescently labelled probes, and visualised with an epifluorescence microscope. The specificity of the probes are adjusted to reveal different phylogenetic levels (e.g. domain, division, genus, species). For example the general probe Nso1225 detect most of the ammonia oxidising beta Proteobacteria while a more specific probe like Nsv443 detect the species Nitrosolobus multiformis, Nitrosospira briensis and Nitrosovibrio tenuis within that group. 

We optimised the technique for quantification of cells by applying different ultrasonic treatments and solutions to achieve separation of most cells. 

Probes:

Eub338: microorganisms of domain Bacteria

Arch915: microorganisms of domain Archaea
Nso1225: most of all ammonia oxidising beta-Proteobacteria  

Nit3: nitrite oxidising bacteria of the genus Nitrobacter
Ntspa662: nitrite oxidising bacteria of the genus Nitrospira
Dapi stain: all microorganisms

Results

Reactor M: no cells hybridising with the probes for the ammonia or nitrite oxidisers were detected in the samples tested. As FISH give not so much information in this reactor not more samples were analysed.
Reactor F  :
According to the reactor operation data, 8 representative samples were selected form the reactor F to performed the FISH count with the different probes.

[image: image39.bmp]
	Day
	% EUB
	% Nso
	% Nit
	% Ntspa
	% Arc

	13 (27/01)
	70,0
	3,8
	2,2
	Not detected
	ND*

	35 (18/02)
	56,4
	0,4
	0,2
	ND
	0,2

	48 (02/03)
	36,4
	1,0
	2,4
	ND
	ND

	64 (18/03)
	36,1
	1,2
	0,6
	Not detected
	5,6

	89(12/04)
	50,0
	2,9
	2,1
	Not detected
	3,9

	103(26/04)
	48,8
	0,7
	0,2
	0,001
	1,4

	126(19/05)
	50,0
	0,2
	0,05
	0,002
	0,2

	146(08/06)
	27,4
	0,8
	0,5
	0,003
	0,5


*ND, not determined

Discussion:

FISH count revealed a low percentage of viable bacteria (Eub338) in the biomass (except at day 13), indicating that they represented a low fraction of VSS.

During 146 days of operation organisms belonging form the genus Nitrosomonas and Nitrobacter were detected in the reactor indicating that the nitrifying population were maintained inside the reactor. The nitrite oxidizing population were constituted almost exclusively with bacteria of the genus Nitrobacter although organisms form the genus Nitrospira were detected in the samples after day 103 (26/04).

After day 35 (18/02), Archaea were detected in the biomass. A peak is observed at day 64 (18/3). This corresponds to the increasing level of suspended solids in the influent of the reactor (that comes from an anaerobic lagoon). Although Archaea bacteria were not expected to be present in the reactor sludge, this population was maintained inside the reactor in a low proportion. Probably the Archaea cells were incorporated with the influent (that comes from an anaerobic lagoon)

Comparing the FISH results to the results form the activity test, in general a higher amount of cells were detected in samples with high activity value.  


1.2.3 b.- Calculation of the number of cells using the activity values, comparison with FISH values: Reactor F  
To evaluate if the two methods used to detect the ammonia and the nitrite oxidisers in the sludge samples from Reactor F   give similar values, a comparison of both methods was performed. For that, the cell number were calculated using the activity tests values, taking into account the values reported in the bibliography for pure cultures.

Ammonia oxidisers

	Day
	activity
	Activity
	activity
	Activity
	cell/ml
	cell/ml
	FISH

	 
	mgO2/ml*d
	mgO2/ml.h
	mmolO2/ml.h
	mmolNO2/ml*h
	23fmol
	0,9fmol
	Nso/ml

	13
	1.4828365
	0.06178485
	0.00193078
	0.00128718
	5.60E+07
	1.43E+09
	3.50E+07

	35
	0.86120388
	0.0358835
	0.00112136
	0.00074757
	3.25E+07
	8.31E+08
	2.60E+07

	48
	1.15479612
	0.0481165
	0.00150364
	0.00100243
	4.36E+07
	1.11E+09
	1.90E+07

	64
	0.06028427
	0.00251184
	7.8495E-05
	5.233E-05
	2.28E+06
	5.81E+07
	1.60E+06

	89
	1.2409164
	0.05170485
	0.00161578
	0.00107718
	4.68E+07
	1.20E+09
	5.30E+06

	103
	0.67526208
	0.02813592
	0.00087925
	0.00058617
	2.55E+07
	6.51E+08
	6.20E+06

	126
	3.7736388
	0.15723495
	0.00491359
	0.00327573
	1.42E+08
	3.64E+09
	4.30E+06

	146
	0.558804
	0.0232835
	0.00072761
	0.00048507
	2.11E+07
	5.39E+08
	4.40E+06


In this table the cell number for the ammonia oxidisers were calculated using the rate of nitrite production for a pure culture reported in the bibliography. A minimum (0.9fmol Nprod/cel.h) and a maximum l(23fmol Nprod/cell.h) value were used and then two values were calculated.  According to this results, in most of the points including in the analysis, the number of cells calculated using the activity values (considering the most active cells) were similar to the number of cells determined by FISH.

This confirm that the ammonia oxidisers detected by FISH were the same organisms detected by the respirometric acitvity test. 

A high difference (two order of magnitude) was obtained for the values obtained in day 126, in this point the sludge from Reactor F   presented a different aspect suggesting a change in the microbial population. Probably in this point a different kind of organisms, not detected by FISH, were selected.     

Nitrite oxidisers

	Day
	activity
	Activity
	activity
	Activity
	cell/ml
	cell/ml
	FISH

	 
	mgO2/ml*d
	mgO2/ml.h
	mmolO2/ml.h
	mmolNO3/ml
	42fmol (1)
	5,1fmol (2)
	Nit/ml

	13
	0.26638602
	0.01109942
	0.00034686
	0.00069371
	1.65E+07
	1.36E+08
	2.00E+07

	35
	0.35622524
	0.01484272
	0.00046383
	0.00092767
	2.21E+07
	1.82E+08
	1.50E+07

	48
	0.50693592
	0.02112233
	0.00066007
	0.00132015
	3.14E+07
	2.59E+08
	4.80E+07

	64
	0.00078291
	3.2621E-05
	1.0194E-06
	2.0388E-06
	4.85E+04
	4.00E+05
	7.20E+05

	89
	1.17436896
	0.04893204
	0.00152913
	0.00305825
	7.28E+07
	6.00E+08
	3.80E+06

	103
	0.73593792
	0.03066408
	0.00095825
	0.00191651
	4.56E+07
	3.76E+08
	1.70E+06

	126
	1.31725056
	0.05488544
	0.00171517
	0.00343034
	8.17E+07
	6.73E+08
	8.60E+05

	146
	0.21530088
	0.00897087
	0.00028034
	0.00056068
	1.33E+07
	1.10E+08
	2.50E+06


As was shown in this table, similar results were obtained for the nitrite oxidisers (the rate for nitrite production presented in the bibliography were 5.1-42 fmol N prod/cell.h).

Again, in most of the points, the number of cells calculated using the activity values (considering the most active cells) were similar to the number of cells detected by FISH. So, it can be conclude that the organisms detected for both methods were the same in most of the points. A high difference was also obtained for the day 126 indicating again a different behaviour of the microbial composition of the sludge in this point. 


1.2.3.c.- Calculation of the proportion in biomass of cells from  the different microbial population: Reactor F  
In order to evaluate the Activity Test and FISH data to estimate the biomass proportion of cells related to the VSS to be used in the model verification, a calculation of the proportion (X=g specific cells/gSSV) was performed.

Ammonia oxidisers

For this calculation, the weight of a cell belonging to the  Nitrosomonas europea species were estimated considering that the average cell volume were 0.7m3 according to the bibliography and considering a cell density of 1 g/ml (weight of one N. europea cell 7x10-13 g).



	Ammonia 
	Activity
	Activity
	SSV 
	XNH4+

	day
	cells/ml
	gcells/ml
	mg/L
	g cells/g SSV

	13
	5.60E+07
	3.91752E-05
	1175
	3.33E-02

	35
	3.25E+07
	2.27522E-05
	1655
	1.37E-02

	48
	4.36E+07
	3.05087E-05
	1655
	1.84E-02

	64
	2.28E+06
	1.59266E-06
	882
	1.81E-03

	89
	4.68E+07
	3.27839E-05
	2115
	1.55E-02

	103
	2.55E+07
	1.78398E-05
	1568
	1.14E-02

	126
	1.42E+08
	9.96961E-05
	2094
	4.76E-02

	146
	2.11E+07
	1.47631E-05
	1738
	8.49E-03


	Ammonia 
	FISH
	FISH
	SSV
	XNH4+

	day
	cells/ml
	gcells/ml
	mg/L
	g cells/g SSV

	13
	3.50E+07
	0.0000245
	1175
	2.09E-02

	35
	2.60E+07
	0.0000182
	1655
	1.10E-02

	48
	1.90E+07
	0.0000133
	1655
	8.04E-03

	64
	1.60E+06
	0.00000112
	882
	1.27E-03

	89
	5.30E+06
	0.00000371
	2115
	1.75E-03

	103
	6.20E+06
	0.00000434
	1568
	2.77E-03

	126
	4.30E+06
	0.00000301
	2094
	1.44E-03

	146
	4.40E+06
	0.00000308
	1738
	1.77E-03


Similar values were retrieve for the samples in day 13, 35, 48, 64 and 146. In the samples taken at days 89, 103, 126 higher proportion of organisms were detected by Activity tests than by FISH, indicating that not all the organisms were detected by FISH or that the rates of N transformation were different  that the reported in the bibliography (Feray, 2000.(.
Nitrite oxidisers

The same calculation were performed for the Nitrite oxidisers, in this case the reported volume for one cell from the Nitrobacter wignogradsky species was 0.43m3, considering a cell density of 1 g/ml the weight of one Nitrobacter wignogradsky cell was 4.3x10-13 g.

	Nitrite
	Activity
	Activity
	SSV
	XNO2-

	day
	cell/ml
	gcell/ml
	mg/L
	g cells/g SSV

	13
	1.65E+07
	7.1023E-06
	1175
	6.0E-03

	35
	2.21E+07
	9.4976E-06
	1655
	5.7E-03

	48
	3.14E+07
	1.3516E-05
	1655
	8.2E-03

	64
	4.85E+04
	2.0874E-08
	882
	2.4E-05

	89
	7.28E+07
	3.1311E-05
	2115
	1.5E-02

	103
	4.56E+07
	1.9621E-05
	1568
	1.3E-02

	126
	8.17E+07
	3.512E-05
	2094
	1.7E-02

	146
	1.33E+07
	5.7403E-06
	1738
	3.3E-03


	Nitrite
	FISH
	FISH
	SSV
	XNO2-

	day
	cell/ml
	gcell/ml
	mg/L
	g cells/g SSV

	13
	2.00E+07
	8.60E-06
	1175
	7.32E-03

	35
	1.50E+07
	6.45E-06
	1655
	3.90E-03

	48
	4.80E+07
	2.06E-05
	1655
	1.25E-02

	64
	7.20E+05
	3.10E-07
	882
	3.51E-04

	89
	3.80E+06
	1.63E-06
	2115
	7.73E-04

	103
	1.70E+06
	7.31E-07
	1568
	4.66E-04

	126
	8.60E+05
	3.70E-07
	2094
	1.77E-04

	146
	2.50E+06
	1.08E-06
	1738
	6.19E-04


Again the values obtained for the samples taken after the day 64 presented higher values calculated from the activity than the values calculated by FISH.


1.2.3.d.-  Monitoring the microbial composition of the sludge samples by T-RFLP. Reactor F  
Introduction

The T-RFLP is a fingerprinting technique to evaluate the microbial composition of a environmental sample. 

To study the Bacteria composition, the 16SrDNA gene is amplified by PCR from the total DNA, and the genes belonging from the different bacteria are separated by electrophoresis according to the length of the fragment resulted from the treatment with a restriction enzyme. A chromatogram is obtained where each peak represent an operational taxonomic unit (OTU) that, in most of the cases, becomes from a bacterial species.

[image: image19.png]-

PR witha forescently
beled 16§ tRNA forward primer

the commmity

1 2
&Dm]:ﬂ]%
* 3

Restiction digestof
PCR product





T-RFLP technique representation.

This technique can also be applied to investigate the microbial composition of a specific group of organisms, in this case, a specific gene for the group of interest must be used as a gene marker.

To study the denitrifying population in environmental samples, the genes encoding for the nitrite reductase nirS and nirK were frequently used (Braker et al, 2000).

In the case of the ammonia oxidisers the gene encoding for the ammonia monooxigenase (amo A) was utilised (Hortz et al., 2000). To our knowledge, until the moment there were not gene markers reported for the nitrite oxidisers, so this population can not be monitored by this technique.

In this work the objective was to evaluate the changes in the microbial composition of the sludge during reactors operation. For that, the Bacterial population (using the 16S rDNA gene) the denitrifying population (using nirS gene) and the ammonia oxidising population (using the amo A gene) was studied.

With this results the diversity and the composition of each population could be evaluated along the reactor operation time. The changes in the microbial population will be compared with the reactor operation data.

Comparing the diversity (number of OTU) and the identity of the Bacteria and denitrifiers it could be confirmed if the heterotrophic Bacteria are all denitrifiers. The knowledge about the identity of the ammonia oxidisers and denitrifiers will permit to design more specific FISH probes to detect all the population.

Results

Six representative samples from Reactor F  , utilized for FISH, were selected to study the diversity with the T-RFLP technique.

DNA was extracted from all the samples using the MOBIO Soil purification kit, obtaining good DNA yeald in all the samples.
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 Agarose gel stained with ethidium bromide showing the DNA extracted form the sludge samples. 
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Agarose gel showing the PCR product for the 16S rDNA gene (A) (1500 bp) and the  amo A gene (B) (aprox 600 bp).

16S rDNA PCR amplification was performed in all the DNA samples using a 1/10 diilution. In all the samples the PCR product was obtained, as is shown in the agarose gel, indicating that no inhibition of PCR occurred. 

PCR products with the specific molecular weight were obtained in all the samples in the PCR for the amoA and nirS gene.

After the purification and concentration the PCR products were treated with the specific restriction enzymes according to the protocol. 

The electrophoresis in polyacrylamide gel will be performed in the automated Sequencer next week, so final results will be presented in next EOLI meeting.


1.2.4  Experimental denitrifying rate
As influent contents nitrate, a mass balance should be done to evaluate the experimental denitrification rate during  4 standard cycles, for both reactors. An estimation of the dentrifying rate was performed based on its own standard cycle’s measurements. Standard cycles were evaluated. Annex 2 contents a description of the mass balance. 
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Figure 23: (d of a standard cycle evolution (d: Denitrification specific rate (gN-NO3-/gSSV/h).

Denitrification is a fast process. At end of anoxic fill, no much more time is required to finalize the process. The maximum (d values obtained (in this case 0.009 gN-NO3/gVSS/h), corresponds to a substrate between readily biodegradable (0.03) and particulate substrate (0.004) (Van Haendel et al, 1982). By making the same analysis on other cycles a dispersion of results is observed.  
.


· Reactor F
In this case, a considerable dispersion of maximum denitrifying rate values was found.
1.2.5 Adsorption capacity
Adsorption of organic matter  by the sludge was observed for both reactors. To estimate the amount of adsorbed COD, a mass balance during 4 standard cycles for both reac toras was evaluated, considering COD input and nitrite-nitrate denitrification. Mass balance employed for this task is presented in Annex 2.- 
The average amount of adsorbed COD at the  end of anoxic period is similar for both reactors: 64% and 56 % of total fed COD, for Reactor M and. The estimation of adsorbed %COD varied considerably for evaluated cycles (Reactor M: 42%-82%). 
In the next figure, a COD cumulative adsorption profile for a standard cycle is shown for both reactors:
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[image: image48.emf]Reactor F Standard cycle 
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Figure 24: COD Adsorption profiles.

1.2.6 Maximum specific  heterotrophic growth rate determination.

To evaluate the maximum specific growth rate for heterotrophic bacteria, respirometric batch tests were carried out for Reactor M sludge. The procedure is described by Kappeler y Gujer, 1992, and it is indicated in Annex 3.-.  It is based on OUR (oxygen uptake rate) measurements throughout the experience.

[image: image51.bmp]

Figure 25: Respirometric assay for Reactor M sludge

The experience was made by triplicate. The result obtained, shows a (Max value of  2 – 3.8 d-1. This is consistent with the corresponding reported values in literature for the respective treated substrate (2.5 to 2.9 d-1 for dairy wastewaters ) (Grady, 1980).

1.2.7  Saturation curves
To estimate the experimental values of semi-saturation constants for heterotrophic and nitrifiying bacteria, the following experiments were conducted: 

The potential activity was performed using different initial concentration of acetate (heterotrophic activity), and ammonia. The experiment were performed for the sludge of the Reactor F   (for ammonia and acetate) and for the sludge of Reactor M only for acetate 
Results
· Reactor M

a) Experiment 1- 
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	acetate
	Activity

	ppm COD
	mgO2/ml*h

	4.4
	6.65E-02

	8.8
	6.53E-02

	17.5
	7.73E-02

	43.8
	8.22E-02

	87.5
	8.75E-02

	157.5
	9.21E-02


Semi-saturation constant for heterotrophic biomass  growing in acetate seems to be less than 25 ppm, even when higher than expected  values were detected at low concentrations (4.4 ppm COD). This makes difficult a cuantitative evaluation of semi-saturation parameter from this experience. By repeating this experience, contradictory results related with low concentrations were found. More research is needed to find an explanation for this behaviour.

b) Experiment 2.-
To study the problem found in  Experiment 1, another experience was conducted:

The objective of this experiment was to study the effect at low concentrations of substrate.

For that, the test of activity was preformed in the same sample using several times the same low concentration with an aereation phase between them as is shown in the table. 

	total time
	 
	aeration 
	ppm COD
	activity

	Min
	 
	time(min)
	added 
	mgO2/ml*h

	5
	Aeration
	5
	 
	 

	10
	Measure
	5
	 
	 

	14
	Aeration
	4
	 
	 

	18
	Measure
	4
	10.2
	1.50E-02

	44
	Aeration
	26
	 
	 

	48
	Measure
	4
	0
	0

	54
	Aeration
	6
	 
	 

	58
	Measure
	4
	10.2
	1.80E-02

	84
	Aeration
	26
	 
	 

	88
	Measure
	4
	0
	0

	94
	Aeration
	6
	 
	 

	98
	Measure
	4
	10.2
	1.99E-02

	124
	Aeration
	26
	 
	 

	128
	Measure
	4
	0
	0

	134
	Aeration
	6
	 
	 

	138
	Measure
	4
	5.1
	1.65E-02

	149
	Aeration
	11
	 
	 

	153
	Measure
	4
	10.2
	1.94E-02

	179
	Aeration
	26
	 
	 

	183
	Measure
	4
	20
	1.45E-02

	187
	Aeration
	4
	 
	 

	191
	Measure
	4
	39.9
	2.61E-02

	195
	Aeration
	4
	 
	 

	199
	Measure
	4
	59.8
	3.10E-02

	203
	Aeration
	4
	 
	 

	207
	Measure
	4
	59.8
	3.72E-02

	211
	Aeration
	4
	 
	 

	215
	Measure
	4
	59.8
	3.57E-02
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As is shown in the figure after successive addition of low amount of ammonia (10.2 ppm COD) increasing values for the activity were measured. Inconsistent value were retrieve for 20ppm COD, at higher values the values were more consistent. 
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Reactor F  
a) Experiment 3.-

Ammonia oxidation activity.

	N-NH4
	activity 

	Ppm
	mgO2/ml*h

	0.21
	1.27E-02

	0.43
	1.07E-02

	0.85
	2.66E-02

	1.60
	3.01E-02

	4.27
	3.25E-02

	10.67
	3.12E-02


The ammonia saturation was reached at 2.00 ppm N-NH4+. Again, at low concentrations (0.21-0.43 ppm N-NH4+) high variation of the values in activity were detected.



a) Experiment 4.-

Heterotrophic activity
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	Acetate
	Activity

	Ppm
	mgO2/ml*h

	4.4
	3.42E-02

	8.8
	3.30E-02

	17.5
	3.70E-02

	43.8
	4.67E-02

	87.5
	4.92E-02

	157.5
	5.25E-02


The saturation for acetate was obtained at more than 50.0 ppm DQO. As for the ammonia curve a variation for the values in activity were detected at low acetate concentration. Unreliable data at low concentration doesn´t allow the semi-saturation constant calculation. Again, it seems to be less than 25 ppm as for the case of Reactor M. Again, more research is needed to obtain an accurate experimental value of Ks. 

1.2.9  Decay rate evaluation

This parameter was experimentally evaluated by triplicate, by aerating sludge overnight and evaluating volatile suspended solids at the beginning and the end of the aeration period. The estimated value is obtained  through the following expression:
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Where:
· (X: Decay biomass concentration at aerobic process without exogenous substrate (mgSSV/L).

· (t: process duration (d).
· Xav: Average biomass concentration in the system (mgSSV/L). 
· bH: Aerobic decay coefficient (d-1)
	Reactor

	M
	F

	0.09

(0.06-0.08-0.13)
	0.17

(0.16-0.18-0.18)


Table 3: Average experimental aerobic decay coefficient (d-1)

The results are comparable with decay coefficient for heterotrophic growth (Orhón, 1994)
1.3.- Problems
Both reactors were operating during 11 months in automatic mode. During this period, some operational problems were found: for Reactor M settling properties had to be modified as reducing the anoxic period did no show a positive effect on the settling rate. The periodical addition of  flocculant  promoted a microbial selection with a lower heterotrophic activity. 
Valves and air supply clogging was observed for both reactors, and a more frequent maintenance routine should be implemented.  
Reactor F  lost its activity due to an unexpected input of anaerobic sludge. It has to be inoculated with an SBR sludge from a dairy plant. 

2.  Future activities

As it was exposed before, the objective of the next six months is to find the maximum loading capacity for both reactors, and evaluate the effect of increasing load in settling  capacity, microbial activity and denitrifying efficiency. For Reactor F, also changes in cycles phases should be implemented to reduce nitrate concentration in the effluent.
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Annex 1

METHODS

A) Protocol for respirometric assay of Potential activity 

· Sample 200ml of mixed sludge after the react phase. If possible, record the ppm N-NH4+ measurement on line. 

· Aerate overnight.

· Place 140ml of sludge in an appropriate vessel, stir, measure pH and adjust with NaOH 10M if necessary.  

· Connect DO probe. (DO calibrated and stable, also measures temperature). 

· Record pH value and temperature.

· Measure DO every 10-20sec. For about 20 min. Plot DO vs time and calculate slope S1 (ppmO2/min). This value corresponds to endogenous respiration.

· If the DO value has dropped below 6 ppm aerate the sludge. 

· Measure pH and adjust. 

· Add 10mg N-NO2-. 

· Aerate and stir for 1 min. 

· Connect DO probe and measure DO every 10-20sec. for 10-20min depending on sludge activity.  

· Plot DO vs. min. and calculate slope S2 (ppmO2/min). 

· Aerate the sludge to saturation. 

· Add 60 ppm N-NH4+ 

· Aerate and stir for 1min

· Connect DO probe and measure DO every 10-20 sec. for 10-20min depending on sludge activity.

· Plot DO vs. min. and calculate slope S3 (ppmO2/min).

· Repeat  and compare the slopes obtained. If the values differ repeat until the slope obtained is constant.

· Aerate the sludge to saturation. 

· Add 175 ppm COD Acetate.

· Connect DO probe and measure DO every 10-20 sec. for 10-20min depending on sludge activity.

· Plot DO vs. min. and calculate slope S4 (ppmO2/min).

· Calculations to obtain AOB activity and NOB activity

· NOB activity=S2-S1 (mgO2/ml*min). Calculate NOB activity per gSSV.

· AOB activity=S3-S2 (mgO2/ml*min). Calculate AOB activity per gSSV.

· Heterotrophic activity=S4-S3 (mgO2/ml*min). Calculate Heterotrophic activity per gSSV

B) Respirometric Activity using the real influent (EOLI protocol).

· This determination is a measure of ammonium oxidation rate, nitrite oxidation rate, and heterotrophic rate in the same operation condition that the reactor. For that, the influent of the reactor was used as substrate.

· Two inhibitors were used:

· Allilthiourea that inhibit the ammonia oxidisers, and Chlorate that inhibit the nitrite oxidisers.

· Procedure:

Take 200 ml sample of mixed sludge after the react phase.

· Aerate overnight.

· Place 140ml of sludge (dilution 1/2-1/10) in appropriate vessel, with continuous stir, and control pH at 8 +/-0.1.

· Connect DO probe. (DO calibrates and stable, also measures temperature).

· Measure DO every 15 sec. For about 8-10 min. Plot DO vs time and calculate slope (P1, ppmO2/min). This value corresponds to endogenous respiration

· Add influent to vessel (real proportion 2:15 v/v reactor M; 4:15 v/v Reactor F )

· Measure DO every 15 sec. For about 8-10 min. Plot DO vs time and calculate slope (P2, ppmO2/min). This value corresponds to total respiration

· Measure pH and adjust.

· Aerate and stir for 1min.

· Add 86 uM ATU (allilthiourea, specific inhibition of 100% ammonium oxidizers) 

· Measure DO every 15 sec. For about 8-10 min. Plot DO vs time and calculate slope (P3, ppmO2/min). This value corresponds to total respiration except ammonium oxidizers.

· Measure pH and adjust.

· Aerate and stir for 1 min.

· Add 20mM ClO3- (chlorate, specific inhibition of 100% nitrite oxidizers)

· Measure DO every 15 sec. For about 8-10 min. Plot DO vs time and calculate slope (P4, ppmO2/min). This value corresponds to total respiration except nitrifiyng respiration.

· Calculations to obtain AOB, NOB, and heterotrophic activity:

Activity (mgO2/ml*h):     

AOB = (P2- P3)*60/1000

NOB = (P3-P4)*60/1000

Heterotrophic = (P4-P1)*60/1000

· Calculate AOB, NOB, and heterotrophic activity per gSSV.
Annex 2:
Denitrifying rate and adsorption capacity  estimation
Denitrifying rate estimation
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Where:

· [NO3-]o: NO3- measured in reactor at t=0 (mgN/L).

· Vo: Reactor volume at t=0 (L).

· [NO3-]in(t): Influent NO3- concentration (mgN/L).

· FRin: Input flow rate (L/h).

· [NO3-]m(t): Measured NO3- (mgN/L).

· V(t): Reactor volume (L).

· NO3-(rem)(t): NO3- disappeared by complete denitrification (mgN). 

· t: Time (h).

· (d: Denitrification specific rate (gN-NO3-/gSSV/h).

· X: Average biomass amount in denitrification stage (mgSSV).



Adsorption capacity
The following expressions were employed to estimate adsorbed COD:
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Where:

· CODa(t): adsorbed COD (mgO2).

· CODo: COD in reactor at t=0 (cycle start) (mgO2).

· [COD]o: COD measured in reactor at t=0 (cycle start) (mgO2/L).

· [NO3-]o: NO3- measured in reactor at t=0 (cycle start) (mgN/L).

· [NO2-]o: NO2- measured in reactor at t=0 (cycle start) (mgN/L).

· Vo: Reactor volume at t=0 (cycle start) (L).

· CODin(t): Input COD (mgO2).

· [COD]in(t): Influent COD (mgO2/L).

· [NO3-]in(t): Influent NO3- (mgN/L).

· [NO2-]in(t): Influent NO2- (mgN/L).

· FRin: Input flow rate (L/h).

· CODm(t): Measured COD (mgO2).

· [COD]m(t): Measured COD (mgO2/L).

· [NO3-]m(t): Measured NO3- (mgN/L).

· [NO2-]m(t): Measured NO2- (mgN/L).

· V(t): Reactor volume (L).

· CODNO3-(t): Removed COD at NO3- disappear by complete denitrification (mgO2).

· NO3-(rem)(t): NO3- disappeared by complete denitrification (mgN). 

· CODNO2-(t): Removed COD at NO2- disappear by denitrification (mgO2).

· NO2-(rem)(t): NO2- disappeared by denitrification (mgN).

· fNO3 = 4 = COD/N  estimated estequiometric factor for complete nitrate denitrification (Orhón, 1994)

· fNO2 = 2.4 = COD/N estimated estequiometric factor for  nitrite denitrification (Orhón, 1994)

· t: Time (h).


Annex 3:
Resiprometric evaluation

The quantitative analysis of OUR data is based in the following expression:

   

Where:

· YH: Yield coefficient [gCOD(cellular)/gCOD(removed)].
· (Max: maximum specific growth rate (d-1).
· fp: inert biomass fraction (( 0.2).

· XH: Biomass expressed by cellular COD.

· bH: Decay coefficient (d-1).

· S: Soluble COD (mgO2/L).

· Ks: Monod semi – saturation constant for soluble COD.  

Restricting the study to the exponential growth stage of biomass, and satisfying the next hypothesis/conditions:

-Low biomass initial concentration in the experience (~ 100 mgSSV/L).

-COD(soluble,initial)/X(initial) ~ 4gCOD/gSSV.

-Saturation conditions for dissolved oxygen and substrate (soluble COD) concentrations.

then, the maximum specific growth rate and decay coefficient can be estimated by the next way:

· (Max – bH: Slope of data lineal fit from Ln(OUR) vs time.

· bH ~ 5% of (Max.
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3.77

0

0

0

0

0

0

3.65

0

0

0

0

0

0

3.52

0

0

0

0

0

0

3.41

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



acetato

		0

		0

		0

		0

		0

		0



actividad

ammonia (ppm)

potential activity (mgO2/ml*h)

Ammonia

0

0

0

0

0

0



Hoja3

		Flora 1/07/04 dil 1/2

		T		endogena		5ppm		10ppm		20ppm		50ppm		100ppm		180ppm

		min		DO		DO		DO		DO		DO		DO		DO

		0		7.99		7.76		7.11		7.6		7.44		6.99		7.72

		0.25		7.95		7.61		6.92		7.4		7.02		6.82		7.46

		0.5		7.91		7.49		6.77		7.26		6.84		6.64		7.26

		0.75		7.86		7.4		6.67		7.13		6.69		6.49		7.12

		1		7.81		7.28		6.55		7.02		6.55		6.34		6.95

		1.25		7.76		7.16		6.42		6.91		6.41		6.19		6.8

		1.5		7.72		7.03		6.3		6.78		6.24		6.03		6.62

		1.75		7.66		6.91		6.17		6.66		6.11		5.88		6.48

		2		7.61		6.77		6.05		6.53		5.96		5.72		6.33

		2.25		7.55		6.65		5.93		6.42		5.82		5.58		6.18

		2.5		7.48		6.53		5.81		6.28		5.67		5.43		6.01

		2.75		7.45		6.42		5.68		6.16		5.53		5.27		5.87

		3		7.39		6.25		5.55		6.04		5.38		5.12		5.7

		3.25		7.33		6.12		5.43		5.89		5.24		4.97		5.54

		3.5		7.28		6		5.31		5.75		5.08		4.81		5.38

		3.75		7.23		5.89		5.2		5.63		4.93		4.65		5.22

		4		7.17		5.77		5.08		5.51		4.76		4.49		5.06

		4.25		7.12		5.65		4.96		5.37		4.63		4.34		4.9

		4.5		7.07		5.55		4.85		5.24		4.48		4.17		4.74

		4.75		7.02		5.47		4.74		5.11		4.32		4.01		4.56				pend

		5		6.97		5.39		4.67		4.96		4.18		3.86		4.38		endog		0.2133		0.4266		mgO2/l*min		mgO2/ml*h

		5.25		6.9		5.32		4.59		4.85		4		3.71		4.24		acet 5ppm		0.4986		0.9972		0.5706		0.034236

		5.5		6.86		5.27		4.52		4.7		3.86		3.54		4.05		10ppm		0.4882		0.9764		0.5498		0.032988

		5.75		6.8		5.21		4.47		4.57		3.7		3.38		3.89		20ppm		0.5213		1.0426		0.616		0.03696

		6		6.74		5.16		4.41		4.42		3.54		3.22		3.74		50ppm		0.6021		1.2042		0.7776		0.046656

		6.25		6.69		5.1		4.36		4.3		3.39		3.06		3.54		100ppm		0.6233		1.2466		0.82		0.0492

		6.5		6.64		5.03		4.28		4.16		3.22				3.4		180ppm		0.6505		1.301		0.8744		0.052464

		6.75		6.57		4.97		4.24		4.02		3.07				3.22

		7		6.52		4.92		4.18		3.88						3.05

		7.25		6.48		4.87		4.12																acetato		actividad

		7.5		6.42				4.07																ppm		mgO2/ml*h

		7.75		6.37				4.01																4.4		0.03424

		8		6.33				3.95																8.8		0.03299

		8.25																						17.5		0.03696

		8.5																						43.8		0.04666

		8.75																						87.5		0.04920

		9																						157.5		0.05246

		9.25

		9.5

		9.75

		10





Hoja3

		0		0		0		0		0		0		0

		0.25		0.25		0.25		0.25		0.25		0.25		0.25

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		0.75		0.75		0.75		0.75		0.75		0.75		0.75

		1		1		1		1		1		1		1

		1.25		1.25		1.25		1.25		1.25		1.25		1.25

		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		1.75		1.75		1.75		1.75		1.75		1.75		1.75

		2		2		2		2		2		2		2

		2.25		2.25		2.25		2.25		2.25		2.25		2.25

		2.5		2.5		2.5		2.5		2.5		2.5		2.5

		2.75		2.75		2.75		2.75		2.75		2.75		2.75

		3		3		3		3		3		3		3

		3.25		3.25		3.25		3.25		3.25		3.25		3.25

		3.5		3.5		3.5		3.5		3.5		3.5		3.5

		3.75		3.75		3.75		3.75		3.75		3.75		3.75

		4		4		4		4		4		4		4

		4.25		4.25		4.25		4.25		4.25		4.25		4.25

		4.5				4.5		4.5		4.5		4.5		4.5

		4.75				4.75		4.75		4.75		4.75		4.75

		5				5		5		5		5		5

		5.25				5.25		5.25		5.25		5.25		5.25

		5.5				5.5		5.5		5.5		5.5		5.5

		5.75				5.75		5.75		5.75		5.75		5.75

		6				6		6		6		6		6

		6.25				6.25		6.25		6.25		6.25		6.25

		6.5				6.5		6.5		6.5				6.5

		6.75				6.75		6.75		6.75				6.75

		7				7		7						7

		7.25				7.25

		7.5				7.5

		7.75				7.75



endogena

5ppm

10ppm

20ppm

50ppm

100ppm

180ppm

7.95

7.76

6.92

7.6

7.02

6.99

7.72

7.91

7.61

6.77

7.4

6.84

6.82

7.46

7.86

7.49

6.67

7.26

6.69

6.64

7.26

7.81

7.4

6.55

7.13

6.55

6.49

7.12

7.76

7.28

6.42

7.02

6.41

6.34

6.95

7.72

7.16

6.3

6.91

6.24

6.19

6.8

7.66

7.03

6.17

6.78

6.11

6.03

6.62

7.61

6.91

6.05

6.66

5.96

5.88

6.48

7.55

6.77

5.93

6.53

5.82

5.72

6.33

7.48

6.65

5.81

6.42

5.67

5.58

6.18

7.45

6.53

5.68

6.28

5.53

5.43

6.01

7.39

6.42

5.55

6.16

5.38

5.27

5.87

7.33

6.25

5.43

6.04

5.24

5.12

5.7

7.28

6.12

5.31

5.89

5.08

4.97

5.54

7.23

6

5.2

5.75

4.93

4.81

5.38

7.17

5.89

5.08

5.63

4.76

4.65

5.22

7.12

5.77

4.96

5.51

4.63

4.49

5.06

7.07

5.65

4.85

5.37

4.48

4.34

4.9

7.02

5.24

4.32

4.17

4.74

6.97

5.11

4.18

4.01

4.56

6.9

4.96

4

3.86

4.38

6.86

4.85

3.86

3.71

4.24

6.8

4.7

3.7

3.54

4.05

6.74

4.57

3.54

3.38

3.89

6.69

4.42

3.39

3.22

3.74

6.64

4.3

3.22

3.06

3.54

6.57

4.16

3.07

3.4

6.52

4.02

3.22

6.48

3.88

3.05

6.42

6.37

6.33



		0

		0

		0

		0

		0

		0



actividad mgO2/ml*h

COD (Acetate) (ppm)

potential activity (mgO2/ml*h)

Heterotrofic

0

0

0

0

0

0



		






_1160229404.unknown

_1160299877.unknown

_1160299948.unknown

_1160300601.unknown

_1160289662.unknown

_1160299747.unknown

_1160238205.unknown

_1160229326.unknown

_1159954007.xls
Gráfico1

		10.2

		0

		10.2

		0

		10.2

		0

		5.1

		10.2

		20

		39.9

		59.8

		59.8

		59.8



Acetate COD  (ppm) added in each experiment

Potential Activity mgO2/ml*h

Heterotrophic, reactor M

0.014964

0

0.017952

0

0.019944

0

0.016464

0.019392

0.014526

0.026106

0.031008

0.037194

0.035706



acetato

		Manolo 17-09-04 conc

		T		endogena		10 ppm1		#		10 ppm2		#2		10 ppm3		#3		5ppm		10 ppm4		20 ppm		40 ppm		60 ppm1		60 ppm2		60 ppm3

		min		DO		DO		DO		DO		DO		DO		DO		DO		DO		DO		DO		DO		DO		DO

		0		7.71		7.58		7.63		7.77		7.57		7.45		7.48		7.52		7.59		7.53		7.18		7.14		7.19		6.56

		0.25		7.72		7.5		7.62		7.68		7.56		7.4		7.38		7.41		7.26		7.4		7.05		6.81		6.7		6.37

		0.5		7.68		7.41		7.6		7.58		7.53		7.28		7.33		7.31		7.17		7.33		6.65		6.58		6.51		6.19

		0.75		7.63		7.33		7.56		7.47		7.5		7.18		7.3		7.21		7.05		7.23		6.44		6.44		6.32		5.97

		1		7.59		7.22		7.52		7.35		7.46		7.07		7.25		7.08		6.94		7.17		6.31		6.19		6.14		5.79

		1.25		7.56		7.14		7.48		7.24		7.42		6.94		7.23		6.98		6.83		7.06		6.17		6.02		5.97		5.57

		1.5		7.55		7.02		7.42		7.13		7.38		6.83		7.18		6.86		6.72		6.97		6		5.87		5.76		5.41

		1.75		7.51		6.93		7.39		7.02		7.35		6.71		7.12		6.72		6.61		6.85		5.87		5.71		5.58		5.19

		2		7.47		6.82		7.35		6.89		7.31		6.6		7.09		6.63		6.48		6.78		5.72		5.54		5.41		5.02

		2.25		7.42		6.72		7.3		6.78		7.27		6.47		7.03		6.51		6.35		6.72		5.58		5.36		5.24		4.85

		2.5		7.37		6.62		7.26		6.64		7.23		6.35		7.01		6.41		6.22		6.55		5.41		5.2		5.04		4.63

		2.75		7.33		6.48		7.21		6.53		7.19		6.23		6.97		6.3		6.1		6.49		5.27		5.04		4.69		4.48

		3		7.28		6.39		7.18		6.42		7.17		6.09		6.93		6.18		5.97		6.31		5.13		4.88		4.52		4.26

		3.25		7.22		6.27		7.13		6.28		7.13		5.99		6.88		6.08		5.82		6.28		4.99		4.72		4.35		4.09

		3.5		7.18		6.16		7.09		6.19		7.08		5.85		6.85		5.98		5.71		6.12		4.81		4.54		4.15		3.88

		3.75		7.13		6.04		7.06		6.05		7.05		5.74		6.79		5.89		5.59		5.95		4.64		4.36		3.98		3.71

		4		7.09		5.92		7.02		5.93		7.02		5.6		6.77		5.8		5.45		5.88		4.53		4.21		3.82		3.52

		4.25		7.04

		4.5		6.99																										ppmCOD				pendiente				mgO2/l*min		mgO2/ml*h

		4.75		6.95																										0		endogena		0.1736

		5		6.9																										10		10 ppm		0.423				0.2494		0.014964

																														0		#1		0.1664				0		0

																														10		10 ppm2		0.4656				0.2992		0.017952

																														0		#2		0.1472				0		0

																														10		10 ppm 3		0.4796				0.3324		0.019944

																														0		#3		0.1646				0		0

																														5		5 ppm		0.439				0.2744		0.016464

																														10		10 ppm 4		0.4878				0.3232		0.019392

																														20		20 ppm		0.4067				0.2421		0.014526

																														40		40 ppm		0.5997				0.4351		0.026106

																														60		60 ppm1		0.6814				0.5168		0.031008

																														60		60 ppm2		0.7845				0.6199		0.037194

																														60		60 ppm3		0.7597				0.5951		0.035706





acetato

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0				0		0		0								0		0						0				0				0		0		0		0		0		0

		0

		0

		0

		0
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10 ppm1

#

10 ppm2

#2

10 ppm 3
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0



curvas

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



ppm COD agregada

consumo de O2

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Hoja3

		Manolo

		tiempo total				tiempo		ppm COD		ppm COD		actividad

		min				(min)		agregada		final		mgO2/ml*h

		5		aireación		5		,,,,,		,,,,		,,,,,

		10		endogena		5		,,,,		,,,,		,,,,,

		14		aireación		4										Se guardaron alícuotas de 1ml para medir acetato por HPLC.

		18		medida		4		10.2		?		0.014964				Para ello se tomó 1ml de lodo del vial, y se centrifugó 2 min.

		44		aireación		26										El sobrenadante de cada tubo se guardó inmediatamente a -20ºC

		48		medida		4		0				0

		54		aireación		6

		58		medida		4		10.2				0.017952

		84		aireación		26

		88		medida		4		0				0

		94		aireación		6

		98		medida		4		10.2				0.019944

		124		aireación		26

		128		medida		4		0				0

		134		aireación		6

		138		medida		4		5.1				0.016464

		149		aireación		11

		153		medida		4		10.2				0.019392

		179		aireación		26

		183		medida		4		20				0.014526

		187		aireación		4

		191		medida		4		39.9				0.026106				Las flechas indican los puntos donde la actividad volvió a dar igual o menor

		195		aireación		4										al consumo endogeno.

		199		medida		4		59.8				0.031008

		203		aireación		4

		207		medida		4		59.8				0.037194

		211		aireación		4

		215		medida		4		59.8				0.035706



Microbiología:
agregado

Microbiología:
resté el valor de #1 en lugar de la endogena

endogena

Microbiología:
le resté el valor de #3 que corresponderia a la "ultima" endogena

expresada como concentración final en el vial.

Se guardó 1 ml de lodo tubo (1) antes de medir endogena

se guardó 1 ml luego de airear, antes de la medida (tubo 3)

se guardo 1 ml luego de airear, antes de agregar acetato (tubo 4)

Microbiología:
se guardó 1ml antes de medir luego de airear(tubo 2)

Microbiología:
se guardó 1 ml luego de airear antes de agregar acetato (tubo 5)
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Acetate COD  (ppm) added in each experiment

Potential Activity mgO2/ml*h
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Dapi/gSSV

Eub/gSSV

Nso/gSSV

Nit/gSSV

Nspa/gSSV

Arch/gSSV

day

cell number/gSSV

FISH 2004, Reactor F

1106382.9787234

774468.085106383

29787.2340425532

17021.2765957447

6646525.67975831

3746223.56495468

15709.9697885196

9063.4441087613

11480.3625377644

3323262.83987915

1208459.21450151

11480.3625377644

29003.0211480363

408163.265306122

147392.290249433

1814.0589569161

816.3265306122

22675.7369614512

170212.765957447

85106.3829787234

2505.9101654846

1796.6903073286

6619.3853427896

1084183.67346939

529336.734693878

3954.0816326531

1084.1836734694

5.4209183673

14668.3673469388

1719197.70773639

859598.853868195

2053.4861509073

410.6972301815

14.8042024833

2769.8185291309

1093210.58688147

299194.476409666

2531.6455696203

1438.4349827388

9.2059838895

5753.7399309551



Hoja1

																								dilucion del ensayo

																																								Dapi/gSSV		Eub/gSSV		Nso/gSSV		Nit/gSSV		Nspa/gSSV		Arch/gSSV

						Fecha		dias

										amonioo		nitrito		heterotrofa		dias		FISH

										mgO2/ml*d		mgO2/ml*d		mgO2/ml*d				Dapi/ml		Eub/ml		Nso/ml		Nit/ml		Ntspa/ml		Arch/ml

						1/27/04		13		1.4828365049		0.2663860194		0.2948043495		13		1.3E+09		9.1E+08		3.5E+07		2.0E+07		<lim		ND

						2/18/04		35		0.8612038835		0.3562252427		3.9825926214		35		1.1E+10		6.2E+09		2.6E+07		1.5E+07		ND		1.9E+07

						3/2/04		48		1.1547961165		0.5069359223		2.3586500971		48		5.5E+09		2.0E+09		1.9E+07		4.8E+07		ND		ND

						3/18/04		64		0.0602842718		0.0007829126		0.1919310291		64		3.6E+08		1.3E+08		1.6E+06		7.2E+05		<lim		2.0E+07

						4/12/04		89		1.2409164		1.17436896		1.95901512		89		3.6E+08		1.8E+08		5.3E+06		3.8E+06		<lim		1.4E+07

						4/26/04		103		0.67526208		0.73593792		1.484724		103		1.7E+09		8.3E+08		6.2E+06		1.7E+06		8.5E+03		2.3E+07

						5/19/04		126		3.7736388		1.31725056		1.85142048		126		3.6E+09		1.8E+09		4.3E+06		8.6E+05		3.1E+04		5.8E+06

						6/8/04		146		0.558804		0.21530088		1.4977188		146		1.9E+09		5.2E+08		4.4E+06		2.5E+06		1.6E+04		1.0E+07

										amonioo

												Nso/ml		mgO2/ml*d

										13		3.5E+07		1.4828365049

										35		2.6E+07		0.8612038835

										48		1.9E+07		1.1547961165

										64		1.6E+06		0.0602842718

										89		5.3E+06		1.2409164

										103		6.2E+06		0.67526208

										126		4.3E+06		3.7736388

										146		4.4E+06		0.558804

												amonioo

														% NSO		mgO2/ml*d

												13		3.8		1.4828365049

												35		0.4		0.8612038835

												48		1.0		1.1547961165

												64		1.2		0.0602842718

												89		2.9		1.2409164				% EUB				% Nit		% Ntspa		% Arch

						nitrito						103		0.7		0.67526208		27-Jan		70.0				2.2		<lim		ND

						% Nit		mgO2/ml*d				126		0.2		3.7736388		18-Feb		56.4				0.2		ND		0.2

												146		0.8		0.558804		2-Mar		36.4				2.4		ND		ND

				13		2.1978021978		0.2663860194										17-Mar		36.1				0.6		<lim		5.6

				35		0.2419354839		0.3562252427										12-Apr		50.0				2.1		<lim		3.9

				48		2.4		0.5069359223										26-Apr		48.8				0.2		0.001		1.4

				64		0.5538461538		0.0007829126										19-May		50.0				0.0		0.002		0.2

				89		2.1111111111		1.17436896										8-Jun		27.4				0.5		0.003		0.5

				103		0.2048192771		0.73593792

				126		0.0477777778		1.31725056

				146		0.4807692308		0.21530088

														Act ox NH4		nitrito		heterotrofa

												SSV (mg/L)		mgO2/gssv*d		mgO2/gssv*d		mgO2/gSSV*d		Dapi/ml		Dapi/gSSV		Eub/ml		Eub/gSSV		Nso/ml		Nso/gSSV		Nit/ml		Nit/gSSV		Ntspa/ml		Nspa/gSSV		Arch/ml		Arch/gSSV

										13		1175		1261.9885147697		226.7115058872		250.8973187358		1.3E+09		1.11E+06		9.1E+08		7.74E+05		3.5E+07		29787.2340425532		2.0E+07		1.70E+04		<lim				ND

				% Nit		mgO2/ml*d				35		1655		520.3648842871		215.2418385006		2406.4003754436		1.1E+10		6.65E+06		6.2E+09		3.75E+06		2.6E+07		15709.9697885196		1.5E+07		9.06E+03		ND				1.9E+07		1.15E+04

										48		1655		697.7620039304		306.3056932508		1425.1662218051		5.5E+09		3.32E+06		2.0E+09		1.21E+06		1.9E+07		11480.3625377644		4.8E+07		2.90E+04		ND				ND

		13		2.1978021978		0.2663860194				64		882		68.3495145631		0.8876560333		217.6088765603		3.6E+08		4.08E+05		1.3E+08		1.47E+05		1.6E+06		1814.0589569161		7.2E+05		8.16E+02		<lim				2.0E+07		2.27E+04

		35		0.2419354839		0.3562252427				89		2115		586.7217021277		555.2571914894		926.2482836879		3.6E+08		1.70E+05		1.8E+08		8.51E+04		5.3E+06		2505.9101654846		3.8E+06		1.80E+03		<lim				1.4E+07		6.62E+03

		48		2.4		0.5069359223				103		1568		430.6518367347		469.3481632653		946.8903061224		1.7E+09		1.08E+06		8.3E+08		5.29E+05		6.2E+06		3954.0816326531		1.7E+06		1.08E+03		8.5E+03		5.4209183673		2.3E+07		1.47E+04

		64		0.5538461538		0.0007829126				126		2094		1802.1197707736		629.0594842407		884.1549570201		3.6E+09		1.72E+06		1.8E+09		8.60E+05		4.3E+06		2053.4861509073		8.6E+05		4.11E+02		3.1E+04		14.8042024833		5.8E+06		2.77E+03

		89		2.1111111111		1.17436896				146		1738		321.5212888377		123.8785270426		861.7484464902		1.9E+09		1.09E+06		5.2E+08		2.99E+05		4.4E+06		2531.6455696203		2.5E+06		1.44E+03		1.6E+04		9.2059838895		1.0E+07		5.75E+03

		103		0.2048192771		0.73593792

		126		0.0477777778		1.31725056

		146		0.4807692308		0.21530088

														Act ox NH4		nitrito		heterotrofa																Act ox NH4		nitrito		heterotrofa

												SSV (mg/L)		mgO2/gssv*d		mgO2/gssv*d		mgO2/gSSV*d				Dapi/gSSV		Eub/gSSV		Nso/gSSV		Nit/gSSV		Nspa/gSSV		Arch/gSSV		mgO2/gssv*d		mgO2/gssv*d		mgO2/gSSV*d

										13		1175		1261.9885147697		226.7115058872		250.8973187358		13		1.11E+06		7.74E+05		2.98E+04		1.70E+04						1261.9885147697		226.7115058872		250.8973187358

										35		1655		520.3648842871		215.2418385006		2406.4003754436		35		6.65E+06		3.75E+06		1.57E+04		9.06E+03				1.15E+04		520.3648842871		215.2418385006		2406.4003754436

										48		1655		697.7620039304		306.3056932508		1425.1662218051		48		3.32E+06		1.21E+06		1.15E+04		2.90E+04						697.7620039304		306.3056932508		1425.1662218051

										64		882		68.3495145631		0.8876560333		217.6088765603		64		4.08E+05		1.47E+05		1.81E+03		8.16E+02				2.27E+04		68.3495145631		0.8876560333		217.6088765603

										89		2115		586.7217021277		555.2571914894		926.2482836879		89		1.70E+05		8.51E+04		2.51E+03		1.80E+03				6.62E+03		586.7217021277		555.2571914894		926.2482836879

										103		1568		430.6518367347		469.3481632653		946.8903061224		103		1.08E+06		5.29E+05		3.95E+03		1.08E+03		5.42E+00		1.47E+04		430.6518367347		469.3481632653		946.8903061224

										126		2094		1802.1197707736		629.0594842407		884.1549570201		126		1.72E+06		8.60E+05		2.05E+03		4.11E+02		1.48E+01		2.77E+03		1802.1197707736		629.0594842407		884.1549570201

										146		1738		321.5212888377		123.8785270426		861.7484464902		146		1.09E+06		2.99E+05		2.53E+03		1.44E+03		9.21E+00		5.75E+03		321.5212888377		123.8785270426		861.7484464902

														Act ox NH4		nitrito		heterotrofa

														mgO2/gssv*d		mgO2/gssv*d		mgO2/gSSV*d

												13		1261.9885147697		226.7115058872		250.8973187358

												35		520.3648842871		215.2418385006		2406.4003754436

												48		697.7620039304		306.3056932508		1425.1662218051

												64		68.3495145631		0.8876560333		217.6088765603

												89		586.7217021277		555.2571914894		926.2482836879

												103		430.6518367347		469.3481632653		946.8903061224

												126		1802.1197707736		629.0594842407		884.1549570201

												146		321.5212888377		123.8785270426		861.7484464902

																		FISH				heterotrofa

																		Dapi/ml		Eub/ml		mgO2/ml*d

																13		1.3E+09		9.1E+08		0.2948043495

																35		1.1E+10		6.2E+09		3.9825926214

																48		5.5E+09		2.0E+09		2.3586500971

																64		3.6E+08		1.3E+08		0.1919310291

																89		3.6E+08		1.8E+08		1.95901512

																103		1.7E+09		8.3E+08		1.484724

																126		3.6E+09		1.8E+09		1.85142048

																146		1.9E+09		5.2E+08		1.4977188
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Gráfico3
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activity mgO2/ml*h

COD (Acetate) (ppm)

potential activity (mgO2/ml*h)

Heterotrophic

0.034236

0.032988

0.03696

0.046656

0.0492

0.052464



amonio

		Flora 1/07/04 dil 1/2

		T		endogena		0,2ppm		0,4ppm		0,8ppm		1,5ppm		4ppm		10ppm

		min		DO		DO		DO		DO		DO		DO		DO

		0		7.85		7.95		7.86		7.9		7.43		7.21		7.15

		0.25		7.72		7.79		7.77		7.77		7.35		7.1		6.84

		0.5		7.62		7.67		7.66		7.66		7.21		6.96		6.68

		0.75		7.56		7.58		7.54		7.54		7.08		6.83		6.54

		1		7.48		7.46		7.44		7.43		6.97		6.69		6.42

		1.25		7.41		7.36		7.35		7.32		6.84		6.57		6.28

		1.5		7.34		7.24		7.25		7.21		6.72		6.44		6.15

		1.75		7.29		7.15		7.16		7.09		6.59		6.29		6.02

		2		7.23		7.05		7.07		6.99		6.46		6.16		5.89

		2.25		7.16		6.95		6.97		6.86		6.35		6.02		5.76

		2.5		7.1		6.86		6.89		6.72		6.22		5.9		5.63

		2.75		7.05		6.75		6.8		6.62		6.09		5.77		5.5

		3		6.97		6.65		6.71		6.52		5.97		5.64		5.37

		3.25		6.86		6.55		6.62		6.38		5.85		5.49		5.25

		3.5		6.8		6.46		6.53		6.27		5.71		5.37		5.11

		3.75		6.74		6.36		6.44		6.16		5.6		5.22		5

		4		6.68		6.27		6.37		6.03		5.47		5.12		4.87				pendiente

		4.25		6.62		6.17		6.27		5.92		5.35		4.98		4.74		endogena		0.2447		0.4894		mgO2/l*min		mgO2/ml*h

		4.5		6.56		6.09		6.19		5.8		5.22		4.85		4.61		N-NH4     0,2		0.3503		0.7006		0.2112		0.012672

		4.75		6.5		5.99		6.12		5.68		5.1		4.74		4.5		ppm        0,4		0.3338		0.6676		0.1782		0.010692

		5		6.45		5.9		6.04		5.57		4.98		4.61		4.37		0.8		0.4662		0.9324		0.443		0.02658

		5.25		6.39		5.81		5.95		5.45		4.86		4.48		4.25		1.5		0.4952		0.9904		0.501		0.03006

		5.5		6.33		5.73		5.89		5.32		4.73		4.38		4.13		4		0.5155		1.031		0.5416		0.032496

		5.75		6.27		5.64		5.79		5.21		4.6		4.24		4.02		10		0.5048		1.0096		0.5202		0.031212

		6		6.22		5.56		5.72		5.1		4.49		4.11		3.89

		6.25		6.16		5.48		5.64		4.98		4.36		3.99		3.77

		6.5		6.1		5.39		5.56		4.86		4.24		3.87		3.65				N-NH4		activity

		6.75		6.05		5.31		5.49		4.75		4.12		3.74		3.52				ppm		mgO2/ml*h

		7		5.99		5.23		5.43		4.64		3.99		3.63		3.41				0.21		0.01267

		7.25		5.93		5.15		5.35		4.52										0.43		0.01069

		7.5		5.87		5.07		5.27		4.4										0.85		0.02658

		7.75		5.82		4.99		5.2		4.29										1.60		0.03006

		8		5.77		4.91		5.13		4.17										4.27		0.03250

		8.25		5.71		4.83		5.06		4.06										10.67		0.03121

		8.5		5.66		4.75		4.99		3.93

		8.75		5.61		4.67		4.91		3.83

		9				4.59				3.71

		9.25				4.51

		9.5				4.44

		9.75				4.37

		10				4.3





amonio

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0



endogena

0,2ppm DO

0,4ppm DO

0,8ppm DO

1,5ppm DO

4ppm DO

10ppm DO

0

0

0

0

0

0

6.84

0

0

0

0

0

0

6.68

0

0

0

0

0

0

6.54

0

0

0

0

0

0

6.42

0

0

0

0

0

0

6.28

0

0

0

0

0

0

6.15

0

0

0

0

0

0

6.02

0

0

0

0

0

0

5.89

0

0

0

0

0

0

5.76

0

0

0

0

0

0

5.63

0

0

0

0

0

0

5.5

0

0

0

0

0

0

5.37

0

0

0

0

0

0

5.25

0

0

0

0

0

0

5.11

0

0

0

0

0

0

5

0

0

0

0

0

0

4.87

0

0

0

0

0

0

4.74

0

0

0

0

0

0

4.61

0

0

0

0

0

0

4.5

0

0

0

0

0

0

4.37

0

0

0

0

0

0

4.25

0

0

0

0

0

0

4.13

0

0

0

0

0

0

4.02

0

0

0

0

0

0

3.89

0

0

0

0

0

0

3.77

0

0

0

0

0

0

3.65

0

0

0

0

0

0

3.52

0

0

0

0

0

0

3.41

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



acetato

		0

		0

		0

		0

		0

		0



actividad

ammonia (ppm)

potential activity (mgO2/ml*h)

Ammonia

0

0

0

0

0

0



Hoja3

		Flora 1/07/04 dil 1/2

		T		endogena		5ppm		10ppm		20ppm		50ppm		100ppm		180ppm

		min		DO		DO		DO		DO		DO		DO		DO

		0		7.99		7.76		7.11		7.6		7.44		6.99		7.72

		0.25		7.95		7.61		6.92		7.4		7.02		6.82		7.46

		0.5		7.91		7.49		6.77		7.26		6.84		6.64		7.26

		0.75		7.86		7.4		6.67		7.13		6.69		6.49		7.12

		1		7.81		7.28		6.55		7.02		6.55		6.34		6.95

		1.25		7.76		7.16		6.42		6.91		6.41		6.19		6.8

		1.5		7.72		7.03		6.3		6.78		6.24		6.03		6.62

		1.75		7.66		6.91		6.17		6.66		6.11		5.88		6.48

		2		7.61		6.77		6.05		6.53		5.96		5.72		6.33

		2.25		7.55		6.65		5.93		6.42		5.82		5.58		6.18

		2.5		7.48		6.53		5.81		6.28		5.67		5.43		6.01

		2.75		7.45		6.42		5.68		6.16		5.53		5.27		5.87

		3		7.39		6.25		5.55		6.04		5.38		5.12		5.7

		3.25		7.33		6.12		5.43		5.89		5.24		4.97		5.54

		3.5		7.28		6		5.31		5.75		5.08		4.81		5.38

		3.75		7.23		5.89		5.2		5.63		4.93		4.65		5.22

		4		7.17		5.77		5.08		5.51		4.76		4.49		5.06

		4.25		7.12		5.65		4.96		5.37		4.63		4.34		4.9

		4.5		7.07		5.55		4.85		5.24		4.48		4.17		4.74

		4.75		7.02		5.47		4.74		5.11		4.32		4.01		4.56				pend

		5		6.97		5.39		4.67		4.96		4.18		3.86		4.38		endog		0.2133		0.4266		mgO2/l*min		mgO2/ml*h

		5.25		6.9		5.32		4.59		4.85		4		3.71		4.24		acet 5ppm		0.4986		0.9972		0.5706		0.034236

		5.5		6.86		5.27		4.52		4.7		3.86		3.54		4.05		10ppm		0.4882		0.9764		0.5498		0.032988

		5.75		6.8		5.21		4.47		4.57		3.7		3.38		3.89		20ppm		0.5213		1.0426		0.616		0.03696

		6		6.74		5.16		4.41		4.42		3.54		3.22		3.74		50ppm		0.6021		1.2042		0.7776		0.046656

		6.25		6.69		5.1		4.36		4.3		3.39		3.06		3.54		100ppm		0.6233		1.2466		0.82		0.0492

		6.5		6.64		5.03		4.28		4.16		3.22				3.4		180ppm		0.6505		1.301		0.8744		0.052464

		6.75		6.57		4.97		4.24		4.02		3.07				3.22

		7		6.52		4.92		4.18		3.88						3.05

		7.25		6.48		4.87		4.12																acetate		activity

		7.5		6.42				4.07																ppm		mgO2/ml*h

		7.75		6.37				4.01																4.4		0.03424

		8		6.33				3.95																8.8		0.03299

		8.25																						17.5		0.03696

		8.5																						43.8		0.04666

		8.75																						87.5		0.04920

		9																						157.5		0.05246

		9.25

		9.5

		9.75

		10





Hoja3

		0		0		0		0		0		0		0

		0.25		0.25		0.25		0.25		0.25		0.25		0.25

		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		0.75		0.75		0.75		0.75		0.75		0.75		0.75

		1		1		1		1		1		1		1

		1.25		1.25		1.25		1.25		1.25		1.25		1.25

		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		1.75		1.75		1.75		1.75		1.75		1.75		1.75

		2		2		2		2		2		2		2

		2.25		2.25		2.25		2.25		2.25		2.25		2.25

		2.5		2.5		2.5		2.5		2.5		2.5		2.5

		2.75		2.75		2.75		2.75		2.75		2.75		2.75

		3		3		3		3		3		3		3

		3.25		3.25		3.25		3.25		3.25		3.25		3.25

		3.5		3.5		3.5		3.5		3.5		3.5		3.5

		3.75		3.75		3.75		3.75		3.75		3.75		3.75

		4		4		4		4		4		4		4

		4.25		4.25		4.25		4.25		4.25		4.25		4.25

		4.5				4.5		4.5		4.5		4.5		4.5

		4.75				4.75		4.75		4.75		4.75		4.75

		5				5		5		5		5		5

		5.25				5.25		5.25		5.25		5.25		5.25

		5.5				5.5		5.5		5.5		5.5		5.5

		5.75				5.75		5.75		5.75		5.75		5.75

		6				6		6		6		6		6

		6.25				6.25		6.25		6.25		6.25		6.25

		6.5				6.5		6.5		6.5				6.5

		6.75				6.75		6.75		6.75				6.75

		7				7		7						7

		7.25				7.25

		7.5				7.5

		7.75				7.75



endogena

5ppm

10ppm

20ppm

50ppm

100ppm

180ppm

7.95

7.76

6.92

7.6

7.02

6.99

7.72

7.91

7.61

6.77

7.4

6.84

6.82

7.46

7.86

7.49

6.67

7.26

6.69

6.64

7.26

7.81

7.4

6.55

7.13

6.55

6.49

7.12

7.76

7.28

6.42

7.02

6.41

6.34

6.95

7.72

7.16

6.3

6.91

6.24

6.19

6.8

7.66

7.03

6.17

6.78

6.11

6.03

6.62

7.61

6.91

6.05

6.66

5.96

5.88

6.48

7.55

6.77

5.93

6.53

5.82

5.72

6.33

7.48

6.65

5.81

6.42

5.67

5.58

6.18

7.45

6.53

5.68

6.28

5.53

5.43

6.01

7.39

6.42

5.55

6.16

5.38

5.27

5.87

7.33

6.25

5.43

6.04

5.24

5.12

5.7

7.28

6.12

5.31

5.89

5.08

4.97

5.54

7.23

6

5.2

5.75

4.93

4.81

5.38

7.17

5.89

5.08

5.63

4.76

4.65

5.22

7.12

5.77

4.96

5.51

4.63

4.49

5.06

7.07

5.65

4.85

5.37

4.48

4.34

4.9

7.02

5.24

4.32

4.17

4.74

6.97

5.11

4.18

4.01

4.56

6.9

4.96

4

3.86

4.38

6.86

4.85

3.86

3.71

4.24

6.8

4.7

3.7

3.54

4.05

6.74

4.57

3.54

3.38

3.89

6.69

4.42

3.39

3.22

3.74

6.64

4.3

3.22

3.06

3.54

6.57

4.16

3.07

3.4

6.52

4.02

3.22

6.48

3.88

3.05

6.42

6.37

6.33



		0

		0

		0

		0

		0

		0



activity mgO2/ml*h

COD (Acetate) (ppm)

potential activity (mgO2/ml*h)

Heterotrofic

0

0

0

0

0

0
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Gráfico1

		4.375

		8.75

		17.5

		43.75

		87.5

		157.5



acetate (ppm)

activity (mgO2/ml*h)

Heterotrophic

0.06651

0.06534

0.07728

0.08217

0.08754

0.09213



acetato

		Manolo saturacion				7/2/04

				dil 1/5

		t		endogena		5ppm acetat		10ppm		20		50		100		180		ppm de acetato

		min		DO		DO		DO		DO		DO		DO		DO		DO

		0		7.76		7.99		7.89		7.66		8.1		7.72		8.08

		0.25		7.72		7.9		7.78		7.33		7.92		7.46		7.26

		0.5		7.69		7.82		7.69		7.2		7.77		7.34		7.11

		0.75		7.65				7.59		7.1		7.65		7.24		7

		1		7.62		7.6		7.49		6.99		7.56		7.13		6.89

		1.25		7.58		7.54		7.41		6.89		7.46		7.03		6.77

		1.5		7.56		7.45		7.32		6.8		7.36		6.92		6.64

		1.75		7.49		7.33		7.22		6.7		7.25		6.84		6.54

		2		7.47		7.24		7.14		6.6		7.15		6.7		6.43

		2.25		7.43		7.16		7.05		6.49		7.05		6.59		6.33

		2.5		7.39		7.07		6.95		6.39		6.95		6.49		6.21

		2.75		7.35		6.97		6.85		6.3		6.86		6.37		6.1

		3		7.32		6.87		6.76		6.17		6.74		6.27		5.98

		3.25		7.28		6.79		6.68		6.06		6.64		6.18		5.87

		3.5		7.25		6.7		6.58		6		6.53		6.05		5.75

		3.75		7.21		6.6		6.49		5.89		6.44		5.95		5.63

		4		7.17		6.51		6.39		5.79		6.33		5.84		5.53

		4.25		7.13		6.41		6.31				6.22		5.75		5.42

		4.5		7.1		6.3		6.19		5.58		6.12		5.63		5.31

		4.75		7.07		6.22		6.1		5.49		6		5.52		5.19				pendiente

		5		7.03		6.12		6.02		5.39		5.91		5.41		5.07		endogena		0.1475		0.7375		mgO2/l*min		mgO2/ml*h		0.04425

		5.25		6.99		6.04		5.92		5.29		5.8		5.3		4.96		ppm 5		0.3692		1.846		1.109		0.06651

		5.5		6.94		5.95		5.84		5.18		5.69		5.19		4.85		10		0.3653		1.8265		1.089		0.06534

		5.75		6.92		5.87		5.75		5.08		5.58		5.07		4.73		20		0.4051		2.0255		1.288		0.07728

		6		6.89		5.79		5.68		4.96		5.48		4.95		4.6		50		0.4214		2.107		1.370		0.08217

		6.25		6.83		5.72		5.62				5.38		4.86		4.5		100		0.4393		2.1965		1.459		0.08754

		6.5		6.8		5.66		5.56				5.25		4.74		4.39		180		0.4546		2.273		1.536		0.09213

		6.75				5.6								4.62		4.28

		7				5.56								4.5

		7.25																		acetate		activity

		7.5																		ppm COD		mgO2/ml*h

		7.75																		4.4		0.06651

		8																		8.8		0.06534

		8.25																		17.5		0.07728

		8.5																		43.8		0.08217

		8.75																		87.5		0.08754

		9																		157.5		0.09213

		9.25

		9.5

		9.75

		10





acetato

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0

		0				0		0		0		0		0



Manolo saturacion dil 1/5 endogena DO

02/07/04 5ppm acetat DO

02/07/04 10ppm DO

02/07/04 20 DO

02/07/04 50 DO

02/07/04 100 DO

02/07/04 180 DO
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0
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0
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